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Introduction 

There are basically two types of satellites used for investigation purposes. They are 

Weather Satellites and Earth Resource Satellites. Before analyzing remote sensing 

satellite images there are some fundamental characteristics we need to understand. Two 

of them are ‘Spectral bands’ and ‘Resolution’. 

 
Aim: 
 

❖ To give a brief introduction to weather satellites and Earth resource satellites 

 

Spectral bands: 

Each satellite have an application. The application can be, vegetation monitoring, flood 

monitoring, weather forecasting, monitoring the ozone levels in the atmosphere or many 

other such data gathering missions. Information is sought from the wavelengths, which 

allow the required areas to be distinguished, on measuring the reflected/absorbed 

radiation from the object under observation. Hence the satellite records information only 

in a limited number of spectral bands covering a certain range of wavelengths. These 

wavelengths will give images that indicate the required data for that application, in the 

best possible manner.  

 

Resolution: 

Spatial resolution is the smallest unit, which can be identified on an image. Temporal 

resolution is the time-period between successive image acquisitions of a given area.  

• The temporal resolution of a satellite in orbit is the revisit frequency of the satellite 

to a particular location.  

• The spatial resolution of an instrument is the at-ground representation of an 

individual detector in a satellite sensor array. 

The spatial resolution of some common earth observing satellites are given in table 5.1 

 

The resolution of a digital image is defined by the number of pixels per mm. In remote 

sensing, the resolution of an image is expressed by the size of the area covered by a 

pixel, which is the ground resolution. Each pixel in an image corresponds to a patch on 

the Earth’s surface. For example, each sensitive element of the SPOT satellites high-

resolution sensors CCD is only 13 micrometers (0.013mm) across, but it ‘sees’ an 

approximately 10*10 m area on the Earth’s surface through the observation systems 

telescope. The sensors resolution is thus said to be 10 m. Since this satellites CCD 
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sensor consists of 6000 sensitive elements placed along a bar, the satellite sweeps a 

6000*10m (= 60km) wide strip on the Earth’s surface as it orbits around the planet. 

 

Table 5.1: The resolution of the common Earth observing satellites   

 
Satellite Sensor Ground Resolution 

 

Landsat MSS 80m 

 

Landsat Thematic Mapper 30m 

 

SPOT XS (Multispectral) 20m 

 

SPOT Panchromatic 10m 

 

IKONOS Multispectral 4m 

 

IKONOS Panchromatic 1m 

 

Quick Bird Panchromatic and 

Multispectral 

0.5m 

 
To identify the most suitable type of satellite image for an application, you must select 

the elements subject to change, then, select the corresponding Sensor, Instrument 

(which is of course the satellite), and the Orbit that will better monitor them from space.  

 

5.1 Weather Satellites 

Weather satellites are also called Meteorological satellites or metsats.  

There are two types of weather satellites depending on their orbit of travel. 

▪ Polar orbiting satellites, which circle the Earth 

▪ Geo-Stationary satellites, which stay fixed in relation to the movement of the 

Earth, miles above the equator. 

 

Weather satellites are designed specifically to assist in weather prediction and 

monitoring. The following equipment are used;  

• cameras which send back images of clouds,  

• light and heat sensors,  

• recorders,  

• radio receiver and transmitter and other recording instruments, sensors that have 

low spatial resolution. 

 

The first weather satellite, TIROS I was launched in 1960. Since then it has been 

replaced with newer, more sophisticated satellites.   
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It is important to note that frequent sensing is required for monitoring the atmospheric 

conditions i.e. Weather.  

The frequency of sensing is referred to as the ‘temporal resolution’.  

 

Weather satellites have the following capabilities.  

• They cover the entire globe at very high temporal resolution. That is, the time-

period between consecutive images is low and images can be taken at a rapid 

speed.  

• Frequent, large area mapping can be done.  

 

Spatial resolution or ground resolution refers to the area covered by a pixel.   

The course spatial resolution allows a large area to be covered by each image. This 

greatly reduces the volume of data to be processed for an application. 

  

All weather satellites deliver data at brief intervals, covering large geographical areas. 

Weather services depend on the continuous flow of up-to-date images of weather 

conditions.  

 

Various countries have launched different types of Metsats with a range of orbit and 

sensing system designs. Let us have a look at some of them. 

 

There are a series of weather satellites operated by the United States including NOAA 

and GOES. Five identical geostationary satellites are placed in a ring around the equator.  

 

The European Space Agency (ESA) has sent METEOSAT, Japan GMS, India INSAT. 

 

Between them they produce new images of the weather conditions every half hour. They 

cover the entire globe except the polar regions.  

 

5.1.1 Weather satellites operated by the United States of America 

Polar Orbiting Satellites 

The series of polar orbiting satellites are summarized below. 

 

The first system to be operated by United States of America was the Television Infrared 

Observation Satellites (TIROS). The primary objective of the TIROS program was to 

observe the Earths cloud cover and weather patterns from space. This first space borne 
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system proved very useful for obtaining meteorological information. The next was the 

Environmental Science Services Administration (ESSA) Satellite. The primary objective of 

this program was to provide the Environmental Science Services Administration with the 

capability of observing the Earths cloud distribution from space. This data would then be 

used by the US Weather Bureau to prepare operational weather analyses and forecasts 

and by local users for private research. 

 

NIMBUS Technology Satellites were the next. Following the success of the TIROS 

program, the primary objective of the NIMBUS program was to develop a satellite 

system capable of meeting the needs of the world’s atmospheric science research 

community. The NIMBUS system, originally designed as a replacement for TIROS, 

became the means to test new remote sensing techniques as well as a means to sense 

the radiant properties of the earths land masses, oceans and the atmosphere. 

Development of new earth surface mapping techniques and ground data processing 

techniques were the other advances made. 

 

The Improved TIROS Operational System Satellites (ITOS) - (ITOS I, NOAA 1-5: 

Also called the TIROS-M series) 

The primary objective of the ITOS program was to combine the capabilities of ESSA’s 

operational satellites and the knowledge gained from the ongoing NIMBUS program into 

one operational program. The ITOS program would serve as the second generation of US 

operational weather satellites, eventually becoming the series of what we now know as 

the National Oceanic and Atmospheric Administration (NOAA) satellites. 

 

The Next Generation Television and Infrared Operational Satellites (TIROS-N, 

NOAA 6-7)   

The primary objective of the TIROS-N program was to improve on the capabilities and 

instrumentation of the TIROS-M operational satellites. These improvements consisted of 

adding instruments, which measured environmental data with much higher resolution 

than was possible with previous satellites. The TIROS-N program would serve as the 

third generation of US operational weather satellites. 

 

The Advanced Next Generation Television and Infrared Operational Satellite 

(ATN) (NOAA 8-15) 

The advanced TIROS-N program with more instrument capacity and new instrument 

systems would serve as the fourth generation of US operational weather satellites and is 

the one currently in use today.  
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NOAA Satellites 

Operated by the United States they are named after the National Oceanic and 

Atmospheric Administration. These satellites are in near-polar, sun-synchronous orbits, 

similar to those of Landsat and SPOT. The orbits are about 850 km from the Earth. 

Several generations of satellites have been flown in the NOAA series as detailed above. 

The NOAA-6 through NOAA-15 missions contained the Advanced Very High-Resolution 

Radiometer (AVHRR).  

 

Coverage is acquired at a ground resolution of 1.1 km at nadir (directly below the flight 

path). This resolution becomes coarser with increases in the viewing angle off-nadir. The 

satellite orbits the Earth 14 times a day. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: off-nadir 

(Source: https://support.esri.com/en/other-resources/gis-dictionary/term/d3605e1e-99d9-480e-817f-

b66acb1fa564) 

 

NOAA records images in several spectral bands. NOAA satellites provide daily coverage 

in the visible channel and twice-daily coverage in the thermal-IR channel. Images and 

digital data obtained are used in many applications requiring timely data. Examples are 

surface water temperature mapping, snow cover mapping, flood monitoring, vegetation 

mapping, regional soil moisture analysis, dust and sand storm monitoring and in small 

scale geologic applications.  

 

The Advanced Very High-Resolution Radiometer (AVHRR) scanner makes it possible to 

map vegetation and cloud formation and to measure temperature and humidity in the 

atmosphere and on Earth. The red channel (AVHRR channel 1) shows clouds appearing 

as bright white tones, the near-IR channel (AVHRR channel 2) shows higher and dry 
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areas as light toned while darker areas are lower and wetter. The channel 1 emphasizes 

silty materials in water whereas channel 2 would record the chlorophyll content of water.  

 

The thermal-IR channel (AVHRR channel 4) is used for meteorological thermal images 

with the tone convention, cooler areas light toned and the warmer areas dark toned. So, 

clouds appear grey or white.  

 

NOAA is equipped with both a visible and near-IR channel and AVHRR data is used for 

large–area vegetation monitoring. The spectral bands used for this purpose are as 

follows. 

 

Channel 1 visible band (0.58-0,86 m) and the channel 2 near-IR band (0.73-1.1m).  

 

What are vegetation indices? 

 

Mathematical combinations of the AVHRR channel 1 and channel 2 data are sensitive 

indicators of green vegetation. They indicate both the presence and the condition of 

vegetation. These are referred to as vegetation indices.  

 

Two such commonly used ones are; 

Vegetation Index (VI) = Ch2-Ch1 

Normalized Difference Vegetation Index (NDVI) = Ch2-Ch1/ Ch2+Ch1 

 

Ch1 and Ch2 refer to data from AVHRR channels 1 and 2 preferably expressed in terms 

of radiance or reflectance.     

 

5.1.2 Weather satellites operated by the Unites States of America 

Geostationary satellites 

The series of satellites are given below. 

 

Application Technology Satellites (ATS) – (ATS I – V) 

The ATS program was initiated in 1966 to demonstrate the feasibility and capability of 

placing a satellite in geostationary (geosyschronous) orbit over a fixed location on the 

Earth’s surface. The ATS spacecraft were designed to be communications satellites, but it 

was possible to include meteorological sensors. This was the first geostationary system 

to provide weather information. The ATS I-V served as a first generation of what was to 

become the ‘GOES’ satellite series. 
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Synchronous Meteorological Satellites (SMS) / Geostationary Operational 

Environmental Satellites (GOES) (SM 1,2: GOES 1-3). 

The SM/GOES program was initiated in 1974 after the success achieved by ATS I and 

ATS III. The ATS research satellites demonstrated the operational feasibility and 

capability of placing a satellite in geostationary (geosynchronous) orbit over a fixed 

location on the Earth’s surface. This satellite could then be instrumented with 

meteorological sensors to observe the Earth from space 24 hours a day. The SMS series 

were totally owned and operated by NASA. The GOES series were operated by NOAA. 

 

Geostationary Operational Environmental Satellites – Next Generation (GOES 

Next) - (GOES I-M) 

The GOES-Next Generation satellites offered improved horizontal and temporal 

resolution on images, a mid infrared (3.9 micron) channel and independent imaging 

through a new three-axis stabilized design and other improvements.  

    

Geostationary Operational Environmental Satellites (GOES) 

We saw that the Geostationary Operational Environmental Satellites are part of a 

network of meteorological satellites located in geostationary orbit around the globe. The 

United States of America normally operates two such systems and similar systems have 

been placed in operation by other countries as part of a corporate venture within the 

World Meteorological Organization, as mentioned in the introduction. 

  

From its vantage point, GOES can see an entire hemispherical disk. The repeat frequency 

depends on time taken to scan and relay an image.  

 

The current generation of GOES imagers (GOES 8 and 10) are 5 band systems. They 

have 1 visible band and 4 thermal bands. The spatial resolution at nadir of the visible 

band is 1 km, and the thermal bands have resolutions of 4,8,4 and 4 km, respectively.  

GOES images are used for weather forecasting and regional snow and ice cover mapping 

where higher resolution data are not required. 
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Figure 5.2: This visible image captured by the GOES-13 satellite 

(Source: https://www.nasa.gov/images/content/514088main_SNOWIMAGE_4-GOES.jpg) 

 

This shows the low-pressure area stretching from the Colorado Rockies and Texas east 

to New England. Land tones are darkened, so that cloud patterns which are in white to 

grey tones, stand out. 

 

5.1.3 Meteosat 

Meteosat are a series of Geostationary weather satellites. They were launched by the 

European Space Agency. Presently they are operated by the company Eumetsat. 

The most recent version of Meteosat was launched on August 28th 2002, and will begin 

operations in the year 2003. This is the Meteosat Second Generation (MSG). In all, seven 

satellites of the first generation Meteosat system have been launched, all successfully. 

The first was launched in 1977, the seventh in September 1997. They provide weather 

imaging of the Earth at both visible light and infrared wavelengths at every half an hour. 

It is expected that the series will provide observations until year 2003, completing more 

than two decades of weather and climate data. 

 

What is the primary objective of the Meteosat system? 

 

This system provides cost-effective satellite data and related services, as per the 

requirements of the 17 EUMETSAT member states. The data and services are given the 

requirements of operational weather forecasting. The data are also used for all aspects 

of meteorology, including marine, agricultural, and aviation meteorology, including 

climatology and monitoring of planet earth. 

https://www.nasa.gov/images/content/514088main_SNOWIMAGE_4-GOES.jpg
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The imaging bands are as follows; 

 

0.45 – 0.1 m 

Visible band for imaging during daylight. 

 

5.7 – 7.1 m 

Water vapour absorption band, used for determining the amount of water vapour in the 

middle atmosphere. 

 

10.5 – 12.5 m 

The thermal infrared band, used for imaging by day and by night and for determining the 

temperature of cloud tops, and of the ocean surface.   

 

METEOSAT rotates on its own axis, which is parallel to the axis of the earth. It rotates 

100 times per minute. For each rotation, it scans a 5-km wide strip from east to west. 

The strip is divided into 2500 scanning areas. For each rotation, the scanner mirror is 

tipped, and a new strip is scanned. An image showing the entire Earth disk consists of 

2500 strips, which are scanned in 25 minutes. The scan is performed within three 

channels as given above, one visible and near-IR, one medium-IR and one thermal-IR. 

 

The albedo value for a surface is a value, which indicates the percentage of sunlight 

reflected from the surface. Albedo includes all sunlight! 

High albedo indicates cooler surface because less sunlight is absorbed. 

 

Let us consider the channel 1 images. Refer figure 5.3 in the visible and near-IR channel 

1, the albedo is measured for various surfaces. Clouds, snow and ice have a strong 

reflection and are therefore seen as light grey. Dry and bare ground or sand is also light. 

Regions covered with vegetation have a slightly lower albedo value and appear darker. 

Water has a very low albedo value and is therefore dark. The Space is black, as the 

empty space does not reflect light. 
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Figure 5.3: Thermal IR channel 1 image-visible range 

(Source: http://www.esa.int/images/ctot21-12-97_large,0.jpg) 

 

Now consider the thermal-IR channel 2 images. Refer figure 5.4 in these images, cold 

surfaces are light in colour and warm surfaces are dark. Like in channel 1 clouds appear 

as light areas, but there are some differences. The lightest clouds are the coldest (they 

reflect more light). Temperature drops with height above the surface of the Earth and 

hence these clouds should be the highest in the atmosphere. This infers that, the darker 

the cloud formation, the lower it is in the atmosphere. 

    

On infrared images, it can be difficult to distinguish between low-lying clouds and 

cloudless areas, because the temperature difference between the cloud and a wet 

surface on the Earth can be quite insignificant.  

 

Space appears white in channel 2 images, as it does not radiate thermal-IR energy and 

hence, is cold. 

 

 

 

 

 

 

 

 

 

Figure 5.4: Thermal IR channel 2 image-thermal infrared range 

(Source: http://www.esa.int/images/dtot2112,3.jpg) 

http://www.esa.int/images/dtot2112,3.jpg
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Now consider the medium-IR channel, channel 3 which is the water vapour channel. 

Refer figure 5.5 this is special because it records at a wavelength where the atmosphere 

is not translucent, and the radiation is absorbed nearly 100%. The radiation received by 

the satellite in this channel comes from the content of otherwise invisible water vapour 

in the atmosphere. It is thus possible to analyse the transport of water vapour, which 

contains large quantities of latent energy. Light grey tones indicate a high concentration 

of water vapor in the atmosphere. 

 

 

 

 

 

 

 

 

 

 

Figure 5.5: Medium IR channel 3 image-water vapor channel 

(Source: http://www.esa.int/images/etot2112_large,0.jpg) 

 

Meteosat Second Generation (MSG), which was launched in 2002, will generate multi-

spectral imagery of the Earth’s surface and cloud systems at double the rate (every 15 

minutes and not every half an hour as the earlier case) of the present Meteosat. It will 

also provide images in 12 spectral channels as compared to 3 in the present case. The 

geometric resolution will also be improved with 1 km for the high-resolution visible 

channel and 3 km for the others. There will be 8 channels in the thermal-IR, providing 

among other data, permanent data about the temperature of clouds, land and sea 

surfaces. Using channels where the radiation is absorbed by ozone, water vapour and 

carbon dioxide, MSG will also allow meteorologists to analyse the characteristics of 

atmospheric air masses making it possible to reconstruct a three-dimensional view of the 

atmosphere.  The capabilities of the former meteosat will be retained.  

 

5.2 Earth Resource Satellites operating in the optical spectrum 

We discussed weather satellites so far. These were designed and built to measure 

atmospheric conditions. Earth resource satellites are designed for mapping surface 

conditions on the Earth. 

http://www.esa.int/images/etot2112_large,0.jpg
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Earth resource satellites can operate in the optical spectrum and in the microwave range 

of the spectrum. The microwave portion ranges from approximately 1mm to 1m 

wavelength. 

 

In this session, we shall consider only the satellite systems operating in the optical 

spectrum. The optical spectrum ranges from approximately 0.3 m to 14 m. This range 

includes UV, visible, near-IR, mid-IR and thermal-IR wavelengths.  

 

Why is it called the optical spectrum? 

 

It is because lenses and mirrors can be used to refract and reflect energy.  

 

One of the main objectives of the weather satellites is to secure frequent sensing.  

The main objective of Earth resource satellites is aimed at high spectral and spatial 

resolution. 

  

The high resolution required, demands small scanning areas, which results in a more 

limited area coverage. This means that it takes several days to scan the entire Earth. It 

also means that there is a corresponding number of days between the satellite passing 

the same locality.  

 

But what is important is that since the high spatial resolution makes it possible to 

distinguish small area units, it is possible to map in greater detail. Also, it is important to 

note that because of the high spectral resolution the resource satellites can distinguish a 

greater number of nuances in the radiation. This is made use of in area mapping, as it is 

possible to distinguish between spectral behavior of various surfaces. 

 

5.2.1 Landsat  

NASA with the cooperation of the US Department of the Interior launched a series of 

Earth Resources Technology Satellites (ERTS), which were later renamed as ‘Landsat’. 

So far, the Landsat series includes Landsat 1 to 5 and 7. Landsat 6 suffered a launch 

failure. 

 

Five types of sensors have been included in various combinations on these missions. 

These are the Return Beam Vidicon (RBV), the Multispectral Scanner (MSS), the 

Thematic Mapper (TM), the Enhanced Thematic Mapper (ETM), the Enhanced Thematic 

Mapper Plus (ETM+). 



14 
Produced by The Open University of Sri Lanka 

2019  

The Landsat 1,2 and 3 were equipped with multispectral scanners (MSS) with a spatial 

resolution of 80 metres and a spectral resolution with 4 channels in the visible and near 

infrared ranges. Landsat 4 and 5 are equipped with a so called thematic mapper (TM), 

which has as many as 7 channels including one in the thermal infrared. The spatial 

resolution here is 30 m. The enhanced thematic mapper (ETM) was included on board 

the ill-fated Landsat 6 mission and the enhanced thematic mapper plus (ETM+) on the 

Landsat 7.  

 

Because of the high spectral resolution, the latest Landsat satellites are the 

best for area classification and they have been decisive in the development of 

the field. They are equipped with 3 channels in the ranges of the near infrared spectrum 

where the atmosphere is most translucent. 

 

Landsat 1,2 and 3 

These satellites were launched into circular orbits at a nominal altitude of 900 km that 

passed within 9 degrees of the North and South poles. They do 14 orbits per day and 

successive orbits are about 2760 km apart at the equator. Due to technical malfunctions, 

the RBV systems on board Landsat 1,2 and 3 became secondary sources of data in 

comparison to the MSS system, which were also flown on these satellites. These can 

produce multispectral data in a digital format. The advantage of being able to process 

the MSS data by computer led to their widespread application. The MSS on board 

Landsat 1,2 and 3 covered a 185-km swath width in 4 wavelength bands. Since 

successive orbits are 2760 km apart at the equator, there are large gaps in image 

coverage between successive orbits on a given day. But the satellite orbit-Earth rotation 

relationship is such that the satellite has the capability of covering the globe once every 

18 days.  MSS data are collected using a 79-m ground resolution cell.  

 

The four wavelength bands covered are, 

• Two in the visible spectrum at 0.5-0.6 micrometres (green) and 0.6-0.7 

micrometres (red)  

• Two in the near-IR at 0.7-0.8 micrometres and 0.8-1.1 micrometres. These bands 

are designated 4,5,6 and 7.  
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Figure 5.6: Typical Landsat 1,2 and 3 daily orbit patterns 

(Source: https://landsat.gsfc.nasa.gov/wp-content/uploads/2013/01/wrs2.gif) 

 

Landsat 4 and 5 

Landsat 4 and 5 were launched into repetitive, circular, sun-synchronous, near-polar 

orbits. These orbits were lowered from 900 km in the earlier satellites, to 705 km. This 

was done to make the satellites retrievable by the space shuttle and to help improve the 

ground resolution of the sensors aboard. These satellites cover 14.5 orbits per day. The 

swath width is 185 km.  

 

At the equator, the distance between ground tracks for consecutive orbits is 

approximately 2752 km. This is due to the Earth’s rotation. This results in a 16-day 

repeat cycle for each satellite. The orbits of Landsat 4 and 5 were established 8 days out 

of phase, such that when both satellites were operational, an 8-day repeat coverage 

cycle could be maintained with alternating coverage by each satellite. 

 

The four spectral bands used in Landsat 1,2 and 3 are used for data collection but 

renumbered. That is, bands 1-4 of Landsat 4 and 5 correspond directly to bands 4-7 of 

Landsat 1,2,3. The thematic mapper is a highly advanced sensor and is capable of 
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acquisition of data in 7 bands instead of just 4 as in the earlier case. The new bands are 

in the visible (blue), mid-IR and thermal portions of the spectrum. The wavelength range 

and location of the TM bands have been chosen to improve the spectral differentiability 

of major Earth surface features. 

 

Geometrically, TM data are collected using a 30-m ground resolution cell for all but the 

thermal band, which has 120 m resolution.    

 

Landsat 7 

The design of the ETM+ which was included in Landsat 7, stresses the provision of data 

continuity with Landsat 4 and 5. Similar orbit and repeat patterns are used, as in the 

185-km swath width for imaging. There is an addition over the TM of an eighth 

‘panchromatic’ band operating in the 0.5-0.9 micrometer range with a spatial resolution 

of 15 m. Six bands of data are in the visible, near-IR, and mid-IR spectral regions. They 

are at a resolution of 30 m. The seventh, thermal band has resolution of 60 m. 

 

Landsat 5 – Landsat 7 have a repeat cycle of 8 days. 

 

Landsat 8 

Landsat 8 measures different ranges of frequencies along the electromagnetic spectrum 

– a color, although not necessarily a color visible to the human eye. Each range is called 

a band, and Landsat 8 has 11 bands. 

 

Band Number (µm)   Resolution 

1  0.433–0.453    30 m 

2  0.450–0.515    30 m 

3  0.525–0.600    30 m 

4  0.630–0.680    30 m 

5  0.845–0.885    30 m 

6  1.560–1.660    30 m 

7  2.100–2.300    30 m 

8  0.500–0.680    15 m 

9  1.360–1.390    30 m 

10  10.6-11.2     100 m 

11  11.5-12.5     100 m 
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Band 1 senses deep blues and violets.     Bands 2, 3, and 4 are visible blue, green, 

and red. 

Band 5 measures the near infrared, or NIR.      Bands 6 and 7 cover different slices         

                                                                        of the shortwave infrared, or SWIR. 

 

 

 

 

 

 

 

 

Band 8 is the panchromatic band.        Band 9 covers a very thin slice of  

It works just like black and white film:            wavelengths only 1370 ± 10nanometers 

 

 

 

 

 

 

 

 

Bands 10 and 11 are in the thermal infrared, or TIR 

 

Figure 5.7: Typical Landsat 8 images 

(Source: https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/) 
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5.2.2 SPOT  

It was the French government, which undertook the Systeme Pour l’Observation de la 

Terre or SPOT program. Sweden and Belgium agreed to participate in the program. SPOT 

1 was launched in 1986.  

 

This satellite began a new era in space remote sensing. It included many improvements 

to the Earth resource satellite systems already in operation. Subsequently SPOT 2,3 and 

4 have been launched.  

 

SPOT 1,2 and 3 

These satellites have a circular, near-polar, sun-synchronous orbit. The orbit pattern 

repeats every 26 days. This means any given point on the Earth can be imaged using the 

same viewing angle at this frequency. However, the improvements for ‘pointable optics’ 

of the system, enable off-nadir viewing (looking sideways), and several viewing 

opportunities exist during this 26-day period, depending on the position of the place 

viewed. This gives it a much more frequent ‘re-visit’ capability. This is important for the 

stereoscopic imaging since the same area is viewed under a different angle.  

 

Hence Off-nadir viewing gives the following benefits. 

I. It increases the potential frequency of coverage of areas where cloud cover is 

a problem. 

II. It provides an opportunity for viewing a given area at frequencies ranging 

from successive days to several days to a few weeks.  

III. Images of an area recorded on different satellite tracks can be viewed in 

stereo. Several application areas, such as agriculture and forestry, require 

repeated observations over these types of time frames as stated in I and II 

above. 

 

The off-nadir viewing is a special feature that the sensor and can be programmed to 

‘look sideways’ and scan the same strip twice under two consecutive passages. 

 

The two HRVs operate independently of each other. They acquire imagery in 

multispectral and/or panchromatic modes. The viewing angle can be within plus or minus 

27 degrees, directed on one area. This gives a stereoscopic effect, giving the relative 

elevation and hence producing a digital elevation model within a scene.  

   



19 
Produced by The Open University of Sri Lanka 

2019  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8: Figure of SPOT off-nadir viewing range 

 

The sensor for SPOT 1,2 and 3, consists of two identical ‘high resolution visible’ (HRV) 

imaging systems and auxiliary magnetic tape recorders. Each HRV is designed to operate 

in either of two modes of sensing. 

I. a 10-m resolution ‘panchromatic’ (black and white) mode over the range 0.51-0.73 

micrometers 

II. a 20-m resolution multispectral (color IR) mode over the ranges 0.50- 0.59, 0.61-

0.68 and 0.79-0.89 micrometers.     

       

The size of the actual ground swath covered varies with the pointing angle employed by 

the optical system, and stands between 80 km to 117 km.  

 

 

 

 

 

 

 

 

 

 

Figure 5.9: Figure of SPOT stereoscopic imaging capability 

(Source: http://www.esa.int/images/17-spot_400_large,0.gif)   
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SPOT 4 

This satellite was launched in 1998, to provide continuity of data collection and improved 

performance following SPOT 3. The primary imaging systems on board the SPOT 4 

satellite are, the high resolution visible and infrared (HRVIR) sensors and the Vegetation 

instrument. 

 

Similar to the HRV system in the SPOT 1,2,3, the HRVIR system includes two identical 

sensors capable of imaging a total nadir swath width of 120 km. Among the major 

improvements in the system are,  

 

I. the addition of a 20-m resolution band in the mid-IR portion of the spectrum, 1.58 

1.75 m. This band improves the vegetation monitoring, mineral discriminating and 

soil moisture mapping capability of the data.  

II. mixed 20 m and 10 m data sets are co-registered onboard instead of during ground 

processing. This is done by replacing the panchromatic band of SPOT 1,2,3 (0.49-

0.73) with the red band (0.61-0.68). This red band is used to produce both 10 m 

black and white images and 20 m multispectral images. 

 

Another major addition to the sensor system of SPOT 4 is the Vegetation instrument. It 

provides a very wide-angle image swath 2250 km wide with a spatial resolution at nadir 

of approximately 1 km and global coverage on a daily basis. The vegetation instrument 

uses three of the same spectral bands as the HRVIR, that is, the red, near-IR and the 

mid-IR bands. But it also incorporates a blue band (0.43-0.47 m) for coastal zone 

applications. 

 

SPOT 5 has two high resolution geometric (HRG) instruments designed to provide 5m 

resolution in the panchromatic mode, 10m resolution in the green, red and near-IR 

bands and 20m resolution to be maintained in the mid-IR band. It also incorporates a 

high resolution stereoscopic (HRS) instrument to facilitate preparation of digital elevation 

models (DEMs) at a resolution of 10m.  

 

5.3 Other Land Satellites with High and Moderate Resolution  

5.3.1 IRS System 

India has launched and operated several high and moderate resolution satellite systems, 

namely the Indian Remote Sensing Satellites.  

 

What is special about IRS? 
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Main objective is to provide systematic and repetitive acquisition of data of the Earths’ 

surface. This is required to be made under nearly constant illumination conditions.   

 

The two generations of satellites are as follows; 

• The first generation of satellites are; 

IRS-1A and IRS-1B which are equipped with sensors that acquire multispectral 

data with 72.5 m (similar to MSS) and 36.25 m (similar to TM), spatial 

resolution. The sensing instrument employed is the Linear Imaging Self-

Scanning Sensor ((LISS).  

LISS-I acquires the 72.5 m data. 

LISS-II acquires the 36.25 m data. 

The bands used are nearly identical to TM bands 1-4. 

 

•  The second generation of satellites are; 

IRS-1C and IRS-1D which are equipped with three sensors each.  The sensing 

instruments are, LISS-III with 23 m resolution (70 m in the mid-IR band),  

A panchromatic sensor with 5.8 m resolution, and Wide Field Sensor (WiFS) with 

188 m resolution. IRS-1C operates in a circular, sun-synchronous, near polar 

orbit, at an altitude of 817 km. It does 14 orbits per day and covers the entire 

Earth in a 24-day cycle. IRS-1C and 1D have slightly different orbits. 

 

IRS 1C – Indian Remote Sensing  

Sensor – Linear Imaging and Self Scanning (LISS III) 

 

Band 

Spectral Band 

(micrometres) 

 

Resolution (m) 

 

Application 

2 0.52-0.59 23*23 Civilian use 

3 0.62-0.68 23*23  

4 0.77-0.86 23*23  

8 1.55-1.70 70*70  

 

5.3.2 RESURS 

The Soviet Union and later Russia developed the RESURS satellites. They are equipped 

with scanners with four channels in the visible and near-IR ranges and one thermal-IR 

channel. The RESURS satellite has a large area coverage scanning a strip which is 600 

km wide, the same areas are scanned at brief intervals, every 4 days at the equator and 

2-3 days in Europe. 
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These satellites have a spatial resolution of 160 m and may be used in the detailed 

mapping of large areas. So, this satellite fills a void between NOAA satellites where the 

resolution is in the range of 10-20 Km and LANDSAT and SPOT satellites in the range of 

30 Km..  

 

NOAA covers large areas, but has a limited range of details with a resolution of 1 km. 

LANDSAT and SPOT both have limited coverage area, but high spatial resolution of 10, 

20, 30 m.  

 

RESURS can cover large areas with a resolution of 160 m. So RESURS can be used for 

creating regional surveys, into which may be fitted local and detailed LANDSAT and SPOT 

data. Furthermore, global and continental data sets from NOAA may be equipped with 

regional details from RESURS. Forest clearance, desert spread, agricultural growth, 

distribution of snow and ice, floods and forest fires are examples of themes which are 

being mapped on scales such as 1: 500,000. 

 

Activity 5.1 

 

The spectral signatures are processed as digital values in the satellite scanner. The 

graph shows a   hypothetical example of how the LANDSAT satellite might measure 

water, green vegetation and bare ground. Can you explain the values on the graph with 

reference to the sensitivity of the different bands? 
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5.4 Very High-Resolution Land Satellites 

5.4.1 IKONOS     

Satellite systems which can achieve a much higher resolution than what was described 

above, have been developed and still more are being developed.  

IKONOS-1 was launched but failed to achieve orbit.  

 

The IKONOS-2 satellite which was launched later, images with a pixel size of less than 

one-meter square on the ground which is enough to distinguish between a car and a 

truck. IKONOS-2 is designed to occupy a 682-km sun-synchronous orbit. The ground 

track of the system repeats every 11 days. But based on the tilt system employed by the 

Optical Telescope Assembly (similar to SPOT), the revisit time is less than 11 days. 

Stereoscopic imagery is also possible. At nadir, the system has a swath width of 11 km 

which means that the optical telescope assembly captures the imagery across a 11-km 

swath of the Earth’s surface. 

 

This satellite collects data in four multispectral bands at a nominal ground resolution of 

4m. They are 0.45-0.52 (blue), 0.52-0.6 (green), 0.63-0.69 (red), and 0.76-0.90 (near-

IR), with all ranges in µm. The 1 m resolution panchromatic band includes 0.45-0.90 

µm.  

 

The panchromatic band and the multispectral bands can be combined to produce ‘pan-

sharpened’ multispectral imagery with a simulated resolution of 1 m.   

     

See technical specifications of IKONOS. 

Web link - http://www.esa.int/SPECIALS/Eduspace_EN/SEMI714Z2OF_0.html 

 

5.4.2 Quickbird 

Images from ‘Quickbird’ are the most detailed satellite images available for non-military 

use. 

 

The system is operated by Earth Watch. Operates at an altitude of 600 Km and revisit 

time of 1 to 5 days.  Quickbird features a 1m resolution panchromatic sensor and a 4-

band multispectral sensor having a resolution of 4m.  
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5.5 Radar Imaging Satellites 

Active microwave radar systems are the most advanced type of satellite Earth observing 

instruments which can image the ground or sea at any time of day or night and through 

cloud cover. This powerful technique known as Synthetic Aperture Radar or SAR, can 

differentiate surface features such as crops, trees or oil spills at sea. It can also be used 

to create accurate three-dimensional maps or digital elevation models (DEMs). Also 

using SAR interferometry, it is also possible to identify millimetric ground movements 

such as which occur around active volcanoes, earthquake areas and in mining 

subsidence. 

 

What is the microwave portion of the spectrum? 

 

It includes wavelengths within the approximate range of 1 mm to 1 m.  

There are two distinctive features that characterise microwave energy from a remote 

sensing standpoint.  

• Microwaves can penetrate the atmosphere under all conditions and hence 

microwave energy can see through clouds, snow etc. and in the night. 

• Due to the significant difference in the wavelength from lengths in the visible 

and near visible portions of the spectrum, surfaces that appear ‘rough’ in the 

visible portion may be ‘smooth’ as seen by microwaves. Hence microwave 

responses give a markedly different view of the environment to what 

we get by sensing light or heat as in the sensing systems discussed 

earlier. So, the interpretation of radar imagery is very different to other 

imagery. 

 

Radars are active systems. The scene to be imaged is illuminated with microwaves. Once 

the radar has emitted a microwave signal, it hits an object, and the power reflected by 

the objects and received by the antenna, is measured. This is called the backscatter. The 

rougher the object surface, the higher the backscatter and the brighter appears the 

object in the image. A calm sea will appear black in the black and white image. This is in 

contrast to imagery obtained using light and heat waves and which we have discussed so 

far. 

 

Now let us read a little about two satellites developed by the European Space Agency 

(ESA), which use radar sensors together with other normal sensors.  
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5.5.1 European Remote Sensing (ERS) Satellites 

European Remote Sensing Satellites, ERS-1 and ERS-2 were built under the 

management of the European Space Agency (ESA). They are equipped with an active 

microwave system that can acquire data through thick cloud cover and in the night.  

 

One of the instruments on board these satellites, is the Scatterometer, which measures 

the wind direction and speed, and the Altimeter which measures the wave height and 

wind speed. But the most important instrument is the Synthetic Aperture Radar sensor.  

 

This will provide imagery of the surface, which can then be used for mapping. But the 

interpretation is different as mentioned above. 

 

An Along Track Scanning Radiometer (ATSR), which is a passive scanner with 7 channels 

in the visible, near-IR and thermal-IR ranges is also available. The thermal-IR channel is 

specially used for sea surface temperature mapping. The visible and near-IR channels 

may be used for global mapping of vegetation with a spatial resolution of 1 km. 

 

ERS-2 is also equipped with Global Ozone Monitoring Experiment (GOME) for global 

mapping of the ozone layer.  

 

See technical specifications of ERS-1 and 2. 

Weblink - http://www.esa.int/SPECIALS/Eduspace_EN/SEMFZ04Z2OF_1.html 

 

5.5.2 ENVISAT     

The European Space Agency has launched Envisat, an advanced polar-orbiting Earth 

observation satellite. This will provide information of the atmosphere, ocean, land and 

ice over at least a five-year period. 

 

There are nine sensors operating on ENVISAT. The instruments on board this satellite 

includes an Advanced Along Track Scanning Radiometer (AATSR) which establishes 

continuity of ERS data. 

 

Advanced Synthetic Aperture Radar (ASAR), ensures continuity of data after ERS-2. It 

carries the following features; enhanced coverage, enhanced range of incidence angles, 

including enhanced polarization and modes of operation.  

 

What do these improvements entail? 
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They allow the radar beam to be steered to different elevations. Different swaths, of 100 

or 400 km wide, can also be selected. 

 

MERIS which is a medium spectral resolution imaging spectrometer that measures the 

solar radiation reflected by the Earth at a ground spatial resolution of 300 m, in 15 

spectral bands. These bands are programmable in width and position, in the visible and 

near-IR ranges. MERIS allows global coverage in 3 days. It has a high radiometric (1 to 

5%) and high spectrometric (1nm) performance. The instrument scans the Earth’s 

surface by the ‘push-broom’ method while the satellites motion provides scanning in the 

along-track direction. The instrument has a field of view around nadir of 68.50 and 

covers a swath width of 1150 km. This field of view allows global coverage to be 

provided in two to three days. This type of coverage is required for oceanographic, land 

and atmospheric investigations.  

 

The primary mission of MERIS is the measurement of colour in the open oceans and in 

coastal areas. The Earth is imaged with a spatial resolution of 300 m at nadir. This 

resolution is reduced to 1200m by the onboard combination of four adjacent samples 

across-track over four successive lines. 

 

The Advanced Along-track Scanning Radiometer (AATSR) and the Medium-spectral 

Resolution Imaging Spectrometer (MERIS) operating on board ENVISAT are passive 

optical imaging instruments measuring radiation reflected and emitted from the Earth’s 

surface. AATSR has 4 channels in the visible/near infrared wavelengths and 3 channels 

in the thermal infrared region. MERIS has 15 channels in the visible and near infrared.  

 

The primary mission of the AATSR instrument is to extend missions of ATSRs on ERS 

satellites on sea surface temperature measurements. This is done using the 11 and 12 

µm channels during the day and the 11,12 and 3.7 µm channels at night. The three 

visible/near infrared channels centered at 0.55, 0.67 and 0.87µm extend the 

instruments capabilities over land.  

 

The Advanced Synthetic Aperture Radar (ASAR) instrument on board ENVISAT extends 

the missions of the Active Microwave Instrument (AMI) Synthetic Aperture Radars (SAR) 

instrument flown on European Remote Sensing (ERS) satellites. Applications of this 

sensor will include the study of ocean waves, sea ice extent and motion and land surface 

studies such as deforestation and desertification.  
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The following sensors aboard ENVISAT provide information, which will help understand 

the behaviour of the atmosphere: 

• Global Ozone Monitoring by Occultation of Stars (GOMOS) 

• Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) 

• Scanning Imaging Absorption Spectrometer for Atmospheric ChartographY 

(SCIAMACHY) 

 

Please refer technical specifications of ENVISAT. 

Weblink - http://www.esa.int/SPECIALS/Eduspace_EN/SEMR314Z2OF_0.html 

 

Review Questions 

 

Answer the questions set out below. 

1. What are the specific requirements with regard to sensoring, which are 

important in weather satellites, and should be incorporated if up to date 

weather forecasts are to be supplied? 

2. Name the five identical geostationary satellites placed around the equator. 

3. Explain how you would analyse the image information in images of channels 

1,2 and 3 of the METEOSAT satellite.  

4. What is AVHRR in relation to NOAA satellites and how is it used to obtain 

meteorological information? 

5. Explain how the NOAA satellite is used for large area vegetation monitoring. 

6. What are the main differences with regard to sensoring, between weather 

satellites and Earth resource satellites? Explain the advantages that these 

differences provide to the mapping of earth features. 

7. Give reasons as to why the Landsat is considered as the best, for area 

classification. What are the 7 bands used in Landsat 4 and 5? 

8. Explain the advantages obtained, due to the off-nadir viewing of the SPOT 

satellite sensor system. 

9. Explain the features of the additional sensor instruments used in SPOT 4. 

10. What are the characteristic features of microwave energy? 
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Summary 

The orbits covered by satellites and the spectral bands within which sensing is carried 

out will vary depending on the data to be gathered. In this session we have gathered 

information regarding some satellites and the orbit to be covered for weather 

information and for earth resource information. The importance of temporal resolution 

for weather forecasting and the ground and spatial resolution for earth resource data 

analysis has been emphasized.  

 

Learning Outcomes 

At the end of this session you will be able to briefly explain:  

➢ what type of orbit is to be traversed by weather satellites 

➢ spectral bands within which sensing is carried out 

➢ what is meant by ‘temporal resolution’ and ‘ground’ or ‘spatial resolution’ 

➢ why the ‘temporal resolution’ and the area coverage are important in weather 

forecasting 

➢ briefly, how images obtained from METEOSAT and NOAA can be interpreted 

➢ in an outline form, some of the important Earth resource satellites. 
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