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ABSTRACT 
  
Pakistan is facing serious threat and great challenges from large-scale natural as well 
as anthropogenic disasters, such as, seismic events, landslides, droughts, floods, fog, 
torrential rains, tropical cyclones, dust storms, fires, locusts, oil-spills, etc. Earth 
observation satellites are widely used for identifying, examining and forecasting natural 
/ anthropogenic disasters. SUPARCO has vast experience and the requisite skills in 
using satellite technology. It has played effective role in the context of disaster 
monitoring. This paper attempts to highlight the role of space technology in disaster 
monitoring, mitigation and management in Pakistan.   
 
 
INTRODUCTION 
 
Mankind is facing serious threat and great challenges from large-scale disasters, such 
as, tropical cyclones, torrential rains, droughts, dust storms, floods, seismic events, 
fires, landslides, locusts, nuclear, oil-spills, fog etc. Normal daily life of several 
hundreds of people is disrupted by various disasters with loss of property exceeding 
hundreds of thousands Dollars. Space technology is now being used increasingly 
effectively to monitor and assess natural disasters. Timely precautionary measures can 
thus be taken during the pre-disaster stage as well as while the disaster lasts, thereby 
minimizing loss of life and property. Space Technology is also useful in efficient 
implementation of relief operations in the post-disaster phase. Environmental satellites, 
like the polar orbiting NOAA (National Oceanic and Atmospheric Administration) series, 
or the geostationary Meteosat, provide warning of impending severe weather, assess 
their intensity and closely track their movement. They can also detect large forest fires, 
volcanic eruptions and pest infestations. Dedicated earth resource/ remote sensing 
satellites, like SPOT, with their higher spatial resolutions, can also readily identify 
various disasters such as floods, tidal waves, cyclones, pest infestations, landslides, 
fires, etc. However, because of their lower observational frequencies relative to the 
meteorological satellites, these are unable to monitor highly dynamic and rapidly 
changing/ moving phenomena, like cyclones and storms. Nevertheless, these earth 
resources satellites because of their superior spatial resolution can help in delineating 
and estimating the area affected or damaged by the calamity, and could thus aid in 
post-disaster relief operations. Using satellite-based sensors, notably the Synthetic 
Aperture Radar (SAR), it is possible, for example to detect oil slicks in a wide range of 
environmental conditions by day and night.  Very high resolution missions such as 
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IKONOS-2 with 1-meter resolution and “Quickbird” with 0.61-meter panchromatic and 
3-meter multi-spectral resolution have improved the damage mapping capability. 
Remote Sensing combined with Geographical Information Systems (GIS) are being 
used increasingly and more effectively for all phases of disaster management 
particularly where large data on land features, demography, and other aspects are 
important. Communication satellites play a highly useful role by relaying/ exchanging 
information on disasters and any other related information instantaneously, through the 
various media networks, to alert concerned agencies to prepare for and/or tackle the 
emergency.  
 
 
HAZARDS MONITORING AT SUPARCO 
  
Space & Upper Atmosphere Research Commission (SUPARCO), being the national 
space agency of Pakistan, is the prime employer of space systems and technologies in 
Pakistan. As per mandate SUPARCO is to promote Space Technology and its 
applications for the development and uplift of its masses. Various kinds of earth 
observation satellites and GIS techniques are widely used for identifying, examining 
and forecasting natural / anthropogenic disasters.  
 
Natural disasters such as heavy rainfall due to monsoon depressions and the Arabian 
Sea tropical cyclones, which are highly destructive for the coastal region, are monitored 
with the help of NOAA satellite’s TOVS (TIROS Operational Vertical Sounder) 
tropospheric data and NOAA/ METEOSAT-5 imageries. Additionally, Satellite images 
have been used to monitor and map flood risk zones so as to mitigate damage to 
population and property. SUPARCO acquires images from SPOT, Landsat and NOAA 
series of satellites at its Satellite Ground Station facilities at SPARCENT-Islamabad 
(figure – 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure - 1 

 



 
SUPARCO Labs are well equipped for image processing and has appropriate skills for 
GIS processing. Another set of equipment consisting of GPS receivers is used with 
balloon sounding system. In this system balloon is flown along with Meteorological & 
Ozone sensors and a GPS receiver. As the balloon flies, the GPS receiver continuously 
gives its location, as a result, the wind velocity and Ozone concentrations at a particular 
points etc. are obtained. Radiosonde and balloon data, in conjunction with ground 
based data are used for weather and flood forecasting. SUPARCO also has a Local 
User Terminal and Mission Control Centre at Lahore for the international satellite-aided 
COSPAS-SARSAT search and rescue programme. The satellite-aided COSPAS-
SARSAT search and rescue programme can locate suitable beacon-equipped ships, 
aircraft, vehicles and persons in distress, enabling search and rescue operations to be 
initiated and executed quickly and more effectively. Thus SARSAT Program is helpful 
in protecting life and property by providing accurate, timely, and reliable distress alert 
and location information to search and rescue authorities. 
 
Fog 
  
The satellite data show that the northeastern India and the neighboring sections of 
Pakistani Punjab, seen covered with fog (Figure - 2), represent the most industrialized 
sector of the subcontinent. During the winters, this region has been under the influence 
of a high pressure system resulting in dry weather and low wind speeds. These 
conditions are ideal for accumulation of pollutants in the atmosphere. High 
concentrations up to 100µg/m3 were measured in Lahore during the previous winter fog 
which extended over a large section of eastern India and Pakistan. Measured SO4 
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/Se ratios and 925mb wind data suggest that the source of SO4 
-2

  in Lahore were 
located several hundred kilometers away to the south. 

 

SATELLITE  IMAGES OF  FOG

Fog Image taken by NOAA15   Fog Image taken by NOAA15   
2828 Dec.Dec. 19981998 at 0834 PST     at 0834 PST     

Meteosat-5 image of Fog 07TH Jan 
2003 at 0900 hrs PST
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Figure -2 
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Figure – 2a: Meteosat Image showing fog on 04 January, 2006 
 

Snow and Glacier  
  
Heavy rain and snow hammered Pakistan in the first two weeks of February 2005, 
leaving over 300 dead as a result of floods and avalanches throughout the country. 
Over 200 of the deaths occurred in southwestern Pakistan, where a week of rain taxed 
river and irrigation systems. SUPARCO acquired Moderate Resolution Imaging 
Spectrometer (MODIS) on NASA’s Aqua satellite on February 11, 2005, images 
showing the extent of affected areas due to snowfall (Figures – 3, 4). 
 

The Images Show Extent of Snow Cover 
 
 
 
 
 
 
 
 

Figure – 3 
 
 
 
 
  

 



 
 

Figure – 4 
 
 
Glaciers are major sources of water; studying the aspects and temporal changes are 
vital for planning, development water resource conservation, and flood monitoring and 
mitigation activities. SUPARCO conducted a pilot study to monitor various attributes of 
Batura Glacier, satellite images pertaining to different years were acquired and 
analyzed.  It was observed that the ice covered and ice free areas of Batura Glacier in 
the year 1992 was 98 and 25 sq km respectively, whereas in the year 2000, the ice 
covered area reduced to 81 sq km, consequently increasing the ice free area to 42 sq 
km (Figures –5, 6).  
 

 
Figure – 5 

 
 

 



 

 
Figure – 6 

 
Flood 
  
Whenever there have been floods in the country, SUPARCO has used satellite data for 
computing area inundated by floods, and assessing damage (Figures – 7, 8, 9, 10, and 
11).  
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Figure – 7 

 

 



On March 4, 2005, the Moderate Resolution Imaging 
Spectroradiometer (MODIS) on NASA’s Terra satellite 
captured the top image of the flooded Dasht River basin 
Compared to February 6 image. Sediment-laden water is 
light blue in contrast to the pink of the surrounding soil. 

Iran Pakistan

Dasht River

Feb 6, 2005March 4, 2005

 
Figure - 8 

 
Satellite Image Before Flood

On 06 Feb 2005, it was hardly visible a thin green lineOn 06 Feb 2005, it was hardly visible a thin green line

Figure – 9 

 



Satellite Image After Flood*(12 Feb 2005)Satellite Image After Flood*(12 Feb 2005)

Figure – 10 

 
Figure – 11 

 



These data are also used for the study of storms, monsoons, cloud movements, dust 
storms, cloud top, land and sea surface temperatures, and other meteorological / 
atmospheric processes. Flooding is the most universal of natural hazards. Riverine 
floods are caused by precipitation over large areas or by melting of the winter's 
accumulation of snow, or by both. Of all the disasters except droughts, flood disasters 
affect the most. Since there are many more flood disasters than droughts, and the 
number affected by floods is increasing much more rapidly than those suffering 
droughts. In fact, flooding is one natural hazard that is becoming a greater threat rather 
than a constant or declining one. Floods are caused not only by rain but also by human 
changes to the surface of the earth. Farming, deforestation, and urbanization increase 
the runoff from rains; thus storms that previously would have caused no flooding today 
inundate vast areas. One of the most effective methods of monitoring floodplains is 
through remote sensing. Of the various techniques available, Landsat is perhaps the 
most versatile. Landsat satellites (formally called Earth Resources Technology 
Satellites or ERTS) are used to map, inventory, and monitor earth features. The major 
sensing instrument in Landsat is a multi spectral scanner that produces images of the 
earth in green, red, and two wavelengths of infrared radiation. The products are black-
and- white images and images in digital form that can be processed by computers. 
 
Cyclone 
  
Satellite data are acquired and processed for the study of storms, monsoons, cloud 
movements, dust storms, cloud top, land and sea surface temperatures, and other 
meteorological / atmospheric processes. SUPARCO regularly monitors ARABIAN SEA 
CYCLONES which are usually formed during the May - June and October - November 
periods.  
 
The most intense Arabian Sea Cyclone on record to strike Pakistan during the last 58 
years was the violent MAY 1999 TC02A that had struck LOWER SINDH, especially 
Thatta District (Figure - 12).  
 

SATELLITE IMAGE SHOW LARGE ‘EYE’ OF THE VIOLENT MAY-1999 
CYCLONE  WHICH STRUCK THATTA DISTRICT. 

VILLAGE OF ‘JATI’ WAS COMPLETELY DESTROYED. 
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Figure -12 

 
The Cyclone was accompanied with a high-tide called ‘Tidal Surge’, which was a 3 to 4 
meter high moving wall of sea-water. It devastated coastal settlements, such as 

 



THAIMOR, JATI, CHUHUR JAMALI and others in Thatta and Badin Districts. The 
cyclones that had originated at lower latitudes in Arabian Sea especially in the months 
of May and June have been continuously monitored starting right from their generation 
to their decay using APT and TOVS data. The reports/ warnings were prepared and 
issued to concerned authorities and the newspapers. (Figures: 13, 14) 

 

 
 

Figure -13: METEOSAT image of 05 July 2006 acquired & processed at SUPARCO. 
The image shows build-up of cloud over Karachi & its adjoining areas. There were 

formations of such low depressions which brought rain with thundershower in Karachi 
during August 2006 

 

 



 

*Karachi

METEOSAT-5 sat image thru courtesy of NCEP 

Severe Monsoon Depression (shown above, encircled) located over 
Gujarat State, India ,moved  towards  lower Sindh 

 
Figure -14 

 

  

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 

NOAA Satellite IR  & Color Images  of  08 Sept 2006 at 1100 PSTNOAA Satellite IR  & Color Images  of  08 Sept 2006 at 1100 PST
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Figure: 14 a 

 

KHI

Space  and  Atmospheric  Science 

METEOSAT Image of 07METEOSAT Image of 07thth Sept  2006, shows low Sept  2006, shows low 
depression (over lower Sindh and parts of Indian depression (over lower Sindh and parts of Indian GujratGujrat))

 
 

Figure: 14 b 
 
Dust Storm 
 
The broad swath of desert that stretches from Iran through Afghanistan and Pakistan 
into northwest India has long been recognized as a significant regional source of 
atmospheric soil dust. Atmospheric dust affects regional climates by altering the 

 



balance of incoming and outgoing radiation, influencing cloud properties and affecting 
atmospheric chemical processes. Dust storms have increased in frequency and 
severity, as more land has been laid bare by deforestation, overgrazing, erosion, and 
partly human-caused droughts. In Baluchistan, severe dust storms occur during pre-
monsoon, winter and summer because of desertification, windy condition and drought. 
Dust storm can be predicted from 24 to 36 hours ahead of time due to the easy 
identification of the recognizable weather patterns. The dust storms can last from 3 to 4 
hours, or up to 2 to 3 days depending on the situation. Dust storms often occur in the 
late winter to early spring when there is an extreme pressure gradient. The MODIS 
images of subsequent years show a massive dust storm condition over Pakistan and 
adjoining areas (Figure – 15 and 16). The images were acquired by the MODIS 
instrument onboard Aqua satellite. 

 

 
 

Figure – 15 
 

 



 
 

Figure – 16 
 
Oil Spill             
 

In an unfortunate accident that occurred on 14th August 2003, the Greek registered “MT 
Tasman Spirit” oil tanker carrying 67,000 tons of crude oil released about 30,000 tons 
into the vast area near the coast of Karachi. The oil slick covered Manora Channel and 
Clifton beach.  The very nature of marine oil spills necessitated the use of satellite 
remote sensing to supplement other process of monitoring / estimation. The overcast 
monsoon sky during August, 2003 rendered visual technique and optical satellite 
images unsuitable for mapping of oil spill. In such conditions, Canada’s RADARSAT 
images were selected for analysis, taken on October 11, 2001 (without oil spill), August 
19, 2003 and Dec.13, 2003 (with oil spill) over the Arabian Sea including coastal Area 
of Karachi (Figure -17).  The RADARSAT equipped with Synthetic Aperture Radar 
(SAR) system works in the microwave region of the spectrum. The images selected 
were in SAR Wide Beam Mode with appropriate resolution. The images were analyzed 
and spill area in the images was calculated. The affected area as indicated in the 
August 19 image is 37 sq. km , of which 8 sq. km. area around the disastrous ship has 
been worst affected and seen to have thick slick. Due to natural dispersion and the 
remediation measures taken, the oil slick condition in Dec12, 2003 image was seen to 
have reduced. The patches of slick were seen around 9 Sq. Km of the coast. The crude 
oil spilled into the environment would continue to damage the surrounding area for a 
long time. It is worth mentioning here that satellite remotely sensed data has proved to 
be a very effective tool for detecting oil spill. 
 

 



 
 

Figure - 17 
RECOMMENDATIONS 
 

• Results of these findings will be integrated with  related parameters  

• Findings will be used to develop intervention/mitigation measures at different levels 

• Use of satellite technology be promoted 

• Info / data on disasters should be exchanged  

 
CONCLUSION 
 
With tools provided by space technology, man toady is far better prepared and 
equipped than his ancestors ever were to cope with disasters or emergencies and to 
mitigate or minimize the losses to life and property in such situation to an appreciable 
extent. Today, natural disasters can be better monitored and assessed and timely 
precautionary steps can be taken, in general, during the pre-disaster stage as well as 
while the disaster lasts, to avoid or minimize loss of life and property, and implement 
efficient relief operations in the post-disaster phase. 
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Abstract 
 

Forest fires in Indonesia are the classical problems that have in the dry season, especially 
in Sumatra and Kalimantan.  It’s caused by human activity for agriculture and plantation 
with burned. Usually, burning activities in the field are uncontrolled.  So far, the Forest/Land 
Fire Management activity focused in the prevention and mitigation activity, but for the 
rehabilitation is not yet done.   The mapping and determination burned scar are usually 
used remote sensing data.  In this activity, we used MODIS data to identify burned scar. 
There some methods to determinate the burned scar using MODIS data.  The changes of 
the reflectance are the basic theory to identify burned scar.  The objective of this research is 
to determinate burned scar area using MODIS reflectance and MODIS Thermal fire.  The 
methods that used in this research are identify minimum reflectance in a month before 
burning season and a month minimum reflectance after burning season.   MODIS data are 
daily reflectance in the July-September period.  They are downloaded from NASA website.  
This research used red green change detection to visual analysis and used Roy, et al 
(2004) to analysis the changes of reflectance.  For Validation, we used MODIS Thermal 
Fire.   The results of visual analysis are the thermal fire identifies the burned scars.   The 
minimum distance of burned scar are to thermal fire is 0 km, the average is 12.3 km and the 
maximum is 62.8 km.  Depends on this research, MODIS could be identify burned scar.  
And the validations have a good result, if we compare between burned scar and thermal 
fire.     
 
 
Introduction 
 
Background 
 
Forest fires in Indonesia are the classical problems that have in the dry season, especially 
in Sumatra and Kalimantan.  It’s caused by human activity for agriculture and plantation 
with burned. Usually, burning activities in the field are uncontrolled.  So far, the Forest/Land 
Fire Management activity focused in the prevention and mitigation activity, but for the 
rehabilitation is not yet done. That’s caused by the capacity and the capability of the 
districts government. Limited information about burned scar area makes it difficult to identify 
rehabilitation area.  
 
The Mapping and identify burned scar not yet done regularly. It is caused by the high 
spatial resolution remote sensing, such as SPOT, Ikonos, and Quickbird are expensive.  
For the province government, it’s difficult to arrange their money only for burned scar 
monitoring.  Because of the expensive high resolution data, the medium resolution such 
Moderate Resolution Imaging Spectroradiometer (MODIS) to be choice for burned scar 
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analyzed.  The advantages of MODIS data is have a temporal resolution and then large 
area to monitor.  That is making easy to analyze the change of object (burned scar) only in 
the short time (few days).   
 
Monitoring of biomass burning using satellite data has considerable heritage. Global active 
fire detection is provided using hotspot detection algorithms working on thermal channel 
data from the National Oceanic and Atmospheric Administration (NOAA) Advanced along 
Track Scanning Radiometer (AVHRR), European Space Agency (ESA) Along Track 
Scanning Radiometer (ATSR) and the National Aeronautics and Space Administration 
(NASA) Moderate Resolution Imaging Spectroradiometer (MODIS) sensors. The timing and 
spatial extent of burning cannot be estimated reliably from these orbital hot spot data, as 
the satellite may not overpass when burning occurs and because clouds may preclude 
active fire detection. Burned area mapping algorithms that examine spectral changes, 
rather than relying on hotspot detection, are generally insensitive to these effects as 
spectral changes induced by burning are temporally persistent. Burned areas are 
characterized by deposits of charcoal and ash, by the removal of vegetation, and by the 
alteration of the vegetation structure. Persistence of the charcoal and ash signal varies as a 
function of climate, fire regime and fuel load, while the burn scar signal duration depends on 
site primary productivity and vegetation recovery Given that fire is an agent of land cover 
alteration, burned area mapping algorithms that use multi-temporal moderate spatial 
resolution data under a change detection scheme have received considerable attention. 
 
There are several methods to determine burned scar using MODIS.  The Methods that 
usually used is the difference of reflectance on canals 1 – 7 MODIS before and after forest 
fires.   The principle of this method is the forest fire will make decrease the object 
reflectance.  The black color of the object caused that.  Roy et al. (2002, 2005) said the Fire 
is an important ecosystem process effecting vegetation structure and composition and in 
many land use systems is a proximate cause or indicator of land cover change. The 
vegetation fire leaves the carbon that will decrease the reflectance in visible infrared and 
near infrared (Liew et al., 1998).  Because of that, in the satellite image the burned scar 
look darker and have the rough texture. This change will decrease the object reflectance 
after the forest fires happened.   
The difference of reflectance before and after burnt is the concept that used for the 
research to determine burned scar using MODIS data.  
 
Objectives 
    
The objective of the research is to determine burned scar are in South Sumatra using the 
MODIS minimum reflectance.  The thermal fire data is use for validation.  The fire season is 
on July until September 2004.      
 
 

Methodology 
 

Data 
The data that used for this research is Reflectance canal 1-7 July, 2004 until September, 
2004 with minimal clouds.  MODIS thermal fire used for validation of the burned scar 
determination.   The MODIS Reflectance and MODIS thermal fire downloaded from NASA. 
 

The Software 

This research ER MAPPER 6.4 and ARCVIEW 3.2 to determination of burned scar, 
calculation of the large of burned scar, and spatial mapping.   
 

Method 

The method of this research describe in the figure 1. 
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Figure 1.  The complete method of this research 

 
Result and Discussion 
 
Red Green Change Detection Visual Analyses 
 
 Visual analyzed to be done with red green change detection method. This method is 
combination canal between before and after forest fire season.  The chosen canals are 
canal 2 and canal 5 MODIS that have the highest separation value between burnt and 
unburnt object.  In the red green change detection method, the canal 2 or 5 before burnt 
placed in the red canal and after burnt place in the green canal in ER MAPPER. The bright 
red has positive reflectance difference value, and the bright green have negative 
reflectance difference value. The dark green showed there is no different value of 
reflectance.  More brightness red or green showed there is clouds contamination.  The 
burned scars are the brown color. The result of this analyzed showed in the Figure 2 and 
Figure 3.  Figure 2 and Figure 3 also showed the result of Roy et al. (2002) equation and 
the thermal anomaly data showed there are forest fire in that area.   
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Figure 2.  Red green change detection and Roy et al. (2002) equation Analyzed for Burned Scars 
(top left : Red green change detection, top right : thermal fire, bottom left: Roy et al. (2002) 

equation without filtering, bottom right: Roy et al. (2002) equation with filtering 
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Figure 3.  Red green change detection and Roy et al. (2002) equation Analyzed for Burned  
Scars 

(top left : Red green change detection, top right : thermal fire, bottom left: Roy et al. (2002) 
equation without filtering, bottom right: Roy et al. (2002) equation with filtering 

 
 

Validation 
 
The result of burned scars analyzed using red green change detection and Roy et al. 
(2002) equation have validate with the MODIS thermal fire.  The validation is calculating the 
distance between the burned scars with the thermal fire. The distances have analyzed. The 
nearest distance is 0 m, it’ that mean that the thermal fire is burned scars. The burned scars 
happened caused by fire exactly. The average is 12.3 Km, and the farthest is 62.8 km.  It’s 
possible that reflectance changes not only caused by forest fire, but the others.  The 
disadvanted of the optical satellite are clouds, haze, and water vapor that influence of 
reflectance value. The next step is shorting burned scars with the thermal fire.  Figure 4 is 
the burned scars before shorting (a), shorting with distance < 1 km (b) and shorting with 
distance < 2 km.     
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(a) (b) (c) 

 
Figure 4.  the burned scars before shorting (a), shorting with distance < 1 km (b) and 

shorting with distance < 2 km. 
 
 
 
Conclusions 
 
The results of visual analysis are the thermal fire identifies the burned scars.  The bright red 
has positive reflectance difference value, and the bright green have negative reflectance 
difference value. The dark green showed there is no different value of reflectance.  More 
brightness red or green showed there is clouds contamination.  The burned scars are the 
brown color the minimum distances of burned scar are to thermal fire is 0 km, the average 
is 12.3 km and the maximum is 62.8 km.  Depends on this research, MODIS could be 
identify burned scar.  And the validations have a good result, if we compare between 
burned scar and thermal fire.     
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ABSTRACT 
 
In the theme of the outer space risk management, only one paper examined the protection 
of the environment from the space debris (SD) in the previous ISNET seminars. This paper 
is trying to trigger discussions on the hazards of the Space Fireballs - Meteoroids (SFM) 
emanating from outer space. Debris of collapsed planetary bodies travel through outer 
space as shooting fireballs called meteoroids having luminous smoke trails known as 
meteors when captured by Earth's gravitational field and reach the earth's surface become 
meteorites. Their great brightness, enormous smoke trail, terrifying explosive noises, 
hypervelocity impacts, and hazardous shock waves can cause catastrophic damages to the 
biodiversity, cultural sites, and inhabitants. Sporadic- showers of fireballs-meteors are 
potential dangers to space crafts and satellites. A giant meteorite fall into a heavily 
populated city will result in a tragedy of unimaginable magnitude and probably nothing of 
the city or its residents would survive. Giant meteorite fall into oceans will generate an 
instantaneous devastating tsunami along coastal areas. The catastrophe of a major 
meteoritic impact on land is comparable to the devastation caused by explosions of atomic 
bombs on earth. If a gigantic Killer space rock strikes our planet it will be greatly destroyed, 
subjected to biodiversity crisis, mass killing, and end of human civilization to be pushed 
back into the Dark Ages. The proven large meteorite impacts craters in some Islamic 
countries and elsewhere indicate beyond any doubt that giant disastrous meteorites do 
occasionally hit the earth. The known record of meteorite falls and finds in the earth is 
reaching more than 3000. The sacred black stone of Kaaba is believed to be the most 
ancient recovery and preservation of a meteorite on earth. Historical and new records for 
fireballs-meteorites fell in some Islamic countries are outlined with emphasis on recent 
record of small meteorites fell within the Sudanese territories. Survived relicts of some 
recorded meteorites in Sudan have been subjected to some analysis for classification and 
to know their parent space bodies from which originated. It is a modest contribution in 
shedding some light on the nature of enigmatic space geology. Aerial Remote Sensing and 
Space Remote Sensing are in use to detect sizable suspected meteoritic impact craters in 
some Islamic countries and elsewhere. Some proven meteoritic impact craters in the world 
including those in the Islamic countries are high lightened with emphasis on the disastrous 
Aleppo Meteoritic Impact in, Syria. There is now a growing awareness of these potential 
dangers emanating from outer space. Solutions and recommendations are suggested for 
regional and international cooperation as well as collaboration regarding development of 
early warning system and advanced shielding techniques to protect our planet, the Earth. 
 
 
INTRODUCTION 
 
Space is vast emptiness containing a large number of space bodies such as stars, 
planetesimals, planets, comets, asteroids and gaseous clouds. Planetary bodies are 
continuously subjected to cosmic rays, solar winds and collision with each other. Debris of 
these Planetary bodies travel through outer space as shooting fireballs called meteoroids 
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having luminous smoke trails known as meteors, when captured by Earth's gravitational 
field and reach the earth's surface become meteorites. During atmospheric entry a fallen 
meteoroid starts fragmentation into macro fragments, micro fragments and cosmic dust. A 
fragmented meteoroid scatters over a wide dispersion ellipse area and hit the ground as a 
meteoritic shower. The meteoritic shower consists of thousands of smaller rock fragments 
capable to cover an area of hundreds Km2. Macrometeorites will fall to the fore of the 
ellipse, while micrometeorites will fall towards the rear of the ellipse. The cosmic dust will be 
either suspended at high altitude in the atmosphere or accumulates on the earth surface. 
Common meteoritic fragments are smooth, massive, very heavy, and magnetized with 
rounded corners. Terrestrialization of a meteorite starts during the atmospheric entry by 
being coated with black fusion crust showing± flow lines and continues by weathering on 
the earth surface to become brown or rusty. Freshly fallen meteorites offer scientists the 
opportunity to study their parent space bodies from which originated. The scientific study of 
meteorites involves many disciplines from astrophysics to nuclear physics, chemistry 
mineralogy, geology aided by remote sensing. The meteorites have different types such as 
iron meteorites, stony meteorites and iron-stony meteorites. The stony meteorites classified 
into chondrites and Achondrites. The chondrites have minute sphere structure and rich in 
olivine, pyroxenes, Fe-Ni alloys and troilites. The achondrites lack the chondritic structure 
and contain same composition but in very different proportions. The chondrites are further 
subdivided into three groups, the H. L & LL types based on weight percentage of iron and 
its distribution between the metal and silicate phase. Meteorites as extraterrestrial rocks 
have a chemical composition distinct from terrestrial rocks of the earth' crust. They are 
richer in meteoritic indicator elements of noble metals such as iridium, osmium, and 
rhenium in addition to Ni.  
 
 
SPACE FIREBALLS-METEOROIDS (SFM) IN HISTORY AND THEOLOGY  
 
SFM are considered by religious people as shooting star messengers from heaven carrying 
either metaphysical warning - god's wrath or celestial-divine blessing-grace beyond the 
realm of experimental science. The strange circumstances of meteorites appearance on 
earth invested it with supernatural power.  Clackamas tribe has been living in a Grand 
Ronde Valley, for the last 8,000 years still tells of their ancestor hunters dipping their 
arrowheads in the meteorite's water-filled basins for extra power and of maladies healed 
from those same waters (The Washington Post, Friday, June 23, 2000). The Bible's New 
Testament mentions an appearance of a meteoroid having a luminous meteor when Jesus 
Christ was born hence Christians have kept illustrating this blessing incident by a Christmas 
star. Meteorites were revered as highly valuable supernatural, spiritual, and magical rocks 
belonging to celestial gods. The holy Qur'an mentions that Allah the mighty sent rain 
showers of fire stones to fall over ancient evil misbelievers. Iron meteorites were at bronze-
age the only known source of iron for making charms and weapons. Weapons of iron 
meteorites could penetrate any known armor, and their quality surpassed similar weapons 
made of other metals. 
 
 
HISTORICAL RECORDS FOR METEORITE FALLS IN SOME ISLAMIC 
COUNTRIES 
 
The known record of meteorite falls and finds in the earth is more than 3000. There is no 
total record of all meteorites falls in the Islamic world because considerable portion of its 
territories are seas and a great majority of its land is uninhabited deserts. The most ancient 
recovery and preservation of a meteorite is in Mecca, Saudi Arabia. A reddish, oval and 
sacred black stone; called Hager Aswad is housed in the NE corner of Kaaba. The Kaaba is 
located at 21° 25' 355'' N and 39° 49' 573'' E and considered the qibla, the direction 
Muslims face during prayer (http:Kaaba.quickseek.com/). The black stone is believed to 
come down from heaven when Adam and Eve descended from paradise. Since the time of 
Prophet Ibrahim El Khalil and his son Prophet Ismail (1800 B.C) the black stone has been 
preserved and treasured with religious veneration in the Kaaba. It has been reputed into its 

  



place by Prophet Mohammed (peace is upon him); during a reconstruction of the Kaaba 
prior to the founding of Islam. The black stone is actually broken into several pieces all 
together surrounded by a silver band (http://experts.about.com/e/b/bl/Black_Stone.htm). It 
is generally believed to be a meteorite (http:www.sacred-destinations.com/saudi-
arabia/mecca-kaba.htm); therefore it is considered to be the oldest preserved meteorite on 
earth. The approximate location of hundred countries in relation to Kaaba shows that the 
Hager Aswad is faced by four Islamic countries which are Oman, Pakistan, Bangladesh and 
Indonesia.  
 
According to El Saim, N. H. 2006 the historical record between years 700 – 1900 AD shows 
a number of SFM fell in different parts of the Islamic world. The summary of this record is 
showing the following. Iraq received 25 falls; in Baghdad (23), El Chufa (1) and Mosul (1). 
Yemen received 24 falls; in Sana'a, (2), Zabid, (4), Zabeid-Muzaa (1),  Bait Faqih (2), El 
Aliq (1), Jibla (1), Suq Talawth (1) Shurab (1), Bart (1), Sardd (1), Qutran (2), Quli (1), 
Maqriba Ras (1),  El Raha (1), Wadi Elser (1), Bnu Hashish (1) and Shebam (1). Syria 
received 12 falls; in Damascus (2), Aleppo (3), Aintab (1), Hemiss (1), Elatarib (1), El Qaser 
El Aala (1), El Qaser El Asfal (1), El Furat (1) and Syrian Desert (1). Egypt received 5 falls; 
in Cairo (2), El Suweda (1), Belbis (1) and NW Egypt received 1. Turkey received 3 falls; in 
Antakya (1), Iskandaruna (1), and Maraash (1). Tunisia received 2 falls in Kairouan. 
Morocco received 2 falls in Fez. 124 historical meteorites recovered from the Indian 
subcontinent among them 15 from Pakistan and 8 from Bangladesh (Nehru, 2000).  Iran 
received more than 100 falls, among them (1) fall in Nesaburr and (1) fall in Khurasan. The 
falls include two possible crater-forming events (Schaefer, 2000). Palestine -Lebanon 
received 1 fall. Four out of total number of falls in above mentioned Islamic countries were 
in form of meteoritic showers e.g. 856\857 AD in El Suweda, Egypt; 16\4\898 in Ahmed 
Abad, the Indian subcontinent; 951\952 AD in Kairouan, Tunisia and 16\4\1664 in Bart, 
Yemen.  
 
 
NEW METEORITE FALLS IN SOME ISLAMIC COUNTRIES 
  
Meteorites have defiantly fallen in different parts of the Islamic world since 1900. Lacking 
cooperation and connections between meteorticists from Muslim countries, very limited 
information is obtained regarding meteorite data base. Therefore the following short 
summary is outlined for recoveries collected form 97 grand total meteorite falls starting from 
the beginning of the 20th century. Indonesia received 16 meteorite falls (International 
Tsunami Information Center 2006). Somalia received 2 meteorite fall; Tunisia received 5 
meteoritic showers; Egypt received 4 meteorite falls; Syria received 4 meteorite falls; Iraq 
received 5 meteorite falls; Saudi Arabia received 4 meteorite falls; Turkey received 10 
meteorite falls; Sudan received 10 meteorite falls, Yemen received 13 meteorite falls and 
Pakistan received 1 meteorite fall. Afghanistan received 1 fall, Iran received 2 falls; Jordan 
received 1 fall; Mauritania received 2 falls; Morocco received 4 falls 
(http://en.wikipedia.org/wiki/Meteorite_fall_statistics).  Algeria received 7 falls (op. cit.). 
Oman has become a leading Islamic country for recovery of meteorites since 1999. Before 
this date Omani meteoritic collection was limited to 6 museum samples. The Omani 
authority has encouraged a joint meteorites search program involving national's scientists 
and foreign geologists from Switzerland. The research has resulted in recovery of 
thousands specimens from more than 263 individual falls (Al-Kathiri et al 2005).  
 
 
METEORITE FALLS IN SUDAN 
 
There is no record for historical of meteorite falls in Sudan. The first record of a meteorite 
fall dates back to 1932. The Geological Research Authority of Sudan (GRAS) is keeping a 
short record of 7 meteorite falls for the period between 1932 and 1994. The seven 
meteorites are Khor Timeke, Maridi, Kapoeta, Umm Rawaba, Kenjai, Malakal and New 
Halfa. Three additional meteorite falls are known from other sources, hence the total 
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number of meteorite falls reached 10 till year 2001.The following is the list of compiled ten 
known meteorite falls in Sudan. 
 
1. KHOR TEMIKI METEORITE  
 
It is the first meteorite fall to be recorded in the recent history of Sudan. Several stones fell 
in 8\4\1932 at El Gash Delta, Kassala Province, NE. Sudan. The coordinates for the fall site 
are roughly outlined as 16°00 N and 36°oo E. The collected fragment and dust specimen 
weight 3.15 Kg identified as (Mg SiO3, low calcium) Enstatite Eubrite and classified as 
Achondrite. Analysis of enstatite, deformed pyroxene indicates gas-rich nature. 
 
2. MARIDI METEORITE  
 
It fell in 1941 near the source of Sueh River, Li Rangu, and 30 miles SW. of Maridi town in 
the southern equatorial part of Sudan. The coordinates for the fall site are roughly outlined 
as 4°40' N and 29°15' E. The collected stone weight 3.2 Kg identified as Olivine Bronzite 
Mg Fe SiO4 – Mg Fe SiO3 and classified as Chondrite (L6).  
 
3. UMM RAWABA METEORITE  
 
It fell down at 1300-1400 hrs 27\12\1966 in Umm Rawaba town, northern Kordfan Province, 
western Sudan. The coordinates for the fall site are roughly outlined as 13°28' N and 31°13' 
E. Stone weights 1.7 Kg, were recovered some 90 Km N. the town of Umm Rawaba. It is 
composed of Olivine-Hypersthene's iron (Mg Fe SiO4 – Mg Fe SiO3- 22.64 % total iron) and 
classified as Chondrite (L5). 
 
4. KAPOETA METEORITE 
  
It fell in 22\4\1947 at Kapoeta town in the southern tropical part of Sudan. The coordinates 
for the fall site are roughly outlined as 04°42' N and 33°38' E. The collected stone weight 
11.4 Kg and subjected to many scientific studies. It is identified as ({Ca, Mg, Na,} Si2O6 – 
{Ca, Na} AlSi3O8) Howarditic Breccia and classified Achondrite. There are controversial 
views concerning the genesis and origin of Kapoeta meteorite. A. M. Gismelseed claimed 
the Kapoeta meteorite fell from Mars (personal communication July 2006). Rainer Wieler 
claimed that the parent body of Kapoeta meteorite is the Asteroid Vesta. This is the only 
case for which a parent asteroid has been determined for a class of meteorites (personal 
communication 30 March 1995). The Kapoeta meteorite is a lunar meteorite, which has 
been derived from lunar breccias by a great impact to be lost to space and land in Kapoeta 
as howarditic regolith breccia (Pedroni, 1989; Pedroni, 1991 and Pedroni, et al 1991). The 
supportive evidences are the Solar Ne and Ar in Kapoeta Plagioclase: SW– and SEP- 
components are identical to those in minerals from the lunar regolith. Satellite imageries 
taken by Apollo missions for the moon have facilitated the comparison of the lunar breccias 
with the microscopic morphology of the Kapoeta meteorite. Similarities are found between 
the microscopic sedimentary features in Kapoeta meteorite and the layering of lunar 
breccias clearly visible on the satellite imageries (op. cit.).  
 
5. KINGAI METEORITE  
 
One stone fell down at 1400 hrs 7\11\1967 in Kinjai village, Darfur, western Sudan. The 
coordinates for the fall site are roughly outlined as 11°38' N and 24°40' E. The original 
stone weight 0.45 K but only 67.4 g were preserved composed of Olivine-Bronzite (Mg Fe 
SiO4-Mg Fe SiO3) and classified as Chondrite.  
 
6. MALAKAL METEORITE  
 
It fell down a few days before 15\8\1970 at Malakal town, Upper Nile Province, southern 
Sudan. The coordinates for the fall site are roughly outlined as 9°30' N and 31°45' E. The 

  



collected stone weight 2.0 Kg, composed of brecciated Olivine-Hypersthene's iron (Mg Fe 
SiO4 - Mg Fe SiO3- 22.3 % total iron) and identified as Chondrite (L5).  
 
7. JUBARA METEORITE 
  
It fell down in 1976 at Jubara village, west of Kordfan. Only one piece was collected 
weighing 1.25 Kg by a local farmer named Omer Mohamed Adam. Part of the meteorite 
was sent in 4th of January 2001 to pr@mpch-mainz.mpg.de for analysis and classification. 
Results are not available till now. 
 
8. AL-KIDIRATE METEORITE  
 
Al-Kidirate Meteorite fell in west Sudan in January 1983. It is stony chondrites classified as 
ordinary H6 chondrite that consists mostly of olivine and pyroxene as indicated by 
mineralogical and Mossbauer studies on its paramagnetic separate (Gismelseed et al 
2004). 
 
9. NEW HALFA METEORITE  
 
It fall down at 5: 30 local time 8\11\ 1994 near villages no 9 which is 15 Km NE of New 
Halfa town, Kassala Province, and central Sudan.  It was witnessed by Khalil Mohamed and 
Ibrahim Hammed from this village. The coordinates for the fall site are roughly outlined as 
15°22' N and 35°41' E.  The total recovered mass by GRAS was 12 Kg, seven large 
specimens ranging in weight from 100 g to 5 Kg and many smallest ones. The main mass is 
displayed in the museum of GRAS at Khartoum. The meteorite is classified as an ordinary L 
Chondrite (Gismelseed et al 2005).  
 
10. AL-ZARNKH METEORITE  
 
The Meteorite fell on 8\2\2001at Al Zarnkh village about 150 Km west of Barah town, 
western Sudan. The meteorite was found as two fresh pieces weighing 0.7 Kg in total and 
covered with a < 1mm fusion crust. The meteorite is classified as an ordinary LL5 chondrite 
consisting of olivine, orthopyroxene; clinopyroxene, plagioclase, troilites, kamacite and 
chromite phase (Gismelseed et al 2005). 
 
 
FIREBALLS – METEOROIDS AS NATURAL RISKS  
 
Natural risks refer to the occurrence of natural catastrophes such as extraterrestrial fireballs 
and meteoroids and geohazards e.g. earth quakes, tsunami, floods, hurricane, volcanic 
eruptions etc. Catastrophic Earthward entries of large Space fireballs having intensive fall 
characteristics are expected. There is now a growing awareness of potential danger 
emanating from outer space either natural Extra-terrestrial Space Fireballs- Meteoroids 
(SFM) or re-entry man-made Space Debris (SD) known as Terrestrial Meteoroid (Badar G. 
2004). One paper only examined the protection of the environment from the SD in the 
previous ISNET seminars. The present paper is trying to trigger discussions on the 
problems and dangers of the terrorist SFM in the framework of the outer space risk 
management. The earth is exposed to about thousand meteorites each has a super sonic 
speed every year. The experience of sizable SFM impact is very low and with a localized 
results but nevertheless more devastating than most other natural geohazards. We are 
concerned here with an event with an unusually low probability, but with very serious 
consequences.  
 
THREATS TO AERO-SPACECRAFTS & SATELLITES  
 
The SFM environment is potential dangers to all aerospace system operations. They are 
dangerous threat because of their potentiality to collide with a flying airplanes, launching 
spacecrafts and orbiting satellites. Aerospace program's and their achievements are at risk 
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because of a large number of space fireballs and rocks falling from outer space. Not only 
sizable SFM are dangerous but even tiny pieces of them can cause obliteration or 
destruction.  They are so dangerous because they travel at ultra velocity speeds and the 
energy generated at impact can be very immense. Collision of SFM with plane, manned or 
unmanned spacecraft and Satellites will cause the total destruction of their structures. If not 
can electrify them, scramble software and damage hardware therefore protection of 
sensitive parts is required. Shielding of manned space vehicles is needed, since the SFM 
are also potential harmful to astronauts. With the high costs of launching and maintaining 
spacecrafts and satellites, space industries have no desire to see their outer space 
activities become more cluttered with potentially damaging SFM. The potential risk of the 
SFM will be reflected further on the costs of insuring the equipments and astronauts. The 
SFM can further interfere with global navigation satellite system and astronomical 
observations. 
           
THREATS TO BIODIVERSTY & CIVILIZATION 
 
The early earth surface was dotted with numerous impact craters as shown now by the 
morphology of Moon. Orogenic cycles and rock cycle activities have modified greatly the 
early lunar-like morphology of the earth. Even though, the world map shows an increasing 
density of more discovered large meteoritic impact craters. The prehistoric large proven 
meteorite impact craters indicate beyond any doubt that giant meteorites do occasionally hit 
the earth. Meteorite impacts had a significant contribution to biggest events of mass 
destruction during the Phanerozoic era. The worldwide enrichment of the iridium in the 65 
million years old clay boundary between Cretaceous and Tertiary strongly suggests that this 
change in the geological history of the earth was induced by catastrophic meteoritic 
impacts. Consequently many biological families die out particularly dinosaurs due to 
dramatic changes in ecology (Heide. and Woltzka, 1994). Sizable meteorites invading our 
earth as endpoint of their journey through space cause great damages. The catastrophe of 
a major meteoritic impact on land is comparable to the devastation caused by explosions of 
atomic bombs on earth's surface. Energy released is equivalent to around 15 times the 
power of the atomic bomb that leveled Hiroshima in 1945 (Steel, 2003). The intensity of the 
damage depends on the meteorite fall characteristics (light, sound, velocity, impact and 
shock wave). Terrifying explosive shock wave sounds are reflected on clouds and the 
ground to generate the whole scale of rolling sounds, which could be heard from a distance 
more than hundred kilometers. Damage left behind is proportional to mass and velocity of 
the fall meteorite and reflected by the diameter and depth of its rounded impact pit or crater. 
The hypervelocity impact can lead to a shock metamorphism of the surface rocks. Shock 
wave metamorphism requires pressure > 10 000 bar, which is not reached during normal 
geological processes within the earth' crust (op. cit.). The impact ground will be brecciated 
and fractured to a depth not less than one kilometer in addition to ejection of large country 
rock debris reaching thousand of tons. Soil extending to 200 Km from the impact site will 
suffer from contamination by meteorite impact related minute iron and silicate spherules 
(op. cit.). The intensity of the impact could be recorded by seismographs at great distances. 
Air pressure waves could be observed much later and is so strong to cause damage of 
properties tens kilometers away. A zone of forests burning and destruction will be encircling 
the impact site for tens of kilometers.  
 
The most recent disastrous impact was on June 30, 1908 over a remote area of the 
Tunguska river basin in Siberia (Chandler, 2001). Even though the object exploded five 
miles high and never hit the ground, trees were flattened and charred over an area of 800 
square miles - a swath greater than the New York metropolitan area (op. cit.). A giant 
meteorite fall into a heavily populated city will result in a tragedy of unimaginable magnitude 
and probably nothing of the city or its residents would survive.  A 412 AD age impact crater 
in an Apennine valley just 60 miles east of Rome indicates the city was destroyed in 
seconds by a meteorite fall coinciding with fall of the Roman Empire (Steel 2003).  
  
Since evidence of the fall of SFM on earth exists, we must conclude that they have fallen 
also in the oceans and seas of the earth, particularly since four fifths of our planet is 
covered by water (International Tsunami Information Center, 2006). The fall of the SFM in 

  



the earth's oceans has the potential of generating unprecedented large tsunami, or tidal 
wave of cataclysmic proportions. Giant meteorites fall into oceans will generate 
instantaneous devastating impact-induced tsunami along coastal areas.  The impact of 
moderately large SFM, in the middle of the Indian Ocean, would produce a tsunami that 
would travel all the way to the coastal areas of the Islamic countries. Coastal cities along 
Arabian Sea and Red Rea would be washed out by such a tsunami. On both sides of the 
Mediterranean Sea, inhabited coastal areas would be washed out by similar tsunami 
produced by a large meteorite impact in the Mediterranean.  
 
ROMOTE SENSING TECHNIQUES FOR DISCOVERING IMPACT 
CRATERS IN SOME ISLAMIC COUNTRIES 
 
Space imagery has proved to be a powerful tool in the search for possible meteorite impact 
sites through pinpointing their rounded surface morphology (John R, et al 1986). Aerial 
photographs either vertical or oblique could be used for hunting the conspicuous 
geomorphological expression of less big impact structures. Some of the rounded surface 
expressions sought previously to indicate probable subsurface intrusive plutons might be 
ancient meteoritic craters. Crater-like structures not connected to ingenious activities are 
suspected in the north and north east Sudan. The Odi Plain circular depression in the 
southern part of the Red Sea Hills is a  suspected impact crater having an inward radial 
drainage pattern unlike the near by typical circular igneous structures having a 
characteristic outward drainage pattern.  The Jebel Umm Ali circular sedimentary feature is 
anther example of possible impact crater in northern Sudan. Most conspicuous in the area 
between Atbara and Shindi, is its spectacular circular feature that stands well in satellite 
imageries. The Jebel Umm Ali suspected impact crater is 59 Km in diameter prior to the 
latest finding, the Sahara's biggest proved crater, Aorounga in Chad, measured just over 17 
kilometers. Both suspected locations of the Jebel Umm Ali and the Odi plain are not 
thoroughly investigated and need to be verified in the field for supportive evidences such as 
shock features - damage, impact melt in form of tektites, and shatter cones. It worth 
mentioning that some eye witnesses in El Masudia village, 40 Km south Khartoum claim a 
meteorite had fell near their village in 1950th. Consequently a small crater had been formed, 
but obliterated later through being used for quarrying building materials.  
 
Remnants of a large possible impact crater were discovered in Landsat data of western 
Desert of Egypt. The double-ringed crater - which has an outer rim surrounding an inner 
ring – is approximately 31 kilometers in diameter (Eurimage, 2006). Al Madafi circular 
feature in Saudi Arabia represents one of the impact meteoritic craters discovered in the 
Islamic world using combined techniques of Aerial Remote Sensing (ARS) and Space 
Remote Sensing (SRS). The crater is a 6 Km diameter crypto-explosion structure, near 
Tabuk City, NW. Saudi Arabia. It has been identified from Landsat TM imagery and stereo 
air photos (Garvin and Blodget 1987). Analysis of multispectral Landsat TM imagery was 
carried out using standard color band composite, band ratios, and principal component 
techniques. The multispectral characteristics displayed by the circular Al Madafi feature is 
very reminiscent of that observed around known impact structures in similar setting and 
scales. Proven meteorite impact craters are reported in Aleppo, Syria; Wabar, Saudi Arabia, 
Al Umchaimin in Western Iraq, Amguid, Ouarkziz, Talemzane & Tin Bader in Algeria; 
Aorounga & Gweni Fada in Chad; Arkenu1, Arkenu 2, B.P. Structure & Oasis in Libya; 
Tenoumer in Mauritania.  
 
THE ALEPPO METEORITIC IMPACT, SYRIA  
  
The ancient disastrous Aleppo meteorite impact in Syria is a good example for what might 
happen in part of our Islamic world. According to (GORS, 1987) the meteorite fell in the 
night of 1\8\ 1821 on a site 30 Km SW Aleppo, which is the second largest city in Syria. The 
impact crater has a diameter of 35±5 Km clearly seen in Landsat scenes and in imageries 
obtained from the Joint Syrian-Soviet Space Mission. It is estimated from model 
calculations that the Aleppo crater was produced by a giant meteorite having a 400 m 
diameter, with a kinetic energy of 2075X104 Mton of TNT. The shock waves that reached 

  



magnitude (M), 9.32 on Richter scale have been felt in an area with a diameter of 180 Km 
around the impact site (36° 08' N & 37° 17' E). An eye witness named  El Sheikh Mohamed 
Aqha has reported the dramatic incident in s history book entitled        ه اريخ حلب لمؤلف ذهب فى ت نهر ال

ى      الى الحلب ن حسين الب الغزى    ) (آامل ب  written by a historian named Kamel Bin El Bali El Halabi 
know as El Qazi. Twenty minutes before the impact people started to feel uneasiness and 
suffocation due to sudden rise in temperature associated with decrease of oxygen in the air. 
The main disastrous impact shock propagated in time to less intensive after shocks. 
Consequently, ground cracked, buildings destroyed, houses collapsed, landslides occurred, 
15000 people dead and habitat-biodiversity devastated. 
 
HAZARD CONTROL-REDUCTION MEASURES  
 
The space fireballs and meteoroids are problems for all nations. Nations including USA are 
not prepared to respond to a dangerous Earth heading meteoroids is about to slam into the 
earth (Chandler, 2001). International actions should be taken to risk reduction of these 
terrorist space invaders. Interaction of national, regional and global efforts is needed to 
protect our earth environment from the potential threat of disastrous meteoroids. The issue 
of the disastrous planetary debris ought to be included in the safety policy of the UN. All the 
relevant issues should be discussed in the United Nations Scientific and Technical 
Committee and the Sub-Committee on the peaceful uses of outer space. The challenge is 
how the hazard control - reduction process and measures should be developed, applied 
and implemented. Common computerized information system is needed for prediction and 
precision tracking dangerous fall–impact events. The vision is to achieve early warning 
systems that consist of a network of satellites observing meteoroids approaching earth. 
Nations should work together in international consortia to develop advanced shielding 
techniques for protection from large meteoroids bombarding earth. Can we stop an 
incoming disastrous steroid? NASA is trying to coordinate tracking of near-Earth objects but 
has no technology that could be used against them and no plan to build such technology. 
Most estimates of the mortality risk posed by asteroid impacts put it at about the same risk 
as flying on a commercial airliner. However, we have to remember that this is like the entire 
human race riding the plane. Indeed, there are currently no technologies that can reliably 
protect our planet, the Earth. The International community of space scientists and 
technologists are obliged to contribute honorably in developing advanced shielding 
techniques. There is a need to realize the science fiction regarding establishment of a 
network of anti-meteoroid missiles. These missiles should be effective in disintegrating 
giant planetary debris approaching earth. The possibility should be investigated to equip the 
missiles with advanced environmentally clean laser bombs that to be launched from space 
stations or\and ground bases.  
 
Regional collaboration and co-operation between Islamic countries is needed regarding 
integrated project programs focusing on risks emanating from outer space. Such 
cooperation could be organized by the Organization of Islamic Conference (OIC), Standing 
Committee on Scientific and Technological Cooperation (COMSTECH) and its 
subcommittee the Inter-Islamic Network on Space Science and Technology (ISNET). A 
common meteorite data base should be established for the Islamic countries. Advanced 
experimental test techniques and realistic simulations should be designed for intensive 
impact characteristics. Islamic nations should also agree to share technology and cost 
needed for development, application and implementation of space hazard reduction 
practices.  
 
CONCLUSIONS & RECOMMENDATIONS 
 
• Earth has experienced intermittent catastrophic meteoritic impacts that possibly will 

reoccur in future. A giant SFM impact is an expected disastrous event of low 
probability, but with very serious devastating consequences more than other natural 
geohazards. It represents a dangerous threat to mankind and his civilization. 

•  The issue of the disastrous planetary debris ought to be included in the safety policy 
of the UN. All the relevant issues should be discussed in the United Nations Scientific 

  



and Technical Committee and the Sub-Committee on the peaceful uses of outer 
space. 

• Development of a network of early warning systems and advanced shielding 
techniques is an international obligation to protect our planet, the Earth from 
disastrous meteoroid bombardments. If a gigantic Killer space rock strikes our planet it 
will be greatly destroyed, subjected to biodiversity crisis, mass killing, and end of 
human civilization to be pushed back into the Dark Ages. 

• Islamic nations should work collectively to adopt Strategies of risk reduction and 
mitigation measures for planetary debris potential threats. 

• Institutional as well as individual cooperation in the field of planetary debris is needed 
for the Islamic world. In addition to increase the awareness among decision makers to 
provide funds foe research and applications. 

• A common meteorite data base should be established for the Islamic countries to 
enhance cooperation and connections between Muslim meteorticists. Investigation of 
meteorites, their types, minerals, trace elements and isotopes provides a wealth of 
information about the planetary geology of the outer space particularly the solar 
system.  
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Abstract 
 
There is a world-wide effort for finding Clean Alternative Renewable Energy 
(CARE) resources.  The reasons, mainly being, the ongoing global energy crisis due 
to the immense rise in energy consumption coupled with fossil fuel depletion. There 
is a general awakening as well, to avoid pollutant energy resources that may also be 
contributing towards global warming. Wind and solar energy are such CARE 
resources, with which Pakistan may be naturally endowed but require identification 
of best sites. Satellites are proving a great source for identifying such potential 
areas.  In this paper, a general survey of the methods involved and work that is 
being done at SUPARCO is presented. Using satellite-based data, some high wind 
and solar energy potential areas in Pakistan have been pointed-out. SUPARCO 
specializes in Remote-Sensing GIS capabilities that would help selection of sites at 
detailed level based on desired criteria. Since wind / solar power are intermittent, as 
a back-up fuel, Hydrogen, has been suggested, which is widely available and is a 
non-pollutant.  

 
Introduction 
 
Why Alternative Energies? 
 
In view of the impending global fossil fuel shortage in the 21st Century (see figure 1), 
now is the time to find alternatives. The projected power scenario for 2060 is, 
Wind/Solar/Hydro 55%,  Oil/Gas 18%, Coal 11%,  Nuclear 9%,  Biomass 4%,  Misc. 
3%, which totals to 100%. 

2020 2060 2080 

wind energy  
solar energy 
hydro-power  

oil, gas 

Figure 1: Scenario of major Energy Resources projected up to the year 2100 
The cost of various alternative energies is also decreasing (figure 2) 
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Figure 2.  Over the years, 1980 to present, cost of various Renewable Energy Sources is 
continuously decreasing (Ref:  Billman / NREL, Advances in Solar Energy 1999) 
 

Pakistan’s Energy Problems 
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Table 1: Present energy resources of Pakistan (Source: World Energy Council and 
latest statistics from Ministry of  Petroleum & Natural Resources, Govt. of Pakistan, 

Year Book 2004-05.Wind/Solar estimations are by the author) 
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Pakistan’s Fossil Fuel Problems  
 
Pakistan is facing a severe energy deficit and relies heavily on the evermore-
expensive oil imports. Local Oil and Gas reserves are depleting fast. There are vast 
Coal reserves, but their use should be ‘clean’; i.e., not cause pollution and with 
carbon sequestering. With present methods of usage, fossil fuels (coal, oil, gas) 
cause massive pollution. The carbon products released, increase the CO2 content of 
the atmosphere, thus contributing towards ‘global warming’, resulting in abnormal 
droughts or floods. Hence, Pakistan 
 
C.A.R.E.  FUELs  
 
So it is high time now to find alternatives. The most desirable would be those fuels 
that come from Clean Alternative Renewable Energy (C.A.R.E.) resources. Wind & 
Solar energy are such “CARE-FUELs” that are apparently widely available in the 
country. They are renewable, cheap and clean (do not cause pollution or increase 
CO2). However they require identification of best areas & sites. 
 
Wind Power 
 
The many technically advanced countries, who also are dependant on oil imports, 
there is a continuous growth in wind based electricity production (see Table-2). 
 

  5,000                       7,368 
42,735              59,084 MW 

Other Countries 
          Total 

    991                         1078 Japan 

  1081                         1219 Netherlands 

    769                         1260 China 

    889                         1353             UK 

  1,261                        1717 Italy 

  3,083                       3,122 Denmark 

  3,000                       4,430 India 

  6,750                       9,149 USA 

  8,263                     10,027 Spain 

16,649                     18,428 Germany 

Total Wind Power Installed (MW)  
 (End 2004)             (End 2005) 

Country  
 

 
 

Table 2: Countries with more than 1 GW installed wind power. 
Ref. Global Wind Energy Council. (GWEC), Global Statistics 2005. 

 



Effect of Surface Roughness on Wind Speed 
  
In the lower layers of the atmosphere, wind speeds are decreased by 
the friction against the earth’s surface. Frictional effects may also 
cause turbulence.  Wind is affected by: 
 
•    roughness of the terrain,  
•    influence from obstacles,  
•    influence from the terrain contours (orography of the area).  
 

 
Figure 3.  Wind slowing due to Surface Roughness. Variation of wind speeds in roughness 
class 2 (farming land with some houses and hedges within 500 m intervals).  

 
 
Finding CARE Resources at SUPARCO 
 
SUPARCO being the national space agency of Pakistan, conducts atmospheric 
research. Satellite and ground based winds over Pakistan are also monitored. 
SUPARCO can thus determine Wind and Solar Resource Maps of Pakistan. 
SUPARCO also has a large data bank of satellite imageries and specialises in 
Remote Sensing and GIS techniques that can be used to classify wind / solar maps 
and to identify areas for possible power generation sites. Thus Country’s Wind / 
Solar Power Potential would be maximally utilized. 
 

 



SUPARCO’s  Participation in the National Effort 
 
Pakistan is planning to develop alternative renewable energy resources. SUPARCO, 
with its facilities has offered to contribute by conducting surveys of Wind & Solar 
Energy resources of Pakistan and to develop relevant GIS of the country, as well as 
carry-out EIA of potential areas. In this regard, MOUs have been signed with the, 
 

   Fed Govt’s  Alternative Energy Development Board (AEDB)  
 

   Provincial Govt of Sindh’s Environment & Alternative Energy Department  
 
 
Work Done up to now 
 
1.   Wind Data Collection: 
 
Relevant data from many national / international sources was collected. This 
includes, 
  
•   Surface Data (3m–10m) from Pakistan Met Department (PMD) (1960-2005)      
•   Radiosonde Data (PMD) of major cities in Pakistan (1-5 years) 
•   Satellite Data:  NOAA satellites’ TOVS  Wind data (1993-99) 
•   Reanalysis data  from NASA at 1° x 1° lat/lng grid  
•   Insitu Measurements: At a coastal site, wind variation between the surface and 

100- meter height was determined during the windy season 
•   Satellite Imageries: For the terrain structure SUPARCO’s archived Landsat and 

SPOT imageries of Pakistan were used 
 
2. Wind Speed Map  
 
The above data is being used to generate wind resource maps of Pakistan. In the 
first phase, a 50-meter height annual average Wind Map of Pakistan has been 
derived at 1°x1° lat/lng grid.  

 
3. Solar Energy Resource Map 

  
NOAA satellite imageries of the region (period: 1988-2001) were used to find least 
cloudy areas of Pakistan. This is being coupled with the satellite derived insolation 
data obtained from NASA at 1° x 1° lat / lng grid over Pakistan to determine the 
highest insolation regions. 
 
Procedures used to obtain 50-m height wind data 
  
Available data were screened for unreasonable values. Not all data needed 
screening. Procedures were used to select the most useful sets of data and to 
eliminate sets that would not contribute significant information about wind. 
 
 
Power Laws used  
 
The following experimentally found relationships were used to adjust the long-term 
mean wind speed or power density to the reference level: 
 

 



      Mean Wind Speed at heights r and a: Vr / Va = (Zr / Za)α 
 
      Wind Power Density at heights r and a: Pr / Pa = (Zr / Za)3α 
        where, α ~ 1/7 
 
Mountain Top Winds 
 
There is a strong correlation between mountain-top and free-air wind speeds. At 
mountain-tops, satellite derived (ATOVS) free-air values of wind speeds were used. 
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Figure 4. With wind speeds derived at 1°x1° lat/lng grid, 50-meter height annual 

average Wind Map of Pakistan has been generated. 
 
Solar Energy Utilization 
 
Pakistan (almost) tops globally, in the year-round availability of Solar Power. Solar 
power produces no air pollution, no greenhouse gases, i.e., no contribution to global 
warming. It is a renewable energy source (would last, as long as the sun lasts).  
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Figure 5.  Global Solar Energy Potential. Pakistan is among top of the list. 

 
 
Solar Resource Mapping at SUPARCO 
 
At SUPARCO, Pakistan’s potential for Solar Power was studied with satellite based 
images for the 1989-2002 period. In this project, temporal changes in cloudiness 
over different regions were determined. Since the least cloud cloud-cover areas 
would have the highest insolation (assuming for + ∆5 degrees of latitudinally close 
by locations), solar power potential was studied through cloudiness frequencies for 
fifty different locations of Pakistan. Thus a “Sunny-days per year” map of Pakistan 
was produced (See Figure 6). 
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Figure 6. Best Solar Power areas can be seen to lie in Sindh, Lower Punjab and 
Baluchistan 

 
Back-up Power Source 
 
Since Solar and Wind Power are intermittent, some back-up source is required. 
Hydrogen gas is considered for this purpose. In Pakistan many of the best Solar / 
Wind Power areas lie near rivers or sea. Large Plants can be established over 
almost  70% of Pakistan. Best, near banks of rivers. During the day, convert the river 
water into Hydrogen (H2 ) gas through photo-electrolysis  and save in pressurized 
vessels. When ever required, this H2  gas can be burnt    back to drive electric 
generators. It can also be used as an efficient fuel for transportation. 
In fact Hydrogen may be called “The fuel of  Near-Future”. 
 
SATELLITE DATA SOURCES 
 
Operational Satellite Wind Platforms 
 
• ATOVS (Advanced TOVS) VERTICAL SOUNDING 
    

-  ATOVS is provided on-board NOAA -15, 16 and 17 polar orbiting US satellites.  
 

-  ATOVS  has an advanced High Resolution Infrared Sounder (HIRS), providing  
   Temperature soundings from which Pressure Levels are deduced. Density of  
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  Pressure levels yields Winds.  
 

- In addition to TOVS’s  pressure levels,  ATOVS can measure wind speed /  
   direction at 900, 925, 950 and 975 hPa  (roughly equal to 

heights:  950m, 700m, 450m, 225m  respectively). 
 
• QuikSCAT Scatterometer 
 

-  13.4-GHz radar with a 1,800-km swath at 25-km resolution.  
-  Measures wind at 10-meter height. Great for off-shore winds 

 
Future Wind Data Satellites 
 
 The Atmospheric Dynamics Mission (ADM) Aeolus satellite, due for launch in 

2008, revolving at an altitude of 400-km, will use Doppler-LIDAR to provide 
global wind observations. It would measure 3-dim wind fields every 30 seconds 
between 0-30 km altitudes.  

 
 Hyperspectral IR Sounders compared with ATOVS would be capable of 

providing 50% improved precision profiles for temperature and moisture and 
consequently of derived winds. Vertical resolution is to be improved from 5 km to 
1-2 km.  
 

Some such Platforms are: 
 

• Atmospheric Infrared Sounder (AIRS) (launched 4 May 2002 
• Cross-track Infrared Sounder (CrIS) (scheduled onboard NPOESS in 2012) 
• Infrared Atmospheric Sounding Interferometer (IASI). Scheduled onboard the 

Metop satellites beginning in 2007 
 
 
USING SATELLITE IMAGERIES & RS-GIS  
 
SUPARCO has a large data bank of Satellite imageries that would help determine 
accessible high potential areas. With SUPARCO’s Remote Sensing and GIS 
capabilities, up to date info that help selection of  appropriate sites for Power 
Generation, such as road network, proximity to electric transmission lines, etc, can 
be incorporated on 3D maps. Deriving DTM/DEM, land-use / land-cover maps, 
terrain analysis wrt wind / solar energy prospecting can be carried out. The wind / 
solar maps could be classified to identify areas for possible Power Plant sites. 
 
Future Work   
 
The following improvements in the Wind / Solar Maps are being planned: 
 
      (i)  Monthly, Day/ Night, Seasonal variations 
       
      (ii)  Improve the resolution of our results to a finer grid than the 1° x 1°   lat / lng  

by flow software to  incorporate terrain variations 
      
     (iii)  Assessment of the validity of wind / insolation data available from different 

sources. 
      
     (iv)   Utilization of these data to determine best sites for power generation with 

wind & solar energy in Pakistan 

 



Recommendations 
 
• Ground surveys of country-wide wind conditions  are expensive and time 

consuming. Therefore, space based methods should be developed and used. 
  
• SUPARCO, due to its space capabilities, should continue to assist the country in 

finding CARE resources 
 
• A collaborative effort with other countries /institutions be initiated, such as, with 

Germany, China, SWERA, etc 
 
• Try for active participation in the Aeolus (lidar) satellite programme, due for 

launch in 2008 
 
• Wind research be continued, as it is useful in other fields of  importance as well, 

such as meteorological research etc  
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Introduction 
 
In 1979, the United States National Aeronautics and Space Administration 
(NASA) reported that there had been 11,366 space objects launched into 
outer space. In 1988, the North American Aerospace Defence Command 
(NORAD), which has the capacity to track objects in space from a size of 10 
cm. in diameter at a distance of 500 km. reported that there had been a total 
of 19,037 objects launched into outer space. Of those space objects 95% are 
non-functional and uncontrolled, commonly referred to as space junk or 
debris. There are thousands of pieces of satellites and other objects which 
have gone out of control and are in orbit around the Earth. A survey of the 
incidents of uncontrolled re-entry and falling of these objects on the Earth, 
poses real danger. This danger is increased by the inability of the scientists 
to predict the time of the disintegration. However, even if they could make 
such a prediction, the area involved would be so enormous that would be of 
no practical use. 
 
The danger posed by space objects to persons and property on Earth, and to 
space objects in outer space, resulted in the realization of the need for the 
creation of a liability regime to offer a measure of financial protection to 
persons, international organizations and, of course, States, suffering injury or 
damage.  
 
Present outer space law is State oriented. Its all focus is on the state’s 
activities in the outer space; only states enjoy the freedom of exploration and 
use of outer space. (Article-1 of the Space Treaty 1967). The applicable 
international legal instruments were drafted in a period of the Cold War, when 
a peaceful co-existence was the only option available to the States. 
International responsibility for exploration and use of outer space was placed 
in the hands of states. Consequently, the absolute liability for damage was 
also imposed on the originator of space activities and the launching State. 
 
In space law the “legislators” are the States and they are faced with 
conflicting interests; protecting themselves against law suits while assuring 
their ability to sue for the maximum amount of damages if they should be the 
victims; protecting their citizens and residents against the hazards of a new 
technology. While at the same time protecting the industries developing that 
technology against claims which could cripple scientific progress. The 
diversity and complexity of the issue of responsibility was further complicated 
by the fact that the negotiating legislator States are involved with regulation 
of a lawful activity. In examining the problem of international responsibility 
and liability for space activities it is necessary to clarify the meaning of these 
terms, namely, international responsibility and international liability. 



 

Responsibility 
 
The terms “responsibility” is derived from the Latin “respondere” (to answer). 
Primarily it means answerability or accountability. It can simply means 
authorship of an act or omission. Thus in paragraph 6 of the U.N. Security 
Council Resolution 487 (1981) of 19 June, 1981, while condemning the 
Israeli raid on the Iraqi nuclear research centre at Tammuz, it was expressed  
that Iraq is entitled to appropriate redress for the destruction it has suffered, 
responsibility for which has been acknowledged by Israel. Here responsibility 
means no more than that of authorship of a factual situation, since Israel had 
strongly maintained that its action was lawful and denied any liability. 
 
Liability 
 
In case of a breach of a legal rule causing damage to another, legal 
responsibility entails a legal obligation incumbent on the author of the breach 
to make integral reparation to the victim for the damage so caused in order to 
restore the position to what it probably would have been had the breach not 
taken place. The author of the breach becomes “Liable” for the damage. In 
French, the same word “responsabilite” sometimes means as “responsibilite 
legate”, thus not differentiating between responsibility and liability. 
 
State Responsibility 
 
In so far as international law is concerned, State’s responsibility is ordinarily 
divided into Direct State responsibility and Indirect State responsibility. Direct 
State responsibility refers to responsibility for its own acts. Since States can 
only act through its servants and agents, these are then acts of its servants 
and agents performed in their official capacity. Indirect States responsibility is 
strictly speaking not a case of State’s responsibility as such. It describe in 
reality an international legal obligation to protect foreign States and their 
nationals, as well as their property within its jurisdiction from injurious acts 
committed by persons who are not servants or agents of the State. This duty 
is not absolute, in accordance with prevailing international standards, in 
preventing and suppressing such injurious acts. Failure to do so by any 
branch of the State whether legislative, executive or judicial, involves direct 
responsibility of the State, since failure by its official will be that of the State 
as its own acts. 
 
Responsibility for Space Activities 
 
Under the international space law i.e. Space Treaty of 1967 and the Moon 
Treaty of 1979, the contracting States have, irrespective of their obligations 
under general international law, assumed special obligations regarding their 
responsibility for the launching of space objects, and their liability for damage 
caused by space objects. In so far as acts of those who are not their servants 
or agents, the States have merely a duty to use due diligence to protect other 
States and their nationals according to international standards. 
 
Treaty Rules 
 
In pursuance of the para 5 of the U. N. Declaration of legal principles 
governing the activities of States in the exploration and use of outer space, 
Article V1 of the Space Treaty of 1967, provides: 
 



 

“States Parties to the Treaty shall bear international responsibility for national 
activities in outer space, whether such activities are carried by governmental 
agencies or by non-governmental entities. And for assuring that “national 
activities” are carried out in conformity with the provisions set forth in the 
present Treaty.” 
 
It is further stipulated that: 
 

“The activities of non-governmental entities in outer space 
shall require authorization and continuing supervision by the 
State Party to the Treaty”. 

 
A similar provision is to be found in Article 14 of the Moon Treaty of 1979. 
 

“State Parties to this Agreement shall bear international 
responsibility for national activities on the Moon, whether 
such activities are carried on by governmental agencies or 
by non-governmental entities”. 

 
Such provisions are highly innovatory in international law, in which States 
have assumed direct responsibility for space activities of the non-
governmental entities. Under the narrow interpretation of Article VI of the 
Space Treaty, one would equate space activities carried by non-
governmental entities with governmental activities under space law and also 
under general international law. The wider interpretation would apply this 
assimilation even to private law responsibilities, liabilities and obligations of 
the non-governmental entities, such as, for instance, failure to pay the 
launching charges, at least in regards to foreign States and their nationals. 
 
The most reasonable interpretation would render all States responsible for 
activities in space, including launching, carried out by itself within their 
jurisdictions. In addition to activities carried out by its nationals wherever they 
may be, and any person within a State’s territory. Within the notion of 
“national activities” one should include activities on board a ship or aircraft of 
a State’s nationality, wherever these ships or aircraft may be and irrespective 
of the nationality of the persons involved. 
 
Since Article VIII of the Space Treaty speaks of the State of Registry 
“retaining” its jurisdiction and control over such objects and their personnel, 
one may include the activities by, or by personnel of, and space objects 
under a State’s registry. 
 
Article III of the Space Treaty obliges all States Parties to conduct launching 
activities in accordance with international law including the Charter of the 
United Nations. 
 
 
Appropriate State party 
 
The second sentence of Article VI of the Space Treaty has created a lot of 
controversy on the identity of what the Treaty calls the “Appropriate State 
Party” which has the obligation of subjecting the activities of non-
governmental entities in outer space to authorization and continuing 
supervision. There are several views as to which country is the “Appropriate 
State Party”. Since the Treaty uses the singular in referring to the appropriate 
State, it has been argued that there can be only one single Appropriate State. 
In fact that could be the State of Registry, under article VIII of the Treaty. 



 

However under article XIII and VI, there could be more than one State  
responsible and liable for a given space activity. Article XIII very clearly 
provides that: 
 

“The provision of this Treaty shall apply to the activities of 
State Parties, whether such activities are carried on by a 
single State Party, or jointly with other States, including 
cases where they are carried on within the frame work of 
international intergovernmental organization”. 

 
Article VI states: 
  

“When activities are carried on in outer space…. by an 
international organization, responsibility for compliance with 
this Treaty shall be borne both by the international 
organization and by the States Parties to the Treaty 
participating in such organization”. 

 
Article VI states  
 

“When activities are carried on in outer space… by am 
international organization, responsibility for compliance with 
this treaty shall be borne both by the international 
organization and by the states parties to the treaty 
participating in such organization”. 

 
The result is that each of the parties involved can be reckoned as the 
appropriate state party”. Consequently there can be a number of appropriate 
states parties. However if all non-government space activities require to be 
authorized and supervised by all the states which are concerned with their 
responsibility and liability for them, matter can become very complicated, 
especially if the various states were to act independently of one another. 
 
 
Liability for Space Activities 
 
With reference to general international law, primarily, a State’s liability for 
damage caused to foreign States by objects which have been launched by 
non-governmental entities from its territory, several rules of general 
international law may be applicable. 
 
1- In the Trail Smelter Arbitration (1935, 1941), the Arbitral Tribunal while 
approving a rule quoted that: “ State owes at all times a duly to protect other 
States against injurious acts by individuals from within its jurisdiction”. 
 
2- In the Corfu Channel Case (1949), the International Court of Justice 
decided that “ Every State’s obligation not to allow knowingly its territory to be 
used for acts contrary to the rights of other States”. As far the acts of 
individuals, within the territory of a State in concerned, in this Corfu Channel 
decision the word “Knowingly” indicates that state responsibility in such 
cases remains based on fault. However, it is debatable that in international 
law there is no clear cut rule which imposes a no-fault liability on States for 
damage caused by their ultra-hazardous activities. 
 
 
 



 

Treaty Rules 
 
It may be argued that there may not be existing general international law rule 
imposing no-fault liability on States for damages caused by their ultra-
hazardous activities. But the widely accepted space law treaties have full 
filled the gap. 
 
   
1. The Space Treaty of 1967. 
 
Following essentially the principles first enunciated in paragraph 8 of the 
General Assembly Resolution 1962, Article VII of the Outer Space Treaty 
provides that: 
 “Each State Party that launches or procure the launching of an object into 
the outer space, and each State Party from whose territory or facility an 
object is launched is internationally liable for damage to another State Party 
or its natural or juridical persons by such object or its component parts on the 
Earth, in air space or in outer space, including Moon and other celestial 
bodies”. 
 
Though the provision of the Treaty imposes a liability, but there are doubts 
about the precise interpretation of the phrase “internationally liable”, and in 
particular whether this article implies fault or no-fault liability. Moreover there 
is no procedure defined to enforce this liability. 
 
 
2- Rescue of Astronauts Agreements 1968. 
 
Article 5 (4) of this agreement provides that: 
 
 “A contracting party which has reason to believe that a space object or its 
components parts discovered or recovered in territory under its jurisdiction, is 
of a hazardous or deleterious nature may so notify the launching authority”. 
 
 Article 6 provides that in case of notification, the launching authority “shall 
immediately take effective steps, under the direction and control of the said 
contracting party to eliminate possible danger of harm”.  
It is criticized that the agreement makes no reference to possible 
compensation or any other obligation on the part of the launching authority. 
 
 
3- The Liability Convention 1972. 
 
The treaty that specifically deals with the problem of damage caused by 
space 
objects is the 1972 Liability Convention. Article (1) (a) of The Convention 
makes it clear that “damage” means loss of life, personal injury or other 
impairment of health or loss of or damage to property. Article 1 (c) defines 
the meaning of the “Launching State”. 
 
Article 11 explicitly establishes the absolute liability of the launching state. 
 
 “A launching state shall be absolutely liable to pay compensation for 
damages caused by the space object on the Earth or to aircraft in flight”. 
 



 

Article IX of the Convention prescribes that the presentation of claims under 
the Convention shall be through diplomatic channels. 
 
  Article VIII authorizes a third State to present a claim in respect of 
damages sustained by its permanent residents. 
 
The most notable achievement of the Convention consists in establishing a 
system of compulsory third-party settlement of dispute (Articles X to XIX). 
This system is able to lead to a final and recommendatory award, based on 
international law. The parties are under a duty to consider such an award in 
good faith. 
 
  While commenting on the space law treaties, Prof. Henri. 
Wassenbergh, has pointed out that the present international outer space law 
is becoming obsolete, or at least inadequate because, it is based on the 
assumption that only States are to deploy space activities and these activities 
has to come under the responsibility and liability of States. Only States enjoy 
the freedom of exploration and use of outer space. The applicable 
international legal instruments were drafted in a period of the Cold war, when 
a peaceful co-existence was the best choice   the states could hope for. 
 
The establishment of international organizations active in outer space and 
the commercialization of certain types of outer space activities with the 
engagement of private entities in space business has now changed the 
picture. 
 
There is no doubt States are still the primary actors in space law, But the 
space law have also granted international (Inter-state) organizations certain 
rights to benefit from the use of outer space. Article VI of the Outer Space 
Treaty explicitly recognizes that international organizations may carry out 
activities in outer space, placing responsibility for compliance with the Treaty 
both upon the international organization and the signatory States 
participating in such an organization. 
 
All of the four subsequent Treaties on outer space activities went a step 
further and provided for the possibility of accession by international 
organization. For example. Article XXII of the Liability Convention stipulates 
that :references to States shall be deemed to apply to any international 
organization which conduct space activities if the organization declares its 
acceptance of the rights and obligations provided in this convention”. 
 
While international organizations enjoy certain rights of their own with regard 
to outer space, private entities such as companies, have no such rights of 
their own. They have only indirect benefits. Article VI of the Outer Space 
Treaty provides that States are internationally responsible for national 
activities in outer space carried out by private entities. These activities should 
conform to the Treaty provisions and shall require authorization and 
continuing supervision by the appropriate State. Some writers argue that 
certain provisions in the Outer Space Treaty and the Moon Agreement have 
made “mankind” a new “subject” of international law and a beneficiary of the 
freedom to use outer space.   
 
Article 1 of Outer Space Treaty states that the exploration and use of outer 
space shall be the “province of all mankind”. 
 
Article 11 of the Moon Agreement refers to the “Common Heritage of 
Mankind” principle more explicit. 
 



 

Article 4 of the same Treaty combines both notions in laying down that the 
exploration and use of the Moon “shall be the province of all mankind and 
shall be carried out for the benefit and in the interests of all countries, 
irrespective of their degree of economics or scientific development.” 
 
If one looks at the present status of international cooperation in satellite 
communication, it is profoundly evident that the role of private actors has 
increased dramatically. The universal and regional international satellite 
organizations i.e. INTELSAT, IMMARSAT, INTERSPUTNIK, EUTELSAT, 
ARABSAT, etc are a few examples. 
 
 
International Law Commission 
 
States hold international responsibility for the outer space activities 
conducted by private individuals and entities within their jurisdiction. To which 
extent States should be held responsible for these private players is an 
increasingly significant contemporary issue. To supplement the Space Treaty 
Law, the International Law Commission (ILC) has defined certain rules. For 
example Article 4 through 11 of the ILC Draft has defined the rules of 
“attribution” which indicate when an act should be regarded as an act of 
State. Article 5 defines that “the conduct of a person or entity which is not an 
organ of the State under Article 4 but which is empowered by the law of that 
State be considered an act of the State under international law”. 
 
Article 8 reads that “the conduct of a person or group of persons shall be 
considered an act of a State under international law if the person or group of 
person is in fact acting on the instruction of, or under the direction or control if 
that State in carrying out that conduct”. Within this perspective the private 
entities are allowed to engage in outer space activities under the 
authorization and ongoing supervision by the State, for which the State takes 
direct responsibility. This state of affairs urges the development of domestic 
laws to govern this specific issue. A few States that have authorized private 
space activities have tended to consider it an internal matter for sovereign 
nations to determine what form of authorization and supervision should take. 
Licensing regimes for private space activities are much more rudimentary 
and general in nature except in a few countries. 
 
This is a glimpse of the complexities underlying this issue, and of the 
pressing urgency to prepare a multilateral international treaty whose effects 
on domestic laws may trigger the harmonization of licensing standards, 
control and supervision pattern, security and safety measures, and other 
criteria relative to limitation of compensation and the legal status of private 
enterprise. 
 
Domestic regulations to regulate private space activities differ in each State 
and there are still who have not entered the space treaties and thus not 
accepted the responsibility to authorize and continuingly supervise private 
space activities. Furthermore, for complicated multinational private space 
activities, States may not realize that they are the appropriate States to bear 
international responsibility. Thus there is a possibility of the “flag of 
convenience” which may cause a serious accident because of the lack of 
affective control over private activities. 
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ABSTRACT 
COSPAS-SARSAT is a satellite-based Search and Rescue (SAR) System to detect and 
locate aviators, mariners and land-based users in distress and to pass on this information 
to the search and rescue agencies worldwide. This system consists of satellites in low-
earth and geostationary orbits, ground  receiving stations - called Local User Terminals 
(LUT), Missions Control Centers (MCCs), Rescue Coordination Centers (RCCs) and 
Emergency Beacons. The Emergency Beacons are used to transmit signals in distress 
situations to the COSPAS-SARSAT satellites on 121.5, 243 and 406 MHz frequencies. 
These signals are received by the COSPAS-SARSAT satellites, and are re-transmitted to 
the ground receiving stations (LUTs), where after being processed are transmitted to the 
Mission Control Centers (MCCs), and then distributed to the Rescue Coordination 
Centers (RCCs) and MCCs of the other countries. The information provided to the rescue 
agencies includes alert, identification and location data of the person(s) in distress and 
this information has proved very useful in rescuing the person(s) in distress situations and 
for the rescuing agencies in mounting a successful search and rescue operation. The 
COSPAS-SARSAT beacons have proved tremendously useful in saving the lives of the 
person(s) in distress situations and since there use from September, 1982 till December 
2005, they have saved the lives of 20,331 peoples in distress at sea and on land all over 
the world. 

 
INTRODUCTION 
Just imagine a situation. Someone on an aircraft that has crashed or on a ship that is 
sinking in a deep sea, or has been seriously injured while on a hiking trip in a difficult to 
reach mountainous region. If something happens like this then what shall he need the 
most in such a situation? Here, he shall need someone who could know that he is in a 
distress and be able to locate him, have resources available to him that he could use in 
his rescue, and at the same time be willing and committed to assist and rescue him at no 
cost and obligation to him. If someone and something like this is available when he needs 
it, then he is the luckiest person. Fortunately, something like this is available, and that is a 
COSPAS-SARSAT beacon, also called the emergency beacon, which  when activated in 
a life threatening situations,  transmits a distress signal to the COSPAS-SARSAT 
satellites that contain information that he is  in distress, and his location (and with some 
type of emergency beacons his identification also) to the rescue coordination agencies 
(RCCs). At a moment this information reaches the RCCs, the operation for his search and 
rescue starts by the professionals well trained in search and rescue skills and he is 
rescued in most of the cases. The emergency beacon is small size electronic device of 
the size of a mobile phone and over, and is part of the COSPAS-SARSAT System, a 
satellite-aided search and rescue system that assists people(s) in distress on aircrafts, 
ships, or the individuals on land, 24 hours a day seven days a week anywhere in the 
world at no cost to individual(s) in distress, and all this on a non-discriminatory basis. 
Before we discuss the COSPAS-SARSAT beacons and their applications, we briefly 



discuss the COSPAS-SARSAT System so as to develop a better understanding of the 
COSPAS-SARSAT Beacons and their applications.  

 
COSPAS-SARSAT SYSTEM 
COSPAS-SARSAT is an international program to assist people(s) in distress on aircrafts, 
vessels or on land through a satellite-aided search and rescue technology by providing 
alert and location data (with technologically more advance beacons identification data 
also) to the search and rescue (SAR) agencies. The COSPAS-SARSAT System is 
consist of four parts: i) emergency radio beacons which call for the help, ii) satellites 
which act as an ears in space, iii) ground receiving stations also called LUT which get the 
message, and iv) the mission control centers (MCCs) which sound the alarm. There is 
also another part which although is not directly part of the COSPAS-SARSAT system, but 
is very important in saving lives of the people(s) in distress and that is the rescue 
coordination centers (RCC) which mounts the search and rescue operations. 

 
COSPAS-SARSAT SYSTEM HISTORY 
In 1970, a plane carrying two U.S. congressmen crashed in a remote region of Alaska. A 
massive search and rescue effort was mounted, but no trace of them or their aircraft has 
ever been found. In reaction to this tragedy, US Congress mandated that all aircraft in the 
United States carry an Emergency Locator Transmitter (ELT). This device was designed 
to automatically activate upon a crash and transmit a homing signal.  At that time satellite 
technology was still in its infancy, and the frequency selected for ELT transmissions was 
121.5 MHz, the international aircraft distress frequency. This system worked, but had 
many limitations. The frequency was cluttered, there was no way to verify where the 
signal was originating from, and most importantly, another aircraft had to be within range 
to receive the distress signal. After several years, the limitations of ELTs began to 
outweigh their benefits. At that time, a satellite based system was conceived that would 
operate on a frequency reserved only for emergency beacons (406 MHz), would have a 
digital signal that uniquely identified each beacon, and would provide global coverage.  

The SARSAT system was developed in a joint effort by the United States, Canada, and 
France. In the United States, the SARSAT system was developed by NASA. Once the 
system was functional, its operation was turned over to NOAA where it remains today.  A 
similar system, COSPAS, was developed by the Soviet Union. The four nations, United 
States, Canada, France and the Soviet Union banded together in 1979 to form COSPAS-
SARSAT. In 1982, the first satellite was launched, and by 1984 the system was declared 
fully operational. 

The COSPAS-SARSAT organization that started with four members has continued to 
grow, and now have been joined by 37 other nations that operate 64 ground stations and 
26 mission control centers worldwide or serve as Search and Rescue Points of Contact 
(SPOCs).   
 
COSPAS-SARSAT SYSTEM OVERVIEW 
The basic concept of COSPAS-SARSAT System operation is illustrated in Figure-1. As 
described earlier, the COSPAS-SARSAT System is comprised of emergency beacons, 
satellites, ground stations also called LUTs, mission control centers (MCCs), and rescue 
coordination centers (RCCs). When, some person(s) who is in distress on aircraft, ship or 
on land,  activates the beacon manually, or the beacons is activated automatically by 
aircraft crash or by contact  with a saline water,  transmits distress signal to the COSPAS-
SARSAT satellites, which picked it up by satellites and re-transmitted to the ground 



stations (LUTs), where it is processed, and transmitted to the MCC, where it further 
processed and joined by other information and then sent to the rescue coordination 
centers (RCCs). The RCCs receive the alert, location data (and identification information 
also if the signal originated from a 406 MHz beacons) and mount search and rescue 
operation.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-1 
 
 
 
 
 
 
 
 
 



COSPAS-SARSAT SYSTEM 
DESCRIPTION 
The satellite-aided search and 
rescue system, COSPAS-SARSAT 
is composed of space segment, 
ground segment and emergency 
beacons. The space segment is 
composed of two type of satellite 
systems, Low Earth Orbiting Search 
and Rescue (LEOSAR) Satellites 
System and Geostationary Search 
and Rescue (GEOSAR) Satellites System. LEOSAR satellites downlink signal is received 
and processed by the low earth orbit local user terminals-LEOLUTs, and the GEOSAR 
satellites signal is received and processed the geostationary orbit local user terminals -
GEOLUTs. Here each part of the COSPAS-SARSAT System is described briefly. 

 
SPACE SEGMENT 
The space segment is comprised of polar, low earth orbiting and geostationary orbit 
satellites. In low earth orbit, there are seven satellites of which COSPAS-4 and COSPAS-
9 belong to COSPAS series of satellites where as Sarsat-6, 7, 8, 9 and 10 belong to 
SARSAT series of satellites. In geostationary orbit, there are five satellites which are 
GOES-9, 10, 12, INSAT-3A and MSG-1.   
 

GROUND-SEGMENT 
The ground segment is comprised of LEOLUTs, GEOLUTs, MCCs and RCCs. The 
LEOLUTs receive the beacon distress signal from the LEOSAR satellites and compute 
the location of the distress using doppler shift principal as there is a relative movement 
between the LEO satellite while it moves in its orbit and the person in distress/emergency 
beacons due to earth rotation. LEOLUT transmits the alert and location data to the MCC 
after it has been computed. At present there are 46 LEOLUT worldwide. 

 
The GEOLUTs receive the beacon distress signal re-transmitted by GEOSAR satellites 
and transmit this information to the MCC almost instantaneously. The signal transmitted 
by the 406 MHz beacons to the GEOLUT through GEOSAR has only identification data 
and it does not include location data for the non-GPS 406 MHz beacons, as the relative 
motion between the GEOSAR satellites and the person in distress is zero, no change in 
transmitted signal frequency occurs, and such doppler principal can not be applied and 
location could not be computed. However, the distress signal contains the alert and 
identification data, and if the signal is originated from the beacons with built-in GPS or 
interfaced to external GPS source then it shall include a very accurate location data also 
having a location accuracy of upto 100 meters. This data is passed on to MCC. 
 
MCCs receive alert, location and identification data from LEOLUT, GEOLUT and other 
MCCs, and combine this information to further refine the location and generate an alert 
message. This alert is then transmitted to the appropriate Rescue Coordination Centers 
(RCCs) based on the beacon's geographic location. In Pakistan this information is 
provided to Civil Aviation Authority (C.A.A) for distress alerts on land emanating in 
Pakistan national boundary and to Maritime Security Agency (M.S.A) for alerts at sea 
emanating in Pakistan controlled waters.. If the location of the beacon is in another 
country's service area, then the alert is transmitted to that country's MCC. RCCs upon 



receipt of data from MCC mount search and rescue operation to save person(s) in 
distress. 

 
 COSPAS-SARSAT BEACONS 
 

COSPAS-SARSAT Beacons is an 
electronic device, which, when 
activated transmits a distress signal 
that includes alert and location data 
of the person(s) in distress to the 
search and rescue agencies through 
the COSPAS-SARSAT System. 
These beacons are available in 
various types, sizes, transmission 
frequencies and other features suiting 
to different requirements.  From the 
usage point of view, these beacons 
are divided into three type which are: 
i) Emergency Locator Transmitters 
(ELT) - for aircrafts and helicopters, ii) Emergency Position Indicating Radio Beacon 
(EPIRB) - for ships, and iii) Personal Locator Beacons (PLB) -  for individual use on land. 
It is estimated that at present there are over 5,55000 – 121.5 MHz , and 4,29000 – 406 
MHz beacons in use world-wide. Most of these units are used aboard aircrafts. Below all 
three types of beacons by usage, and frequency are described with some detail. 
 

EMERGENCY LOCATOR TRANSMITTER (ELT)  
The Emergency Locator Transmitters (ELTs) are designed (meeting rigorous standards 
comparable to aircraft black box) for deployment on aircrafts and helicopters. They can be 
automatically or manually activated to transmit a distress signal to a satellite. To activate 
the ELT automatically, a “G” or a gravity switch is built in it, which triggers the ELT when a 
crash occurs. These  ELTs also come in various types and that are: i) Automatic Fixed 
ELTs which is intended to be permanently attached to the aircraft before and after a crash 
and are designed to aid search and rescue teams in locating a crash site, ii) Automatic 
Portable ELTs which are intended to be rigidly attached to the aircraft before the crash 
but readily removable from the aircraft after a crash, and  iii)  Survival ELTs that do not 
activate automatically and are intended to be removed from the aircraft after crash. 

These ELTs are available in 121.5/243 MHz and 121.5, 243 & 406 MHz frequencies. The 
signal transmitted by 121.5/243 MHz ELT can only be picked up by the over flying 
aircrafts and LEOSAR satellites only, and for their signal to be picked up by LEO 
satellites, it is necessary that both, the distress signal transmitting beacon and the LEO 
satellite above be simultaneously be visible to the LEOLUT. In some part of the world in 
sea we do not have LEOLUT, and such areas are not covered by LEOSAR satellite 
system.   

The signal that is transmitted by a 121.5, 243 & 406 MHz ELTs is received by the over-
flying aircrafts, LEOSAR, and GEOSAR satellites. The GEOSAR satellites receives the 
406 MHz signal up to 70 degree north and 70 degree south on the globe, i.e., about 85% 
of the world is covered (except the polar region which is covered by the LEOSAR 
System), and transmit it to the GEOLUT almost instantaneously. Now, technologically 
more advanced ELTs are available that could be interfaced to the aircraft navigation 
system from which they acquire GPS location, which have a location accuracy of up to 
100 meters.  GPS satellites, although are not part of the COSPAS-SARSAT system, 
however, the ELTs which are interfaced to the external GPS sources such as satellite 



navigation system, benefit from this system, and transmit  very accurate location data, 
and a distressed aircraft could be located precisely in an area of a size of a football 
ground. These ELTs has almost ended the search function from search and rescue 
operation.   

 

EMERGENCY POSITION 
INDICATING RADIO BEACONS 
(EPIRBs) 
The Emergency Position Indicating 
Radio Beacon (EPIRBs) are designed 
for deployment on ships and float freely 
when immersed in water. The EPIRBs 
are of two types, Category-1 and 
Category-2. Category I EPIRB activates 
automatically when the beacon is 
submerged in water up to a certain 
depth (anywhere from 12 – 15 feet 
below the surface) or it can be manually 
activated.  A Category II EPIRB could 
only be activated manually.  The EPIRBs that activate automatically has a hydro-static 
release mechanism that allows the beacon to release from its bracket, float to the surface 
freely and start transmitting a distress signal. For the automatically activating EPIRBs, 
there place of deployment is selected carefully keeping in mind the automatic deployment 
mechanism.  All other features and capabilities of the non-GPS EPIRBs, and EPIRBs with 
built-in/integral GPS are the same to the comparable ELTs models, i.e., 406 MHz EPIRB 
has the same features as that of a 406 MHz ELT. 

 

PERSONAL LOCATOR BEACONS (PLBs) 
The Personal Locator Beacons (PLBs) are designed for use by individual on land. These 
are the portable units typically of the size of a mobile phone and could be activated 
manually only, are available in non-GPS and integral GPS versions. When activated, they 
transmit distress signal on 121.5, 243 and 406 MHz. Some PLBs models are available 
with two-way voice communication on UHF. Except from the activation mechanism, the 
other capabilities of the PLB are the same for the comparable models/types of the 
ELTs/EPIRBS, i.e., the capabilities of the 406 MHz PLB with built-in GPS receiver are the 
same as that of a 406 MHz EPIRB with built-in GPS receiver, or a 406 MHz ELT 
interfaced to the external navigations sources such as aircraft navigation system.   

 
COMPARISON OF 121.5/243 AND 406 MHZ EMERGENCY BEACONS   
Emergency beacons (i.e., ELTs, EPIRBs and PLBs) transmit distress signal at 121.5/243 
MHz and 406.025 MHz; however, there are important differences between the two 
frequencies which are as follow.  

• Accuracy: The 406 MHz frequency provides the location of people in distress with an 
accuracy of about 2-5 km and with beacons model of integral GPS or interfaced to 
external GPS it is up to 100 meter. The 121.5/243 MHz frequency provides the 
location of emergency beacons with an accuracy of about 10-15 km.  

• Digital vs. Analog: The 406 MHz signal is digital and can be stored aboard the 
spacecraft for later relay to the next available ground station (giving it a global 



coverage). The 121.5/243 MHz signal is analog and is not stored aboard the 
spacecraft (thus providing only a regional capability).  

• Data Encoding Capabilities: The 406 MHz distress beacons can transmit a unique, 
pre-coded message, which can supply the beacon type, its country of origin, and the 
registration number of the maritime vessel or aircraft. The registration information 
helps the search and rescue forces identify the vessel or aircraft in distress and 
greatly speeds up response. 121.5/243 MHz beacons are NOT capable of data 
encoding.  

• Detection Capacity: The COSPAS-SARSAT satellites are designed for global 
reception of 406 MHz beacons. 121.5 MHz beacons can also be detected, but only if 
a satellite is within range of the beacon and the ground station (LUT) simultaneously. 
The 121.5 MHz signal was originally designed for alerting over flying aircraft and is 
excellent for use as a homing signal. However, because most 406 MHz signals are 
not suitable for homing, therefore many 406 MHz beacons also transmit a 121.5/243 
MHz homing signal (some 406 MHz beacons also have GPS capabilities to further 
assist in locating distress beacons).  

 

406 MHZ INTERNATIONAL BEACONS REGISTRATION DATABASE 
(IBRD) 
Every 406 MHz beacon transmits a unique identification code, when activated and 
identifies the beacon and its owner. But this could be possible only when the rescue 
coordination agencies (RCCs) could get detailed information from the beacon unique 
identification code. This could be made possible if the 406 MHz beacons is  properly 
registered in a beacon registration databases which could be accessed  by the  search 
and rescue authorities at all times, and in a databases information concerning the 
beacon, its owner, owner’s emergency contact numbers, and the aircraft/ship on which 
the beacon is mounted should be available. This information is vital for the effective use 
of search and rescue resources. The proper registration of a beacon could make the 
difference between success and failure of a search and rescue mission.  Fortunately, now 
such type of database is available to beacon owners and that is an internet-based 
International Beacons Registration Database (IBRD). It is maintained by COSPAS-
SARSAT itself. 
 

COSPAS-SARSAT BEACONS APPLICATION 
The COSPAS-SARSAT beacons are used by military, public safety, forestry, and 
wilderness workers, geologist, aviators, mariners, and personal recreation/back country 
travelers (i.e., hiker, canoeist, kayakers) in distress situations to summon help from the 
rescue coordination agencies worldwide through a COSPAS-SARSAT System and get 
rescued. 
 

LIVES SAVED SO FAR USING COSPAS-SARSAT BEACONS 
The COSPAS-SARSAT beacons, as a part of a COSPAS-SARSAT Syetem, have proved 
to tremendously useful in assisting RCCs in rescuing peoples in life threatening 
situations. The distress signals transmitted from these beacons for the people(s) in 
distress on aircraft, ships or on land through the COSPAS-SARSAT system have helped 
in rescuing the life of 20,331 persons in 5,737 SAR events since it’s their usage 
commencing from September, 1982 to December 2005. In 2005 alone the COSPAS-
SARSAT system provided assistance in rescuing 1,466 persons in 420 distress events. 



 

CONCLUSION 
Although all COSPAS-SARSAT beacons assist search and rescue agencies in 
conducting search and rescue operations, however, the 406 MHz beacons with built-in 
GPS receivers, and registered with IBRD have proved tremendously useful  in providing 
timely, accurate and reliable alert, identification and very accurate location data to SAR 
agencies, and thus saving lives of numerous peoples each year. 
 

REFERENCES 
 

1. COSPAS-SARSAT documents at http://www.cospas-

sarsat.org/mainpages/indexEnglish.htm 

2. http://www.noaa.gov 

3. www.sarsat.noaa.gov 

4. www.mcmurdo.uk.com 

5. http://www.artex.net/document_index.html 

6. http://www.emsstg.com/sar/mcc.aspx 

 
 



 1

 
Drought Detection at Agricultural Land  

Based on Land Moisture Estimation from NDSI, NDVI,  
and NDWI Combination of MODIS Data  

 

Dede Dirgahayu  
Natural Resources and Enviromental Monitoring Division 

Remote Sensing Application and Technology Development Center 
National Institute of Aeronautic and Space of Indonesia (LAPAN) 

 Phone/Fax : 62-21-8710274 / 8722733  
e-mail : dede_dirgahayu03@yahoo.com 

 
 

ABSTRACT 

The purpose of research is to detect drought condition at agricultural land by using land 
moisture parameter, especially for paddy field based on MODIS (Moderate Resolution 
Imaging Spectroradiometer) satellite data with 250 m and 500 m spatial resolution and daily 
temporal resolution. An index is called Land Moisture Index (LMI) was created from 1st 
principle component result of NDSI (Normalize Difference Soil Index), NDVI (Normalize 
Difference Vegetation Index), and NDWI (Normalize Difference Water Index)  

There is a high correlation between LMI and soil moisture (LM) for the agricultual land with 
soil moisture <= 75 %, whereas an increase of LM followed by an increase LMI.  Finally, an 
estimation model has been developed to estimate land moisture condition by using LMI with 
significant correlation.  

Based on the estimation model, land moisture can be derived spatially for the agricultural 
land, especially for paddy field to detect drought condition.  Land which has moisture < 35 % 
will be predicted as drought condition in paddy field. 
 
Keywords : MODIS, , Land Moisture Index, drought, paddy field 
 
 
I. INTRODUCTION 
 
Available soil water is one of factor which is the necessary for food crop agriculture, 
horticulture, plantation, and forestry.  Soil/Land moisture information is very needed for 
planning, monitoring and management of  agriculture crop. Soil moisture measurement 
trough ground survey with conventional equipments like technique gravimetric, tensiometer, 
neutron probe can give very accurate information but needed expense costly for the very 
wide regional measurement.  
 
Land moisture estimation by using Landsat Thematic Mapper  (TM) have been conducted 
by Dirgahayu (1997) for the area plantation of sugar cane in Jatitujuh, West Java. Soil 
Brightness Index (SBI) was created by applying the principal component analysis onto band 
2nd – 5th of Landsat TM.  SBI could be used to estimate land moisture with   high correlation. 
But Landsat TM data which have 30 m spatial resolution only according to be used at 
certain area and also for the certain time because this satellite own temporal resolution 16 
days and now still have problem (SLC off).  Meanwhile, information about land moisture 
oftentimes required for monitoring continuously, because early information about drought 
very needed to anticipate raisen impact.  One of exciting way to monitor land moisture at 
wide area every day is exploited satellite data such as  MODIS data  which own moderate 
resolution and the daily observation. Using Satellite Data can be decreased of costly 
expense.  
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In this research, the predictor parameter of  land moisture derived from combination of modis 
reflectance which represented by NDWI (Normalize Difference Water Index), NDSI (Normalize 
Difference Soil Index), and NDVI (Normalize Difference Vegetation Index ) and.  Those Land 
Index have contrast given onto 3 general object on the earth such as water, soil, and vegetation.  
The objective of research is to develop the estimation model of land moisture by using land 
moisture index which derived from combination of 3 indices (NDSI, NDVI, and NDWI).  
 
II.  METHODOLOGY  
 
2.1.  Data Used  
Data used for estimating land moisture are reflectances which derived from daily MODIS data 
on June, July, and August 2004 with the same time of ground survey to measure land mosiure.    
 
2.2.  Field Data Processing 
Soil sample which taken from field survey have analyzed at soil physic laboratorium by using 
gravimetric method. Afterwards, land moisture information can be known.; 
 
2.3. MODIS Data Processing 
 
2.3.1.  Corrected Reflectance  
The corrected reflectance from atmosphere effect each channels of MODIS L1B Data produced by 
level 2 processing. Furthermore are conducted advance processing to improve and repair data quality, 
ie : Bow-Tie and Geometric Correction to make reflectances data in 250 m (R1, R2) and 500 m (R3 - 
R7) spatial resolution. 
 
2.3.2.  Making Indices   
Three indices that can represent land condition (wet, dry, bare or vegetated) are NDWI, NDSI, and 
NDVI.  Those indices are influenced by land moisture condition on surface (0 – 20 cm soil depth).  Like 
as NDVI, NDSI and NDWI can be derived based on peak value of spectral response onto general 
objects (water, soil, vegetation) at wavelength variety which can be shown on Figure 2-1.  
  

 

Figure  2-1.  General Spectral Response of  Water,  Bare Soil, and Vegetation 
at  Variety Wavelength Spectrum 

Wavelength (μm) 

 
Peak values for vegetation object is shown contrastly at wavelength 0.6 μm (red) and 0.8 μm (near infra 
red).  Peak values for water object  is shown contrastly at  wavelength 0.4 μm (blue) or 0.8 μm and  0.6 
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μm, while peak values of open area or bare soil lies at  0.8 μm and 1.8 μm (SWIR = short wave infra 
red).  Research results by Dirgahayu (2005) obtain the best of 3 reflectances of MODIS data for 
estimating land moisture.  Those are Red (R1), NIR (R2), and SWIR (R6) reflectances.  Based on that 
result, so NDWI and NDSI can be created like as computing NDVI by using the following formula below:    

 

(a)  NDWI = Normalize Difference Water Index to detect land wetness with  equation :  
NDWI  = (R1 – R6)/(R1 + R6)      (2-1) 

 

(b)  NDSI = Normalize Difference Soil Index to detect land dryness  with equation :  
NDSI  = (R6 – R2)/(R2 + R6)      (2-2) 

 

(c) NDVI = Normalize Difference Vegetation Index to detect land greenness  with equation : 
NDVI  = (NIR – Red)/(Red + NIR)      (2-3) 

 
 
2.2.3. Analysis  
Statistic value extraction (minimum, maximum, mean, median and standard deviation) for 
each reflectane of MODIS data was done in training area of ground survey point under 
homogenity consideration.  Training sample must be considered to composite RGB 6,2,1 
image.  Correlation and regression analysis was done to know relation among indices and 
land moisture, especially which have moisture less than 75 %.  Principle component 
transformation will be conducted if there are significant correlations among indices.  The 
result of the first principle component analysis will be used to create a new index hereinafter 
referred to as Land Moisture Index (LMI)  

LMI  = b1*X1 + b2*X2 + b3*X3      (2-4) 

Where : X1, X2, and X3 are NDSI, NDVI, NDWI and b1,b2, b3 are vector eigen coeficients 
For obtaining the best estimation model is conducted model simulation in non liner form (power, 
exponential, or logarithmic) between LMI and land moisture.  The model selected is have high 
Determination coeficient (R2) and  the smallest of standard error (Se).  
 
III. RESULT AND DISCUSSION 
 
3.1. The Relationship between Land Indices and Land Moisture  
To see relation among each index with land moisture, hence some locations have selected 
which have < 75 % moisture level. This is conducted because agricultural land with > 75 % 
moisture is relative more peaceful from drought risk onto crop growth. Extraction result of 
three indices and land moisture are shown in Table 1.  The scatter plot between land moisture and 
each index and also result of trend analysis are shown in Figure 1 until Figure 5. 
 

Table 3-1. Example of Mean Indices Value Extraction Result 
at Sample Location of Land Moisture (LM) 

 
No NDSI NDVI NDWI LM 

1 -
0.016 0.193 0.180 4.6 

3 0.008 0.177 0.246 14.1 
5 0.002 0.260 0.329 9.9 
7 0.122 0.270 0.275 24.7 
9 0.075 0.318 0.357 48.4 

12 0.170 0.352 0.342 26.1 
13 0.117 0.411 0.394 34.2 
17 0.069 0.392 0.472 36.6 
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20 0.194 0.394 0.378 33.5 
22 0.069 0.440 0.519 61.4 
23 0.267 0.383 0.381 66.7 
26 0.319 0.617 0.555 72.8 

 
LM:  Land Moisture in % at 0-20 cm soil depth 

 
All figure show that all index own positive response to increase of land moisture, but NDVI 
more sensitive with stronger correlation. Increasing NDVI is related with vegetation cover, 
so land with closed canopy relative own more moisture condition than land with less 
vegetation.  
Result of correlation among 3 indices is shown on Table 3-2.   
 
Table 3-2.  Correlation coefficients among NDSI, NDVI, and NDWI 
 

 NDSI NDVI NDWI 
NDSI 1 0.81* 0.53 
NDVI  1 0.86* 
NDWI   1 

* significant at 5 % level 
 
NDVI have significant correlation with NDSI and NDWI, because there are interactions 
among reflectances which formed 3 indices.   
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Fig 3-1. Response Curve of NDWI MODIS vs Land Moiture 
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Fig 3-2. Response Curve of NDSI MODIS vs Land Moiture 
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Fig 3-3. Response Curve of NDVI MODIS vs Land Moiture 

 
Result of the multiple linier regression between 3 indices and land moisture (LM) before 
conducted principle component transformation shown below :   

LM =  -11.5481 +  137.4587*NDSI -55.8609*NDVI +  141.4911*NDWI           (3-1) 
n  = 26 ; R2 = 0.81 ; Se = 9.1 ; t1 = 3.23* , t2 = -0.94, t3 = 3.07* 
The result shows that influence of NDVI variable not significant (t2) if used together with other 
indices to estimate land moisture directly.  NDVI has weak sensitive onto land with have less 
vegetation, but own high moisture because there was rain before. Research result by Wang (2005) 
shows only produce correlation about 0.65 between NDVI and soil moisture.  
 
3.2. Principle Component Analysis of 3 Indices 
Based on results mention above, so for obtaining better result to estimate land moisture 
need to do principle component transformation. The result of the first principle component 
which contains almost information of 3 indices can be used as new index called Land 
Moisture Index (LMI) with equation:   

LMI  =  0.484*NDSI + 0.687*NDVI + 0.542*NDWI              
 (3-2) 

Scatterplot result between LMI and Land Moisture (LM) on Figure 3-4 shows positive 
relationship between boths, where increasing of LM also followed by increasing of LMI.    
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Figure  3-4.  Scatterplot and Trend between LMI MODIS and Land 

Moisture 
 
3.3.  Finding The Best of Estimation Model and Implementation  
The best of estimation model for estimating land moisture by using LMI can be obtained 
trough running simulation model of non linier regression. To get optimum result, dependent 
or independent variable can be transformed into new variable by using mathematical 
operation. Finally, an estimation model in Power Regression type has been developed to 
estimate land moisture (LM) condition for the agricultural land with equation 3-3.  The 
scatterplot result between LM and LMI is shown on Figure 3-5.    

 

LM  = 85.393*LMI1.5855                        (3-3) 

n = 35 ;  R2 = 0.89 ; Se = 1.2 ; t-test = 16.24** 
 
 
This equation result is better than equation 3-1, because have R2   higher and smaller Se.  
The equation is also better than model estimation which produced by Dirgahayu (2005) that 
uses reflectances combination of R1, R2, and R6 with R2 = 0.81.  
 
The implementation of model can be created land moisture distributon spatially at paddy 
field for province level scale until district level by using MODIS data (Figure  3-6 and Figure 
3-7).  Potential drought can be predicted based on land moisture, where area which have 
moisture <= 30 % will be occurred drought condition and more 30 % for expecting the early 
growing season.    
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Figure 3-5.  The Relationship between  LMI MODIS and Land Moisture 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-7.  Spatial Distribution of Land Moisture on 2nd Weekly of August 2005 
at East Java Province 
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Figure 3-7.  Spatial Distribution of Land Moisture on 2nd Weekly of August 2005 
at Bekasi, Karawang District, West Java 

 
IV. CONCLUSION  
(1) Land Moisture Index (LMI) which is derived from the first principle component of 3 
indices of MODIS data (NDSI, NDVI, and NDWI) is the best parameters to estimate Land 
Moisture (LM) with equation :  
 
LM = 85.393*LMI1.5855 ; where LMI = 0.484*NDSI + 0.687*NDVI + 0.542*NDWI 
 
(2) LM can be used as one of indicator to detect drought condition and early growing season of 
agricultural crops with threshold value at 30 %  
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