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Foreword 

 

I established HART (Humanitarian Aid Relief Trust) to provide aid 
and advocacy for people suffering from oppression and persecution 

who are largely ‘off the radar screen’ of major aid organisations and 

the international media. Many very disturbing situations occur when 

brutal regimes, victimising minorities in their own lands, deny 
access by aid organisations to take help to their victims and prohibit 

international media from visiting to tell the world what is happening. 

On the basis of our experience of such situations, I passionately 
believe that satellite imagery, if it can be made available as widely 

and as cheaply as possible, will prove to be a key weapon in the 

arsenal of those committed to fighting oppression and to helping 
some of the most forgotten, vulnerable and suffering people in our 

world today. 

 

HART’s mandate is to try to help such people with both aid and 

advocacy. This brings us into direct contact with people suffering in 

hidden conflicts. These include the war waged by the Government of 
Sudan against its own people – formerly in South Sudan and now in 

Southern Kordofan and Blue Nile; the Armenian people suffering 

attempted ethnic cleansing by Azerbaijan from their historic land in 
Nagorno Karabakh; and, in Burma, ethnic national peoples such as 

the Karen, Karenni, Shan, Kachin and Chin peoples suffering all 

forms of violations of human rights by the Burmese government. 

Such people are often in desperate need of aid, including food and 
medical care. They also need a voice to tell the world their story to 

try to obtain help to address the injustice and oppression they are 

suffering. 
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I and my colleagues have been first-hand witnesses of the extreme 
suffering of many people trapped in such situations. We are 

committed to the pursuit of the ‘truth on the ground’ in order to be a 

‘Voice for the Voiceless’ in Parliament and many other arenas. This 
frequently puts us at odds with the hostile views of certain 

governments and regimes which deny the truth of their oppressive 

policies and the horrendous suffering they inflict on their own 
people, ranging from military offensives against civilians to denial 

of resources essential for their most basic needs. 

 

High resolution satellite imagery has the potential to provide a 

detailed eyewitness account of man-made humanitarian disasters 

(such as those currently prevailing in parts of Sudan and Burma). It 
therefore also has the potential to be a powerful tool for advocacy, 

generating detailed and powerful evidence of violations of 

fundamental human rights (the images of mass graves, for example, 
can provide one form of evidence of war crimes or crimes against 

humanity). Such evidence can be used as a testimony for the general 

public and for governments of facts which would be near impossible 

to gather freely on the ground.  

 

In addition to its potential as a source of information for advocacy, 
satellite imagery can provide accurate information relevant to the 

provision of aid. For example, location of events can be very helpful 

in targeting, in the most efficient and timely manner, the needs of 
populations most in need, who have been ‘off the radar screen’. 

Satellite imagery can also be a great asset for aid organisations by 

providing information to ensure the most effective deployment of 

staff and resources. It can also help to protect aid and advocacy 
personnel, by providing information which may protect them from 

unnecessary risk during ‘intelligence gathering’ - avoiding the far 

too familiar incidents of brave journalists and local activists being 
killed trying to take pictures on dangerous locations, while trying to 

get the literal ‘ground truth’. 
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I know that satellite imagery has already served to assist those 

championing the causes of indigenous peoples in Sudan; and I am 
told it has been helpful in Indonesia, India and Zimbabwe. I wish 

those who are developing and promoting such humanitarian 

technology every success and I greatly appreciate Chris Lavers’ 

personal efforts to raise the profile of various dispossessed and 
disadvantaged groups through this medium. I hope this first volume, 

drawing together existing strands of current satellite technology, will 

be disseminated to as wide an audience as possible – to 
governmental policy-makers, members of the general public and all 

who are committed to trying to alleviate the suffering of people now 

trapped in seemingly inaccessible situations.  

 

The amazing opportunity provided by satellite imagery to reach 

those who are currently unreachable, to see the unseen crimes and to 
document the evidence of oppression or humanitarian need which is 

currently invisible could be a priceless asset to all who are concerned 

with the provision of humanitarian aid for those in need or advocacy 
for the oppressed. I hope that this publication will serve to raise 

awareness of its potential and to mobilise resources for its use by 

responsible personnel in their endeavours to alleviate the suffering of 
some of the world’s most marginalised, forgotten, neglected and 

unseen people.   

 

The Baroness (Caroline) Cox 

House of Lords and CEO, HART. 
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Introduction 

 

Conflicts, man-made disasters, and environmental mismanagement - 
part of mankind’s history even before reliable written human records 

began. Antiquity demonstrates that societies’ misplaced economic, 

cultural or social axioms can result in both gradual or sudden 
collapse of long established socio-economic and environmental 

order, often descending into periods of food scarcity, and 

technological stagnation, until society could find the required 

‘paradigm shift’ – usually after much suffering. The now treeless 
Easter Island, and arid huarango free Nazca Peruvian Desert bare 

silent witness to Neolithic stone-age cultures which disappeared 

through environmental ignorance – and these are not isolated 
examples.  

 

Similarly a few more decades of global overconsumption will see 

consequent rising levels of scarcity in key resources: from food to 

natural and mineral resources, with increased environmental 

degradation on an unprecedented scale. The spectre of increasingly 
disruptive and unpredictable climate, working in parallel with 

mankind’s insatiable desire to exploit finite natural resources, will 

lead to their rapid squandering on a scale before unseen in human 
experience. If these trends remain unchecked, the outcome will be 

disastrous for mankind and the only place we call home, the earth. 

 

Unresolved issues of justice lie at the heart of man-made 

exploitation, rich pan-national corporations causing significant 

environmental problems, whilst the poor bear the brunt of their 
impact. Indeed the phrase “the poor will inherit the earth” takes on a 

whole new meaning in the ‘lunar landscapes’ of tribal homelands 

decimated by monstrous mining machines. 

 

Climate change is perceived by many to be a key factor which is 
increasing the probability of conflicts in unstable regions- notably in 

Africa, as fragile governance systems are overwhelmed by the social 
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stresses released by: government policies, demographic changes, 

land clearances (and associated Internally Displaced People), 
consequent migration (economic or racially motivated), drought, 

famine and the “Arab Spring”, where long repressed social and 

political unrest has resulted in a grass roots movement for change – a 

process which is still far from complete.  

 

Paraphrasing Nick Mabey, past advisor to UK Prime Minister Blair 
in his Summary of Delivering Climate Security, at moderate levels 

of change, conflict can be prevented in spite of climate change 

acting as a stress multiplier of existing tensions….. If climate change 
is not slowed and critical environmental thresholds exceeded, then it 

will become a primary driver of conflicts between and within states, 

with the likely consequence of further degrading the post-conflict 

environment, completing a vicious repetitive cycle of events [1]. 
This book, the first in the series, looks at several of these inter-

related problems and focuses in part on the increasing role remotely 

sensed high resolution satellite imagery is now playing in Africa –  a 
continent hitherto covered less by these technologies than others, 

particularly the Niger Delta. The relatively recent establishment of 

the African Association of Remote Sensing of the Environment 
(AARSE) in 1992 will in the long term readdress this historical 

imbalance [2].  

 

The mélange in this 2013 volume’s chapters’ case studies highlights 

the efforts taken to establish a full inventory of African 

environmental resources, the monitoring of land clearances under 
Zimbabwe governmental policy, as well as two excellent chapters 

reviewing various different aspects of the controversial practice of 

gas flaring in Nigeria, a review of the breadth of the UN monitoring 
and mapping capabilities and its response to various humanitarian 

problems, the work of the AAAS in documenting the most 

significant reported human rights abuses to date, culminating with an 

examination of hydroelectric dam construction on the Ethiopian 
Omo river (including similar mining-related issues). The different 

complementary methods and skills employed in these various case 
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studies are considered as transferable for the completion of other 

continents and regional assessments. 

 

Over the next few decades, globalisation combined with climate-
change (natural as well as anthropogenic), will likely prove to be the 

decisive factors determining any increase in conflict and man-made 

disaster levels. The unknown determining response lies with how 

intergovernmental organisations, aid agencies, and other non 
governmental organisations may influence governments’ political 

systems to respond to the challenges. Unfortunately, the assessment 

of mediating against the worst humanitarian excesses and impact of 
environmental and climate change includes the reasonable 

assumption that governments will act in a way to minimise such 

risks, even to their own regime stability, an assumption rarely found 

in practice. Previous studies of areas of regional and national conflict 
show that the non-cohesive natures of many so called ‘nation-states’ 

lie upon tribal and racial fault-lines, the very  divisions that gave rise 

to the frenzied bloodbath in Rwanda between the Hutu and Tutsi in 
1994. 

 

Recent instabilities in Sudan- notably Darfur, and even more 

recently in the Sudanese Nuba mountains region, show how quickly 

centuries old racial and cultural disputes,  under times of 

environmental stress, and access to oil and other mineral resources, 
become fertile breeding grounds for the birthing of violently 

opposed and radical ideological communities formed along such 

ethnic and religious lines. Stresses can then create a volatile situation 
if sufficient ‘temperature and pressure’ are applied, so that at some 

‘critical point’ little additional internal or external application of 

force is required for a country to literally implode. 

 

In human terms, as well as in consideration of the climate, there 

exist critical ‘tipping points’ in socio-economic systems beyond 
which a shift to a new ‘meta-stable’ or ‘quasi-stable’ condition 

results. It is the work of organisations like the United Nations 

Institute for Training and Research (UNITAR), which help to 
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identify such points in their earliest crisis stage, and have the 

potential, unlike with natural disasters, of preventing, or 
substantially mitigating against the worst excesses resulting from 

conflict or man–made disasters upon the people and the environment 

in which they live. In parallel, recent studies by the American 

Association for the Advancement of Science are providing a 
comprehensive documentation of these allegations with evidence on 

a global scale. 

 

High resolution satellite imagery ‘surveillance’ of such conflicts and 

disasters, as they first emerge and in the developing phase, offers the 
greatest promise to mitigate against them. However, it is 

unsurprising that  regimes involved in racially motivated or 

religiously intolerant activities such as racial-cleansing or land 

clearances etc., have no desire for the wider international community 
to observe their practices (as discussed further in Chapter 1). It is 

much less costly to prevent a conflict in the emerging stage than deal 

with the post-conflict reconstruction or eventual peace keeping 
forces on the ground, of which Syria is extremely likely to become a 

near future example with the anticipated external costs of 

reconstruction already put at $60 US Billion [3].  

 

Satellite imagery now provides users with very detailed imagery 

safely – unfortunately other colleagues on the ground have paid the 
highest price of getting ‘too close to the action’. In one case, 

unbeknown to us as a press release went out, an indigenous tribal 

leader, Kelly Kwalik in West Papua near the Grasberg copper and 
gold mine, had been killed the previous day. However, the ability to 

corroborate reports of human-rights abuse on the ground still relies 

heavily upon the people on the ground, often the most at risk from 
attacks or reprisals. In addition, those who escape are often severely 

traumatised by their experiences, and have real difficulties 

describing precise locations or village names in order to extract 

accurate GIS data. It is also often only the larger Non Governmental 
Organisations (NGO) organisations who can access conflict zones 

relatively safely level but is still only to a limited number of 
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locations. Even so, conflicts like Darfur are high risk areas for 

ground personnel. In November 2007 13 United Nations (UN) and 
NGO vehicles were hijacked in Darfur alone, 74 aid convoys 

attacked and a total of 128 vehicles hijacked. It is often on these 

grounds that hostile regimes may then effectively bar NGO’s from 

an area on the context of risk to their own safety.   

 

The work of large NGOs like the UN only tells part of the overall 
story as even the work of a broad spectrum of aid and charity related 

organisations will tend to serve only the same 80% of affected 

persons, such as in the concentrated Internally Displaced People 
(IDP) camps, leaving the remaining diaspora under represented. It is 

in these  situations that the work of charities such as the 

Humanitarian Aid Relief Trust (HART), whose CEO Baroness Cox 

has bravely sought to provide aid and advocacy, in many trouble 
spots around the globe including: Sudan, Ngorno Karabach, etc. are 

essential. It is in the work of such charities looking at reconciliation, 

and rehabilitation that sows the real seeds for future hope (pre-and 
post conflict) and the addressing of legitimate tribal concerns. Whilst 

the problems faced by a small tribal group pitted against the 

voracious appétites of a multi-national mining corporation), a real 
David Vs. Goliath scenario, serves as an unequal counterweight to 

the demands of unsustainable levels of environmental globalisation. 

It is on the indigenous tribal front that organisations such as Survival 

International represent those with little voice in the world’s 
authoritarian legal governance structures. 

 

All of these conflicts and man-made environmental disasters will 

have no long term sustainable solutions unless the root causes of 

resource related grievances (land, mineral, crops etc.) are addressed 
adequately. Achieving security, tribal, food etc., requires 

coordinated activity between governments, aid agencies, NGOs, and 

increasingly well-motivated groups using social media- the general 

public. Here high resolution satellite imagery provides critical 
information, not just in terms of detailed environmentally related 

data and images, but visual emotive symbols of the ground situation 



 

14 

as well. The impact of visual imagery readily communicates the 

essence of a conflict or a disaster more effectively than the use of 
words alone to the untrained eye of the typical activist. In the last 

few years satellite imaging projects have been funded by Human 

Rights (HR) organisations themselves such as Amnesty 

International’s: Eyes on Sudan, Eyes on Pakistan and Eyes on 
Nigeria campaigns, to not only promote the large scale abuses to a 

wider audience via the Internet and traditional news media outlets, 

but to put the governments on notice that their activities are being 
watched.  

 

Developments are now rapid, within the last year there have been 

further ‘public imaging’ developments with a consortia of concerned 

individuals including Hollywood film stars such as George Clooney 

and Brad Pitt, who have helped fund the Satellite Sentinel Project, 
which has monitored human rights violations of Sudanese people 

trapped in the Nuba Mountains, who have suffered in an ongoing 

genocide campaign waged against them by the Khartoum regime, 
with the dropping of bombs, use of anti personnel devices and 

operation of helicopter gunships. For evaluation, the advent of a 

recent series of very high resolution satellites (GeoEye 2 etc.) will 
ensure that this requirement is met, at least in the short term, for 

those who have sufficient money to afford it, which is generally not 

the humanitarian and scientific academic community. It is also vital 

that the imagery technology develops at a pace sufficient to meet 
future demands. 

 

One of the drivers behind this “themed” series of articles was to 

communicate the issues, the capabilities and limitations, strengths 

and weaknesses of the technology to a wider than usual audience, 
which would otherwise be limited to the academic community alone. 

The current constraints of most academic literature is that no matter 

how good, or how significant the findings, it is often read by only a 

handful of professional colleagues and affects little change in the 
wider world. This publication method provides a means of 

disseminating contemporary findings both as widely, and hopefully 
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as quickly, as possible. For those wishing to do more than just read 

yet another book about high resolution satellite imagery, Appendix 
A gives some details about the organisations represented and 

discussed here, and some practical ideas to make a real difference to 

the world’s poorest and most vulnerable. 

 

I am extremely grateful to all those who have contributed to create 

this ‘African volume’, and hope that you may meet some of us at 
future humanitarian disaster and remote sensing venues. On a 

personal note I would like to especially thank Mark Brender and his 

helpful team at the GeoEye foundation without whom the majority 
of my work would have been impossible. I also express my gratitude 

to Baroness Cox and Dr Lydia Tanner at HART who have been 

enormously supportive of my small efforts, and educating me in 

both the background and practicalities of aid organisations operating 
in the midst of humanitarian crises. 

 

As a final word the severest threat to the future of indigenous people 

groups lies in the lack of accountability of undemocratic 

governments, their own internal dealings with their people, and the 
profit driven ‘licence to drill’ of international corporations who have 

limited accountability, even to their own shareholders. However, the 

first sign of co-coordinated practical response to these issues is 

emerging, but it needs to progress more rapidly if it is to overtake 
the ceaseless march of both changing climate and an unregulated 

global economy, a by-product of which, through cavalier corporate 

behaviour, will otherwise be the degradation of both environment, 
and diminished cultural diversity.   

[1] Nick Mabey, (2008) Delivering Climate Security, Whitehall 

Paper 69 Royal United Services Institute ISSN 0268-1307.  

[2] http://www.itc.nl/aarse/aboutus.html (Accessed 02/11/2012). 

[3] Syria Would Need $60 Billion to Rebuild, Opposition Figure 
Says 

http://online.wsj.com/article/SB10001424127887324352004578132

251695233058.html (Accessed 22/11/2012) 

http://www.itc.nl/aarse/aboutus.html
http://online.wsj.com/article/SB10001424127887324352004578132251695233058.html
http://online.wsj.com/article/SB10001424127887324352004578132251695233058.html
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1 

 

The Origins of High Resolution Civilian 
Satellite Imaging 

Christopher Lavers 

 

This chapter reviews the key developments in military satellite 

reconnaissance and earth observation prior to the civil commercial 

high resolution imaging capabilities of the current millennium, and 
will examine the key players in both image acquisition and 

provision, and finally the human rights organisations, the end data 

‘users’, for which relevant applications will be expanded by 
contributing authors in the rest of the volume.  

 

1 Introduction 

There are now several civilian providers of high resolution satellite 

imagery, notably GeoEye and Digital Globe, as well as smaller 

lower resolution imagery providers, such as DMC International 
Imaging (DMCII) and RapidEye, but it was not always this way. In 

the wake of the alarming Soviet Sputnik I launch in 1958, (from an 

American perspective), the United States of America (USA), under 
President Eisenhower, initiated the secret Corona satellite 

reconnaissance programme managed jointly by the Central 

Intelligence Agency (CIA) and the US Air Force (USAF). The 
programme arose as a concerted response to several significant 

Soviet advances in space technologies, resulting in 1960, with the 

launch of the USA’s own first spy satellite whose first images of the 

Soviet Union weren’t declassified until as late as 1995. Besides 
Sputnik the Soviet Union launched over 500 Zenit military spy 

satellites between 1961-1994, under the name Kosmos, typically 

having a spherical re-entry capsule 2.3m in diameter and a mass of 
about 2400kg. In due course the US government launched its first 

commercial satellite, the ERTS-1 (Earth Resources Technology 
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Satellite)- later renamed Landsat, the first of a long series of 

successful earth observation satellites, and it is upon the twin pillars 
of civilian earth observation and military reconnaissance that 

modern humanitarian satellite imaging stands. For the first time, 

satellite imagery became available for non-military use, but ground 

resolution, by comparison with military surveillance satellite 
imagery, was extremely poor.  

 

The Cold War birthed a number of revolutionary technologies, 

themselves conceived during or prior to the Second World War, such 

as satellite imaging and satellite communications- wonders of an age 
used almost exclusively by competing military forces across the 

divide of the Iron Curtain. Environmentally relevant imagery of our 

planet taken by such intelligence satellites was then highly 

classified, and relatively few people had access to the imagery. 
Although satellites were developed and used for diverse civilian 

applications, such civilian satellites were initially ‘behind the curve’ 

of military developments. This state of affairs began to change in the 
mid 1980’s and early 1990’s when a few other countries launched 

some capable Earth-imaging satellites and made that imagery 

available for sale. 

 

The first French earth observation SPOT satellite, launched in 1986, 

in timely fashion collected images of the Chernobyl nuclear power 
plant disaster in the Ukraine, a country formerly part of the Soviet 

Union. Chernobyl is just over 100km north of Kiev  and SPOT 

images of the 26 April Reactor 4 disaster were shown to the free 
world several days later, with the USSR silent at first, unwilling to 

release information about the disastrous meltdown. Chernobyl 

imagery also showed a significant temperature drop in the cooling 
lake after the event. In the same year the UN General Assembly 

adopted the "Principles Relating to Remote Sensing of the Earth 

from Outer Space” that allowed imaging satellites to pass over any 

nation as long as the imagery was made available to the sensed state 
“on reasonable cost terms."   
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In 1992, the Russian government became the first nation to market 

high-resolution satellite imagery from their military satellites, 
recognising the potential to generate vital overseas revenue at a 

critical time for Russia and its former CIS states [1]. However, 

commercially available imagery was degraded to provide a 

resolution of 2 m [2]. In March 1994 the Clinton administration 
responded by adopting the Presidential Decision Directive to 

encourage civilian private companies in the USA to sell high-

resolution satellite imagery. After the US Government took this step 
it permitted private companies to both start building and launching 

satellites with 1 m resolution capability- and Pandora’s box was 

opened. This decision pressed the Russian government to raise its 
own stakes by permitting sale of 1 m resolution imagery by the 

autumn of 1999. However, they notably omitted sale of imagery 

from ‘friendly countries’ such as North Korea. Other nations 

allowing military and civilian industries to market satellite imagery 
include: France, Israel, India and Japan [3].  

 

Landsat is without doubt the longest running satellite programme for 

earth observation imagery, with the most recent Landsat 7 launched 

in April 1999. Landsat instruments have acquired many millions of 
images, and are a vital resource for global change research and 

diverse applications in: agriculture, geology, forestry, regional 

planning, surveillance, education, and of course, national security. 

National Space Policy Directive 5, signed by President Bush in 
1992, reiterated the importance of the Landsat program. 

"Development of the commercial space remote sensing industry in 

the United States and promoting the broad use of remote sensing 
data" must be balanced against "preserving the national security of 

the United States."  President Clinton further signed Presidential 

Decision Directive 23 in 1994, laying the foundation for US 
companies to launch their own high-resolution satellites, working in 

parallel with US governmental and military requirements. In 2002, 

the Director of the CIA issued a strategically defining memorandum 

that stated, "It is the policy of the intelligence community to use US 
commercial space imagery to the greatest extent possible."  

Furthermore in 2003, President George W. Bush III issued National 
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Security Presidential Directive 27, stating that the "fundamental goal 

of US commercial remote sensing policy is to advance and protect 
US national security and foreign policy interests by maintaining the 

nation’s leadership in remote sensing space activities."  

 

Only as recently as 2009, the Director of National Intelligence and 

the Department of Defence  (DoD) issued a joint press release saying 

they have put together a plan "to modernise the nation's ageing 
satellite-imagery architecture by prudently evolving government-

owned satellite designs and enhancing use of U.S. commercial 

providers."  In this way the technological advances in civilian 
imagery have turned full circle back into imagery provision for the 

military- making this from a humanitarian perspective, a double-

edged sword, very much dependent on the motives and aspirations 

of the military user. 

1.1 The Corona programme 

Modern high resolution civilian satellite imaging has much to thank 

earlier ‘covert’ military satellite programmes. The Corona 

programme, for example, was America’s first serious series of 
strategic reconnaissance satellites built and operated by the CIA with 

assistance from the USAF. Corona satellites were used specifically 

for photographic surveillance of the former Soviet Union, the 
People's Republic of China, and other places of interest/threat 

between June 1959 and May 1972. Corona satellites were 

designated: KH-1 to KH-4, KH-4A and KH-4B, with KH standing 

for "Key Hole" [4]. In total there were some 144 Corona satellites 
launched, of which 102 returned usable photographs, a noteworthy 

accomplishment. 

 

Corona began covertly as "Discoverer", part of the USAF satellite 

reconnaissance and protection programme in 1956. By May 1958, 
the DoD had transferred Discover to the Defence Advanced 

Research Projects Agency (DARPA), the same agency responsible 

for helping create DARPANET- the forerunner of the Internet. The 
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project was accelerated following the unfortunate shooting down of 

Gary Power’s U-2 spy plane over the Soviet Union in May 1960 
which resulted in a hugely embarrassing show trial in Moscow. 

 

The Corona satellites used special 70mm film with a 61 cm focal 

length camera [5] manufactured by Eastman Kodak with a resolution 

of 170 lines per mm [6-7]. The amount of film carried by the 

satellites was unsurprisingly increased over time, initially each 
satellite carried some 2,400 m of film for each camera, but by the 5th 

satellite generation (KH-5) they carried 4,900 m of film each [8]. 

Most of the film was black and white, but IR (IR) film was used as 
well as colour film. However, colour film had lower resolution than 

black and white film, and was discontinued [9]. Cameras were 

manufactured by the Itek Corporation and further details can be 

found elsewhere [10] with the first such camera able to resolve 
images of ground objects some 12 m in diameter. Imaging systems 

improved rapidly, and the KH-3 could ‘see’ objects as small as 

3.0 m in diameter, whilst later missions could resolve smaller objects 
only 1.5 m in size [11]. 

 

The first Corona satellites orbited at altitudes 160 km above earth, 

with later missions orbiting as low as 121 km [9]. Space developed 

film was retrieved from orbit via a reentry capsule, which separated 

from the satellite and fell back to earth [12]. After reentry the heat 
shield surrounding the re-entry vehicle was released some 20 km up 

and a parachute system deployed. The capsule was intended to be 

caught mid-air by a passing airplane towing a claw which would 
winch it aboard, or it could land at sea. A salt plug in the capsule’s 

base would dissolve after 2 days, allowing the capsule to sink if not 

retrieved by the US Navy so it did not fall into enemy hands [13].  

 

Coronas were launched on Thor-Agena rockets, with a Thor first 

stage and an Agena booster (the 2nd stage of the rocket lifting the 
Corona into orbit). Maneuvering rockets were added to the satellite 

later in the series in 1963. Corona orbited in low orbits to enhance 

the resolution of its camera system, but at perigee (the lowest point 

http://en.wikipedia.org/wiki/U-2_incident
http://en.wikipedia.org/wiki/U-2_incident
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in orbit), Corona suffered substantial drag from earth's atmosphere 

which over time caused orbital decay, forcing satellites to re-enter 
the atmosphere earlier than planned. Maneuvering rockets boosted 

Corona into higher near polar orbits, and increased the available 

mission time [14]. However, the all important decisions regarding 

what to photograph were made by the Corona Target Program. 
Software, run by an on-board computer unsophisticated by modern 

standards, was programmed to operate the cameras based on: 

intelligence of the selected targets to be imaged, weather, the 
satellite operational status, and what images had already been 

captured.  

As stated earlier the first dozen Corona launches were disguised as 
part of a space technology development program- the Discoverer 

program whose first test launches were carried out in 1959 with the 

first Corona camera launch carried out in June 1959 under the name 
Discoverer 4.  

 

A notable next development was the return capsule of the Discoverer 

13 mission, launched August 10, 1960, and then recovered the next 

day [15]. This was the first time any object had been recovered 

successfully from orbit. After the Discoverer 14 launch on August 
18, 1960, its film bucket was amazingly retrieved 2 days later by a 

C-119 transport plane. This was the first successful return of 

photographic film from orbit. Meanwhile by comparison with the 
Soviets, Sputnik 5 was launched into orbit August 19, 1960, one day 

after Discoverer 14. Sputnik 5 took 2 Soviet space dogs, Belka and 

Strelka into orbit, and returned them to earth [16]. Following this 

last Discoverer, the remaining launches of Corona satellites were 
entirely top secret with the final Corona launch taking place in May 

1972.  

1.2 Image Declassification 

The Corona programme was officially classified top secret until 

1992. In February 1995, photos taken by Corona satellites, and 2 

other programmes (Argon and KH-6 Lanyard) were also declassified 
by President Clinton. Further review by experts of the "obsolete 

http://en.wikipedia.org/wiki/Transport_plane
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broad-area film-return systems other than Corona" mandated by 

President Clinton's order led to further declassification in 2002 of 
photos from the KH-7 and the KH-9 low-resolution cameras- paving 

the way for potential imagery applications.  

2 Revealing the secret places- The Cuban Missile Crisis 

Secret spaces cover a wide range of places and facilities, and not just 

military ones. All nation-states operate systems to protect their own 

security, and many of these systems depend upon keeping critical 
information relating to locations, operations hidden from both 

citizens as well as foreigners who could threaten the powerbase of 

those who rule. And in this ‘great game of the high frontiers’ the 

historical military value of high resolution imagery from aircraft or 
satellite is undisputed. U-2 photographs taken on 18th October 14, 

1962, in which analysts under Charles Lundahl's (1915-1992) 

direction, found clear visual evidence of the placement of Soviet SS-
4 Medium Range Ballistic Missiles (MRBM), capable of hitting 

targets in the continental United States with nuclear warheads [17]. 

This discovery triggered the Cuban Missile Crisis, sending the US 

intelligence community into a frenzy of satellite based imagery 
acquisition and triggering an unprecedented military alert. The 

October 16 briefing of President Kennedy, confirmed a Soviet 

weapons' presence, which had not been expected by the intelligence 
community or military.  

 

Principally as a result of the photographic information and the 

diplomatic discussions that resulted from this image-derived 

knowledge. President Kennedy pressured the Soviets to remove the 

missiles from Cuban soil.  However, recovery of the all important 
Cold War ‘wet’ film did not always go to plan.

 
The 1963 thriller 

novel Ice Station Zebra by Alistair McLean and its 1968 film 

adaptation were inspired, in part, by accounts from April 1959, of a 
missing experimental Corona satellite capsule (Discoverer II) that 

inadvertently landed near Spitzbergen. Whilst Soviet agents may 

have recovered the film capsule [18], it is more likely that the 
capsule landed in water and sank! A wider discussion of secret 
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spaces, especially in the post 9/11 world and its perception of 

geopolitical threats is discussed in detail by Perkins and Dodge [19]. 

3 Civilian Imagery Programmes and Providers 

3.1 Earth Observation Landsat programme 

Landsat is the longest running satellite programme for acquisition of 
earth observation imagery. The Earth Resources Technology 

Satellite launched in July 1972 was renamed Landsat in 1975. [20]. 

The most recent, Landsat 7, was in fact launched in April 1999 and 
has 8 separate spectral bands with spatial resolutions ranging from 

15-60 m, and a temporal resolution of 16 days [21]. 

3.2 Landsat History 

The key Landsat Sensor the MultiSpectral Scanner (MSS) were 

designed in 1969 and deployed as early as the autumn of 1970. In 

1979, President Carter transferred Landsat operations from NASA to 

NOAA, recommending development of a long term operational 
system with 4 further satellites beyond Landsat 3, and all important 

transition to the private sector, which took place in 1985. The Earth 

Observation Satellite Company (EOSAT) then operated Landsat 
under a 10 year contract, operating Landsats 4 and 5, with exclusive 

rights to market Landsat data, and to build Landsats 6 and 7. 

 

However, in 1989, NOAA's funding for Landsat was running out 

(NOAA hadn’t requested funding, and Congress had only 6 months 

funding for the financial year). NOAA directed Landsat 4 and 5 to 
be shut down. Vice President Quayle head of the newly inaugurated 

National Space Council arranged emergency funding so that the 

Landsat programme could continue. In 1990 and 1991, Congress 
again provided only half of the required annual funding to NOAA, 

requesting agencies that sale of Landsat data provide the funding for 

the other 6 months of the year. In 1992, efforts were made to procure 
funding for follow on Landsats and continued operations, but by the 

end of the year EOSAT ceased processing Landsat data completely. 
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However, Landsat 6 was launched October 5, 1993, but was lost 

during launch. This could have been the end of Landsat, which 
would have held back progress on development of civil imaging 

capabilities, but processing of Landsat 4 and 5 data was resumed by 

EOSAT in 1994 and NASA finally launched Landsat 7 in April 

1999. This drama might have been avoided if the Land Remote 
Sensing Policy Act (Public Law 102-555) authorising procurement 

of Landsat 7 and assuring continued Landsat digital data and image 

availability, at low cost, to all users of the data passed by the US 
Congress in October 1992 had actually been fully supported at the 

time. 

 

3.3 SPOT  

From the late 1970’s the French were developing SPOT (Système 
Pour l’Observation de la Terre) ( "System for Earth Observation") a 

high-resolution, optical imaging Earth observation satellite system 

operating from space, run by Spot Image based in Toulouse, France. 
It was initiated by the CNES (Centre national d'études spatiales — 

the French space agency) in the 1970s and designed to improve the 

knowledge and management of the earth by exploring its resources, 

detecting and forecasting phenomena such as climatology and 
oceanography, and monitoring human activities and natural 

phenomena. SPOT includes a series of satellites and ground control 

resources for control and programming, image production, and 
distribution. Satellites were launched by the European Space Agency 

(ESA) rocket launchers: Ariane 2, 3, and 4. The company SPOT 

Image markets high-resolution images, which SPOT satellites 

acquire globally, with the latest, SPOT 5, launched May 2002 
having 2.5, 5, and 10 m capability respectively.  

The SPOT orbit was designed to be polar, circular, and sun-
synchronous. The inclination of the orbital plane combined with the 

earth’s rotation around the polar axis allows a satellite to fly over 

any terrestrial point every 26 days with orbit at an altitude of 832 

km, and an inclination of 98.7°. 
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3.31 SPOT 1, 2, and 3 

Since 1986 SPOT satellites have orbited earth and taken more than 
10 million high quality images. SPOT 1 was launched by Ariane 2 in 

February 1986. Two days later, the 1800 kg SPOT 1 transmitted its 

first image with a resolution of 10-20 metres. SPOT 2 also entered 
orbit in January 1990 and SPOT 3 followed in September 1993. 

Satellite loads were identical, including 2 High Resolution Visible 

(HRV) imaging instruments able to operate in 2 modes, either 
simultaneously or individually. The two spectral modes used are 

panchromatic and multispectral.  

 

The panchromatic band has a resolution of 10 m, and the 3 

multispectral bands (G\R\NIR) have resolutions of 20 m with a 

scene size of 3600 km
2
 and a revisit interval of 1-4 days, depending 

on latitude. Panchromatic imagery sensors generally refer to a single 

band system which spans the visible and Near IR (NIR) part of the 

electromagnetic spectrum, and are usually represented black and 
white, although false colour representation is possible. Multispectral 

imagery can also be acquired by sensors that measure energy in 

several specific bands simultaneously, usually 3 to 7, although 

increasingly hyper spectral systems, with potentially up to hundreds 
of bands, are now being developed for deployment. 

 

Because the SPOT 1 orbit was reduced in 2003, it gradually lost 

altitude and broke up in the atmosphere. A controlled deorbit of Spot 

2 commenced mid-July 2009 over two weeks, with a final burn 
before reentry burn up on 29 July 2009. SPOT 3 has also ceased 

operations, due to problems with stabilisation. 

 

3.32 SPOT 4 and SPOT 5 

In March 1998 the SPOT 4 satellite added further capabilities to the 
SPOT series. SPOT 4 has the same geometric imaging 

characteristics (a swath of 60 km per instrument and oblique viewing 

capability of 27° on either side of the vertical) as the earlier SPOT 
satellites. However, its performance has been increased by adding a 
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new Short Wave IR spectral band (SWIR). SPOT 5 was launched in 

May 2002 and ensures continuity of services for customers with 
improved quality of data and images. SPOT 5 has 2 High Resolution 

Geometrical (HRG) instruments offering a higher resolution of 2.5-5 

m in panchromatic mode (on the edge of that needed for dwelling 

sized human rights assessment) and 10 m in multispectral mode (20 
m in SWIR 1.58-1.75 µm). SPOT 5 also features an imaging 

instrument operating in panchromatic mode, pointing forward and 

backward of the satellite so it can take stereo pair images near 
simultaneously to provide mapping relief. 

3.33 SPOT 6 and SPOT 7 

SPOT 6 and SPOT 7 launches are scheduled for launch in 2012 and 

2013, respectively to form a constellation of earth-imaging satellites 

to provide continuity of high-resolution, wide-swath data up to 2023 

with image resolution:  Panchromatic: 1.5 m colour merged 
products: 1.5 m Multispectral: 8 m, of a resolution able to benefit 

disaster management and mitigation. Spectral bands, with 

simultaneous panchromatic and multispectral acquisitions: 
Panchromatic (450 – 745), Blue (450 – 525), Green (530 – 590), 

Red (625 – 695), NIR (760 – 890) nm respectively, and footprint: 

60 km x 60 km, operates to provide a capacity able to acquire up to 3 
M km

2
 daily. The Indian Space Research Organisation (ISRO) 

launched SPOT-6 on a Polar Satellite Launch Vehicle on September 

8
th
 2012, along with a 15-kg Japanese microsatellite. 

 

3.4 GEOEYE- Ikonos and OrbView 

GeoEye operates a growing constellation of high-resolution earth-

imaging satellites collecting millions of square kilometres of map-

accurate imagery every month, imagery which is then archived for 

future use. In 1997 Virginia-based GeoEye launched OrbView-2, by 
modern standards a low-resolution satellite, capturing broad-area 

colour imagery of land and ocean surfaces for science research, 

agricultural and ocean monitoring. OrbView-2 was an extremely 
successive satellite mission, collecting imagery of earth with a 

ground resolution of 1 km, and is still in use today. GeoEye Inc. 
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(formerly Orbital Imaging Corporation or ORBIMAGE) is a 

commercial satellite imagery company based in Herndon, Virginia 
and is the world's largest space imaging corporation [22]. The 

company was founded 1992 as a division of Orbital Sciences 

Corporation in the wake of the 1992 Land Remote Sensing Policy 

Act permitting private companies to enter the satellite imaging 
business. It changed its name to GeoEye in 2006 after acquiring 

Colorado-based Space Imaging for $58 million and runs Ikonos and 

the OrbView satellites.   

 

GeoEye provides 253 Million km
2
 of satellite map images to 

Microsoft and Yahoo! search engines with Google having exclusive 

online mapping access from the new GeoEye-1 satellite and is a 

major supplier to the National Geospatial-Intelligence Agency. 

GeoEye's primary competitors are DigitalGlobe and Spot Image. 
GeoEye operates a fleet of earth observation satellites, providing 

visible and NIR images of land and sea at resolutions below 1 m. 

 

3.4.1 IKONOS 

Ikonos is a commercial earth observation satellite, the first to collect 

publicly available high-resolution imagery at both 1 m and 4 m 

resolution. It offers multispectral (MS) and panchromatic (PAN) 

imagery from January 1st 2000, and derives its name from the Greek 
eikōn for image. IKONOS originated under the Lockheed Martin 

Corporation as the Commercial Remote Sensing System (CRSS) 

satellite. In April 1994 Lockheed Martin was granted one of the first 
licenses for commercial satellite high-resolution imagery. In October 

1995 partner company Space Imaging received a license to transmit 

telemetry from the satellite in the 8 GHz Earth Exploration Satellite 
Services band. Prior to launch, Space Imaging changed the satellite 

name to IKONOS. Two satellites were originally planned but the 

1999 launch of IKONOS-1 failed when the payload fairing of the 

Athena rocket failed to separate, (a not uncommon launch problem), 
preventing the satellite reaching orbit. IKONOS-2 was planned for 

launch later in 2000, but was renamed IKONOS and launched in 

September 1999 from Vandenberg Air Force Base (AFB), 
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California. The satellite has a polar, circular, sun-synchronous 681-

km orbit and both sensors provide a swath width of 11 km.  

 

IKONOS has a primary mirror aperture of 0.7 m, and a folded 
optical focal length of 10 m using an array of 5 mirrors. The main 

mirror features a honeycomb design to reduce overall launch mass. 

The detectors at the focal plane include a panchromatic sensor with 

13500 pixels and a multispectral sensor with 3375 pixels and an 
instrument mass of 171 kg, drawing only 350 watts of power. 

Spectral bands allow simultaneous panchromatic and multispectral 

acquisition: 1-m Panchromatic (Blue, Green, Red, and NIR 0.45–
0.90 µm), 4-m and 1-m Pan Sharpened (Blue 0.445–0.516 µm), 

(Green 0.506–0.595 µm), (Red 0.632–0.698 µm), and (NIR 0.757–

0.853 µm). The revisit rate for IKONOS is 3-5 days off-nadir and 

144 days for true-nadir, with a swath width of 11 km × 11 km 
(single scene). IKONOS orbits earth every 98 minutes at an altitude 

of about 680 km, travelling in a sun-synchronous orbit. 

3.4.2 OrbView-2 

This satellite (also called SeaStar) was launched 1997 by 

ORBIMAGE, and collects real colour imagery of earth's land and 

ocean surfaces on a daily basis. Commercial fishing vessels use 
OrbView-2 data for detecting oceanographic conditions to create 

fishing maps. OrbView-2 provides broad-area cover in 2,800 km-

wide swaths, routinely used in naval operations, environmental 

monitoring, and global crop assessments, integrating its optical and 
NIR multiband SeaWiFs sensor for scientific research (operating 

1997-2004). The principal OrbView-2 science objective was to 

acquire data critical for the study of the role of oceans, and the 
exchange of critical gases between the atmosphere and ocean, and 

how these exchanges affect phytoplankton production. It stopped 

collecting data in December 2010. 

3.4.3 OrbView-3 

Launched in 2003 by ORBIMAGE, OrbView-3 acquired 1 m 

panchromatic and 4 m multispectral imagery in 8-km-wide swaths. 

http://en.wikipedia.org/wiki/Nadir
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The satellite collected up to 210,000 km
2
 of imagery each day 

revisiting each terrestrial location in less than 3 days.  On April 23, 
2007, GeoEye, Inc. announced that its OrbView-3 satellite no longer 

produced usable imagery, and the spacecraft orbit finally decayed in 

March 2011 via controlled reentry into the Pacific Ocean. 

3.4.4 GeoEye-1 

GeoEye-1 (formerly OrbView 5) launched September 6, 2008 and 

separated successfully from its Delta II launch vehicle 59 minutes 

after launch. The satellite provides 41 cm panchromatic and 1.65 m 
multispectral imagery in 15.2 km wide swaths. The spacecraft has a 

sun-synchronous orbit at an altitude of 684 km and inclination of 98° 

and can image up to 60° off nadir. 

3.4.5 GeoEye-2 

GeoEye-2 has a scheduled launch date in 2013 and a planned 

resolution of 25 cm. Lockheed Martin was selected to build the 

satellite platform in preference to General Dynamics and will 
provide imagery comparable with the best quality aerial imagery of 

the Cold War era. 

3.5 DigitalGlobe 

DigitalGlobe was founded 1993 under the name WorldView 
Imaging Corporation, becoming EarthWatch Incorporated in 1995, 

and lastly DigitalGlobe (2002). In 1993, the US Department of 

Commerce granted DigitalGlobe the first license for private 

enterprise to build and operate a satellite system to gather high-
resolution digital imagery of earth for commercial sale. In October 

2001 DigitalGlobe successfully launched w the world’s highest-

resolution commercial satellite, QuickBird, from Vandenberg AFB, 
California, USA (2 prior attempts from Russia were unsuccessful) 

with QuickBird still operational today. Following the successful 

launch of QuickBird, DigitalGlobe built an extensive business 
serving both governmental and commercial markets. Of note was its 

agreement to provide high-resolution imagery to the Keyhole 

Corporation, acquired by Google in 2004, a vital component in the 
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creation and commercial success of Google Earth and beginning the 

proliferation of online mapping portals. In September 2003, 
DigitalGlobe won a lucrative $500 million contract from the 

National Imagery and Mapping Agency (NIMA) through its 

NextView programme to provide imagery from the next generation 

of commercial high-resolution imaging satellites. DigitalGlobe 
announced plans to build 2 next generation, high-resolution imagery 

satellites, WorldView-1 and WorldView-2. In January 2007, 

DigitalGlobe acquired GlobeXplorer, a leading online imagery 
provider. DigitalGlobe’s archive and high-resolution, high-capacity 

satellites combined with GlobeXplorer’s effective online hosting 

infrastructure, web services, GIS products and services and 
developer toolkits to provide easy access to world imagery. In 

September 2007, WorldView-1 was launched on a Boeing Delta II 

rocket from Vandenberg. Shortly after receiving a downlink signal 

confirming that the satellite had separated from its launch vehicle 
and had automatically initialised its onboard processors. Full 

operating capability began November 2007 and DigitalGlobe 

became the first company to deliver to the NextView program. 

By early 2009, DigitalGlobe announced several other strategic 

agreements expanding availability of high-resolution imagery to 
online portal, navigation, and applications: The first extended its 

service agreement with Google continuing Google and 

DigitalGlobe’s relationship to pioneer wider global imagery 

accessibility. A new partnership with Microsoft will provide high-
resolution satellite and aerial imagery for its Virtual Earth Platform. 

 Agreement with Oracle, NAVTEQ and Nokia will make imagery in 

Nokia Location Services available on compatible Nokia devices. 
Using streamlined technology integration and development of a 

proprietary format for delivering imagery to Nokia, users will have 

quick, easy and seamless access to a wide range of global imagery 

from DigitalGlobe. On October 8, 2009, WorldView-2 was 
successfully launched from Vandenberg AFB, bringing the total 

number of sub-metre satellites DigitalGlobe has in orbit to 3, 

enabling the company to offer a constellation of spacecraft to 
provide a high collection capacity, some 500M km

2
 annually, of 

high-resolution earth imagery to customers world-wide. 
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Additionally, WorldView-2 is the only commercial high-resolution 

satellite with 8-band multispectral capability and features advanced 
agility and accuracy. 

4 The End Users 

In the same way as there are several organisations interested in 

providing and accessing relevant accurate satellite based information 

there are several key human rights focused organisations pertaining 

to the abuses of human rights occurring in many ‘hot’ and ‘cold’ 
conflicts across the globe. These Human Rights organisations are led 

by the work of UNITAR, (United Nations Institute for Training and 

Research), with considerable experience in use of satellite imagery 
as an information source during both conflict situations and during 

natural disasters. UNITAR’s mission is to deliver innovative training 

and to equip its sister UN agencies and various Member States with 
applied research on knowledge systems. Since inception in 1965 

UNITAR has built sustainable partnerships acquiring unique 

expertise and accumulating experience and knowledge to fulfil this 

mandate. UNOSAT is the Operational Satellite Applications 
Programme of UNITAR dedicated entirely to researching and 

applying solutions in Geospatial Information Systems (GIS), 

navigation and geopositioning. UNOSAT has had twelve years of 
this successful programme, launched in 2000 as an initial project, 

which developed into a mature UN service with global outreach 

supported by a network of partners worldwide. UNOSAT, currently 

led by Einar Bjorgo, a contributor to this volume, has provided over 
1000 maps and analyses, downloads with UNOSAT tasked in over 

200 emergencies and conflicts. UNOSAT has covered all types of 

disasters: natural and man-made, small and large, (on average some 
35 events each year), from Ecuador and the Pakistan floods of 2010, 

to the Haiti Earthquake and South Ossetia conflict in Georgia, 

providing training and capacity development to Member States, UN 
agencies, NGOs, and other international organisations. A Space 

Charter provides free satellite imagery to authorised users and the 

UN during major natural and technological disasters. Approximately 

1/3 of satellite imagery used by UNOSAT is provided through the 
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Space Charter, with other sources, commercial, free, scientific, and 

the US Dept State. However, not all of the imagery is to the same 
resolution level as that provided by satellites already discussed such 

as Ikonos, and Quickbird etc. and the majority of applications use 

Landsat data. 

 

Many of these imaged sites, whether disasters are of natural or man-

made origin, are often inaccessible, and where man-made, 
perpetrators do not want their activities visible to the media. Hence 

the potential value of satellite imagery to mitigate against the 

‘guilty’ and to monitor reports of violations of human rights. The 
value of satellite imagery is split into various stages: No crisis 

signals visible, Emerging risk, Imminent risk, Crisis, Post-crisis, 

Recovery and Development Planning, which put more simply: 

before a crisis (for early warning), during a crisis (for crisis 
monitoring), and after a crisis (to hold perpetrators) accountable for 

their abuse, as first set out by Willum [23]. 

Before a crisis satellite imagery can be used for regular monitoring 

to seek crisis prevention, and realistically, if ongoing and world-

wide, establishes baseline conditions prior to both natural and man-

made disasters. Information gathering on ‘nucleating’ small-scale 
human rights abuses may help to put pressure on various 

‘responsible’ persons and help prevent wider scale abuses and 

massacres. As such satellite imagery monitoring and other human 
rights abuse sources must work together synergistically to have a 

preventative effect so that potential perpetrators think twice about 

committing such acts if they realise they are being scrutinised. 

Internationally, information from satellite imagery and other sources 
can be used to inform the public and if necessary, human rights 

organisations and the news media (including the internet) as tools to 

create a public opinion in favour of outside intervention, as was the 
case in Libya during the Arab Spring of 2011. A further advantage 

of enabling human rights groups to access satellite imagery is that 

motivated public interest group are much more likely to move more 
quickly than a government in making pictures of massacres 

available, and attempting to do something about them.  
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During a crisis NGOs and Inter Governmental Organisations (IGOs) 
outside governments, and amongst the less informed members of the 

population in the countries in question benefits the public in the 

affected countries to be better informed, and the political platform of 
the ‘guilty’ eroded- although this enters the debate of who has a 

legitimate right, and what constitutes a legitimate right to promote 

and effect regime change. Furthermore when a crisis is in full swing, 
the news media is often interested in information and documentation 

for its news bulletins, and satellite imagery, by nature a highly 

visible format used to create mapping of key resources etc. for the 

aid worker, well placed to illustrate the situation. As it is normally 
difficult to access areas of military conflict or ethnic cleansing, the 

value of satellite imagery during a crisis is much enhanced, 

especially if compared with imagery from before a crisis. 

 

After a crisis, archive imagery can again be used as a tool for war 
crimes investigators of the International Criminal Court (ICC) in 

their search for evidence of war crimes, such as ethnic cleansing or 

mass executions, similar to those committed in Bosnia. Identifying 

crimes and perpetrators is not only key for legal purposes, but helps 
‘set the record straight’, a key factor in order to discount 

misinformation that miscreant regimes may put across to the wider 

international community to mask their activities. 

 

Besides the United Nations there have been a considerable number 
of key studies conducted by the Geospatial Technologies and 

Human Rights section of the American Association for the 

Advancement of Science (AAAS), currently headed by Dr Susan 

Wolfinbarger, also contributing to this volume, in many places such 
as: Burma, Chad, Sudan, Lebanon, Eritrea, Ethiopia, and, North 

Korea, amongst others. The AAAS Science and Human Rights 

Program (SHRP), with major funding from the MacArthur 
Foundation and support from the Open Society Institute, is currently 

working to expand the applications of geospatial technologies to 

human rights issues through its Geospatial Technologies and Human 
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Rights Project. Such HR activities are conducted where possible in 

synergy of activities with other organisations, especially contacts 
who can help verify sources on the ground, which is of course an 

extremely dangerous undertaking. There is also a flow of staff 

between these organisations, such as the AAAS and UNITAR which 

helps foster best practice and the sharing of key skills.  

 

More recently satellite imaging projects have been funded by HR 
organisations themselves such as Amnesty International’s funding of 

the Eyes on Sudan, Eyes on Pakistan and Eyes on Nigeria 

campaigns, to not only promote large scale abuses to a wider 
audience via the Internet and traditional news media outlets, but to 

put governments on notice that their activities are being watched. 

Progress is now rapid, even within last year there have been further 

‘public imaging’ developments with a consortia of wealthy 
concerned individuals including Hollywood film stars such as 

George Clooney who have helped support the Satellite Sentinel 

Project, enabling the continuation of  human rights violation 
monitoring, especially of the Sudanese trapped in the Nuba 

Mountains who have suffered much in an ongoing genocide 

campaign waged against them, at best under the watching eyes of the 
Khartoum regime, with the dropping of bombs, use of anti personnel 

devices and the operation of helicopter gunships.   

 

Many other individual workers involved with human rights, with 

limited access to financial budgets to purchase satellite imagery, 

have fortunately been able to access the GeoEye Foundation’s 
archive of high resolution satellite imagery. In March 2007 GeoEye 

announced the formation of the GeoEye Foundation, with the 

specific goal to advance excellence in university teaching of 
geospatial information technologies to aid humanitarian and 

environmental research studies including: climate change, and to 

foster the innovation and growth of the next-generation of geospatial 

technology professionals. This GeoEye Foundation satellite imagery 
archive of over 278 Million square kilometres of map-accurate 

imagery has already proven to be an important data source for 
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GeoEye’s beneficiaries, of which this author is one. The GeoEye 

Foundation is currently managed by an outside advisory Board of 
Directors and a committee comprised of key GeoEye employees, 

supported by a capable but small team of dedicated professionals. 

Requests for archive satellite imagery are reviewed by the Advisory 

Committee and considered on merit. It is obvious that as we have 
only had the technological ability to image at the 1 metre level for 

the last decade there are still large tracts of the earth unimaged as yet 

and so in many cases baseline ‘before’ imagery is unavailable to 
compare changes at the latest highest resolution levels. Nonetheless, 

it is clear that the high accuracy provided by high resolution satellite 

imagery will have a growing role to play in humanitarian, 
environment, and wildlife conservation in our increasingly inter-

dependent twenty first century global community. 
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Chapter 2 

 

Geospatial mapping of natural resources in 
South-Western Nigeria for sustainable 

environmental management 

Ebenezer Ogunbadewa 

 

This chapter provides a novel approach to the management and 

conservation of natural resources in the study area by 
demonstrating the potentials of remote sensing data derived from 

Nigeriasat-1 satellite, with GPS integrated into GIS, as the 

beginning of a technological quest towards advancement in the 
monitoring of natural resources for long-term use. The result shows 

that geospatial data infrastructure-based management system can 

provide a robust decision support tool in a holistic, cost-effective 

and time-saving manner that will enhance administration of a 
natural resources database for Nigerian economic development. 

 

The increasing threats to the natural resources of Ondo-State in 

Nigeria’s South-West, by human activities and likely climate change 

impacts, calls for an improved information system that will give a 
better insight into the complex interaction between natural resources 

and environmental dynamics for sustainable use. Poor analytical 

assessment and inadequate monitoring capability of natural 

resources has been a big challenge resulting in degradation and 
constitutes a major risk to environmental security in the study area. 

There is therefore an urgent need to develop new approaches for 

effective management of the finite resources in order to maintain a 
balance between sustainability and rapid economic development. 

There have not been any foremost efforts to embrace geospatial-

based data derived from remote sensing satellites, Geographical 
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Information Systems (GIS) and Global Positioning System (GPS), 

into the policy formulation of the study area.  

 

1 Introduction 

Natural resources are ‘gifts of nature’ used in production of goods 

and services, including: land, vegetation, air, water, wildlife and 

minerals. Apart from its fundamental importance in the economic 
development of many nations, natural resources are of ecological 

significance in protecting the environment and add aesthetic values 

to the natural settings, and opportunities for ecotourism (Auty, 2007; 

Boyd & Banzhaf, 2007; Solow, 2009).  

 

In recent times there have been a lot of threats to the natural 
resources of Ondo-State in South-Western Nigeria (latitudes 5

0 
45' 

and 7
0 

52'N, 4
0 

20' and 6
0
 5’E respectively) due to persistent 

population growth and increasing economic development. These 
courses of action have stressed the natural resources capacity to the 

extent that it may no longer be sustainable in the future, highlighting 

the need for a set of guiding principles that will integrate natural 

resources management into policy formulation. However, assessing 
the quantity and quality of natural resources have been major 

challenges because the traditional method of evaluation simply 

relates natural resources response to a given perturbation, which is 
no longer adequate as natural resources are functionally dynamic 

systems in the course of the complex interactions of its biological, 

chemical, and physical components (De Groot et. al., 2002; Kofinas 
& Folke, 2009). 

 

In Ondo-State, policy initiatives on natural resources evaluation vary 
in perceptions but there are worries regarding its sustainability, 

irreplaceable quality and high level of degradation that negates the 

principles of economic, utilitarian, ecological and aesthetic standards 
(Auster et al., 2009; Kumar & Kumar, 2008; Sarr & Puettmann, 

2008). Decision-making strategies that can improve and maintain the 

values of soil, water, wildlife and forest reserves simultaneously 
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with ecosystem structural stability for a long-term conservation have 

yet to be formulated. Consequently, urgent steps have to be taken 
with the view that natural resources are functional systems whose 

ecological attributes used in the course of economic development 

should be maintained in a way that will allow the continuity of its 

inherent environmental quality, biological productivity, plant and 
animal vigour (Nienhuis, 2009; Palaniappan et al., 2009). In order to 

achieve these goals, it is vital that accurate and timely decision-

support systems are developed to enhance optimal environmental 
practices. 

 

Currently, there are many procedures used in the assessment of 

natural resources; these include field-surveys, sampling, rating, 

ranking and assigning of scores to categorise the status of natural 

resources ecological unit based on environmental conditions and 
anticipated improvements (Burger, 2008; Carpenter et al., 2009; 

Gala et al., 2009;Nelson & Kennedy, 2009; Tao et. al., 2007; Webb, 

et. al., 2009). Thus, they are classified either as ‘sustainable’, 
‘vulnerable’ or ‘endangered’ resources. The previously mentioned 

procedures lack objectivity necessitating compromise in thematic 

details. They are rudimentary cataloguing schemes that results in 
frequent misclassification of environmental performance indicators. 

Furthermore, they are expensive, time consuming and labour 

intensive, at the same time posing difficulties in data integration and 

compatibility from different sources and techniques (Asner, 2009; 
Magistro et. al., 2007; Nykvist & Nilsson, 2009; Tao et al., 2007). 

 

The success of planning for a sustainable development of natural 

resources depends on the quality (accuracy) and quantity of 

information available. It is, therefore, essential to devise the ways 
and means that will improve data quality and efficiently handle large 

amount of data using modern techniques to produce up-to-date 

information. The potential means of getting better information and 

database management in the study area is to adopt geospatial 
technology.  
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Geospatial technology is a computer-based information system that 

acquires, integrates, stores, manages, analyses, interprets and 
displays output in 2 or 3 dimensions referenced to a particular 

location on the Earth’s surface by geographic coordinate systems 

(De Smith et. al., 2007; Elwood, 2008; Peachavanish & Karimi, 

2007; Sietzen, 2004). Geospatial technology information systems 
includes remote sensing instruments mounted on different platforms 

(ground, air, and space-borne), GPS and GIS.  

 

The use of geospatial technology for managing natural resources has 

a special importance in the study area due to the difficulties and 
remoteness of some hill and swamp terrains where field data 

collection are often difficult. Apart from the fact that geospatial 

technology can play a key role in filling the existing sparse data sets, 

a viable plan for sustainable natural resources management in remote 
areas may be impossible without a geospatial technology option. 

Terrain conditions of the hill and swamp terrains areas justify a shift 

from the historic informal database development approach to a more 
structured and organised system that recognises the significance of 

these peculiar terrain constraints.  

 

In Nigeria, implementation of geospatial data infrastructure as a 

decision support system for various natural resources and 

environmental applications has not been well developed. Existing 
information, previously compiled on a national basis, is mostly 

based on coarse spatial resolution satellite remote sensing data plus 

small scale mapping covering very large areas but with few details. 
Smaller scale maps might be adequate for general planning purposes 

where there is relatively little geographic diversity, but for a country 

like Nigeria covering very large areas of about 923768 km
2
 the 

methodology requires a more detailed map, because topographic 

environments differs widely and are in disparity across the country. 

Therefore, for this type of study, conducted in a part of Nigeria, it is 

better to use at least a medium spatial resolution satellite image and 
a larger scale map. Most geospatial data collecting agencies have 

few digital management systems for data capture and processing, 
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their locations are scattered in different parts of the country, and 

available datasets are spartan and expensive. In addition most 
datasets cannot be accessed by or shared among users due to low 

level of interoperable Internet technology.  

 

Geospatial technology is one of the most important emerging and 

evolving technologies that can be used in the management and 

conservation of natural resources in the study area because they have 
the capabilities of providing information for managing and 

monitoring of natural resources such as: water, land-use, soils and 

vegetation at both temporal and spatial scales (D. Li et. al., 2009). 
They offer a rapid, affordable and powerful tool that has the ability 

to efficiently handle geospatial datasets, create maps, provide 

interactive user-friendly interfaces, transform spatial data according 

to users’ needs, administer datasets from desktop through local 
network to global Internet facilities, visualise, analyse and interpret 

the interaction of spatially distributed natural resources in a timely, 

reliable, relational, and cost-effective way for valuable solutions 
(Anderson et. al., 2003; Descamps et. al., 2006; Díaz et. al., 2008). 

 

Geospatial data infrastructures of remote sensing, GPS integrated 

into GIS, can competently manage large amounts of geospatial 

datasets having different formats by using computerised information 

systems to reconcile compatibility issues. For example, geospatial 
technologies have the proven functionalities to assimilate various 

operational data (spatial and non-spatial) sources and analysis 

systems into a common format by overlaying and merging data from 
diverse background into a single file format.  

The design of a cost-effective natural resources database and 

inventory in the study area is therefore necessary because there is 
need for information on: 

 The status quo of natural resources.  

 The spatial and temporal distribution of natural resources. 

 The environmental conditions. 
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The study area is an agrarian society that produces cash crops such 

as: cocoa, oil palm and rubber, also food crops like yam, cocoyam 
cassava, maize and timber as the mainstay of its economy. Equally 

important are abundant tourism and mineral resources like: 

petroleum, bitumen, limestone and coal; however, these are not 

included in this study. 

 

1.1 Objectives and aims 

Managing natural resources in a sustainable way involves 

identifying appropriate techniques for its quantitative evaluations 

and to accomplish this task the following objectives are articulated: 

 Develop an innovative geospatial technology potential for 

classifying natural resources and protecting the environment. 

 Assess the capabilities satellite remote sensing observations, in 

particular Nigeriasat-1 multispectral satellite sensors in 

extracting the physical and natural environment information.  

 Integrate multisource data from Nigeriasat-1, digitised 

topographic maps and GPS integrated with metadata into GIS 

database processing for creating  an outline regional natural 
resource map. 

This chapter’s main aim is to demonstrate the potentials of remote 

sensing and GIS in the development of resource database by using 
visual representations and quantitatively analyse an outline regional 

resource map created as a valuable support tool for decision making. 

The considerations of Nigeriasat-1, GPS and GIS for development of 

natural resources database in the study area arose as a result of the 
need to quantitatively identify natural resources and the inadequacies 

of field-surveys to effectively capture the data required for 

sustainable management of natural resources in the study area. The 
possible option of overcoming the above mentioned shortcomings is 

to utilise data derived from satellite remote sensing, GPS 

instruments and GIS because the basic natural resources parameters 
such as water, soil, land and vegetation can serve as major inputs 

that can be successfully incorporated into GIS database programmes.  

In addition Nigeria has its own satellite, Nigeriasat-1, which is 
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fortunately available to Nigerian citizens free of charge and 

appropriate for this study as discussed in the next section.  

 

1.2 Overview of geospatial technology 

Geospatial technology information systems includes remote sensing 

instruments mounted on different platforms (ground, air, and space-

borne), GPS and GIS.  Remote sensing is the collection of 
information about an object/environment without being in physical 

contact with the object/environment by means of either ground based 

or air-borne or space-borne satellite sensors using electromagnetic 

energy to detect target characteristics (Jensen, 2009; Richards & Jia, 
2006; Schott, 2007; Schowengerdt, 2007). Satellite remote sensing 

data can be considered an essential data source for the appraisal of 

natural resources as they provide both valuable and timely 
information for identifying its spatial distribution by classifying land 

areas into various land-use/cover types through the different 

reflectance characteristics detected by remote sensing instruments. 

 

In this study the remote sensing data used is derived from the 

Nigeriasat-1 space-borne satellite sensor, which was launched in 
September 2003. It is one of 5 micro-satellites known as the Disaster 

Monitoring Constellation (DMC). The DMC satellites are 

collaborative efforts of 5 countries including Nigeria with a satellite 
known as Nigeriasat-1; other satellites are independently owned and 

controlled by different countries (Algeria: Alsat-1, UK: UK-DMC, 

Turkey: Bilsat-1 and China: Beijing-1). Nigeriasat-1 is a nadir-
viewing push-broom three-band multispectral scanner. The 3 

spectral bands of DMC satellites are band 1/Near IR (NIR), 2/Red 

and 3/Green similar to Landsat ETM+7 bands 2/Green, 3/Red and 

4/NIR (Stephens & Sweeting, 2004). Nigeriasat-1 is available in 
digital format of 3 bands (NIR, Red, Green), and is an ideal source 

of GIS data because it allows direct import into a GIS database. The 

characteristics of high temporal (daily), medium spatial resolution 
(32 m) and a 600 km swath width allows mapping of an extensively 

large area of Ondo-State in one scene without the need for 

mosaicing. The geometric-radiometric properties and the biophysical 
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performance of Nigeriasat-1 have been investigated and is 

appropriate for this purpose (Ogunbadewa, 2008).  

 

GPS technology is a hand held ground-based radio navigation 
system that derives data from satellites systems. It is an 

indispensable tool for management and mapping of natural resources 

because it provides accurate locations of objects on the Earth’s 

surface and precise ground control points in the process of geo-
referencing and ground-truthing in digital image processing (Kaplan 

& Hegarty, 2006; Van Nee & Coenen, 2008; Zumberge, et. al., 

1997).   

 

GIS is a computer-based system that provides the means of storing, 
retrieving, manipulating, analysing, visualising and linking 

databases to specific locations. GIS can perform numerous functions 

in the processing of spatial, physical and socio-economic data that is 

well suited to deal with decision making processes because of its 
capability to integrate multi-source and different types of data 

(Knowles, 2008; Manso & Wachowicz, 2009; Tomlinson, 2007). 

 

The database derived will create awareness by exploring the gains of 

geospatial science in the management of natural resources in Ondo-
State, south-western Nigeria. Geospatial technology as a supporting 

tool will aid planning conservation of environmental resources, the 

prevention and minimisation of adverse impacts arising from human 

activities and indirectly from climate change; generate consciousness 
towards active stewardship and best practice in the uses of finite 

natural resources  for making informed decisions. The results from 

this study will serve as a step forward in the direction of 
development of a resource database and the feasibility of thematic 

applications in the areas of forestry resources assessment, land-use 

inventories, agricultural development and river basin management. 
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2 Methodology 

A Nigeriasat-1 image was acquired on the 23
rd

 January, 2007 from 
the National Space Research and Development Agency (NASRDA) 

of Nigeria. The Nigeriasat-1 image covering Ondo-State was 

geometrically corrected to the UTM WSG84 coordinate system by 
selecting 30 evenly distributed targets with distinct boundary 

geometry as Ground Control Points (GCPs). These includes; Akure 

airports, Adekunle Ajasin University, corners in the Central 
Business District (CBD) of some city centres and road intersections 

were used as GCPs derived from maps obtained from the Nigerian 

Federal Surveys Department. The selected points were used to 

geometrically correct the Nigeriasat-1 image using a second order 
polynomial in Erdas Imagine, image processing software. The image 

was resampled to 32 m pixel using the nearest neighbour resampling 

techniques and the Root Mean Square Error (RMSE) was less than 
0.5 pixel making the geometric correction to meet the Minimum 

Mapping Unit (MMU) required for this study. Topographic maps 

were digitised and a Garmin GPS receiver used to geo-reference and 

accurately locate natural resources including roads and settlements. 
Derived features from topographic maps, Nigeriasat-1 and GPS data 

were integrated into a GIS database in ArcGIS software version 9.3  

after performing all the pre-processing steps such as input of raw 
digital data, image correction and registration centred on latitude 6

0
 

30'N, 4
0
 54'E  with UTM WSG84 projection zone 31 covering the 

whole state. The levels of degraded areas were evaluated with 
respect to the analysis, land-use/cover classification map derived, 

field observations and personal interviews with local populations. 

 

 

2.1 Geospatial tool functionality  

The principal geospatial technology tool for building inputs (spatial, 

attribute, metadata, and relationships) in various forms into the 

physical store of geospatial database management system is GIS. 
GIS uses geospatial database management system to stockpile, 

search, query, and share large spatial datasets. GIS serves as the 

“front-end” (start) where the inputs are collected for processing 
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using an interface to connect to the “back-end” (final) according to 

the users’ specifications. The “back-end” can indirectly support the 
“front-end” services in the geospatial database management system 

by the way of interaction. Before a GIS can perform data analysis 

and manipulation, the data has to be accessed from the geospatial 

database management system where the data are stored as 
coordinates systems and topological networks in related classes. A 

geospatial database management system has advantage over the 

conventional database systems because it is optimised to store and 
query data that is related to object location, including geometrical 

features (points, lines and polygons), numeric characteristics and 

attributes data types with little need for added functionality. A 
geospatial database management system is a type of database in 

which the data can be spread across several charts that are related 

and associated together by shared attributes with hardly any 

assumptions about how the data are related and can work with many 
database management systems as well as programming languages. 

With geospatial database management system, it is easy to update 

and accumulate more data types in relation to objects and locations 
making presentation, manipulation and extraction of area of interest 

from various layers well-organised.  

 

2.1.1 Geospatial database development 

The next level in the data processing chain is the integration of all 
data types into a GIS. This requires a balance between the 

morphological approach of remote sensing and the functional 

approach of GIS data structure. It involves identifying an appropriate 
link between physical properties derived from remotely sensed 

imagery to the object-oriented GIS. GIS data structure was based on 

the administrative and topographic maps of Ondo-State following 
ArcGIS librarian data model while UTM coordinate system was 

used for building the database. The database follows the boundary of 

the scale of the administrative map sheet with tile dimension of 30’ 

by 30'.  
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2.1.2 Tiling and layers morphology 

The essential components of spatial information infrastructure were 
compiled for each data layer. The respective data layers were entered 

into ArcGIS for database formatting, overlay and analysis. A 

multisource geodatabase was developed around the physical 
environment and remotely sensed data for GIS as a geospatial 

technology tools (Table1). 

Table 1 Data and metadata features 

Layer Description  Type 

Ground Control Points 

(GCP) 

Trigonometry and precise 

levelling 

Point 

Global Positioning System 

(GPS) 

Precise geo-referencing Point 

Boundaries Local and state boundaries Line 

Transportation Road networks Line 

Settlements Towns, villages, farmstead and 

camps 

Polygon 

Vegetation Cultivated, forest Polygon 

Hydrology Drainage networks Polygon 

NigeriaSat-1 Multispectral satellite imagery Polygon 

 

Specifically, it consists of both raster and vector layers, including 

stacked 3 bands (1/NIR, 2/Red and 3/Green) of NigeriaSat-1 
multispectral satellite imagery, drainage and road network plus 

settlement patterns (rural and urban). Altogether the multisource data 

comprises of 4 layers including the ancillary attributes data and the 
GPS reference data determined by the regional orientation of the 

work and existing information to create a geodatabase (Figure 1). 
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Figure 1 Geospatial database of Ondo State, Nigeria 

 

The geodatabase is a multi-layer image with each image pixel 

containing original measured remotely sensed data and derived 
features, such as textural and reflectance information that were 

incorporated and executed within ArcGIS software package creating 

a derived land-use/cover maps as the output with each pixel 
corresponding to an area of 32 m×32 m of NigeriaSat-1’s spatial 

resolution. The spatial visualisation capabilities of GIS technology 

interfaced with a relational database provide an effective method for 

analysing and displaying the results of natural resources assessment. 
The application demonstrated in this study includes geospatial 

analysis of area extent and location of natural resources from the 

created regional map. The result of geospatial technology tool 
execution includes morphological processing, image display, 

analysis and specifying the area of interest with a boundary file. 

Road networks, settlement patterns and administrative boundaries 
layers are not natural resources but were added to the database to 

improve output visualisation, image classification accuracy and 

robustness geospatial technology tool. This framework is designed 

and developed for integrating raster, vector and ancillary data layers 
to function as a decision support system in a stand-alone computer 
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that can connected to other computer network and provides a user-

friendly interface to access, process and execute data involving 
extracting, mapping and estimating land-use/cover features for 

natural resources management and planning  of Ondo-State. 

 

3 Data analysis and results  

This section aims to illustrate with examples the analytical 
capabilities of the geospatial technology by providing a quantitative 

description of natural resources distribution in the form of an outline 

map and bar chart. Geospatial technology provides a simple 

framework to understand spatial variability of natural resources 
within the context of the landscape. It is important to understand and 

consider the spatial relationships of different cover types and land 

uses that uniquely impact on natural resources dynamics. These 
examples involve classifications of land-use/cover and determination 

of area extent of available natural resources.  The distinction of 

different types of resources requires a combination of several 
techniques to effectively identify the varieties of land-use/cover. To 

accomplish this task a hybrid classification strategy was employed. 

This is a two-stage strategy that combines unsupervised and 
supervised spectral classification, utilising operator derived classes 

based on local knowledge as well as the ability to identify the unique 

and often spectral classes that can be a central pointer to detectable 
natural resources. An object-based classification method ArcGIS 

tool was used. Unsupervised classification of the image was first 

performed with separable classes. In this type of study, which is 

regional in nature, object-based classification using the ArcGIS tool 
will be the most suitable because the ArcGIS tool has the advantage 

of dynamism and flexibility for spatial, textural and spectral 

clustering of pixel signatures that allow the user to make necessary 
adjustments for cluster and missed features during classification. 

Supervised classification was afterwards performed using training 

areas visited during fieldwork to further refine the classification of 
certain land use types into more specific ones and to separate 

overlapping classes. In this study training data sets were derived by 

digitising polygons of clustered pixels representing each natural 

resources data type. In order to avoid the problems of mixed pixels 
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and the possibility of mixed pixels belonging to multiple classes, the 

digitised pixels were grouped with the dominant class. The dominant 
class was used as the training data sets for classification using 

Feature Analyst in ArcGIS software. The error matrix of the overall 

classification accuracy was 88.75% and the overall Kappa Statistics 

was 0.86 making the use ArcGIS software appropriate for the 
classification in this study. Classification into spectral categories 

involves visual interpretation of spectral properties detectable by 

satellite data, such as: tone, colour, shape, size, shadow, pattern, 
texture, and association. The land-use/cover classification using 

Nigeriasat-1 multispectral data in combination with GIS was based 

on Level 2 of U.S Geological survey land use/cover classification for 
remote sensing data resulting in ten categories. These categories are: 

Undisturbed forest, disturbed forest, mangrove forest, forest 

plantation, woodlands, tree crop plantation, intensively cultivated 

lands, settlement, water-bodies and rock outcrop (Figure 2). 

 

Figure 2 Derived natural resources map of Ondo State, Nigeria 
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The output of spatial extent of the natural resources was estimated 

by calculating the percentages of each class in the ten categories of 
the land use/cover. Quantitative estimation shows that intensively 

cultivated land with annual crops has the highest area coverage of 

74.78%, mangrove forest 8.41%, disturbed forest 7.42%, rock 

outcrop 2.76%, undisturbed forest 2.11%, settlement 2.07%, forest 
plantation 0.86%, tree crop plantation 0.68%, woodlands 0.58%, and 

water bodies has the lowest value, 0.34%  (Figure 3).  

 

Intensively cultivated lands with annual crops have the highest 

percentage of the area coverage of 74.78%. Intensively cultivated 
lands is being poorly managed and considered to be significantly 

sensitive and vulnerable. It is the zone where most of the food crops 

such as cassava, maize, and yam are grown, yet land degradation is 

maximum, so farming types are unsustainable without the 
application of fertilisers. Forest cover occupies a total area of 18.8% 

of the land-use/cover classes including undisturbed forest reserve 

and forest plantation with exotic trees comprising of Iroko 
(Chloraphora excelsa), Mahogany (Khaya), Afara (Terminalia), 

Ofun (Manzonia allissima) and Obeche (Triplochiton). 

Forested areas were characterised by extractive uses and a high rate 

of deforestation through activities such as: lumbering, wood fuel 

collection, crop production and urban/rural settlement 

encroachments. Furthermore, forest serves as wildlife sanctuaries 
and natural parks. However, loss of wildlife habitat and hunting of 

wild animals is notably impacting the animal communities in these 

areas. Common species of mammals, reptiles and birds have 
generally disappeared from the landscape even in the undisturbed 

forest zones where the remaining small to medium-sized mammals 

are threatened. Woodlands biodiversity (0.58%) is negatively 

impacted through substantial conversion of original lands to 
cropland, unsustainably leaving behind only a few islands of natural 

vegetation, where further erosion threats and loss of soil fertility 

exists. 
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Figure 3 Land use/cover classes of Ondo State, Nigeria 

 

Settlements have about 2.07% coverage. It comprises urban and 

rural built-up areas with several issues such as: flood, air pollution, 
indirect impacts of climate change resulting from high level of 

deforestation, urbanisation, mining and industrial operations (which 

is energy intensive causing harmful carbon emissions- a problem 
demanding a solution). Water bodies including streams, rivers and 

lakes occupy the lowest percentage of 0.34% and have been 

experiencing sedimentation, pollution from pesticides use, and 

increased concentrations of fertilizers, while blasting of rock 
outcrops for construction purposes is a concern.  
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4 Conclusions and future work 

The valuable capabilities of geospatial technology in the context of 

database development and inventory of natural resources for 
sustainable management through land-use/cover classification are 

demonstrated. Use of geospatial technology makes the integration of 

diverse spatial data into a comprehensive database possible. Based 

on the results pertaining to the different land-use/cover 
classifications, it is possible to target lands for sustainable 

development. Despite lack of adequate observed data at field scales, 

geospatial technology can be effectively used to simulate alternative 
natural resources management and conservation plans that could be 

visualised under a variety of scenarios. Thus, Ondo-State will 

greatly benefit by using geospatial tools in decision making and 

planning exercises, to obtain optimum results from policy initiatives 
on natural resources program by including areas that deserve 

attention. It is vital to realise that adoption of geospatial technology 

and its use will lead to subsequent understanding and familiarity 
with this tool. Furthermore, Ondo-State will have a scientific basis 

for justifying the long-term benefits of sustainable management of 

natural resources that will eventually lead to the implementation of a 
variety of related projects. In addition to facilitating mapping, 

geospatial technology has immense potential in both compliance and 

regulatory roles of detecting land encroachments, illegal lumbering 

and hunting. Moreover, geospatial technology can address non-
compliance issues related to natural disaster management such as: 

fire out break, flood, drought and erosion risk. 

  

The results of an outline regional land-use/cover resource map 

showing the spatial distribution of resources using Nigeriasat-1 data 
in combination with GIS proved satisfactory with map accuracy 

assessment and therefore is an appropriate data source for natural 

resources development and decision support systems. The more 

accurately identified ten categories may be used as an initial 
framework for resource geodatabase development. However, these 

classes will still require routine procedures of updating and 
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automation in future. The framework may serve as a building block 

for inclusion of additional tools (computer networking and 
connection to Internet facilities) geared towards more 

comprehensive data input (hydrology, topography, soils, 

physiography, climate, mineral, or socio-economic factors) and as an 

output that can be readily incorporated to support decision-making 
to ensure the best possible use of the finite natural resources. 

 

In spite of these successes, the development of these information 

systems has encountered several major practical and technical 

difficulties. Information about spectrally heterogeneous classes is 
limited and it is observed that the inability of Nigeriasat-1 to 

correctly identify linear futures like rivers, roads and infrastructure 

was due to the medium spatial resolution of 32m. There are also 
difficulties in discrimination between settlements and bare hilly land 

due to spectral similarity resulting from the limited spectral range of 

the satellite-based sensor. 

 

The future priorities for this type of study should revolve around 

augmentation of the database and further development of spatial 
analytic applications. These will include utilising some available 

technologies in which their capabilities are still relatively untested in 

this part of the world such as Light Detection And Ranging (LiDAR) 
that provides information about object in three dimensions (3D) and 

developing a Web-based geospatial decision support system that will 

integrate both Intranet and Internet in achieving a wide data sharing 

and accessing vision to aid in the decision-making processes of 
natural resources. More importantly, obtaining a variety of multi-

resolution remote sensing data with high spatial and spectral 

resolution from commercial satellite sensors, aerial photographs of 
large scale format, digital maps to allow for differential mapping at 

different levels, which will lead to efficient and effective planning 

management and implementation at local, regional and national 

level.  
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3 

Zimbabwe- a satellite imagery analysis of the 
forced demolition of Porta Farm 

Christopher Lavers 

 

This chapter examines how high-resolution satellite imagery can 

provide corroborating imagery evidence for examples of land 

clearance in reported human rights violations. We evaluate the 
region of Porta Farm, Zimbabwe, cleared in Operation 

Murumbatsvina between June-July 2005, with the use of simple 

mathematical algorithms in Matlab to assist in identification of 

change areas.  

 

1 Introduction 

 

Today the world faces an unparalleled number of man-made and 
natural humanitarian disasters. In 2004, these disasters claimed tens 

of thousands of lives worldwide, the single largest event being the 

South East Asian Boxing Day Tsunami claiming an estimated 

187,000
1
 lives. In 2005 Hurricane Katrina alone destroyed 300,000 

homes, displacing 770,000 people, providing nearly $6.1 billion aid 

directly to some 950,000 households for housing and other aid, 

requiring a massive coordinated aid effort by the United States and 
International Community

2
. Although the majority of these tragic 

events are beyond the ability of mankind either to predict or provide 

adequate warnings of impending disaster this is not the case for the 
majority of man-made humanitarian disasters of specific and 

                                                   

1 http://www.globaleducation.edna.edu.au/globaled/go/pid/2258#Section1 
(Accessed 20/11/2012)

 

2 FEMA Director David Paulison Editorial On Lessons Learned From Katrina "Weathering the Next Storm", 

Washington Post, 08/27/06 Release Date: August 27, 2006.Release Number: FNF-06-015 

http://www.fema.gov/news/newsrelease.fema?id=29319 (Accessed 20/11/2012)
 

http://www.globaleducation.edna.edu.au/globaled/go/pid/2258#Section1
http://www.fema.gov/news/newsrelease.fema?id=29319
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complex character. It is anticipated that climate aggravated 

environmental conflicts will exacerbate existing causes of conflict 
including: ethnic rivalry, religious differences, and competition for 

resources (such as water and grain, etc). It is expected that climate 

change will increase both the frequency and intensity of regional 

ethnic and resource driven conflicts. In 2004 an estimated 300 
million were affected by natural disasters and conflicts or both 

(Complex Emergencies)
3
. The potential of geospatial technologies to 

benefit the international human rights community was first 
highlighted by the US Agency for International Development 

(USAID) and the US Department of State confirming ethnic 

cleansing in Darfur, SUDAN
4
. The chapter assesses the feasibility of 

using high resolution satellite imagery to evaluate Human Rights 

abuse allegations in one specific documented incident. 

 

Space based imagery offers excellent promise to provide remote 

surveillance of groups at risk of deliberate humanitarian crises of 

man-made origin. If reported early and effectively, satellite imagery 
can help mitigate against such unnecessary humanitarian disasters. 

GeoEye’s IKONOS and Digital Globe’s high resolution satellite 

based imagery now routines provides the ability to monitor a broad 
range of man-made land use and land cover activities in high 

resolution, an important geographical tool to confirm human rights 

abuse allegations. We recently used the latest technological 

developments in this area and image processing methods to look at a 
range of current regions of global concern: Southern Sudan (Lavers, 

                                                   

3 European Space Agency (ESA) Bulletin, May 2005, p37. 

4 Darfur Humanitarian Emergency Satellite Imagery US AID from the 

American People 

 www.usaid.gov/locations/sub-saharan_africa/sudan/satelliteimages.html (Last 
accessed 13/04/2011). 

 

http://www.usaid.gov/locations/sub-saharan_africa/sudan/satelliteimages.html
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2008), GeoEye Case Study on Zimbabwe
5
, and West Papua 

(Indonesia)
6
. The Sudan paper was prepared to support my 

colleague, Baroness Cox, founder of HART, operating across 

Southern Sudan.
7
 

 

Increased economic globalisation and climate change are set to 

increase the frequency of regional ethnic and resource motivated 

conflict, as stated by a previous advisor to UK Prime Minister Tony 
Blair (Mabey, 2008) exacerbating economic instabilities further, 

often affecting those at the bottom of the socio-economic scale 

hardest. One of the most flagrant recent examples of this skewed 
socio-economic impact was the 2006 reported government 

coordinated land clearances affecting many different townships 

across Zimbabwe, such as Chitungwiza and Porta Farm.  

 

The Zimbabwe government began Operation Murambatsvina
8
 

(Restore Order) in May 2005- a program of mass forced evictions 
and demolitions of homes and businesses, announced in Harare 

(May 2005).
9
 The government carried out Operation Murambatsvina 

during a period of local food shortage. One UN report estimated the 

                                                   

5 Porta Farm Zimbabwe, GeoEye MediaRoom – Case Studies 
http://geoeye.mediaroom.com/index.php?s=57&item=57&printable (Accessed 
31/03/2011) 

6 High-Resolution Satellite Observation of Remote Mining Areas Addresses Human 
Rights and Environmental Protection Issues 

http://geoeye.mediaroom.com/index.php?s=57&item=60 (Accessed 13/04/2011). 

 

7 Humanitarian Aid Relief Trust (HART) http://www.hart-uk.org (Accessed 13/04/2011).  

8
 In the Shona Dialect Murambatsvina means ‘drive out the rubbish’ 

9. Zimbabwe Shattered Lives – the case of Porta Farm, ref 3 p. 10, Amnesty International AI 

Index: AFR 46/004/2006 31st March 2006. 

http://geoeye.mediaroom.com/index.php?s=57&item=57&printable
http://geoeye.mediaroom.com/index.php?s=57&item=60
http://www.hart-uk.org/
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number internally displaced to be as high as 700,000
10

. Zimbabwe, 

once considered the bread-basket of Africa, now produces virtually 
no food of its own. Consequently food must be brought in from 

neighbouring countries like South Africa, and taken to churches and 

orphanages for distribution. In 2008 one rural church was forcibly 

closed down by the government party’s militia, occupying it for use 
as a torture facility. ‘The congregation, numbering about 30, were beaten 

and accused of many things, but continued to meet for worship at their 

pastor’s home whenever they could. But this was never possible on 

Sundays, because on Sundays they were ordered to attend indoctrination 

and re-education rallies.’ This is just one example of anti-Christian 
persecution that forms part of the multi-faceted oppression 

characteristic of Zimbabwe in recent years. Church leaders who have 

called for justice or have opposed the government’s brutal policies in 
any way have been especially victimised, but ordinary church 

members have suffered as well
11

.   

 

In 2009 a GeoEye Foundation satellite imagery award helped 

provide proof of alleged human rights violations in Zimbabwe when 

the government destroyed an entire community in Porta Farm and to 
test new software analysis mediated approaches. For 15 years prior 

to the forced eviction Porta Farm had been a thriving community 

established along the northern edge of Lake Chivero, ironically 
created as a consequence of previous land clearances near Harare.  

 

In late June 2006, over several days, the government instituted 
forced demolitions at Porta Farm. Local human rights monitors 

reported that during the disorganised demolition several deaths 

occurred, including those of several children. Bulldozers executed 
the main demolition process at the end of July 2005. In May 1997 

recommendations had been given by the United Nations Committee 

                                                   

10 Report of the Fact-Finding Mission to Zimbabwe to assess the Scope and Impact of Operation 

Murambatsvina by the UN Special Envoy on Human Settlement Issues in Zimbabwe, 22 July 

2005 p.33. 

11 Barnabas Aid July/August 2009. 
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on Economic, Social and Cultural Rights, stating “that appropriate 

measure be taken in order to more effectively guarantee the right to 

housing and in particular to ensure that no forced evictions are carried out 

without alternative housing being offered.” In this report I used released 
GeoEye Foundation

TM
 satellite imagery and new image processing 

methods to enhance the imagery quality and quantify the demolished 

area, number of dwellings destroyed, approximate number of people 
directly affected by displacement and overall dwelling density. The 

study included changes in relative proportions of Near IR (NIR) and 

visible (red) reflectivity indicative of changes to small-scale farming 
agriculture. Through this chapter, the benefits of using detailed high 

resolution satellite imagery in one location to examine human rights 

abuse allegations, specifically internal displacement of people due to 

the policies of a government, was confirmed.  

 

A key challenge for confirming human rights allegations or abuse is 
achieving rapid response to eyewitness reports. Effective and timely 

response is critical for the International community to mitigate 

against such atrocities. NGOs are often hindered by not knowing the 
affected area size, the distribution of numbers affected and the 

unwillingness of some governments to permit aid and medical staff 

gaining access to affected areas to verify conditions on the ground or 

to provide urgent humanitarian relief, e.g. in Sudan or the aftermath 
of Cyclone Nargis in Burma (2008). High resolution satellite 

imaging provides essential tools for making quality detailed maps of 

an area and for distribution of key resources such as food and water, 
such as those provided by UN staff at UNITAR, led by Einar 

Bjorgo, Senior Specialist
12

. 

In some cases reporters’ access to corroborate evidence is also 
highly perilous, as discussed in our West Papuan mining case study, 

where in separate incidents 5 Australian journalists, and then 2 

American teachers
13

 were shot dead reportedly trying to get pictures 

                                                   

12 www.unitar.org/unosat (Last accessed 11/04/2011) 

13 http://www.ips-dc.org/blog/getting_into_bed_with_the_devil_in_indonesia# 
(Accessed 31/03/2011) 

http://www.unitar.org/unosat
http://www.ips-dc.org/blog/getting_into_bed_with_the_devil_in_indonesia
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of the mine, and the recognised leader of the West Papuan 

Independence movement, Kelly Kwalik, was killed as we went to 
press with a news release in Dec. 2009 in the vicinity of the mine

14
, 

besides a more recent journalist fatality
15

. 

Several possible satellite systems exist, with archives providing high 
resolution satellite imagery, but only the GeoEye Foundation 

provides access at nil cost to humanitarian based researchers and 

comparable with the other available satellite sensors (Table 1). 

 

Satellite  Orbview 3        Ikonos-2            Quickbird-2 

Operator  Digital Globe   Geo-Eye         Geo-Eye          

Data        2003-March 2007       Sept 1999          Oct 2001 

Panchromatic Resolution (B&W)  

      1 m                  1 m    0.61-0.72 m 

Multispectral Resolution   

4 m (4 bands)    4 m                    2.44 m 

       Table 1 

 

                                                   

14 http://news.bbc.co.uk/1/hi/world/asia-pacific/8415484.stm (Accessed 
31/03/2011) 

15 A rescue team found the body of journalist Ardiansyah Matra’is near the 
Gudang Arang River, two days after his family reported him missing in 
Merauke, a small town on the southern tip of Papua province, according to 
news reports.  The body of journalist Ardiansyah Matra’is was found in a river 
days after he was one of four journalists to receive death threats. The killing 
comes just weeks after thousands of Papuans took to the streets demanding a 
referendum on West Papuan independence from Indonesia and an 
internationally mediated dialogue with Jakarta. 
http://cpj.org/killed/2010/ardiansyah-matrais.php (Accessed 31/03/2011) 

 

 

http://news.bbc.co.uk/1/hi/world/asia-pacific/8415484.stm
http://cpj.org/killed/2010/ardiansyah-matrais.php
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2 Porta Farm Case Study Methodology 

 

The full extent of Porta Farm is slightly cut off at bottom left in the 

released satellite imagery, but is compared with another study by Dr 
Lars Bromley, formerly heading up the Geospatial Technologies and 

Human Rights Project, AAAS Science and Human Rights Program
16

, 

now with UNITAR in Geneva, Switzerland, an autonomous body within 

the United Nations with a mandate to enhance the effectiveness of the 
UN through training and research. 

 

Figure 1 shows ‘Before’ panchromatic imagery, 25
th
 June 2000. Figure 

2 shows an ‘After’ panchromatic image 15
th
 September 2006. 

Differences in the images before and after the enforced land clearance 
are observed. Figure 1 shows Porta Farm as an established and inhabited 

area. Figure 2 shows the same area 6 years and 3 months later. None of 

the original dwellings are present in the second image. There are a small 

number of new building features in the middle bottom of the later 
image, but it isn’t possible from these images to establish if they are 

abandoned or in use, apart from ground-truthing.  

 

                                                   

16 American Association for the Advancement of Science  http://www.aaas.org/ 

 

 

http://www.aaas.org/
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Figure 1 ‘Before’ panchromatic imagery, dated 25
th
 June 2000 © 

GeoEye Foundation. 

 

Figure 2 ‘After’ panchromatic image dated 15
th

 September 2006 © 

GeoEye Foundation. 

 

The study area is broken into a number of smaller sections which 

aids full area characterisation (Figure 3). The settlement width 
analysed here (short axis) was about 260 m, the length being 650m 

giving a total coverage area of approximately 168,000 m
2
. The 

complete length (off image) was about 1 km, with 3 main roads and 
numerous side streets. Porta Farm, lay to the west of Harare, 

between Lakes Mc Ilwane and Chivero off the main Harare-

Bulawayo road. Its coordinates were: 17.9 S, 30.8 E. The full 
breakdown covering the individual inhabited sections given in Table 

2, with outlier buildings included in the nearest sectioned area.  

UN observer eyewitness reports from the Porta Farm land clearance 

area corroborated locations (latitude/longitude) when checked 

against satellite imagery. Human rights land clearance work often 
involves structural removal. Sometimes buildings are removed in 

developed stages, however at Porta Farm building removal was 

accomplished in a single clearance stage. 
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Figure 3 Porta Farm Assessment Areas             

Figure 4 Manual dwelling identification.  

Red corresponds to likely dwelling, Green to a larger possible 

communal building.  

Figure 4 shows results of manual identification of buildings 

removed/destroyed. A colour code designates red for likely dwelling 
sized buildings (smaller), and green for larger buildings- possibly 

commercial or public facilities. 
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Table 2 notes. 

1-5 These areas extend further off the satellite imagery mapped area 

shown. 

6. Zimbabwe’s average family size has reduced from 7 to 4 by 1982 

as a result of increased access to family planning information and 

attributed to growing economic hardships faced by the country, 
according to the Zimbabwe National Family Planning Council 

(ZNFPC). 

 

Manual identification is a long and drawn out affair. It is a more 

efficient use of time to be able to identify areas of large-scale land 

clearance, or land use change quickly with minimal direct human 
input. To further this objective a computer mediated process was 

initiated to locate large areas of change as quickly as possible and 

quantify them. 

 

The chosen assessment method uses semi-automatic orientated 
methods using Matlab. Matlab allows matrix manipulations, plotting 

of functions and data, implementation of algorithms for a wide area 

assessment of Land Cover to be achieved quickly and provides a 

variety of image based signal processing approaches. Software was 
written which required co-registration of identical image scenes in 
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‘before’ and ‘after’ categories for single or multiple spectral band 

data. Software co-registers ortho-rectified imagery to match pixel to 
pixel on the intended scene. False colour and monochrome image 

outputs are available. Matlab analysis involves change detection at 

its core, looking at the residual difference between images, e.g. 

consider the 2 images in figure 5a and figure 5b respectively. 

The Figure 5b ‘snowy’ appearance of vegetation in the NIR scene 

due to the high reflectance of grass, trees and shrubbery, provides 
vegetation in more detail in figure 5b. Note the significant contrast 

change in object against background observed for moss on the flat 

building roof, the square grass area right, and the contrast inversion 

for the potted plants in front of the flat roofed building. Once entered 
into Matlab as a sequence of matrix elements these images can be 

rendered in a false colour format respectively for red band visible 

(figure 6a) and NIR band false colour imagery (figure 6b). 
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Figure 5a Red band Visible image of Dartmouth Castle, England. © 

CR Lavers (2004). Figure 5b NIR band image of Dartmouth Castle, 
England. © CR Lavers (2004). 
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Figure 6a. Red band of Visible imagery (from figure 5a) represented 

in a false colour spectrum colormap (jet).                                                     
Figure 6b NIR band (from figure 5b) represented in a false colour 

spectrum colormap (jet). 

The preferred approach here records reflectivity Contrast C = (NIR - 

Red) / (NIR + Red) as indicated in figure 7, or in the case of before 

and after imagery Contrast CT = (After - Before) / (After + Before). This 
creates a Normalised Image Index between modular values of 0 and 

1, an index not just for Normalised Difference Vegetative Index 

(NDVI) (Yue, 2007) studies but temporal changes also. This NDVI 
approach is widely applied to imagery for vegetative land cover 

changes in the form as C = (NIR - Red) / (NIR + Red) but rarely 
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with high resolution satellite imaging data. In figure 7 the output 

NDVI range is -0.1 to 1.0 in Normalised Index with negative change 
possible.   

 

Figure 7, Normalised Image Based Index, plotted as (NIR - Red) / 

(NIR + Red) in colormap (jet). 

 

2.1 Porta Farm Results  

2.1.1 Main Inhabited Area Removal  

At Porta Farm, imagery was chosen to compare with the semi-

automatic Matlab approach 4 m panchromatic data, before and after 
land clearance, previously figures 1 and 2 respectively. First the 

chosen sub-region of Porta Farm was selected, creating 2 co-

registered black and white sub-images ‘before’ and ‘after’.  

In these individual building identification is observed and building 

removal is clear. After entering into the Matrix chosen sub-images 

are reloaded as false colour images, ‘before’ (figure 8a and ‘after’ 
figure 8b respectively.  
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Figure 8a Before sub-image in colormap (jet).       Figure 8b After 

sub-image in colormap (jet). 

The presence of buildings is strongly indicated by high intensity 

level of the visible red reflectivity (spotlighted red), largely absent in 

figure 8b, with a new road appearing with high reflectivity. Once 
data for both co-registered selected regions exists as Matlab matrices 

both sub-matrices can be further subtracted, added, or combined in 

any mathematical desired manner. Difference values alone fluctuate 

significantly and so use of the temporal (pseudo NDVI), allows 
normalisation for more than just vegetative land cover, shown in 

(monochrome format), or colour bar (figure 9). 
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Figure 9 NDVI plotted as (After - Before) / (After + Before) colormap 

(jet), colour bar added. 

Figure 9 shows that although contrast can increase positively, 

negative contrast is also possible. A high positive contrast change is 
seen in several regions especially in the area of new road 

construction, in the South East image quadrant (from pixel 400 

travelling at a 45 angle South West to North East) and areas 
previously associated with Porta Farm dwellings. Matlab allows 

certain key bands of change to be highlighted at the larger scale and 
background ‘clutter’ (for the purpose of dwelling identification) to 

be disregarded initially. Imagery can be displayed in greyscale if 

required. Here certain numerical band ranges show some features 

better, such as the SW to NE main roads.  

Further analysis will look at contrast values of visible and NIR 

wavelengths, before and after. Further statistical analysis should take 

random selections or grouped areas and look at the probability of 
correctly correlating dwellings in manual identification with the 

semi-automatic Matlab approach. 
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2.2 South of Porta Farm 

2.2.1 Before Imagery 

Again we looked at NDVI before and after using Red and NIR band 

data. The area to the immediate North of Porta Farm was small-scale 
local subsistence farming but abandoned after land clearance. South 

of the abandoned settlement and the highway land is given over to 

greenhouse horticulture and significant new road building. The 
contrast matrix approach was used again. ‘Before’ Normalised 

Difference Vegetative Index (NDVI) for this imagery is shown in 

figure 10 (false colour). The 2 images, visible and NIR are co-

registered well, with ‘sharp’ definition rather than a poorly aligned 
or ‘blurred’ imagery (figure 10). Note the contrast values displayed 

range between 0 and 1, although colormap value ranges can be 

selected manually. Human eye sensitivity means it is possible to 
discriminate many more colour shades than grey shades. Hence it is 

generally more useful to pick out subtle image differences in a false 

colour format that to use simple monochrome (black and white). 
Delineation of man-made boundaries and field lines are best 

observed here within bands selected between limits of 0 to 0.5.  
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Figure 10 Before (top) NDVI plotted as (NIR - Red) / (NIR + Red) 
colormap (jet). 

Figure 11 After (bottom) NDVI plotted as (NIR - Red) / (NIR + Red) 
colormap (jet) range 0 to 0.5. 

 

 

2.2.2 After imagery 

Imagery is chosen after the land clearance for both visible red and 
NIR band data. It is noted slight differences in satellite data 

acquisition between the two dates that imaged areas are not identical. 

Repeating the same process for After imagery results in a false 
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colour NDVI image for the After visible and NIR data The resultant 

After NDVI image output is seen in figure 11 and best plotted in the 
range 0-0.5. This background ‘blue’ can be changed by adjusting the 

colormap (jet) range. Differing ranges can be displayed, as above 

NDVI for range -0.6- to 0.4 with a further range of 0.3-0.55 useful to 

display large area NDVI change values semi-automatically, without 
manual identification and drawing required. 

 

 

 

3 Summary 

Comparison of before and after high resolution satellite imagery 

provides convincing corroborating pictorial evidence of changing 
land use for building (removal and addition), and agricultural change 

in high resolution. Manual assessment can provide detailed changes 

for mapping of the destroyed Porta Farm settlement but is a time 
consuming and labour intensive exercise. Semi-automatic large scale 

area assessment is possible with Matlab with suitable mathematical 

algorithms. Matlab approaches provide rapid large area detection 

which relate to changing land use. False colour representation 
methods provide enhanced visual information rather than a simple 

greyscale format.  False colour contrast stretching is possible by 

correct colormap range choice. This method proved particularly 
useful for delineation of man-made (field boundaries) and natural 

boundaries (e.g. lakes). Combination of manual and semi-automatic 

Matlab methods in false colour representation show great promise 
for humanitarian disaster assessment and further change detection 

phenomena. Use of suitable Contrast formulae in terms of spectral 

band differences and temporal changes respectively: C = (NIR - 

Red) / (NIR + Red) and CT = (After - Before) / (After + Before) 
demonstrates an ability to provide NDVI measurements at higher 

resolution than usually observed for satellite data of different types, 

in various change surfaces that may benefit from normalised indices. 
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Surveying and mapping of gas flares in the 
Niger Delta region of Nigeria with Landsat 

imagery 

 

Obinna Anejionu, Blackburn and Whyatt 

 

This chapter focuses on the extensive surveying and mapping of gas 

flares in the Niger Delta region and its relevance to the 

environmental pollution which can result as a consequent unwanted 
byproduct of countries involved with significant crude oil 

production. 

 

1 Introduction 

Nigeria is a prominent crude oil producing country, with its oil 
reserve having been explored for about 50 years, and its daily crude 

oil production estimated at 2.5 million barrels/day as at 2004 

(Environmental Rights Action/Friends of the Earth, 2005). Among 
the natural resources found in Nigeria are massive reserves of 

associated and non-associated gases, which have been estimated in 

excess of 160 trillion cubic feet, making the country the 10th largest 

country in the world with proven natural gas reserves (NLNG, 
2008). However, accompanying the huge profit accruing from the oil 

and gas industry in the country are the inevitable environmental 

pollution, which has prominently manifested through gas flaring, oil 
spillage, pipeline explosions, and habitat loss through construction, 

dredging and excavation works (see Figure 1).  

 

Environmental pollution from oil and gas exploration as well as 

others (coastal, gully and sheet erosion, deforestation, and 

desertification) has long posed major challenges environmental 
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experts in Nigeria. Whereas most of them (erosion, desertification, 

oil spillage and deforestation) have attracted huge attention from the 
research and scientific community, relatively little attention has been 

focused on flaring. This may not be unrelated to the inherent 

difficulty encountered in obtaining relevant information about 

flaring in the country, which has considerably hampered efforts at 
studying environmental impacts of gas flares. Official information 

regarding exact locations and status of flares as well as specific 

volume from each location in the country are not publicly available. 
Due to the sensitive nature of gas flaring to host communities 

(environmental activism) and security concerns regarding disclosure 

of  information on flaring locations due to political tension and civil 
unrest in the oil producing region, assess to flaring information are 

highly restricted through bureaucratic bottlenecks. Therefore, there 

is the need for the development of alternative method for obtaining 

the relevant information. Flaring usually occurs at remote and 
hazardous locations, with restricted access, thus, traditional land 

surveying methods may prove quite difficult to employ in this 

regard. This research is aiming to model the environmental impact of 
flaring on the Niger Delta ecosystem, and one of its key objectives is 

to develop a reliable and transferable remote sensing technique for 

the detection and mapping of gas flares from space. This is expected 
to lead to a cost effective way of continuous monitoring of flaring 

activity in the region for an extended period of time. This would 

subsequently form the basis for the evaluation of the environmental 

impacts of flaring on the surrounding environment.  

This work describes the steps taking in developing an objective 

method of flare detection from space based on the combination of 

the infrared bands of Landsat satellite imagery. The method was 
validated through comparison with manually interpreted high 

resolution imageries and aerial photographs, and represents a robust 

approach for flare detection and monitoring. It strongly 
demonstrated the usefulness of remotely sensed imagery in solving 

environmental problems. 
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Figure 1: Pollutions from oil and gas exploration in the Niger Delta: A. 

Fire resulting from oil spillage. B. Dredging dumps C. Gas flaring 

 

2 The Niger Delta and oil exploration 
 

The Niger Delta, a densely populated region within the southern part 

of Nigeria is the economic powerhouse of the country. 
Approximately 90% of Nigeria’s export earnings in the past four 

decades have been from crude oil exploration (Ndoms, 2005). The 

region is endowed with enormous natural resources (huge deposits 
of hydrocarbons, home to the third largest mangrove forest in the 

world, most extensive freshwater swamp forests, tropical rain 

forests, and rich biodiversity (Zabbey, 2004; Tuttle et al, 1999; 

Niger Delta Awareness, 2007). The region (Figure 2), therefore is 
the nucleus of oil and gas industry in Nigeria, as oil exploration 

activities in the country are concentrated in onshore and offshore 

sites located within the nine states, making up the region. 

 

The region characterised by wetlands and water bodies made up of 
creeks and rivers traversing the entire region, can be divided into 

A 

C 

B 
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three main zones (freshwater swamps and forest, saltwater 

mangrove swamps, and sandy beach ridges), from an environmental 
point of view.  The freshwater swamps and forest lie on both sides of 

the Niger River towards the upper section of the delta; the saltwater 

mangrove swamps lie to the south of the freshwater swamps and are 

made up of mud and silt, which covered about 10,360Km
2
; and the 

sandy beach ridges towards the edge of the outer Delta, bordering 

the Atlantic Ocean (Nzewunwa 1979; Udo 1978). 

 

Figure 2. Map showing some oil fields and installations in the Niger Delta 

region (SPDC, 2002) 

 

About 20 million people of more than 40 ethnic groups, speaking 

250 different dialects live in the delta, covering about 70,000Km
2 

(Niger Delta Awareness, 2007). The Niger Delta ecosystem has been 

declared one of the most endangered ecosystems in the world, due to 

pollution from oil and gas activities (Nigerian Conservation 
Foundation, 2006).  

 

Decades of oil and gas exploration in Nigeria have brought huge 

financial benefits but also severe environmental problems that have 

impacted upon the region’s fragile biodiversity. Various 

environmental issues such as agricultural land and mangrove 
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degradation, wildlife, fish and marine life depletion, biodiversity 

loss, water and air quality degradation (Chukwuezi, 2006, 
Ugochukwu, 2008), have strongly been associated with oil and gas 

exploration activities in the region. Every aspect of the environment 

(the terrestrial, the atmospheric, and the marine environment) has 
taken a direct hit from pollution arising from oil and gas exploration 

activities. Every stage of the oil and gas production (from seismic 

exploration surveys to oil production and refining) results in a 

considerable impact on the environment. Physical modifications of 
the ecosystem are occasioned through the various stages of 

construction and development of infrastructure to support oil 
exploration activities. Almost every part of the Niger Delta region 

(land and offshore) are covered by the Oil Mining and Oil 

Prospecting Licences, which grant oil exploration firms unrestricted 

access to operate on lands within the region in search for oil 
(Alakpodia, 1980; Aghalino, 2004, cited in Duru, 2011).  

 

Gas flaring (Figure 3), the process used in separating associated 

natural gas from  crude oil, has been identified as a key agent of 

environmental pollution in the region. 

 

 

Figure 3. A case of gas flaring in Niger Delta - Shell gas flare at Kolo 

Creek, 
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surrounded by agricultural fields (Friends of the earth, 2004) 

 

However, the effects of gas flaring on the environment have not 

been comprehensively assessed. Despite ongoing debates and 

conflicting reports between environmentalists and oil explorations 
companies regarding the impact of flaring on the environment, there 

are strong indications that it has caused widespread pollution such as 

greenhouse gas emission/global warming, large carbon emission, 

heat stress, acid rain, and soil bacteria reduction (NLNG, 2008; 
Cedigaz, 2001; Zabbey, 2004). These have been speculated to have 

contributed to a large extent in raising health risks, and poor 

agricultural harvest among other things. The country currently ranks 
second among oil producing countries with the highest record of gas 

flaring (Elvidge et al., 2007, 2009a, 2009b, Olukoya, 2008; Friends 

of the earth. 2004; ICF International, 2006). The World Bank 
reported that as at 2002, gas flaring in Nigeria has contributed more 

greenhouse gases to the atmosphere, than any other source in sub-

Saharan Africa (Environmental Rights Action/Friends of the Earth, 

2005). 

 

There is therefore urgent need for a comprehensive empirical 
assessment of the impact of gas flaring on the Niger Delta 

environment. This is expected to help identify any aspect of the 

ecosystem that has been severely affected for remediation purposes. 
The main objectives of the research is to develop reliable remote 

sensing techniques for the detection of gas flares, produce 

comprehensive spatial inventory of flares for an extended time 

period, estimate flaring volume, model environmental impact of 
flaring and produce time series maps showing impact of flaring in 

the region over a period of time. 

 

3 Fire detection from space 
Fire detection from satellites is based on the capability of sensors to 
detect signals produced by fire from space. Although numerous 

studies have been conducted on satellite fire detection, most have 

focused on forest/biomass fires and volcanoes. Only a few 
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(Muirhead and Cracknell, 1984, Elvidge et al., 2007, 2009a, 2009b) 

have focussed on anthropogenic flares. Fire detection from space is 
based on Planck’s function (the temperature of a blackbody 

determines the characteristics of spectral radiation it emits). 

Imageries from sensors such as AVHRR, MODIS, and GOES, with 
mid-infrared bands and relatively high temporal resolution have 

mostly been used for forest fire detection (Prins and Menzel, 1992, 

Kaufman et al., 1998, Li et al., 2000; Ichoku et al., 2003, Justice et 
al., 2006). Biomass fire are ephemeral in nature and of considerable 

size, thus making satellite imageries such as AVHRR and MODIS 

with relatively low spatial resolution suitable as the interest is 
usually on monitoring the development of fire across an area, and 

the size of fire minimises the importance of high resolution.  

Although it has been suggested (Elvidge et al., 2007, 2009a, 2009b, 
Cracknell and Mansor, 1992) that Landsat products could be used to 

detect high temperature events (flare, underground coal fire etc), few 

researchers have focused on this.  Previous attempts to detect gas 
flares from satellite images (Muirhead and Cracknell, 1984, Elvidge 

et al., 2009a) have relied upon visual identification techniques using 

DMSP_OLS night-time data and NOAA AVHRR, with obvious 
limitations (subjective, time consuming, less detail due to low spatial 

resolution, and difficulty in detecting flares amidst urban lightings).  

But with the small size of flares, fixed position and near continuous 
nature of flare, Landsat seems the most appropriate imagery to use 

for flare detection. The present research is aiming to develop 

universally applicable and objective spectral algorithm based on 
Landsat imagery for flare detection and monitoring.  

 

4 Methodology 

4.1 Data 

The main data used in this research were Landsat imagery obtained 

from USGS (http://glovis.usgs.gov/). The Landsat data were  

inter-calibrated to minimise radiometric and atmospheric differences 

between scenes and years. Aerial photographs and high resolution 
satellite images were obtained from Google Earth, and a political 

map of Nigeria delineating state boundaries, was obtained from the 
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Department of Geoinformatics and Surveying, University of Nigeria, 

Nsukka.  

 

4.2 Methods  

4.2.1 Preliminary investigation 

 

The research so far has developed a remote sensing method for the 

identification of gas flares from Landsat imagery. The method is 
currently undergoing improvement to increase the accuracy of 

detections. Flare detection capabilities of conventional remote 

sensing methods such as supervised classification and principal 
component analysis were carried out on the Landsat imagery. As the 

methods were found not to achieve desirable results, flare detection 

capabilities of Landsat bands were investigated through interactively 
examination of the bands. The IR bands (4, 6 and 7) were found to 

exhibit the greatest potential for detecting flares (Figure 4).  

 

Pixels of the infrared bands were further examined in more detail to 

determine optimal threshold values for flare detection. Single band 
threshold algorithms were also tested, but failed to achieve desirable 

results. Thus, multiple band fixed threshold algorithms were 

explored. Many different band combinations and sequences were 
tested before arriving at an optimal multiple fixed threshold 

algorithm. 
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Figure 4: Flare detectability of Landsat bands 

 

4.2.2 Multiple band fixed threshold algorithm for flare detection 

The multiple band fixed threshold algorithm (Figure 5) consists of 

three main criteria, established as optimal for accurate detection of 

gas flares. The first criterion focuses on identifying locations with 
high shortwave infrared events. Pixels in band 7 with values greater 

than the optimum threshold were selected in the first stage of the 
process. To minimise the effects of spatial offsets between bands, a 

spatial buffering based on an optimal buffering radius was applied 

on selected pixels. The second criterion identifies high temperature 
events through the thermal band (Pixel value > optimum threshold = 

high thermal IR event). The pixels identified at this stage were 

overlaid with those identified at the first stage to obtain potential 
flares. The third criterion identifies high NIR events from band 4 

(Pixel value > optimum threshold = high NIR event). The final stage 

involves the overlay of the potential flares with the high NIR events 
to obtain the flare pixels. 
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Figure 5: Multiple band fixed threshold  algorithm (SWIR – Shortwave 

infrared, TIR – Thermal infrared, NIR –Near infrared) 

4.2.3 Validation 

Due to security and safety concerns associated with fieldwork in this 

politically volatile region, immediate ground-truthing of the 

detections was not carried out at the time of this research. However, 
flaring activity can be observed on high resolution Google Earth 

imagery, with flares alongside physical structures such as buildings, 

flare pits and flare stacks clearly recognisable (Figure 6).  The high 

resolution imageries were therefore used to validate outputs from the 
flare detection algorithm.  The imageries are usually displayed with 

acquisition dates, which was used to closely match corresponding 

Landsat imagery. This alternative method for collecting reference 
data using Google Earth has been employed effectively by other 

researchers (Elvidge et al., 2009b).  
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Figure 6: Identifying flares with Google Earth  

5 Results  

The validation process revealed that the flare detection algorithm 

had a producer accuracy of 71% and user accuracy of 65%. Efforts 
are however ongoing to improve the user accuracy by minimising 

erroneous identifications, as well as validating offshore flares that 

have been detected. The resulting map of flares is presented in 
Figure 7. The spatial distribution of the identified flares corresponds 

closely with known areas of oil and gas production within states.  
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From the result it is obvious that environmental impacts associated 

with flaring will be concentrated in certain regions.   

 

Compared with other conventional remote sensing methods, the 

algorithm was found to be more than 20% accurate in detecting 
flares. Furthermore, the results obtained using this method were 

compared against those obtained from an analysis of night-time 

DMSP-OLS imageries (Elvidge et al., 2009) for the region. The 
DMSP-OLS is specifically designed to use highly sensitive detectors 

for the identification of natural and anthropogenic fires and lights, 

among other features, and due to night time observations it is not 
encumbered by errors arising from solar glints. It was found that 

most of the locations identified by the DMSP method were also 

identified by the current Landsat-based method; however some of 

the locations identified as flares by the DMSP-OLS techniques were 
found not to contain flares, based on manual interpretation of aerial 

photography.  These misidentifications were also correctly identified 

as non-flares by the current Landsat algorithm and some additional 
flares that were missed by the DMSP technique were identified. 

Hence, this initial inter-comparison with the DMSP-OLS method 

indicates that the higher spatial resolution and multispectral 

capabilities of Landsat are proving advantageous for flare detection. 
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Figure 4: Result obtained from the initial method 

 

6 Conclusion 
 

The research is highly relevant as it potentially provides an 

objective, accurate, reliable and cost-effective means of flare 

detection and monitoring over time.  It pioneers the use of Landsat 
IR bands for flare detection and is expected to be of considerable 

value in improving global estimates of flaring volume, and 

modelling its impacts on the environment. Results obtained have 
demonstrated the viability of using Landsat imageries to detect 

flares.  

 

Our ongoing work is attempting to improve the “flare-detectability” 

of the technique, which will be followed by the testing of the 

robustness of the technique in other flaring locations (Russia, 
Algeria, Venezuela and Angola). Further work will be carried out to 

develop a flare volume estimation algorithm, through the fusion of 

outputs from the Landsat-based algorithm with information from 
MODIS, AVHRR, MSG/SEVIRI and DMSP. Temporal persistence 

analysis (expected to also improve the accuracy of the technique) 
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will also be carried out to monitor flaring activity in the region over 

an extended time period, leading to the development of a flaring 
history model and quantification of the associated environmental 

impacts. 

 

Results of this research are expected in addition, to demonstrate the 

importance of advanced surveying techniques (remote sensing) in 

solving environmental problems, and contributing to national 
development by shedding light into the various aspects of the 

ecosystem that have been negatively affected. By identifying and 

quantifying the various aspects of the Niger Delta ecosystem that 
have been impacted by oil and gas exploration activities (gas 

flaring), remediation processes can effectively be carried out to 

protect the environment from further degradation. Thus, protecting 

and sustaining the source through which the nation’s wealth flows 
from. 
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5 

Time Series Satellite Imagery Analysis for 
Flare Detection in the Niger Delta 

 
S Wolfinbarger and J Drake 

 
This chapter, like the last one (Chapter 4), focuses on a different 

assessment of timed series of high resolution satellite images of flare 

detection from gas and oil extraction, and the subsequent detailed 
analysis of the Niger Delta region. 

  

1 Introduction 
 

The increasing availability of high-resolution satellite imagery 

products from a variety of commercial sources is quickly expanding 
the applications of remote sensing for human rights and 

humanitarian documentation. High-resolution imagery can now be 

quickly acquired, analysed, and acted upon. This type of rapid 

response analysis is growing in use in both the human rights and 
humanitarian fields, with groups such as the American Association 

for the Advancement of Science (AAAS),
19

 UNOSAT (United 

Nations Satellite Applications Programme),
20

 and the Satellite 
Sentinel Project

21
 all of which provide providing high-quality 

imagery analysis. This increasing capability is particularly important 

in the documentation of human rights events. The use of satellite 

imagery analysis is a replicable scientific endeavor and increases the 
legitimacy of claims, which have often previously been based upon 

eyewitness accounts, rather than physical evidence. The combination 

of remote sensing analysis with eyewitness information can, 
therefore, increase the power of human rights abuse claims. Human 

Rights Organisations (HROs) document abuses in order to influence 

                                                   

19 http://srhrl.aaas.org/geotech/index.shtml 

20 http://www.unitar.org/unosat/ 

21 http://www.satsentinel.org/ 
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not just the situations found on the ground which have led to abuse, 

but also the larger political structures that have facilitated situations 
leading to abuse.  

  

Prior to the application of high-resolution satellite imagery analysis 

to human rights in 2005, many abuses remained undetected, or if 
known, were unable to be studied due to the remoteness or 

dangerousness of the location in which they occurred. The use of 

high-resolution image analysis has allowed human rights and 
humanitarian organisations the ability to ‘see’ into situations in ways 

which were not possible a decade ago. For example, AAAS 

partnered with Amnesty International and Human Rights Watch in 
2009 to examine the conflict in northern Sri Lanka surrounding the 

‘civilian safety zone.’ The use of high-resolution analysis was 

crucial to understanding events that were unfolding on the ground 

and documented many human rights violations, such as shelling 
around the shelters of Internally Displaced Persons (IDPs) 

(Wolfinbarger and Wyndham, 2011). In 2007, in the wake of 

violence in Lebanon, which forced thousands to flee, UNOSAT 
provided rapid assessment of the IDP camps when humanitarian aid 

on the ground was barred (Bjorgo et al., 2008).   

 
Unfortunately, high-resolution imagery is not a panacea. There are 

still many human rights situations which cannot be studied with 

today’s high-resolution images, either due to the small spatial scale 

at which they occur (e.g., inter-personal violence) or large scale 
incidents, which would require both the analysis of impractically 

large amounts of imagery (which is not always available) and the 

financial means to do so (high-resolution imagery routinely costs up 
to $20/km²). In contrast to purely high-resolution analysis, a 

relatively less explored application is the coupling of high-resolution 

imagery with low-resolution data products, such as Landsat or 

MODIS, for human rights and humanitarian research. The 
combination of low-resolution sensors with high-resolution imagery 

provides an opportunity to understand phenomena that are 

happening over a very wide spatial extent but also provide the 
opportunity to examine select locations at a small scale, in order to 

better understand events on the ground.   



 

102 

 

2 Background 
 

The Niger Delta is located in the southernmost part of Nigeria, with 

the majority located within Delta, Rivers, and Bayelsa states. The 

region is home to an estimated 31 million people, many of whom are 
linked to subsistence economies and live in widely distributed rural 

settlements (Obi and Rustad, 2011; Ahonsi 2011). The region has 

been called one of the top five polluted places on earth, with 
extremely poor living conditions for locals, which exist in stark 

contrast to the oil wealth being extracted, and this has led to much of 

the violence observed in the region (Kew and Phillips, 2007). This 
ongoing conflict has overlapping ethnic, economic and 

environmental components, with a large part stemming from the 

activity of the oil industry.   

 

One particularly controversial topic in the region related to the 

country’s massive oil industry is the ongoing practice of gas flaring. 
The Niger Delta has one of the highest rates of gas flaring in the 

world, which impacts the fragile ecosystems of the Delta (Obi and 

Rustad, 2011). Gas flaring is a process in which the natural gas 
associated with petroleum extraction is burned off instead of being 

removed by alternative means such as subterranean re-injection or 

confinement to storage tanks for eventual sale. Gas flaring is often 

performed for economic reasons, as alternative disposal methods are 
generally more costly in terms of infrastructure required to capture 

the gas (ICG 2006). Besides wasting a natural resource, gas flaring 

introduces toxic pollutants such as sulfur dioxide into the 
atmosphere which can lead to environmental problems like acid rain, 

and the creation of greenhouse gases, which contribute to global 

climate change (Obanijesu et al., 2009, Osuji and Avwiri, 2005). 
When the practice takes place in proximity to wildlife or inhabited 

areas, the effects of gas flaring represent potential environmental and 

health issues. Although comprehensive data on the effects of flaring 

on communities throughout the Delta is generally lacking, 
eyewitness accounts of life in a village located near a gas flare paint 

a bleak picture. In addition to the 24-hour firelight, residents report 
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that the intense noise, heat, air pollution and rainwater pollution 

associated with a flare make life extraordinarily difficult at best 
(Campbell 2001; Kew and Phillips, 2007). These anecdotal reports 

are supported, in part, by studies that have examined the impacts of 

various aspects of gas flaring on communities at several individual 

locations in the Niger Delta (Abdulkareem and Odigure, 2006; 
Obanijesu et al., 2009; Osuji and Avwiri, 2005). To date, however, 

no effort has yet been made to expand these isolated measurements 

to the broader Delta as a whole. Practical reasons are likely the 
reason for this; the Niger Delta is an extremely remote area and its 

terrain is difficult to navigate. The primary means of transportation 

is by boat, and the tortuous network of rivers and channels that are 
its principal thoroughfares is labyrinthine, often requiring local 

knowledge to navigate. There is little infrastructure development in 

the region and paved roads are especially lacking in both quantity 

and quality. The security situation complicates access even further – 
with rebel groups such as the Movement for the Emancipation of the 

Niger Delta (MEND), as well as private security forces operating in 

the area, the safety of environmental monitors is far from assured. 

 

3 Data and Methodology  

 

The thermal emission of gas flares (and other heat sources) can be 

detected from space by multi-spectral instruments and temperatures 
can be derived by comparing the observed radiance to blackbody 

curves and ground-truth measurements. These temperatures can, in 

turn, be used to produce quantitative estimates of the impact of 
flaring on local communities. Such a capability has the potential to 

analyse a wide area quickly and cheaply, using publicly or 

commercially-available datasets, and represents an ideal means of 
obtaining reliable information from an area in which conventional 

access is difficult or impossible. 

 

The unique properties of the thermal IR wavelengths are ideally 

suited for this project. In these bands, the intense blackbody 

radiation of man-made heat sources throughout the Niger delta 



 

104 

contrasts starkly with that emitted by comparatively cooler surfaces 

(e.g. rivers and jungle). Even phenomena such as forest fires and 
large-scale agricultural burning are spectrally distinct from the 

intense infrared glow of a methane gas flare, the fireballs of which 

can reach tens of metres in diameter. The Moderate Resolution 

Imaging Spectroradiometer (MODIS), a twinned pair of instruments 
on NASA’s Terra and Aqua Earth-Observing Satellites, provide near 

real-time global coverage in the visible and infrared wavelengths at 

spatial resolutions ranging from 250 metres to 1 kilometre per pixel. 
The MODIS instruments are sensitive to 36 bands across a spectral 

range from 0.6 to 14.4µm, with those bands devoted to sensing 

surface temperature ranging from 3.6 to 12.3 µm (Justice et al., 
1998).  

 

The wide area covered by the two spacecrafts’ 2330 km cross-track 
imaging swath, along with a combined repeat cycle of 16 days, 

enabled comprehensive observations of the entire study area on a 

continuous basis from 2000 to the present. Only the onset of clouds 
during the rainy season, which generally lasts from July to October, 

impeded observations, but the sensor’s frequent revisit time ensured 

that any intermittent breaks in the overcast did not go undetected. In 
addition to these technical capabilities, MODIS has a mature data 

use community, including volcanologists from the University of 

Hawaii who have developed MODVOLC
22

, a hotspot detection 

algorithm which monitors incoming MODIS data for all pixels that 
indicate the presence abnormally high temperatures. These hotspots 

and their parameters, which are reported regardless of volcanic 

origin, are stored in an internet-accessible database with a searchable 

online archive which is updated daily (Wright et al. 2004). AAAS 

obtained all MODVOLC detections from February 24, 2000 to 

December 31, 2011 in the study area. 

 

                                                   

22 http://modis.higp.hawaii.edu/ 
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While MODIS thermal emission measurements alone are well-suited 

for establishing the temperature of the flare’s fireball itself, they are 
of limited utility in determining parameters that directly impact 

quality of life in nearby communities, such as air temperature. When 

taken in conjunction with ground-based data, however, orbital 

observations can yield far more meaningful results. In 2005, 
researchers from the University of Benin collected air temperature 

data around a gas flare near the town of Ovade (Odjugo and 

Osemwenkhae, 2009). The measurements occurred at multiple 
distances from the fireball, and enabled the authors to establish 

isotherms which express the magnitude of the excess air temperature 

resulting from the flare as a function of distance. The scope of 
Odjugo and Osemwenkhae’s data, however, are constrained by the 

fact that they were able to collect data around only a single flare out 

of the 74 that have been active in the study area over the past decade. 

Fortunately, at the same time that Odjugo and Osemwenkhae were 
gathering their measurements, MODIS was also acquiring data over 

the Ovade flare site. Any increase in air temperature due to a nearby 

gas flare will be a function of that flare’s total power output. 
Therefore, by observing the relationship between the Ovade flare’s 

power output as measured by MODIS and the distance to the 

isotherms recorded by Odjugo and Osemwenkhae it is possible to 
estimate, using the inverse square law of radiative transfer, the 

distances at which those same isotherms would occur around other 

flares for which MODIS observations are available. Such 

observations, however, would only be directly comparable to the 
Ovade site if the optical depth of the atmosphere did not vary 

spatially over the study area. Fortunately, MODIS is itself capable of 

monitoring atmospheric opacity, and these data indicated that the 
optical depth of the atmosphere above the study area was nearly 

always highly uniform. For the vast majority of individual MODIS 

passes, therefore, it was possible to calibrate orbital observations of 

a flare with the ground-truth established at Ovade. The magnitude of 
the displacement resulting from this calibration was almost 

universally minor– throughout the entire delta, the largest variation 

in power output with respect to the Ovade flare was only 5%, 
corresponding to a maximum isotherm displacement of 104 metres.  
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Once the locations of the flares and their physical properties had 

been estimated using MODIS data, the investigation turned to 
examine their impact on nearby communities. For this phase of the 

study high-resolution visible-band imagery was used, as it enabled a 

more precise characterisation of the flares' sizes and locations, 

though the extent of the study area made it impractical for wide-area 
mapping. In addition, high-resolution imagery permitted a detailed 

examination of the numerous small towns and villages that dot the 

region, many of which are poorly mapped if their presence is noted 
at all. These communities frequently exist in close proximity to 

petroleum infrastructure, and are easily distinguishable by the 

smaller size of their buildings, more informal layout, and a general 
absence of large industrial equipment, as shown in Figure 1 (Obi and 

Rustad, 2011). High-resolution imagery enabled the investigation to 

more accurately quantify the human impacts of the practice of gas 

flaring by measuring distances to population centers, counting the 
number of structures in an affected area, and identifying the presence 

of economic resources such as agricultural activity. The high-

resolution imagery was obtained from the commercial vendors 
DigitalGlobe and GeoEye; the spatial resolution afforded by their 

instruments was 60 centimetres per pixel or higher.  

 

Figure 1 Structure Differences: The structures used by the local population 

(to the right of the roadway) are strikingly different from those associated 

with the petroleum industry (to the left of the roadway).  Location: 5.462N, 

6.700E 
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For every flare candidate detected by MODIS, high-resolution 
imagery was used to visually confirm that the hotspot was associated 

with infrastructure consistent with gas flaring. Subsequently, a visual 

search was conducted of the surrounding area in search of 
unambiguous signs of human activity unrelated to petroleum 

extraction. A search radius of slightly greater than two kilometres 

was chosen based on the research of Odjugo and Osemwenkhae at 
Ovade, which indicated that air temperatures in proximity to the 

flare site are significantly elevated with respect to areas in the Niger 

Delta region unaffected by the practice of gas flaring. At a distance 

of 500 metres from the flare, they reported a temperature excess of 
11.6ºC, decreasing to 9.2ºC at 1000 metres and 4.3ºC at 2000 

metres. As discussed above, these radii were adjusted according to 

the measured power output of each individual flare, and their impact 
on nearby communities was assessed accordingly. 

 

4 Results 

Of the 59,943 MODVOLC hotspot detections in the study from 

2000 to the end of 2011, 15,224 were identified as probable land-
based gas flares based on their spectral properties and tendency to 

occur in discrete clusters. Inspection of these clusters using high-

resolution satellite imagery subsequently confirmed the presence of 

gas flares at 74 sites on land (an additional 19,364 detections appear 
to be related to offshore gas flares at 22 sites, and 4182 to natural 

fires on land; the remaining detections could not be immediately 

attributed to a specific natural or artificial source). A summary of 
these detections is presented in Figure 2 and Table 1, below: 
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Figure 2 Hot Spot Detections in the Niger Delta, 2000-2011: All 
MODVOLC detections in the study area. Hotspots with the spectral 

signature of gas flaring (black circles) tend to cluster together, while 

conventional fires (gray circles) are more dispersed. 

Investigation revealed that of the 74 gas flares active in the delta 

during the study period, 48 were located such that their outer thermal 
radii (temperature +4.3ºC) encompassed unambiguous signs of 

human habitation or agricultural activity (see Figure 3). Within that 

outer isotherm, the proximity of the flare to local communities 

varied considerably, from the very edge of the 2 kilometre search 
area to under 100 metres. Some estimates report that gas flaring has 

decreased by as much as 40% from the 1990s (ICG 2006), and while 

the number of active flares has fallen off since the government 
moratorium on gas flaring went into effect in 2008, 18 of these flares 

were still resulting in unambiguous detections in 2011. These flares 

are represented in Figure 3 by solid black circles. A chart of all flare 

activity by year is presented in Figure 4. Some examples of the 
placement of gas flares with respect to local communities are shown 

in Figures 5-8. In these examples alone, dozens of individual homes 

sit year-round in temperatures elevated nearly twelve degrees 
Celsius above the already sweltering ambient tropical heat.  
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Other factors detrimental to quality of life reported around gas flares 

include light and noise pollution. Persistent glare has been noted in 
villages (ICG 2006). Noise pollution has been described as a 

constant “waterfall roar” that continues 24 hours a day (Campbell 

2001). Experimental research conducted by Abdulkareem and 

Odigure (2006) showed that at four gas flares around the Niger delta, 
ambient sound levels diminished to approximately 65 decibels at a 

radius of 100 metres from the flare stack. This distance closely 

corresponds to the smallest distance that this research observed 
between a human habitation and a gas flare in the Niger delta, and 

the resulting noise level falls below the level established by the 

United States Environmental Protection Agency at which events 
such as sleep disruption and stress are common (U.S. EPA 1974). 

While potentially displeasing, acoustic pollution from gas flaring 

therefore appears not to be a significant human rights issue in the 

Niger delta.  

 

Figure 3 Flares in proximity to human habitation 

In addition to air temperature measurements, Odjugo and 

Osemwenkhae also recorded the harvest yields of test crops planted 
at their experimental radii. The results were dramatic – yields were 

76 percent lower at 500 metres from the flare, 70% lower at 1000 

metres, and 58% lower at 2000 metres. These measurements may 
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have been affected by many variables in addition to ambient 

temperature, (e.g., pollution, acidified rain, etc.) and therefore cannot 
be scaled to other sites simply on the basis of MODIS 

measurements. If such values are typical, however, villages such as 

those shown in Figures 5-8, which appear to rely on the adjacent 

agricultural fields for much of their food supply, may see their 
quality of life adversely affected to an even greater degree. 

 
Figure 4 Active Gas Flares by Year 

 

 
Figure 5 Estimated air temperatures near gas flare: Two gas flares in close 

proximity to a village. Estimated air temperatures are at least 11.6 degrees 

Celsius above ambient. (Lat 5.655 N, Lon 5.148 E) 
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Figure 6 Estimated air temperatures near gas flare: Two gas flares in close 

proximity to a village. Estimated air temperatures are approximately ten 

degrees Celsius above ambient. While not flaring at the moment this image 

was taken, this site was detected to have been active during every year from 

2000 to 2010. (Lat 5.654 N, Lon 5.148 E) 

 

Figure 7 Estimated air temperatures near gas flare: Two gas flares located 

on opposite sides of a village. Estimated air temperatures are 

approximately ten degrees Celsius above ambient. Additionally, many 

agricultural fields are located near the flares, which research suggests may 

reduce crop yields. (Lat 5.441 N, Lon 5.881 E) 
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Figure 8 Estimated air temperatures near gas flare: Multiple gas flares 

located near a village. Estimated air temperatures are approximately nine 

to twelve degrees Celsius above ambient. As before, many agricultural 

fields are located in proximity to the flares. (Lat 5.459 N, Lon 6.694 E) 

 

 

 

5 Conclusions 

Despite a government moratorium on the gas flaring that went into 

effect in 2008, the research detailed in this report indicates that the 
practice remains widespread throughout the Niger delta, including 

areas in close proximity to the local population. Thousands of 

individuals currently live within areas where estimated ambient 
temperatures are significantly elevated above the already 

considerable tropical heat. In addition to the health, safety, and 

quality of life issues raised by this situation, evidence exists that 

these higher temperatures are associated with reduced crop yields, 
potentially in conjunction with other environmental factors such as 
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acidified rain from SO2 pollution. This would impact thousands 

more individuals through the increased costs– both financial and 
physical– required to achieve a satisfactory harvest. These costs 

would likely manifest themselves in increased food prices, thereby 

affecting even more individuals, including those located far from the 

immediate effects of gas flaring. Conditions such as these can only 
exacerbate the already tense political situation in the Niger Delta, 

where local people are excluded from the oil economy and reap little 

reward as a result of nationalisation of the industry (Ukiwo 2011).  

 

Further research is required to confirm whether decreased crop 
yields such as those reported by Odjugo and Osemwenkhae are 

indeed widespread throughout the region. In addition to ground 

truth, remote sensing may also play a critical role in any such 

investigation through the utilisation of techniques such as vegetation 
analysis, or by analysing the distribution and extent of cultivated 

land in proximity to gas flares. If the practice of gas flaring cannot 

be eliminated entirely, the petroleum industry and Nigerian 
government should cooperate to ensure that those flares in close 

proximity to the local population are shut off or relocated to areas far 

from human habitation or agricultural activity. Finally, in areas 
formerly affected by gas flaring, research should be conducted to 

determine the extent of any lingering long-term effects on both the 

local population and the environment, and a strategy should be 

developed with the goal of ensuring that both are able to fully 
recover. 
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6 

Satellite Imagery in Today’s Humanitarian 
Response Operations 

E Bjorgo  

The humanitarian relief, human rights, human security and climate 

change activities of the United Nations Institute for Training and 

Research (UNITAR) Operational Satellite Applications Programme 
(UNOSAT) are reviewed, with emphasis placed on several recent 

disasters. The importance of satellite imagery derived maps and 

analyses being available to the international community and 

Governments during natural disasters and complex emergencies is 
discussed. 

 
1 Introduction 
 

It was not that long ago, the attitude amongst disaster managers 

towards the use of satellite imagery in humanitarian response 
operations was that of mistrust (are you spying on us), lack of 

interest (I have always done without it so why do I need it) and 

stories of bad experiences (having been convinced one could detect 

landmines in old Landsat imagery). It was therefore an uphill battle 
to convince the emergency response community of the true benefits 

of applying satellite technologies in humanitarian disasters. 

However, with an increasing number of satellites as well as their 
diverse technical specifications, coupled with an emerging crowd of 

younger professionals used to work with technology, as opposed to 

fighting it, the technology gradually gained acceptance and is today 
relied upon as an integral component of information that should 

always be provided during major emergencies (Bjorgo, 2011).  
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While satellite imagery have over the last ten years or so frequently 

been used during natural disasters, such as floods, landslides, 
tropical cyclones, earthquakes and tsunamis, we now see an increase 

in the use of detailed imagery to support humanitarian operations 

during conflicts and in support to improving human security (Lyons, 

2012 a; Pisano and Bjorgo, 2008 a). Furthermore, by using the same 
technology in different thematic areas, certain linkages start to 

emergency. Hence, gaining more in-depth knowledge on the 

interplay among humanitarian relief operations, climate change, 
human security and development has been identified as a priority 

area of research for UNITAR’s Operational Satellite Applications 

Programme (UNOSAT). 

 

It is important to realize the technical advancements over the last 12 

years; one can now detect objects in 400 times more details, and 
imagery can be available to analysts within an hour or two after the 

satellite passes a specific area of interest. That changes the game. In 

addition, with platforms such as Google Earth and Microsoft Bing 
available to the general public, one has become used to the notion of 

detailed satellite images being taken – even over our own house. 

That has significantly contributed to “demystify” the concept of 
space-based imagery collection. Such external factors, including 

Global Positioning System (GPS) solutions now a common feature 

in cars all over the world, makes acceptance of what is still 

considered new technologies in humanitarian relief operations 
easier. But, only real life successes will convince disaster managers 

– and successes we have seen and continue to experience. 

2 Information needs 

All too often one sees a mismatch between the information needed 
and the information provided by satellite mapping entities. On the 

one hand, users of the information in the field know what they want, 

but are not always able to technically articulate it. On the other hand, 

sometimes map-producers rather would like to be the first one with a 
map – any map – than actually making sure it answers the need for 

information. This mismatch has created frustrations in the past, as 
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well as significant duplications of mapping efforts. However, thanks 

to among others the Global Disaster Alert and Coordination System 
(GDACS) stakeholders, including first responders and disaster 

managers, as well as numerous research projects documenting 

typical user-needs, satellite map-products are now increasingly 

meeting the information needs.  

One of the most frequent requests for information during 

emergencies is simply to have a detailed general map of the affected 

area (Bjorgo 2002). This can today be consulted on-line through 
Google Maps/Earth, Microsoft Bing and others, but staff working in 

the field typically rely more on hardcopy printout maps. Hence, the 

access to detailed baseline information on roads, place-names, health 
centres, schools etc. is important. With pre-established procedures to 

access this detailed information over the affected area from for 

example Google MapMaker or OpenStreetMap, such simple 

overview maps can be produced quickly. 

However, disaster managers typically need more disaster-related 

information, such as to know the extent of a flood (which villages 

are flooded, which roads are inaccessible) and damaged 
infrastructure due to earthquakes (where should the search & rescue 

operations focus, are there areas with significant damage not being 

assessed etc.) (Bjorgo 2001). Other important information needs 
include location and extent of landslides (were any houses or schools 

destroyed and if so how many, where), extent of tsunami along 

coastal areas (where are the most affected villages and how many 

houses were destroyed) and damage to infrastructure following 
conflict (which urban areas are targeted and what is the ethnicity or 

political affiliation of the population living there). These days, all of 

the above is analysed using the most relevant satellite imagery, be it 
coarser resolution optical data to get the large overview of a flood, 

medium resolution radar to focus on cloudy areas still flooded, high 

resolution radar or optical to determine extent of landslides, or very 

high resolution optical imagery used during conflict situations to 
assess damage and presence of military material, tent counts in 

camps for refugees or IDPs etc. (Bjorgo et al, 2008; Lyons 2012 b; 

Pisano and Bjorgo, 2008 b).  
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Following the immediate emergency response to save lives and open 

access to the affected communities, humanitarian operations move 
into another phase of relief and medium term assistance. In order for 

the international community to respond in a coordinated manner and 

making means available according to the level of damage, it is 

important to assess the financial losses. Detailed damage 
assessments from satellite imagery have proven highly applicable for 

this task, coupled with financial models depending on type of 

infrastructure and severity of damage. Following the 2010 Haiti 
earthquake, UNOSAT teamed with the European Commission Joint 

Research Centre (EC JRC) and the World Bank to produce an 

unprecedented detailed assessment based on remote sensing data that 
was fed into an overall loss estimate presented to the international 

donor community (Corbane et al, 2011).  

The biggest challenge in meeting user needs in today’s humanitarian 

operations, is the need for speed, i.e. quality maps and analyses 
delivered within very short time frames. While a few years back the 

information typically arrived in the field late for optimal use, albeit 

still somewhat useful, the situation today allows for timely delivery 
of information so that tactical decisions can be taken on the ground. 

Thus, what was considered almost unrealistic a few years back is 

now a reality. In this area of near real time image downlink and 
delivery, the private industry has shown outstanding capacity to lead 

the development. This does not mean timely delivery can still be a 

challenge, as imagery can be complex and time consuming to 

analyse, but at least what is often referred to as raw data, i.e. the 
satellite image itself, can be made available within a few hours after 

acquisition.  

3 Solutions 

With the various information needs well defined, it is important to 

apply the most relevant type of imagery for the specific event. Since 
satellite imagery has the inherent qualities of being objective (an 

image does not lie), time-stamped (one knows exactly when the 

image was taken) and covering areas not easily accessible in the 
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field, it is no wonder that the technology is now fully integrated into 

today’s humanitarian operations. Specific solutions for the use of 
this technology are designed to facilitate quick and easy access as 

well as straight-forward use of the maps and analyses. Another 

important element to create operational solutions is that of 

predictability. The humanitarian community must be able to rely on 
the availability of satellite imagery now that the tool is integrated 

into decision-making processes. In order to contribute to that, 

UNOSAT has provided its Humanitarian Rapid Mapping Service 
since 2003. This service allows quick and free access to satellite 

maps during humanitarian emergencies. Funded by a group of donor 

agencies, the service is set up for 24/7 access and has so far 
delivered in over 250 emergencies, on average 30 events per year 

over the last few years. As an illustration of the percentage 

breakdown of humanitarian emergencies supported by UNOSAT in 

2011, see Figure 1 below. The figure shows that roughly 2/3 of the 
events where UNOSAT provided support, falls under the category 

natural disasters, while 1/3 is related to complex emergencies, 

mostly conflict situations. Support to the latter has increased over 
the last few years due to more detailed and more timely imagery 

available and to consolidation of analysis capacity in this domain at 

UNOSAT.  

Access to satellite imagery can take different routes. For conflict 

situation as well as events covering smaller areas, very high 

resolution imagery is typically purchased from commercial vendors 

through well-established modus operandi, either subscription 
services or ad-hoc payments. When purchasing imagery for 

humanitarian operations it is paramount to have a fast procurement 

process and to work with flexible image providers. During major 
natural or technological disasters, the International Charter “Space 

and Major Disasters” (Space Charter) is frequently activated. 
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Figure 1. Percentage breakdown of disaster types for UNOSAT 

Humanitarian Rapid Mapping during 2011. 

The Space Charter provides raw imagery from its members, a wide 
range of space agencies and partners, with high priority so as to 

ensure timely delivery. UNOSAT and other operational entities 

benefit from direct access to the images and convert these to maps 
and analyses. A third avenue of access to imagery is that of in-kind 

contributions, such as for example from the US Department of 

State’s Humanitarian Information Unit (HIU), who frequently 
provides imagery to humanitarian organisations. 

Based on the above solutions for imagery access and interpretation, 

the actual output typically takes the form of ready-to-print PDF 

maps, often in GeoPDF format allowing for simple digital 
measurements and light-GIS use of the product. The PDF maps are 

typically used by disaster managers in the field and desk officers at 

headquarters. However, with more and more desktop mapping 
capacity in the field and in national and regional offices, direct 

access to the satellite image derived data is in increasing demand. 

Efficient ways of meeting this requirement includes feeding the data 

from GIS-servers using standard formats such as Web Map Services 
WMS, serving geo-referenced maps over the Internet), Web Feature 
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Services (WFS, serving map content such as flood extent vectors for 

direct inclusion in GIS over the Internet) and Keyhole Markup 
Language (KML, sharing geographic data for visualisation in two- 

and three-dimensional Earth browsers, frequently used to share data 

on Google Earth platforms).   

New solutions currently being implemented in humanitarian 
contexts include the use of Unmanned Aerial Vehicles (UAVs, 

sometimes referred to as drones). The UAVs used for humanitarian 

applications are typically designed to take very detailed photos from 
a low altitude, typically around 100 metres. The UAVs are relatively 

small and include both light planes and small helicopter-style units. 

Both can be used to map out an area in high detail, for example at 5 
centimetres resolution, covering 1-2 square kilometre or more. 

Individual photos will have to be accurately mosaiced in order to 

have a homogenous full-area cover image for analysis and mapping. 

Figure 2 below illustrates the level of details one can get from 
UAVs. The example is from a recent mission to Port-au-Prince in 

Haiti to support the International Organisation for Migration on 

reconstruction efforts. Figure 3 is an example of a map created based 
on numerous individual photos taken from one of UNOSAT’s 

UAVs.  

 

Figure 2. Example of details possible to detect from UAVs: Settlements and 

marketplace in Port-au-Prince. Image courtesy by UNITAR/UNOSAT. 



 

124 

  

Figure 3. Example of map created based on photos from UAV: Camp for 

Internally Displaced Persons (IDPs) in Port-au-Prince. Image courtesy by 

UNITAR/UNOSAT.  

As examples of solution integrating various satellite based 

technologies in support to humanitarian operations, the European 

Commission (EC) funded GEO-PICTURES project merges satellite 
imagery and derived analysis with both professionally recorded and 

crowd-sourced geo-tagged photos from the field. The system is 

designed to work over low bandwidth, including satellite 
communication terminals with relatively high running costs, sending 

only the needed data in a seamless form. The field user only needs to 

take a photo like normal and the picture is automatically geo-tagged 

and pushed to a server for immediate appearance on maps. The 
system furthermore allows for managing and sharing of the photos, 

feeding them onto web-maps and an all-in-one GIS platform where 

the satellite imagery and field based information is merged, creating 
a near-real-time view of the situation on the ground (Skinnemoen 

and Bjorgo, 2011; Bromley and van Damme, 2012). This has been 
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highly appreciated by various emergency operations centres as well 

as by field teams who can communicate with off-site specialists. The 
system is also a de-facto historical record of the event. Contributions 

from regular citizens showing the situation in their neighbourhoods 

and a certain time is highly valuable for disaster risk reduction and 

preparedness activities once the specific emergency is over, so as to 
be better prepared for future disasters. Figure 4 illustrates the GEO-

PICTURES solution in action during Thailand floods 2011. Note 

how the citizen contributed photos fills in nicely with information 
over dense urban areas where satellite image flood detection during 

cloudy conditions did not produce good results. The red areas show 

successfully detected flood areas from satellite.  

 

Figure 4. GEO-PICTURES integrated platform used during 2011 Thailand 
floods. Image analysis by UNITAR/UNOSAT. Field photo courtesy of 

AnsuR/GEO-PICTURES. 

Another example of an integrated solution is the HumaNav service. 

This Public-Private Partnership (PPP) ensures state-of-art fleet 

management through satellite solutions (satellite navigation and 
satellite communication, as well as mobile phone network) of 

vehicles operated by humanitarian agencies such as the United 

Nations High Commissioner for Refugees (UNHCR), International 

Committee of the Red Cross (ICRC), the World Health Organisation 
(WHO) and the World Food Programme (WFP). Vehicles are 
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installed with tracking and alarm system so as to be able to have 

timely information on exactly where vehicles are, the routes 
followed and statistics for improved fuel consumption. HumaNav 

thus contributes to improved staff safety and environmental impact 

and have proved to be highly cost-efficient (UNOSAT, 2012). 

Satellite imagery derived information such as flood extent can be 
input to the system providing logistics planners with crucial 

information for security and efficiency. Figure 5 shows UNHCR 

vehicle equipped with HumaNav and online map-interface for 
monitoring vehicle fleet.  

 

Figure 5. HumaNav solution. Field photo courtesy of UNHCR, 

online-map courtesy of NOVACOM. 

Due to the simple fact that numerous humanitarian organisations use 

Google Maps/Earth in their daily work, UNOSAT has teamed with 

Google as focal point for United Nations entities in requesting 
specific areas of interest to be updated with better resolution or more 

recent satellite imagery on Google Maps/Earth. This allows in 

particular field users to have access to timely and suitable satellite 
imagery even over remote areas in developing countries that 

otherwise may not have been updated with new imagery.  
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It should be mentioned that satellite imagery still have limitations as 

to their applied use in humanitarian operations. Although timeliness 
has vastly improved over the last years, there are still situations 

where competing tasking may interfere with timely delivery. Clouds 

are still a factor that complicates satellite mapping. For floods, that 

aspect is less important as cloud-penetrating radar imagery perform 
well, with the exception in dense urban environment. Radar satellites 

are now also delivering data down to 1 meter spatial resolution, 

greatly improving the application-range of this type of sensors. 
However, for optimal use of radar imagery, similar mode archive 

data to compare against should be available, which is not always the 

case. Except for the above, previous major obstacles, such as costs, 
non-standardised image formats and lack of satellite sensors in orbit 

available to pass over the area of interest within an acceptable time-

frame have significantly diminished over the years. While cost can 

still be a factor, the price of a satellite image – particular if 
purchasing off the archives – is so low that any professional 

operational entity can afford it, typically in a range of a few hundred 

US$.  

4 Examples from recent humanitarian operations 

As discussed above, satellite imagery derived information is now an 
integral part of decision making processes during humanitarian 

operations. In order to illustrate this with two practical examples, the 

following events are highlighted below: Pakistan floods 2010 and 
Kyrgyzstan conflict 2010.  

4.1    Pakistan floods 2010  

Following heavy monsoon rains starting in July 2010, the 

Balochistan, Punjab, Sindh and Khyber Pakhtunkhwa regions of 

Pakistan, as well as the Indus river basin, were heavily flood 
affected. Using a range of satellite sensors, UNOSAT monitored the 

expansion of the flood and provided frequent updates to actors on 

the ground, including national government entities who used the 

analyses to target the most vulnerable population and to plan access 
to affected villages in an efficient manner. Flood extent data were 
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widely shared for inclusion by local and national organisations for 

use in internal information systems. The Flood Damage Assessment 
Cell of the Pakistan Agriculture Research Council used UNOSAT 

maps and flood extent data for their assessment and also validated 

the remotely assessed flood extent, which was found to be accurate. 

Figure 6 illustrates the maximum flood extent for this event. It 
should be noted that the international community frequently referred 

to a flood coverage of 20% of the whole country. However, that 

number was wrong, as the satellite analysis gives a figure of 
approximately 5%.   

 

Figure 6. Overview of total flood extent during 2010 Pakistan floods. Total 

area covered by flood represented 5% of overall landmass. Image analysis 

by UNITAR/UNOSAT. 

4.2    Kyrgyzstan conflict 2010  

When the Kyrgyz president was ousted in April 2010, an ethnic 

tension surfaced in the form of heavy violence in the south of the 

country (Norwegian Helsinki Committee, 2012). People of Uzbek 
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ethnicity were targeted by Kyrgyz ethnicity assailants resulting in 

the killing of between 900 and 2000 people, depending on the 
source. The conflict caused 100,000 people to seek refuge in 

neighbouring Uzbekistan, while 400,000 people fled to other parts of 

Kyrgyzstan. UNOSAT monitored the violence from its onset 

through fire detection from satellite. Once fire was detected in an 
urban area, more detailed imagery was ordered and analysed. The 

damage assessment showing exactly which individual buildings 

were burned was of fundamental value to humanitarian 
organisations, such as UNHCR and the French NGO Agence d’Aide 

à la Cooperation Technique Et au Développement ACTED). Early 

responders moving into for example the city of Osh, had detailed 
and objective information on where the affected areas were and 

could thus plan delivery of aid much faster and organize protection 

of areas at risk in a manner not possible without timely delivered 

satellite analysis. The damage assessment was also used to plan 
reconstruction efforts and medium term relief assistance.  Figure 7 

shows part of the satellite image damage assessment carried out over 

Osh. 

 

Figure 7. Satellite image derived damage assessment showing patterns of 

burnt buildings in Osh. Image analysis by UNITAR/UNOSAT. 
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5 Conclusions 

The main difference between yesterday’s use of space-based tools in 
humanitarian applications, say 10-12 years ago, and today’s use of 

applied satellite solutions is that the information derived using this 

technology now has a real impact on the way humanitarian 
operations are carried out. The technologies discussed here have 

proven to be vertical as well as horizontal enablers and are now an 

integral part of 21
st
 century decision-making processes, from tactical 

decisions in the field, to strategic discussions at headquarter and 

awareness raising among the general public, thus contributing to 

more efficient and better coordinated humanitarian relief operations 

(Bjorgo and Senegas, 2009.) 

From ensuring such important horizontal benefits, across sectors 

such as immediate relief, health, protection, environment, education 

and logistics lies also an inherent problem; most donor agencies are 
not set up to handle the support to cross-sector enablers. 

Traditionally, budget lines are linked to vertical sector structures, 

and even though donors acknowledge the benefits and cost-savings 

from this technology, many are still working in older financial 
structures and internal institutional setups that make it difficult to 

allocate funding across sectors. However, some donors, moving into 

more modern ways of funding activities, have been able to change 
their business-as-usual and thus contributes to overall cost-saving 

due to the use of satellite applications, furthermore allowing funds to 

be allocated where there are gaps – thus generating a win-win 
situation! 

The future will bring more application areas, more diverse satellites, 

even lower costs and faster turnaround time from acquisition to 

reception by analysts. Live video is scheduled from the International 
Space Station by UrtheCast, all leading to improved real time 

information access and live monitoring to support humanitarian 

operations on the ground. It cannot be said enough, that it is the local 
people on the ground who contribute to the majority of humanitarian 

relief, often with support from the international community. Satellite 

technology is a good helper, but is useless unless the field-setup 
allows to take advantage of the satellite image-derived information 
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and can actually use it to help the affected population. Satellite 

technology is thus one important piece of the puzzle, and not the 
solution per se.  

Acknowledgements  
The author wants to thank the hard-working colleagues at 

UNITAR/UNOSAT for their dedication to high quality analysis in support 

of humanitarian response operations. Further acknowledgements go to the 

long-standing support from the International Charter Space and Major 
Disasters, as well as the EC funded GEO-PICTURES project coordinated 

by AnsuR.  

References  

 
BJORGO, E., 2011. Satellites: An information leap for crisis response. 

Crisis Response, 6 (4): pp 36-39, 2011 

BJORGO, E., 2002. Space Aid - A Framework Paper on Current and 
Potential Use of Satellite Imagery in United Nations Humanitarian 

Organisations. United States Institute of Peace Program on Virtual 

Diplomacy Series no. 12. 

BJORGO, E., 2001. Supporting Humanitarian Relief Operations. In John C. 

Baker, Kevin M. O'Connell, and Ray A. Williamson, eds., 

Commercial Observation Satellites: At the Leading Edge of Global 

Transparency (Santa Monica, CA: RAND and ASPRS). 

BJORGO, E., PISANO, F., LYONS, J., and HEISIG, H., 2008. Satellite 

imagery in use, Forced Migration Review, Issue 31. 

BJORGO, E. and SENEGAS, O., 2009. Operational applications of space 

technologies in international humanitarian emergency response, In 

Bartel Van de Walle, Murray Turoff, and Starr Roxanne Hiltz, eds., 

Information Systems for Emergency Management, Volume 16, 

Advances in Management Information Systems (Armonk, NY: M. E. 

Sharpe), pp 279-301. 

BROMLEY, L., and VAN DAMME, O., 2012. Encourager la participation 

citoyenne aux missions des Nations Unies. Diplomatie, no. 56. 

CORBANE, C. et al., 2011. A comprehensive analysis of building damage 

in the 12 January 2010 M7 Haiti earthquake using high-resolution 
satellite- and aerial imagery. Photogrammetric Engineering & 

Remote Sensing, 77 (10): 997-1009.  

LYONS, J., 2012 a. Satellite technology and humanitarian law. In Wolff 

Heintschel von Heinegg and Gian Luca Beruto eds.,  International 



 

132 

Humanitarian Law and New Weapon Technologies (International 

Institute of Humanitarian Law), pp 87-92. 

LYONS, J., 2012 b. L’afflux de déplacés à Mogadiscio – suivi par satellite. 

Diplomatie, no. 54, pp 14-15. 

NORWEGIAN HELSINKI COMMITTEE, 2012. A Chronicle of violence – 

The events in the south of Kyrgyzstan in June 2010. 

PISANO, F., and BJORGO, E., 2008 a. Between human security and 

disaster management - the role of satellite derived information in 

achieving the goals of the international community. In Risk Wise 

(Tudor Rose Publishing), July. 

PISANO, F. and BJORGO, E., 2008 b. Space security and satellite 

applications in humanitarian aid. In proceedings, UNIDIR conference 

report "Security in Space: the Next Generation". 

SKINNEMOEN, H. and BJORGO, E., 2011. GEO-PICTURES: Seeing 

emergencies from different angles, In  Let’s embrace space - Space 

Research achievements under the 7th Framework Programme, 

European Union, pp 272-282, 2011 

UNOSAT, 2012. Suivi par satellite de véhicules humanitaires: une réponse 
à des enjeux stratégiques. Diplomatie, no 57. 

 

 
He holds a Master of Science in Meteorology (Climate Science) and a Bachelor in 
Mechanical Engineering from the University of California San Diego. He joined the UN 
High Commissioner for Refugees (UNHCR) in 1999 working on integrating new solutions 
into its operations, including the use of GIS, GPS and satellite imagery. In 2002 he joined 
the United Nations Institute for Training and Research (UNITAR) Operational Satellite 
Applications Programme (UNOSAT), where he is in charge of humanitarian relief, 
human rights, human security and climate change activities. In that position he ensures 
satellite imagery derived maps and analyses are available to the international community, as 
well as Governments, during natural disasters and complex emergencies. 

 

E. Bjorgo United Nations Institute for Training and 
Research (UNITAR)  Operational Satellite Applications 
Programme (UNOSAT), Geneva, Switzerland Email: 
einar.bjorgo@unitar.org Einar Bjorgo received his PhD in 
Geophysics from the University of Bergen, Norway, in 1999 on 
applications of very high resolution satellite imagery in support 

to refugee relief operations. 

 



 

   133 

7 
 

Change Detection Methods for Mining and 
Dam Construction Environmental 

Assessment 
 

C Lavers 

 
This chapter shows how high-resolution satellite imagery can 
provide an assessment of the extent of open cast mining and dam 

construction in inaccessible environmentally sensitive regions using 

largely semi-automatic orientated assessment methods in Matlab to 
create quantitative NDVI and pseudo temporal NDVI change 

images. Satellite imagery allows external verification of actual and 

potential mining impact on vulnerable indigenous which have until 

recently largely been autonomous communities. We evaluated 
mining impact at Panchpatmali bauxite mine in Orissa, India, 

(18°51’0”N 83°1’6”E) and its potential impact on the Dongria 

Kondh people in the Niyamgiri Hills in Orissa, India.  

1 Introduction 

The benefits of our analysis method was also used to evaluate not 

only direct mining impact in Grasberg, West Papua (4°03′10″S 
137°06′57″E) but to evaluate deforestation and recent trends in 

tropical alpine glacier ablation using IKONOS high resolution 

satellite imagery of Carstenz near the Grasberg gold and copper 

mine.  The method has also recently been applied to the 
controversial and secretive Omo River Gibe III Dam (6°50′50″N 

37°18′5″E), which began construction in 2006 and when completed 

will be the largest hydroelectric power plant in Africa. The Omo 
River and Lake Turkana into which it flows, are the life blood of an 

estimated one million people that live in both Ethiopia and Kenya. 

For the indigenous tribal groups and animals which depend upon this 

river disruption of the Omo River’s flow is expected to detrimentally 
change their way of life forever.  

http://toolserver.org/~geohack/geohack.php?pagename=Gilgel_Gibe_III_Dam&params=6_50_50_N_37_18_5_E_type:landmark
http://toolserver.org/~geohack/geohack.php?pagename=Gilgel_Gibe_III_Dam&params=6_50_50_N_37_18_5_E_type:landmark
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Natural resources such as: land, vegetation, air, water and minerals 

deposited in hydrothermally altered rocks are of critical significance 
not only to man’s needs but in sustaining fragile ecosystems and the 

very life support systems of the planet (Auty 2007). Problematically 

many of these minerals exist in areas of outstanding natural beauty 

such as the UNESCO World Heritage Sites of the Omo valley and 
Carstenz glacier regions. Large-scale exploitation of ecologically 

sensitive regions is to be entered into with extreme caution; natural 

resources are dynamic non-linear systems with multiple fragile 
components: human, biological, and chemical, combined with local 

weather (De Grot, 2002). Even an apparently harmless perturbation 

of one factor can have a significant consequence to the overall 
system, leading to unexpected large-scale disastrously ‘negative 

feedback’ changes such as those observed in the Aral sea region of 

Kazakhstan, a deterioration only now arrested by construction of a 

large dam in the North, with the potential for further as yet 
unanticipated consequences to manifest later.  

The availability of commercial high-resolution imaging has 

immediate consequences for the reporting of large-scale 
infrastructural development in generally unreported regions having 

likely regional if not global impact. Regions may be unreported due 

to their remote geographical locations, various governments’ 
denying entry, or both. This satellite capability has increased in 

sophistication within the last decade to provide vital documentary 

evidence of a human rights nature. Satellite imaging is but one of 

several advances in new technologies in sensors and 
communications, more generally a revolution in technology which 

has the capacity to change the international political landscape, and 

may be argued through the ‘Arab Spring’ is already doing so. The 
advent of social media has undeniably been a driving force for 

change, evidence by the unsuccessful shutting down of such 

networks in North Africa (giswatch, 2012) In May 1994 President 

Clinton said ‘”Because of a communications revolution…… we are 
front-row history witnesses. We see things as they occur. Now we 

are impatient if we learn about things an hour after they occur 

instead of seeing them in a moment.” (Clinton, 1994). Combined 
with the newsgathering of commercial television, the spread of the 
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Internet and the digital age, a new level of interactivity in 

communications has arisen to test the conventional wisdom about 
the power and control of information (Minear, 1994). The modern 

mobile phone or camera is now able to gather emotive digital images 

and video and email them worldwide in only a moment of 

contemporary time, providing an army of media and a multitude of 
potential leaks that even the most repressive regimes find difficult to 

contain. As a consequence of the threats to fragile natural resources 

and the likely impact of anthropogenic climate change risks are now 
increasingly better documented: such as the threats posed by oil rig 

flaring in Nigeria are discussed further in this volume.  

 
2 Background 
It has been possible to use the latest commercially available high 

resolution satellite imagery combined with image processing 

methods to look at three case studies (1) mining in Orissa, India, (2) 
Grasberg, West Papua, and (3) the Omo river Dam, in Ethiopia. Here 

we focus on the potential impact of overseas mining transnational 

corporations on indigenous communities and their tribal lands. 
Tribal peoples are some of the most vulnerable ethnic groups and 

increased economic globalisation and climate change will exacerbate 

stress on the viability of their societies (Mabey, 2008). Use of high-
resolution satellite imagery for monitoring human rights was 

proposed some two decades ago (Willum, 1999) but it is only since 

1999 with the launch of high resolution satellites like IKONOS 2 

and Quickbird 2 that commercial imaging became widely available 
for detailed mining impact Geographical Information Systems (GIS) 

related applications. This new generation of commercial imagery, 

with 1m or better resolution, is ideal for applications using 
technology previously found in the military domain such as 

evaluating a mine’s ‘footprint’. Satellite imagery has the potential to 

help governments to perceive the full environmental and economic 

impact of mining and construction clearly above the complexities 
introduced through international globalisation and climate change-

related factors. 

It is known that in surface coal mining large waste material volumes 

are excavated and transferred between locations changing 
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topography over time. Large quantities of rock are stripped which 

consequently create large holes and huge piles in the landscape, 
usually leaving scars on the surface. Furthermore removing top soil, 

as an unavoidable step to accessing and stripping overburden rock, 

results in: displacement of soil, vegetation, and agricultural land, 

besides biodiversity changes due to deforestation, and disturbance of 
local water resources due to catchment changes and stream 

destruction, (Demirel, 2011). Minimising these mining activity 

footprints and improving mining practices are an essential step 
towards achieving sustainable mining. Conventional techniques in 

mine monitoring, such as topographic and photogrammetric methods 

are time consuming and very labour intensive, and thus not most 
appropriate for monitoring large-scale surface mine areas (Anderson 

et al., 1977). Remotely sensed satellite data has been extensively 

applied to provide a cost-effective means of supplying land cover 

maps over large geographical regions rapidly for both mineral 
exploration and environmental monitoring for several decades. 

Increasing the number of sensors and satellites results in 

economically affordable spatial up-to-date information about the 
processes taking place on the land when combined with the use of 

image classification algorithms.  

 

3 Methodology 
Multispectral imaging provides colour and IR data to characterise 

urban areas, revealing land management change. IKONOS 2 is a 
multispectral (colour) satellite with 1m panchromatic resolution 

(B&W) launched September 1999, with 4 bands blue (0.42-0.52), 

green (0.52-0.60), red (0.63-0.69) and Near IR (NIR) (0.76-0.90) 
microns respectively. Multiple combinations of 1m panchromatic 

and 4m multispectral bands produce false colour images similar to 

Landsat 4-5 Thematic Mapper Band colour products. The principal 
study aim was to evaluate whether IKONOS 2 satellite imagery 

could quantify observed changes in mining activity using processing 

methods in Matlab to assist manual identification to support 

previous assessments of environmental deterioration (Lavers, 2010). 

It is more efficient to quantify large-scale areas in the shortest 

possible time with the minimum of direct human input. Initial image 
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analysis and region extraction was conducted using ArcGIS (Version 

10.0) with specific parameters (for a reproducible audit trail). Matlab 
was chosen to provide semi-automatic methods with various image 

processing approaches. New software was written which required 

co-registration of ‘before’ and ‘after’ ortho-rectified images for 

multiple or single band data. It is necessary for data layers to be 
spatially c-registered so that satellite data are in the same spatial 

reference frame (Schmidt and Glasser, 1998). After co-registration 

of selected image points the software matches pixel to pixel across 
intended scenes. If image acquisition is from different image types 

with different numbers of pixels, processing can interpolate missing 

points, outputting greyscale or false colour data representations. 
Images are entered into Matlab to become a series of 2D matrix 

elements with the simplest suitable options for analysis using a 

Normalised Difference Vegetative Index (NDVI) and a single 

spectral band temporal Normalised Difference Vegetative Index 
(NDVI)- proven valuable in man-made land cover change analysis 

(Lavers, 2011) based on earliest, unautomated work (Lavers, 2009) 

for contrast with before and after imagery:  

The Normalised Difference Vegetative Index (NDVI) (Yue, 2007) is 

a normalised difference in spectral content, using NIR and visible 

red, with Contrast: 

 C = (NIR - Red) / (NIR + Red)  

 

Whilst the temporal contrast is given by Contrast: 

 CT = (After - Before) / (After + Before) analogous to the NDVI. Such 
normalised indices are usefully applied to imagery to look at mining 

and construction project changes. 

Change detection and surface mine monitoring involves the use of 
multi-date images to evaluate observable differences in land cover 

due to environmental conditions and anthropogenic actions between 

the acquisition dates of various images (Singh, 1989). However, 
successful use of satellite remote sensing for land cover change 

detection depends on an informed knowledge of landscape features, 
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imaging systems, and information extraction methodology employed 

in relation to the aims of the analysis. 

 

4 Results 

4.1 Orissa India 
This project arose out of a request by Survival International to 

investigate a controversial proposal for an open cast mine which 
would affect the Dongria Kondh indigenous tribes in Orissa, India, 

following on from other recently documented projects (Lavers, 

2009, Lavers, 2011). The Dongria Kondh are a peaceful people who 

live in the Niyamgiri Hills in Orissa State. Mine proposals had been 
put forward by Vedanta Resources, a UK company intent on mining 

the mountain’s rich seam of bauxite (aluminium ore) with an 

estimated $2 Billion deposit. The Dongria Kondh farm the mountain 
slopes and grow crops in the forest and gather wild fruit for sale. 

There are about 8,000 tribal members of these ‘hunter gather’ 

communities living in villages scattered across the Niyamgiri Hills. 
The Dongria Kondh call themselves the Jharnia, meaning ‘protector 

of streams’ of their mountains and life-giving rivers that rise up 

within their dense forests. Vedanta’s proposed open cast mine has 

the potential to destroy the forest, disrupt the river systems, and end 
forever the Dongria Kondh as a distinct tribal people. However, 

Vedanta claimed the mine in the Niyamgiri Hills would be based on 

a model environmental mine at Panchpatmali. We took the approach 
to use satellite imagery to assess the extent of the existing open cast 

mine workings at Panchpatmali as a test of what satellite imagery 

could see.  

Inspecting Ikonos imagery, made freely available from the GeoEye 
Foundation (GeoEye Foundation, 2010), taken in 2002 (figure 1) 

and 2009 (figure 2) are shown respectively. Due to intensive 

development of the Panchpatmali mine workings, the mine area is 
seen to have increased further North East over this period to extract 

more bauxite along the valley’s geological fault visible in the 

imagery (figure 2). It appeared to many concerned parties that 
Vedanta’s claims of using this site as a template for a model 
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ecologically landscaped open cast mine in a sensitive tribal area 

needed further inspection and clarification.  

4.1.1 Panchpatmali Mine 

  

Figure 1 Panchpatmali Mine, Orissa 2002. © GeoEye Foundation. 

Figure 2 Panchpatmali Mine, Orissa 2009. © GeoEye Foundation. 

 

Figure 3 Panchpatmali, temporal pseudo NDVI image plotted as: 

                               (After - Before) / (After + Before) colormap (jet). 

Image data held in otherwise hard to see raw data and initial grey-
scale Matrix sub images is represented clearly using relatively 

simple change detection methods to provide a normalised contrast 

(figure 3). For the same reasons discussed earlier in Chapter 3 



 

140 

(Zimbabwe land clearances), the contrast image is represented 

between a narrower limit range than 0 to 1, here between limits of 0 
to 0.3 the maximum level of contrast. 

The pair of before and after images used to generate figure 3 are 

well co-registered, giving ‘sharp’ definition and are not poorly 

aligned or blurred. This approach has potential to highlight NDVI 
changes due to mining activity and to provide typical NDVI levels 

for mining to be highlighted in a semi-automatic approach over 

large areas. 

Various before and after image pairs can in this way be considered 

side by side and in detail, such as in figure 1 and figure 2 

respectively, as well as close-up detailed changes of the mine itself 
figure 3 and regions near the mine where some tree planting has 

taken place, figure 4. This was observed to be relatively small-scale 

near the mine and new forestation takes place at various locations, 

some far from the mine, indicative perhaps of individual plantations 
(rubber or palm oil perhaps), for economic rather than mine 

landscaping reasons exclusively figure 4. Such high resolution does 

provide high quality data rather than coarser MODIS data for 
observation of spatial, spectral and temporal patterns of forest cover 

change (Hayes, 2007).  

Imagery as an integral part of this study was provided to Survival 
International. Survival International in turn provided a variety of 

image sources and human rights data to the Indian Government and 

Vedanta shareholders, which in part helped overturn government 

approval for the mine, preserving the practices and lifestyle of this 
indigenous community. The transparency afforded by satellite 

imagery partly assisted Indian and international effort to represent 

mining impact on vulnerable tribal communities, to a Governmental 
and global audience with great effect. 
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Figure 3 Panchpatmali mine Figure 4 Small plantations near the mine. 

The Indian Government’s recent refusal (August 2010) to grant final 

clearance for Vedanta’s mine, placed the Dongria Kondh’s rights 
above the company’s balance sheet, overturning a decision by 

Indian’s Supreme Court who gave the go ahead for the mine in 

2008. The Indian government blocked Vedanta’s mining plans, 
citing the company’s disregard for the rights of tribal groups. This 

affirms in such cases, where the rule of law is upheld, human rights 

campaigns may have some measure of success. A key challenge for 

confirming the mining impact on even more isolated tribal groups 
without the same level of support as the Dongria Kondh is rapid 

response to credible eyewitness reports. Effective and timely 

response is critical if national Governments and local communities 
may mitigate against unlawful or damaging environmental activities. 

As a timely note to the requirement to maintain a constant vigilance 

in such tribal cases, is that at the start of 2012 Vedanta has 
challenged the Indian Government on their August 2011 ruling, 

putting these real life Avatar in the firing line yet again.  
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4. 2  West Papua (Grasberg Copper and Gold Mine) 
Historical Background 

 

Satellite imagery provides the GIS specialist with an ability to 

monitor a broad range of man-made and natural land cover activities 

in high resolution. This in turn provides us with an ability to monitor 

isolated regions having climate significance.  Originally we 
monitored mining corporation activities in the poorly documented 

region of Grasberg West Papua (Lavers, 2010). Very few maps or 

similar data are available for such areas due to their inherent 
inaccessibility. Until the building of the first roads in the early 

1970’s, the only access into the foothills of the Grasberg regions 

were the river systems. Due to ongoing conflicts in this region 

between government forces, mining staff, and indigenous tribal 
groups (seeking independence from Indonesian rule) direct ground 

measurement is dangerous, as evidenced by recent deaths of both 

tourists, journalists and independence leaders (Lavers, 2010) making 
satellite imagery the safest route to obtain data for analysis on 

tropical glaciers in volatile regions.  

There are concerns about the indigenous Amungme and Komoro 
tribes of West Papua, with the expansive growth in the Grasberg 

gold and copper mine complex (now over 2.6M hectares) and its 

impact on adjacent delicate alpine ecosystems and glaciers. Grasberg 
is the largest gold mine and the third largest copper mine in the 

world– a key factor in the Indonesian economy. The mine has 

estimated reserves of 36.5 Billion pounds of Copper, 39.8 million 

ozs Gold, and 115 million ozs Silver. In 2008 Freeport contributed 
2% to Indonesia’s national domestic product (International Mining, 

2009). With the Freeport mine is seen as the embodiment of 

Inonesian neo-colonial rule (Indonesian Human Rights Network, 
2004). The many challenges of building the Grasberg (Grass 

Mountain)/ Ertsberg (Ore Mountain) complex included building a 75 

mile access road to the deposit from the south. The project included 
driving tunnels through 2 mountains, a 1.1 km tunnel under 2819m 

high Mt Hanekam and a 845m tunnel through 4150 Mt Zaagkam. 

The road begins at the cargo dock, traverses a labyrinth of mangrove 
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swamps and enters the ‘lowland’ jungles. The access road crosses a 

coastal zone, sago, tropical rain and, cloud forests and sub-alpine 
regions.  The mine and glacier region was first prospected and 

mapped by Dutch geologists in the 1930s, after colonial reigns of the 

Spanish and then the British. The unique area comprises several 

delicate ecosystems- alpine meadow, wetland and mangrove forest- 
making this environmental site world-renowned for its range and 

diversity of flora and fauna. 

 

Figure 5 West Papua Grasberg mine (left) Carstenz glacier (right). 

The mine (figure 5) is shown left with a nearly 4km wide open-pit 

portion of the mine complex- as well as extensive underground 

workings. Access roads for trucks hauling ore and waste rock are 
visible along the sides of the pit, with its tropical glaciers right, 

sensitive markers of immediate climate change.  

A comprehensive report (WAHLI, 2006) the Indonesian Friends of 
the Earth provide a forum for the Environment, encompassing non-

government and community based organisations with over 438 

member organisations, which as of 2004, stated its significant 

concerns over Rio Tinto’s continued failure to address basic human 
and workers’ rights, and significant shortcomings in environmental 

protection in this alpine environment. The report listed a catalogue 

of shortfalls including: legal breaches, copper wastage and pollution, 
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engineering inadequacies, tailing toxicity, estuary and habitat 

destruction, contamination of the estuary food chain (dissolved 
copper) and ecological disruption. In WAHLI’s report foreword by 

Chalid Muhammad, “PT Freeport Indonesia is a case study in the reality 

of the mining sector in Indonesia. The economic benefits which were 

promised and dreamed of have turned sour, the conditions of the 

environment and the community around the mining area grow ever worse 

and generate protests regarding the numerous human rights violations, 

environmental impacts and impoverishment of local people.” Furthermore 

“The stark environmental impacts of large-scale mining astonish ordinary 

people, leading to the question, does the law apply to these big polluters 

who claim to be contributing to national income? The death of the Ajikwa, 

Aghawagon and Ottomona rivers, waste rock and tailings which are piling 

up, and ecosystem death in the mining impact zone means the loss of an 

environment which cannot be compensated for." The 1997 The 
Stakeholders Report Rio Tinto Tainted Titan, expressed that many 

shareholders registered their anger and dismay at the intransigence 

of the company to their needs and concerns. These stakeholders 
include the indigenous people on whose land mining takes place; the 

trade unions, made up of the people who work at the Rio Tinto sites, 

and environment groups, representing the silent voice of nature. 
These groups, along with churches, human rights groups and aid 

agencies have raised significant concerns over the company’s 

systematic failure to address human and workers’ rights and 

environmental protection at many of its operations around the world 
(Rio Tinto Tainted Titan, 1998).  

Especially unstable geotechnical conditions favour the formation of 

tailings which combine with extremely high local precipitation 
during the wet season (September to May), (8m/year at the mine and 

11m/year at the plant site). Consequently the local Ajikwa river is 

used to transport tailings from the high mountains to the lowland 
deposition site. Studies have shown no extensive land areas in the 

highlands exist for alternative disposal methods.   

For the Amungme and Komoro tribes, reduction of Mt. Grasberg, 

one of the largest peaks of the Sudirman range, to an excavated 
plateau has been devastating, whose workings include an open pit 

mine as well as an underground mine. The arrival of PT Freeport 
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Indonesia in the Amungme’s traditional lands since the signing of a 

contract of work in 1967, brought many problems to the Amungme 
people who live in the Grasberg highlands and the Kamoro in the 

Lowlands (Undermining the Forests, 2000) with social and 

economic impact of tailings disposal on these other Papuan 

indigenous tribes seen around Timika. Tribes were forcefully 
relocated, leaving thousands of indigenous people removed from 

traditional farming and food gathering territories. Moving tribes to 

the tropical lowlands brought them for the first time into contact 
with malarial mosquitoes, which increased mortality rates. 

Environment damage caused by the mine has impaired the ability of 

thousands of Amungme and Komoro tribesmen, traditional owners 
of the mine site and river areas, to access clean water and food, and 

maintain their own unique cultural practices. Indigenous rights are 

also aboriginal rights, those that pre-date colonial intervention 

(Undermining the Forests, 2000). 

Additionally “indigenous peoples, because of their pre-existence to 

contemporary States, and because of their cultural and historical 

continuity, have a special situation, an inherent condition that is 
juridicially a source of rights”  Dumping of waste into the local 

water systems has certainly resulted in deoxygenation of rivers, 

killing plants and fish alike. Each day the mine dumps over 110,000 
tons of waste into the Ajikwa River (WWF, 2010), resulting in 

increased sediment transport. Thousands of tons of waste rock are 

dumped by lorry into the alpine valleys where high tropical rainfall 

(often leaving the mountains hidden in thick mist) and erosion lead 
to fine materials moving downstream, releasing heavy metals such 

as mercury, cadmium and copper into the river networks. This 

contamination is toxic to aquatic organisms and offers threat of 
concentration in the food chain. 

4.2.1 Results 

Development of the land and river systems to the south of the mine 

led to rapid deforestation between 2000 and 2002 (figures 6a [2002] 

and 6b [2000]). Land cleared on the right of the river is about 7190 
yards

2
, with bridges and man-made lakes created (about 365, 294, 
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102 and 69 yards
2 

respectively). In other locations new square 

building plots, displace what was earlier pristine forest, are visible at 
about 16 yards by 16 yards dimensions (GeoEye Foundation 

website, 2010). Some buildings were partially removed during this 

period. This land clearance, sadly, is not an isolated case but is a 

major problem, as documented in recent ESA satellite projects. 
ERS-1-SAR (synthetic aperture radar) data has helped monitor rain 

forest "conversion" and land use planning. The ESA pilot project 

TRULI, located on the island of Borneo, 450 km upstream of the 
Mahakam River, sets a benchmark for monitoring Indonesian 

tropical rain forest removal. Three quarters of the island is covered 

by the world’s second largest rainforest, sometimes called “the 
lungs of Asia”. But foreign companies now hold concessions to log 

or mine more than 75% of the forestland. In addition, illegal logging 

operations are rampant an unchecked. Clear cut-logging is 

prevalent and replanting, if attempted, is often impossible. The end 
result is a rapid and unceasing rate of species extinction, soil 

erosion and desecration of sacred homelands. In the words of a 

local woman, “We feel bitter. They destroy the sago and dammar 
trees, the wood and the water. There are no fish, there are no birds, 

there is nothing left at all” (The Ecological Tragedy of Resource 

Extraction in West Papua, 2005). Various recent Landsat studies 
have accurately analysed both timed series forest loss (Broich, 

2011), and livelihood implications (Fisher, 2012) in respectively 

Sumatran and Kalimatan, and West Timor. 

 
    Fig 6a           Forest 2000                            Fig 6b        Forest 2002 

The mine complex itself, is about 15,099,000 yards
2 

across, with the 

bored out circular core of the mine (Tambang Terbuka) covering 
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2,213,000 yards
2
. The remarkable level of detail allows for 

monitoring of individual trucks (8 yd x 16 yd- width x length) and to 
differentiate the operations of different types of mine machinery, 

identifying 70-330t haul trucks from production equipment (figure 

7).  

 

Figure 7 Individual machinery identified. 

Nearby alpine glaciers, among the closest to equator in the southern 

hemisphere, (-4˚ South and longitude 137˚  East), are considered 
sensitive markers of climate change, with the Mount Jaya glacier 

region exhibiting documented retreat since the mid-19th century. 

GeoEye Foundation Imagery covered the period June 2000 to 2002. 
Shuttle imagery (NASA earth observatory imagery) from June 2005 

allowed accurate determination of glacial area cover over a 5-year 

period for the first time. Several different imaging packages were 
used. Existing known feature sizes on underlying terrain made 

measuring area relatively straightforward using polygonal area 

image measurement techniques initially in Brava Viewer. 
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Faced with widespread opposition to its authority Indonesia has 

relied heavily on military strategies, to maintain West Papuan 
control and overcome dissent. Reliable statistics of human rights 

abuses are hard to obtain- estimates of the deaths range from twenty 

thousand to one hundred thousand. To this is added the widespread 

negative impact of an all pervasive Indonesian military presence on 
the culture and well-being of Papuan communities. In remote areas, 

such as Grasberg, the military’s record and reputation as agents of 

fear and brutality amongst its communities is well documented 
(Tebay, 2005). Since the start of Indonesian rule, government and 

military officials have been heavily involved in West Papuan 

resource extraction. For example, by 1980, the oil industry in West 
Papua had gone into decline, prompting the dismissal of local West 

Papuan employees in favour of Javanese labour, viewed as more 

skilled and reliable (Indonesian Human Rights Abuses, 2004). 

Opposition to Indonesian rule included the Free Papua Movement’s 
(OPM) armed struggle which has engaged in low-intensity warfare 

with government forces since ‘integration’. To West Papuans the 

Freeport mine is the embodiment of Indonesian neo-colonial rule 
(Harris, 2005). This at times armed struggle, with considerable 

indigenous support (Start, 1997) has led to occasional kidnapping of 

foreigners, especially Australians, which has thereby attracted 
international media attention (Harris, 2005).  

Such kidnappings, breaking through strict Indonesian censorship, 

have initiated an interest in information about Papuan history and the 

reasons why the OPM are fighting for independence It’s very easy to 
understand,’ insists West Papuan leader Theys Eluay, ‘This is what 

we want – independence’ as stated to the international community. 

The 3rd  February 1998  Australian Senate report, Australia in 
relation to Asia Pacific Economic Cooperation (APEC),  looked at 

the relationship between mining and its national forces, “which has 

been guarded since the 1970s by the Indonesian military, which has 

been fighting during this time to suppress a rebellion for Papuan 
independence. The Indonesian military has a history of atrocities 

against civilians and is known to have been involved in corruption 

and illegal business activities, as have the police. For this reason, 



 

   149 

there has long been controversy over the close relationship between 

the mine and the government security forces which guard it (Global 
Witness, 2005) and “The PT Freeport company provides transport, 

food, clothing and accommodation for the 1,800 military stationed 

around the mine area. Irian Jaya is the most heavily militarised zone 

in Indonesia, far more militarised than East Timor. Human rights 
abuses by the military against the Amungme people, who oppose the 

mine, have been well documented and include murder and torture. 

As recently as September 1997, 60 people were killed by the army in 
the Mapadooma area as reprisals against mine 

opponents.”(FAD&T, 1998).  

5 Glacial Methodology 
The principal aim was to evaluate mine impact, deforestation and 

hinterland infrastructure development. However, could IKONOS 2 

satellite imagery quantify observed changes in ice and snow cover 

using processing methods in Matlab to assist manual identification 
to support previous assessments of environmental deterioration 

(Lavers, 2010) and infer from this any indicators of climate change 

from observation of these sensitive tropical glaciers?  Certainly the 
tropical Carstenz Glacier in Papua Province (formerly Irian Jaya), 

have been melting rapidly; 80% of the collective area was lost 

between 1942-2000. The West Meren Glacier receded 2.6km since 
first survey in 1936, before melting completely sometime 1997-

1999. In Papua New Guinea, 3 summit ice domes in the Central 

Cordillera Range disappeared in the 1960s (WWF, 2010).  

 

5.1 Results 
5.1.1 Satellite imagery of Nearby Tropical Glaciers 
The East Northwall Firn and Carstenz glaciers (figure 8), remnants 

of previously much larger glaciers, have changed mostly in snow, 
rather than ice cover over this period. 
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Figure 8 Carstenz glacier June 2000. Carstenz glacier June 2002. © 

GeoEye Foundation. 

Snowfields overall area shows significant reduction between 2000 

and 2002, especially for the large areas of East Northwall Firn and 

Carstenz, -35% and -56% respectively, followed by increase of 

about 25% and 80% respectively between 2002 and 2005, although 
resolution of 2005 earth observatory imagery is poorer than 

IKONOS imagery (Lavers, 2010).  A recent paper (Kincaid, 2004) 

provided a detailed historical summary of glacial retreat in a 
preliminary investigation of satellite imagery (2000 and 2002). 

However, their saturation levels provide poor discrimination 

between bedrock and glacial ice which are clearly resolved in 
desaturated ArcGIS. It is difficult to assess ice cover on the basis of 

bright snowfields, which are less in 2002. However, ice cover is a 

little greater in 2002 (Lavers, 2010).   

5.1.2 Northwall Firn 
To evaluate cover with semi-automatic Matlab approaches 1m 

panchromatic data on the 2 dates, was co-registered to create two 

Matrix sub-images in chronological order (figure 9) reloaded as 
false colour or black and white images. Simple difference values 

fluctuate significantly so use of a pseudo NDVI allows 

normalisation for more than just vegetative land cover, including 

ice, snow and rock features. 
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Figure 9a Northwall Firn June 2000     Figure 9b June 2002 Normalised 

Image Based Indices plotted as (After - Before) / (After + Before) in colormap 
(jet). 

5.1.3 Carstenz  

Similarly a sub-image pair was chosen before and after for the 

Carstenz glacier. NDVI analysis was conducted before and after 
using 1m panchromatic data. The Normalised Difference Vegetative 

Index (NDVI) are also in false colour.  Each pair of images is well 

co-registered, giving ‘sharp’ definition and are not poorly aligned or 
blurred. More precise colormap banding allows for fine details to be 

resolved clearly. 

6 Omo River Dam Construction 

Since 2003 Ethiopia’s Lower Omo Valley, one of the most culturally 
diverse and ecologically unique areas of Sub-Saharan Africa, has 

been in the international spotlight due to the construction of the 

controversial Gilgel Gibe III hydroelectric project sited some 190 
miles SW of Addis Ababa (Survival International, 2012). The Omo 

river rises in the Shewan highlands and is a perennial river bending 

several times before heading South to Lake Turkana with a length of 

about 760km. Lake Turkana is the largest permanent desert lake any 
where in the world. The Omo River and Lake Turkana are the 

lifeline to an estimated 1 million people that live in Ethiopia and 

Kenya. The river and the Lake provide irrigation to the lower 
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valley’s agriculture and drinking water for its people and animals. 

For indigenous tribes and animals disruption of the Omo river flow 
is predicted to change their way of life forever. Unfortunately, the 

massive commercial agriculture developments and the resulting 

state-sponsored human rights implications, have largely escaped 

media attention, due in part to the inability of international 
journalists to access these regions. In July 2006 the Ethiopian 

government signed a contract with the Italian company Salini 

Costruttori to build Gibe III. Since 2008 350,000 hectares of land 
have been set aside for commercial agricultural state-run sugar 

plantation production in the Lower Omo valley. Historically the area 

has been home to 200, 000 pastoralists made of traditional ethnic 
groups: Kwegu, Bod, Suri, Mursi, Nyangatom, Hamer, Karo and 

Dassenach tribes. The area is isolated and such pastoralists have 

little experience of modern industrial agriculture. Most tribes 

practice flood-retreat agriculture on the Omo River’s banks while 
raising cattle for which the annual river’s flood replenishes key 

grazing areas. The annual Omo river’s flood dictates the ‘circle of 

life’ for these indigenous tribes. At 240m the Gibe III will be the 
tallest dam in Africa with an electrical output of 1870 MW/ year. As 

of February 2011, according to the project company the dam was 

41% completed with completion scheduled for July 2013. Full 
commissioning is scheduled for June 2013 after the reservoir is filled 

and the hydroelectric plant completed. 

It is reported that development of sugar plantation infrastructure has 

been accompanied by abuse from the Ethiopian Defence Forces 
(EDF) against local populations. Such patterns of government 

harassment and human rights abuses is consistent with recent 

discoveries by journalists from the BBC and others who uncovered 
oppressive behaviour by the EDF in other parts of Ethiopia with 

villagers who do not support the government, sadly a template often 

repeated elsewhere (Oakland institute, 2012). Satellite imagery of 

the Dam construction of workers camps (before and after) can be 
seen in figures 10a and 10b respectively, and by the alterations to the 

river’s course.  Changes next to the river have been no less dramatic, 

in figures 11a and 11b, which evaluated over time are represented in 
Matlab as a pseudo NDVI in figure 12. 
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Fig 10a top prior to commencement of workers’ camp. 2002 

Figure 10b bottom workers’ camp clearly visible.2009 

 

Fig 11a top prior to commencement of construction. 

Figure 11b bottom construction site clearly visible. 
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Fig 12. Temporal pseudo NDVI for observed dam construction in Figure 11 

(2009-2002) without colourbar. 

7       Summary  
Comparison of before and after high resolution satellite imagery 

provides pictorial evidence of mining impact and dam construction 
in isolated rural communities. Semi-automatic large scale 

assessment is possible using suitable algorithms. Matlab provides 

rapid large area assessment which can be related to changing mining 
activity. It is demonstrated elsewhere (Lavers, 2011) that false 

colour representation can enhance visual information above grey-

scale format. High resolution satellite imagery provides detailed 
evidence to support claims of impact in disputed and isolated mining 

areas, particularly in indigenous tribal lands such as in Orissa and 

West Papua, and other open cast mines.  

Rapid large area assessment can be related to changing land cover. 

Matlab methods with false colour representation show great promise 

for glacial assessment. We document short-term Irian Jaya changes 

2000-2002, with long-term glacial cover consistent with the 
established retreat in glacier cover since the 1850s (WWF, 2010). 

However, Matlab methods combined with ArcGIS in false colour 

representation shows great promise for accurate snow-ice glacial 
assessment as well as a range of  other change detection topics.  
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Use of high-resolution imagery for monitoring the environmental 
impacts of mining in remote locations such as the mountainous 

Grasberg region, despite the constraints of near continuous cloud. 

Use of multi-temporal data allows the cumulative impact on land use 
associated with mining operations to be assessed. 
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APPENDIX  
This section contains links to some of the organisations discussed in 

this volume. 
Humanitarian Aid Relief Trust: www.hart-uk.org 

Survival International, the movement for tribal peoples, 
www.survivalinternational.org 

Amnesty International UK  www.amnesty.org.uk 

Eyes on Nigeria  www.eyesonnigeria.org 

United Nations Institute for Training & Research (UNITAR) 

www.unitar.org 
I have used various web-based media to highlight some of the tribal 
peoples discussed, e.g. Youtube and the GeoEye Foundation 

websites, as well as Radio, and television if you can. 

GeoEye Foundation Satellite Imagery Confirms Human Rights 
Violations in Porta Farm, Zimbabwe 
http://www.youtube.com/watch?v=2M8InoKxHwE 

GeoEye Foundation Satellite Imagery Reveals Environmental 

Protection Issues http://www.youtube.com/watch?v=oPWlR5362tk 
Individuals are encouraged to support letter writing campaigns, 

email alerts, and attend public gatherings to express the weight of 

your views in various political arenas, and to financially support 

these organisations. One idea which I found achieved widespread 
UK public coverage and support is the ‘bare foot walk’ which can be 

replicated anywhere to draw attention to various causes.  

Chris Lavers' Barefoot Walk for Nuba 
http://www.facebook.com/media/set/?set=a.10150939721106427.475983.1

25151626426&type=3  
London Protest and Barefoot Walk 30th June 2012 
 http://nubanow.co.uk/2012/07/london-protest-and-barefoot-walk-30th-

june-2012/ 

Official website for Dr Sarah Wollaston, Conservative Member of 
Parliament for Totnes. www.drsarah.org.uk/issues/inspirational-devon 

BBC Radio Devon - John Govier Dr Chris Lavers. On October 1st, 

2012, Chris will be walking barefoot from Dartmouth to Lympstone, 

via Starcross Ferry, to raise awareness of Sudanese… 
www.bbc.co.uk/programmes/p00y5rf1 
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http://www.google.co.uk/url?sa=t&rct=j&q=UNITAR&source=web&cd=1&cad=rja&ved=0CC4QFjAA&url=http%3A%2F%2Fwww.unitar.org%2F&ei=wtW8UJXyGqu00QXwooCoCQ&usg=AFQjCNHnzrdwW7Q3GA5IgQePatR_KvqSVg
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AAAS American Association 
for the Advancement 
of Science 

GPS Global Positioning 
System 

CBD Central Business 
District 

HART Humanitarian Aid 
Relief Trust 

CIA Central Intelligence 
Agency 

HIU Humanitarian 
Information Unit 

CNES Centre national 
d'études spatiales  

HR Human Rights 
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Sensing System 

HRO Human Rights 
Organisations 
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Research Projects 
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HRV High Resolution 
Visible 

DOD Department of 
Defense 

ICC International 
Criminal Court 

EC JRC European 
Commission Joint 
Research Centre 
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Committee of the 
Red Cross 

EOSAT Earth Observation 
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IDP Internally Displaced 
People 

ESA European Space 
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IGO Inter Governmental 
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Points 

IR Infra Red 
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KH Key Hole 
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LIDAR Light Detection and 
Ranging 

  

MMU Minimum Mapping Unit SHRP Science and 
Human Rights 
Program 

MRBM Medium Range Ballistic 
Missiles 

SPOT Système Pour 
l’Observation 
de la Terre 

MS MultiSpectral SWIR Short Wave 
Infra Red 

MSS MultiSpectral Scanner UAV Unmanned 
Aerial Vehicle 

NASR
DA 

National Space 
Research and 
Development Agency 

UNHCR United Nations 
High 
Commissioner 
for Refugees 

NDVI Normalised Difference 
Vegetation Index 

UNITAR United Nations 
Institute for 
Training and 
Research 

NGO Non Governmental 
Organisation 
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Applications 
Programme of 
UNITAR 

NIMA National Imaging and 
Mapping Agency 

USAF United States 
Air Force 
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