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Introduction GEAS

UNEP’s Global Environmental Alert Service (GEAS) is a mechanism for identifying and communicating early warning 
information on emerging issues in areas ranging from climate change and ecosystem management to environmental 
governance  and resource efficiency. The Global Environmental Alert Service continuously scans the scientific literature, 
analyses results of earth observations and other data sources to produce alerts on policy relevant environmental hotspots, 
environmental science, and near real-time environmental hazards. GEAS are widely distributed, reaching up to 300,000 
individuals by emails and social media. By taking the pulse of the planet, GEAS enhances UNEP’s ability to provide regular, 
science based environmental updates to its member states and the international community.

Public awareness on emerging environmental issues is recognized as a critical issue in the Future We Want, the outcome 
document of the 2012 United Nations Conference on Sustainable Development (Rio +20). However, the process of identifying 
emerging issues is not always straight forward.  The very definition of an emerging issue is subjective. Different methods such 
as the Foresight process, Delphi method, and Horizon scanning tend to lead to different lists of emerging issues because of 
varying methodologies and different perspectives of participants.

For the purposes of GEAS, emerging issues are defined as issues that are:

• Critical to the environment. The issue can be either positive or negative but must be environmental in nature, or 
environmentally-related.

• Have a large impact. Issues should either be global, continental or ‘universal’ in nature (by ‘universal’ we mean an issue 
occurring in many places around the world).

• Recognized as ‘emerging’ based on newness, which can be the result of new scientific knowledge; new scales or 
accelerated rates of impact; heightened level of awareness; and, or, new ways to respond to the issue.

GEAS in 2012 covered issues of global importance such as the relationship between food prices and cheap oil, the impact of 
meat production on greenhouse gas emissions, the Earth’s Carrying capacity, and environmental indicators and goals. Other 
topics were regional, but offer warning signs for the world, such as the shrinking glaciers in Africa and the Himalayas, and the 
drying of Iran’s Lake Urmia. Combined, these alerts show that the pulse of the planet is increasing as a result of a variety of 
stressors.  As the May 2012 GEAS reported, “Although there have been some improvements in the environmental realm, in 
too many areas the environmental ‘dials’ continue to head into the red.”

UNEP 
promotes environmentally sound 
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policy aims to reduce UNEP’s carbon footprint.
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Thematic Focus: Ecosystem Management and Resource Efficiency 

A Glass Half Empty: 

Regions at Risk Due to Groundwater Depletion  
 
Why is this important? 
The tiny fraction of freshwater not bound up in 
ice sheets and glaciers comprises only a very 
small fraction of total global water volume 
(about 0.79 %) (1). Global use of that 
freshwater, however, has been growing at 
roughly twice the rate of global population for 
the past century (2,3) (Figure 1). Even so, this 
volume of unfrozen freshwater is still more 
than adequate to meet all human needs. 
However, this essential resource, which is 
mostly stored as groundwater, is distributed 
quite unevenly around the globe. 
Furthermore, physical and economic 
constraints make it impractical in most cases to 
move great volumes of water from areas of 
surplus to areas of need (4). Therefore regional 
scarcity has become a serious and growing 
problem, as rapidly growing populations in 
many areas rely on regional water supplies 
which are being depleted, degraded, and 
divided among more and more users (4). 
Alarmingly, aquifers in some of the world's 
major agricultural regions, including China, 
India and the United States — all of them 
crucial to the food security of 100s of millions 
of people — are being exploited 
unsustainably. 
 
Growing Global Reliance on Groundwater 
Intensive use of groundwater is a relatively 
recent phenomenon beginning in 
industrialized countries in the 1950s and 
reaching much of the developing world 
between 1970 and 1990 (5). The development 
of cheaper drilling and pumping techniques 
has helped to make it an increasingly popular 
alternative  to  surface  water for  meeting the 
  

Figure 1: The rate of growth in freshwater withdrawal and consumption has been even more rapid 
than global population growth.                                      Sources: Shikomanov 1999, US Census Bureau 2011 
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Mechanized pumping of groundwater makes it possible to improve crop production in many arid and 
semi-arid areas of the world but has also led to serious overexploitation of aquifers in many cases.  
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growing global demand (5). Groundwater is generally of higher quality than surface water (5,6) and it is much less subject 
to seasonal or inter-annual variation making it more reliable than surface water sources. In contrast to large surface 
water development such as dams and reservoirs, groundwater infrastructure and development can be done in phases, 
as needed, thus scaling investment to current demand (7). Many cities have turned to groundwater for domestic and 
drinking water supply as surface water sources have become contaminated (6). Almost half the global population now 
uses groundwater for their drinking water and an increasing proportion of agriculture relies on groundwater (8). Across 
North Africa and in the Arabian Peninsula, enormous reserves of non-renewable groundwater have enabled large 
irrigation projects in the middle of the Sahara and Arabian Deserts (9,10). In the Punjab of India and Pakistan — the heart 
of the 1970s' "Green Revolution" — groundwater, along with new crop varieties and improved inputs, has enabled 
enormous gains in agricultural productivity (11). 
 
Problems caused by overexploitation 
In spite of the many successes of groundwater development around the globe there are very serious problems as well. 
In general these problems are the result of abstracting water faster than it is replenished by rainfall and surface water 
flows (12). Even when abstraction does not exceed recharge, it can alter complex aquifer system dynamics, decreasing 
spring and stream flow and degrading water quality (12). In addition to undermining the sustainability of continued 
human uses, depletion of many aquifer systems in arid and semi-arid areas has been linked to diminished capacity for 
support of ecosystem functions and to environmental damage (12,13). Such unsustainable overexploitation can generally 
be avoided with proper management incorporating understanding of the given resource and realistic use scenarios (12).  
 

Groundwater overexploitation in many locations has already caused local or regional water tables to decline making 
continued water abstraction more difficult and expensive. Three of the most serious instances of overdraft occur in 
areas of intense irrigation in China, India and the central United States.  

Several recent studies have identified the Indus River plains aquifer, underlying the India-Pakistan border, as having 
experienced some of the world's worst groundwater depletion (11,14,15,16,17). The Indian Ministry of Water Resources 
classified a large proportion of northwestern India as "overexploited," with significant declines in the water table already 
being measured (Figure 3) (17, 18). This finding is supported by satellite data showing changes in total water storage as 
inferred from gravity measurements, which estimated a decline of the water table (averaged across the states of 

Figure 2: By modeling groundwater abstraction and average groundwater recharge, Wada and others (2010) have estimated groundwater depletion for most of the 
globe. West Asia, the central United States, northwestern India and northeastern China are among the areas showing the most serious groundwater depletions. 
                                                                                       Source: Wada and others 2010 
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Rajasthan, Punjab and Haryana and Delhi) at roughly one-third of a metre per year between 2002 and 2008 (Figure 
4) (11). Some urban areas are reported to have experienced water table declines of up to 10 metres in a single year (19). 

Since the 1950s, population and area under irrigation 
have grown dramatically in all three states and the 
proportion of irrigation relying on groundwater has 
grown still faster (20). The unsustainable rate of 
abstraction is a serious threat to future agricultural 
productivity and domestic water supply for a population 
which is expected to reach 130 million people for these 
states by 2015 (11,21). 

In the west-central United States, the High Plains 
Aquifer is heavily exploited for large-scale irrigation in 
one of the world's major agricultural regions (22). 
Irrigated agriculture here uses roughly 30 per cent of the 
total of all groundwater used for irrigation in the United 
States and accounts for 27 per cent of all irrigated land in 
the country (23). The growth in total area irrigated over 
the aquifer grew by over 650 per cent between 1949 and 
1971, but had generally leveled off by 1980 (22). By 1980, 
average water levels had dropped by just under four 
metres and as of 2009 by over 4.2 metres across the 
entire aquifer relative to pre-development levels (24,25). 
The average aquifer level declined the most in Texas (25), 
with large parts of several counties experiencing declines 
of over 45 metres (Figure 5) (25). A 2010 study estimated 
that depletion of groundwater in the Texas Central High 
Plains area of the aquifer was ten times the rate of 

Figure 3: Indian government estimates show areas where groundwater is 
being overexploited (red hatching). The greatest concentration is in the states 
of Punjab, Rajasthan and Haryana and Delhi over the Indus Plains aquifer 
system.   
Sources: WHYMAP 2008, Ministry of Water Resources, India 2006; Redrawn: UNEP GRID 
Sioux Falls 

Figure 4: Rodel and others (2009) used the GRACE gravity sensing satellite to 
estimate the change in groundwater storage in northern India. They found the 
most severe depletion centered over the same three states that Indian 
Government data had also found to be depleting groundwater.  
                        Source: Rodel and others 2009; Redrawn: UNEP GRID Sioux Falls 

 

Figure 5: The High Plains Aquifer in the central United States has been heavily 
exploited for irrigation since the 1940s. Large parts of several counties in Texas 
have seen the water table decline by over 45 metres relative to pre-development 
levels.                                                  Source: McGuire 2004; Redrawn: UNEP GRID Sioux Falls 
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Figure 6: The Landsat (Aug, 2010) image shows intense concentration of center pivot irrigation in Castro, 
Swisher, Lamb and Hale Counties of Texas coincides with some of the worst aquifer depletion on the High 
Plains Aquifer in the central United States. 
 

recharge (26). The drop in water levels began impacting the viability of agriculture regionally before 1980 (24). 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
The North China Plain aquifer system, another of the world's 
most overexploited groundwater resources, gets over 70 per 
cent of its total water supply from groundwater (27). 
Introduction of mechanized groundwater irrigation to this semi-
arid region in the 1960s enabled dramatic increases in 
agricultural production (28). A part of that gain was the result of 
adopting a double-cropping system that grows wheat in winter 
and maize in summer, but also increases water demand during 
the dry winter months (29). Population has grown significantly 
over the past 25 years and the number of people living in the 
counties directly over the aquifer will be approaching 100 
million by 2015 (21). 
 
A significant proportion of the shallow aquifer has seen water 
levels drop by 20 metres since 1960 with some small areas 
experiencing declines of over 40 metres (Figure 7) (30). The 
deeper, semi-confined aquifer, which has very little recharge, 
has declined by more than 40 metres across much of its 
extent (30). The lowered water table is already increasing the 
cost of abstraction and threatens the viability of local 
agricultural production (30). In addition, the high rates of 
pumping create risk of salinization from coastal saltwater 
intrusion and from brackish water layers within the aquifer (30). 
  

Figure 7: Intensive irrigation over the North China Plain aquifer system has 
seriously lowered the water table in both the shallow quaternary aquifer and 
the semi-confined deep aquifer. The water table has dropped by over 40 
metres in parts of the shallow aquifer and much of the deep aquifer since 1960.                                                                                                       
                  Source: Foster and Garduño 2004; Redrawn: UNEP GRID Sioux Falls 
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Similar overexploitation is occurring in many Middle Eastern and North African countries with Yemen, Oman and Iran 
among the most often cited examples. Several of Iran's key aquifers have declined between 13 and 20 metres in recent 
decades (31). The rapidly growing populations in many parts of this mostly arid region rely heavily on irrigated 
agriculture, much of it using groundwater (32,33). 

Salinization often occurs in coastal aquifers where overexploitation of groundwater can stimulate recharge from more 
saline waters within the groundwater system and seriously degrade water quality (34,12). Several areas in North Africa 
have experienced this type of seawater intrusion, including Tunisia, Libya and the Nile Delta (34). 

Excessive withdrawal of water from some aquifers has led to significant land subsidence. This is of particular concern in 
urban areas where the damage can be substantial. A study in Mexico's Toluca Valley estimated areas of subsidence up to 
two metres between 1952 and 2009 (35). On the Southern Yangtze Delta in China, subsidence from over abstraction of 
as much as three metres has caused cracking of buildings and failure of buried pipelines (36). 

Declining water tables can reduce stream flow, affect water quality in wetlands and lakes, dry up wetlands, diminish the 
capacity of rivers to dilute inflowing pollutants and change areas of groundwater discharge to areas of groundwater 
recharge (6,37). These changes can directly eliminate or degrade habitat and result in loss of biodiversity, and can 
indirectly cause repercussions throughout aquatic and terrestrial ecosystems (37). 

The current state of understanding and management 
In spite of a growing global reliance on groundwater, there are still large uncertainties about the volume, distribution, 
recharge and withdrawal of the planet's groundwater resources (8). Various estimates of total global groundwater 
storage disagree by more than an order of magnitude, (38,39). Historically, most global estimates of groundwater 
recharge have been built upon data collected at national and sub-national scales, which may be estimated by different 
methods and based upon differing definitions and which are often out of date (8,38,40). International efforts to improve 
compatibility and completeness of global groundwater data have made some progress in developing international 
standards for data collection (38). Recent estimates of global groundwater recharge have used sophisticated 
hydrological models which have the advantage of consistency across national boundaries but remain difficult to 
validate (15,40). 
 
However, in many respects groundwater management is inherently local or regional, based around regional stocks and 
flows of water and regional demand and use practices. While groundwater resources have interactions at much broader 
scales, the aquifer scale is the most commonly used for management and study and captures most of the important flow 
information of recharge, use and discharge as is relevant to management decisions (41). Adequate data and a good 
working model of the flows in aquifer systems are essential for maintaining sustainable use and avoiding damage to 
long-term functions of the system (5,12,42). Even when good data and well-designed models are available, uncertainty 
can be considerable due to the complexity of groundwater systems and the difficulty in defining variables such as future 
rainfall, land use and surface flows (12). The uncertainty that already exists in global climate model (GCM) projections is 
compounded by downscaling to the scale of individual aquifer systems (43,44,45) making any projections regarding 
specific groundwater systems under climate change still more uncertain (45) and largely speculative. In spite of these 
limitations, better data, ongoing monitoring and improved modeling of aquifer systems are the basis upon which 
sustainable management of groundwater resources can be developed (46). 
 
Even as hydrogeological understanding of many groundwater systems has improved and even when sustainable-use can 
be reasonably well defined, effective management of groundwater remains elusive (13,46). Groundwater is a common-
pool resource where users see little personal motivation to limit use when they have no expectation that others would 
do the same; i.e. groundwater is subject to the concept of "the tragedy of the commons" (47). 
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More efficient technologies such as this drip irrigation of lettuce in Argentina may help to reduce the 
pressure on groundwater demand.   

Major Findings and implications 
Groundwater overexploitation — defined as use that leads to ongoing water table drawdown, water quality 
degradation, increasing cost of abstraction or ecological damage (12) — has become a serious problem in many of the 
world's semi-arid and arid environments (15,46,48,50,54). The lowering of water tables increases the difficulty and cost of 
abstracting water and threatens the viability of irrigated agriculture and in turn the food security of these regions. 
Projected population growth, irrigation expansion and economic growth is expected to create increasing groundwater 
demand in the coming decades (15). Great uncertainty remains in the understanding of what impact future climate 
change could have on groundwater resources, particularly at the local and regional scale where most management 
considerations are addressed (44,45). However, the growing global reliance on groundwater makes it increasingly 
important that we better understand existing groundwater systems upon which a large proportion of the world's 
population is dependent, and that we manage this most fundamental of resources sustainably. 

It is widely stated in the groundwater literature that there is a need for better data regarding existing groundwater 
resources — including their recharge, use and discharge rates — to support management of this increasingly important 
resource (5,40,46,48,49,50). New technologies such as the GRACE satellite may eventually provide some of this data as 
well. In addition, research regarding the behavior of aquifer recharge under changing land use, changing climate and 
changing surface water patterns will help improve groundwater management (43,51,52). 

Reduced demand through regulation, 
economic incentives and improved 
technologies may lessen the pressure on 
overtaxed aquifers (50). There may also be 
gains through augmenting aquifer 
recharge with rainwater harvesting, 
managing surface water use to enhance 
recharge and engineered artificial 
recharge (50). To a limited extent, trade in 
"virtual water" or water embedded in 
products may alleviate water stress in 
some regions (53). In some settings, joint 
management of surface water and 
groundwater can help make the most of 
limited renewable water resources. One 
example of this type of strategy is to draw 

down aquifer levels during dry months, 
creating additional storage capacity for 
recharge during wet months (33). In some cases, wastewater can be deliberately infiltrated into groundwater. This both 
augments groundwater levels and provides at least partial filtration and treatment of wastewater (33). Agriculture is the 
largest user of groundwater, thus, increased efficiency through improved irrigation techniques such as drip and sprinkler 
systems, use of pipe transport rather than open furrows, mulching to mitigate water loss and water-efficient crop 
varieties has the potential to reduce water demand (33). 

The groundwater literature makes some recommendations regarding the role institutional reforms might play in 
furthering sustainable use of groundwater. Among the recommendations is shifting the orientation of national water 
agencies from a "supply-development" perspective to a "resource-custodian" perspective (5,33). It is also suggested that 
in some cases, collective action — in effect stakeholder management — can be a way to overcome the common pool 
resource challenge (54). Cooperative management of aquifers shared by two or more countries is a relatively recent 
development (55). A few examples of multi-national arrangements to meet these challenges exist — such as in the case 
of the Nubian Sandstone Aquifer in North Africa and the Genevese Aquifer on the France-Switzerland border (55). The 
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common pool nature of groundwater makes it particularly important that countries come to a common understanding 
to avoid the "tragedy of the commons" played out at an international scale (56). Management of groundwater can often 
take place indirectly and unintentionally; for example, through agricultural policy, energy policy or economic 
development policy. Giordano (2009) gives an example of development and energy policy in India where a simplified flat 
rate on electricity used for irrigation inadvertently removed much of the incentive for efficient water use. Overuse of 
water and loss of revenue has persuaded the government of India to try changing back to a metered system (54). 
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Thematic Focus:  Climate Change, Ecosystem Management, Environmental 
Governance, Resource Efficiency 
The drying of Iran's Lake Urmia  
and its environmental consequences 
  
Why is this important? 
Lake Urmia in the northwestern corner of Iran is one of the largest permanent hypersaline lakes in the world 
and the largest lake in the Middle East (1,2,3). It extends as much as 140 km from north to south and is as wide 
as 85 km east to west during high water periods (4). The lake was declared a Wetland of International 
Importance by the Ramsar Convention in 1971 and designated a UNESCO Biosphere Reserve in 1976 (5,6). The 
lake itself is home to a unique brine shrimp species, Artemia urmiana, and along with the surrounding 
wetlands and upland habitat, it supports many species of reptiles, amphibians and mammals. Lake Urmia 
provides very important seasonal habitat for many species of migrating birds. Around 200 species of birds 
have been documented on and surrounding the lake including pelicans, egrets, ducks, and flamingos (7). The 
watershed of the lake is an important agricultural region with a population of around 6.4 million people; an 
estimated 76 million people live within a radius of 500 km (8). 
 
The lake’s surface area has been estimated to have been as large as 6 100 km2 but since 1995 it has generally 
been declining (9) and was estimated from satellite data to be only 2 366 km2 in August of 2011 (Landsat data). 
The decline is generally blamed on a combination of drought, increased water diversion for irrigated 
agriculture within the lake’s watershed and mismanagement (2,9,10,1). In addition, a causeway has been built 
across the lake with only a 1 500 m gap for water to move between the northern and southern halves of the 
lake (9). It has been suggested that this has decreased circulation within the lake and altered the pattern of 
water chemistry; however evidence suggests that the impact of the causeway on the uniformity of water 
chemistry in the lake has been minimal (11,9,10,12). The unfolding ecological disaster threatens to leave much 
of the lake bed a salt-covered wasteland. Scientists have warned that continued decline would lead to 
increased salinity, collapse of the lake’s food chain and ecosystem, loss of wetland habitat, wind blown “salt-
storms,” alteration of local climate and serious negative impacts on local agriculture and livelihoods as well as 
regional health (10,9,1,13). 
 
Thousands of protesters took to the streets in the cities of Tabriz and Urmia in late August and early 
September 2011 saying that authorities have done too little to save the lake (14,15,16). Those around the lake 
fear a fate similar to that of the population surrounding the nearby Aral Sea, which has dried up over the past 
several decades. Disappearance of the Aral Sea has been an environmental disaster affecting people 
throughout the region with windblown salt-storms. The population surrounding Lake Urmia is much denser 
putting more people at risk of impact.  
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This photo along the lake’s shoreline shows the salt left behind as the lake retreats. 

A Unique Lake 
Lake Urmia is an endorheic 
or terminal lake meaning 
that water leaves the lake 
only by evaporation. As is 
generally the case, this 
leads to a saltwater body 
and in the case of Lake 
Urmia, salinity is quite high. 
The lake has dramatically 
decreased in volume over 
the past decade-and-a-half, 
further concentrating salts 
in the lake, raising salinity 
to more than 300 g/L (9) or 
8 times as salty as typical 
seawater. Aquatic biodiversity is limited by the lake’s salinity and Lake Urmia does not support any fish or 
mollusk species and no plants other than phytoplankton within the lake (17,18,19,12). Wetlands surrounding the 
lake support a variety of salt tolerant plant species (19). There is significant phytoplankton growth, with reports 
of some dense algae blooms occurring during years with low salinity (9). The most significant aquatic biota in 
the lake is a brine shrimp species, Artemia urmiana. This macro-zooplankton species is the key link in the 
lake’s food chain, consuming algae and in turn being consumed by several bird species including the Lake’s 
migratory flamingo population (19). The diverse bird population of Lake Urmia and its associated wetlands was 
documented in a series of surveys in the 1970s which recorded an impressive list of species (7). 
 
A Rapid Decline 
Satellite altimeter data measured the lake’s level in 1995 to be at its highest level of any time in the past 40 
years (Figure 1) (21,4). This is in agreement with Hassanzadeh and others (2011) who state a measured water 
level of roughly 1 278 m above sea level for the same time. Both measures show a steady decline from that 
year forward with the most recent satellite altimeter data indicating a drop of approximately 7 metres 
between 1995 and 2011 (21). 

Figure 1: Overlaying multiple records of the lake's surface elevation shows generally good agreement. These data suggest that sometime around 
2008, Lake Urmia declined below any point in the past 100 years of recorded lake levels and well below the long term average. 
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Because the lake is relatively shallow, 
this decline in water level translates to 
an equally dramatic decline in surface 
area (Figures 2 & 3). Satellite imagery 
extending back to the early 1960s 
shows the lake’s area to have been 
somewhat smaller in 1963, growing to 
almost 6 000 km2 in 1969, and then 
remaining generally stable from the 
late 1960s to the mid-1990s. Since 
peaking in the mid-1990s, surface 
area has generally declined quite 
rapidly despite regular seasonal 
variation and a brief expansion during 
a wet period in the early 2000s. 
 
Variability of the lake prior to the 
early 1960s does not appear to have 
been widely studied, however, a generalized plot of lake levels dating back to the early 1900s shows only one 
brief period in 1937 where the lake declined to below 1 273 m above sea level, and then for less than one year 
(Figure 1) (10). The recent decline reached 1 273 m above sea level in 2008 and, based on satellite images of 
surface area, the trend has continued through seasonal ups and downs to where current water levels appear 
to be approaching 1.5 metres lower than at any time in over 100 years (21,22). 

                Figure 2: Surface area estimated from Landsat satellite imagery. 

The causeway and bridge built across Lake Urmia was completed in November, 2008.  There is concern that is inhibits circulation within the 
lake and may exacerbate environmental issues caused by the low water levels.  
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Figure 3: Satellite images  of Lake Urmia at roughly 6-9 year intervals show the surface area fluctuating considerably between 1963 
and the mid-1990s and then declining rapidly (More images on the following page Figure 3: Satellite images of Lake Urmia at roughly 6-9 year intervals show the surface area fluctuating considerably between 1963 and 

the mid-1990s and then declining rapidly. (More images on the following page) (Source: 1963 Image: ARGON data from USGS; 1969 
image: Corona data from USGS, visualization by UNEP GRID Sioux Falls; 1972-2011 images: Landsat data, 2011 image: visualization by 
UNEP GRID Sioux Falls). 
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Causes of the Decline 
Because Lake Urmia is a terminal lake 
with no significant water outflow the 
only way water leaves the lake is by 
evaporation. Therefore, if the lake 
declines it is either by increased 
evaporation or a decrease in water 
coming into the system. The Zarrineh 
Rood River is the largest of the thirteen 
main rivers discharging into Lake Urmia 
which are the source of the majority of 
the Lake’s water budget (18,9). Additional 
input comes from rainfall directly over 
the lake, floodwater from the immediate 
watershed and a very small fraction 
from groundwater flow (9,18).  
 
A study modeling the relative influence 
of various factors on the decline of Lake 
Urmia found that 65 per cent of the 
decline was from changes in inflow 
caused by climate change and diversion 
of surface water for upstream use, with 
the remaining balance due to 
construction of dams (25%) and 
decreased precipitation over the lake 
itself (10%) (2). Several other studies also 
suggest that this diversion of water has 
been the one of the most, if not the most, significant cause of Lake Urmia’s decline with other contributing 
causes being reduced precipitation, warmer temperatures and groundwater abstraction (9,23,13,24).   
 
The average annual rainfall within the basin from 1967 to 2006 was 235 mm, with variation between about 
440 mm in 1968 to less than 150 mm in 2000 (2). Annual rainfall was 40 mm less on average in the basin for 
the last decade of that period (1997-2006) than it had been for the first 30 years (1967-1996) (2). The arid to 
semi-arid climate of the basin means that agriculture is largely dependent on irrigation. The decrease in 
precipitation along with declining groundwater levels in this area (25,1) and a growing population of 6.5 million 
people within the watershed (8) will likely exert increasing pressure to continue diverting streamflow within 
the basin before it reaches Lake Urmia. 
 
Serious Impacts 
Reduced water volume in the lake has already concentrated the existing salts to 300 g/L or higher in many 
locations. Sodium chloride concentrations much over 320 g/L are believed to be fatal to the lake’s brine 
shrimp. Optimal conditions for Artemia urmiana appear to be at salt concentrations well under 200 g/L and as 
salinity rises much above this level, there is a measured negative impact on growth rate, reproduction and 
mortality (27,19,26). Based on in situ observations of the brine shrimp populations under varying salinities in 
Lake Urmia, it has been suggested that a concentration of 240 g/L or less would be required to sustain a viable 
population (19).  

Figure 4: The number of dams (existing, under construction and under study) within the 
lake’s basin suggest an increase in diversion of surface water beyond current levels which 
already appear to be unsustainable. (Source: Hassanzadeh and others (2011), redrawn by 
UNEP GRID Sioux Falls). 
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The lake’s brine shrimp are 
the sole link between the 
primary production of the 
lake’s algae and the diverse 
migratory bird population 
which feeds on these shrimp 
(19,1,27). Because the brine 
shrimp occupy this crucial 
link in the ecosystem their 
demise would translate into 
the likely loss of many of 
Lake Urmia’s migratory bird 
populations and affect the 
entire ecosystem’s 
sustainability (19,10). Any 
current or future tourist 
trade focused on these bird 
populations would likely also 
decline dramatically.  
 
As lake levels decline, the exposed lakebed is left with a covering of salts, primarily sodium chloride, making a 
great salty desert on much of the 400 km2 of lost surface area (Figure 5) (10). These salt flats will not support 
agriculture and inhibit growth of most natural vegetation. The salts are also susceptible to blowing and will 
likely create “salt-storms” like the ones that have resulted from the drying of the Aral Sea, located 1 200 km to 
the northeast of Lake Urmia (10). Blowing salts from the Aral Sea have been linked to vegetation-mortality in 
some cases or, more frequently, reduced vegetation growth, reduced crop yields, ill effects on wild and 
domestic animals, respiratory illness, eye problems, and throat and esophageal cancer (28). Based on the 
experience of the Aral Sea salt storms, it is likely that many of the tens of millions of people who live within a 
few hundred kilometres of the lake will be close enough to experience the impact of these salt storms (28).  
 
Increasing water demand and decreasing water supply 
Agriculture surrounding the lake relies on irrigation with groundwater and surface water supplies, which are 
also being pressured by increasing demand for domestic supply (2). There is considerable evidence that 
groundwater resources are already being exploited at rates faster than aquifer recharge in the area of the 
Lake Urmia watershed (25,1). Surface water flows are being diverted for use at rates which do not allow 
adequate inflow to Lake Urmia to maintain the lake’s current level (2,9,23,13). Water use within the Lake Urmia 
basin at current rates is unsustainable without loss of the lake, and the consequent environmental damage as 
well as damage to the surrounding population and agriculture. In very simple terms, Lake Urmia needs more 
water coming in – either from inside or from outside the basin - to avoid an environmental tragedy.  
 
Possible Actions 
The two principal approaches to the problem are to adjust water allocation within the basin to allow an 
adequate environmental flow for sustaining Lake Urmia and/or to import water from outside the basin which 
would increase water levels and dilute salinity within the lake. 

Figure 5: The land left behind as the lake retreats is covered with salt deposits that make it unusable for 
agriculture. The causeway across the lake can be seen in the lower right of the image.  
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Figure 6: Two other lakes of similar size – Lake Sevan and Lake Van – and each less than 200 km from Urmia do not show the dramatic change apparent in 
Lake Urmia from 2001 to 2011.  Both of these lakes are much deeper and thus generally less susceptible to rapid loss of surface area due to decreased 
inflow.  Lake Urmia, being the shallowest of the three, has responded relatively quickly to the diversion of streamflow by the many dams built in the 
Urmia basin (Source: Modis Data from NASA, visualization by UNEP GRID Sioux Falls). 

Reducing the amount of water diverted for agriculture, domestic and industrial use, or at least curtailing the 
growth in these water uses, may help stop or slow the decline of Lake Urmia (2). Abbaspour and Nazaridoust 
(2007) have produced an estimate of inflow required to maintain the lake. They estimate that an annual 
volume of 3085 million cubic metres would be the ecological water requirement of Lake Urmia which would 
“keep the ecological functions of the lake sustainable” and allow the survival of a viable Artemia urmiana 
population. Another study estimates the needed maintenance volume to be in the same range, at between 
2,600 and 4,200 million cubic metres per year, but also points out that larger inflow would be required to 
accelerate the recovery during an initial period of several years (10). The problem with this solution is the 
heavy reliance of the region’s agriculture on surface flow for irrigation water. Some water could be saved 
through increased efficiencies and improved management (2). However, with a growing population, 
continuing dam and irrigation development and especially if recent trends in rainfall and temperature 
continue, this will likely prove to be unpopular, impractical and - on its own – an inadequate solution (10,2).  
 
The other widely suggested solution is to divert water from elsewhere to make up for the lost water volume 
no longer reaching the lake. A few possible sources have been put forward including the Zab River (9), the Aras 
River and the Caspian Sea. Inter-basin transfer of water may be the solution which holds the most promise of 
rescuing Lake Urmia, due to the large volume of water that would be needed. In the case of the Caspian Sea 
however, the distance of the proposed transfer route is around 300 km and the cost has been estimated at 
around US$ 4 to 5.5 billion (10). In addition, the timeframe for completing such a project has been estimated 
to be around 5 years and even the most aggressive rates of transfer would take an additional year to restore 
lake level to what it was in 2003 (10).  Finally, transfer from the Caspian Sea would require negotiated 
agreements with the other countries which border the sea. So far talks have been unsuccessful in reaching an 



18

9 
 

accord (29). While transfers from other river basins in the region could be less time consuming and expensive 
the total volume of water available would be limited, and by some accounts would be inadequate (10).  The 
relatively smaller potential volume would also mean a greater possibility that transfers could impact the 
source basins negatively. The Zab River Basin is located in Turkey and Iraq and would require cooperation of 
those two countries. The Aras River Basin is split roughly in half between Iran and Azerbaijan. News reports 
suggest that talks have been initiated between the two countries regarding the use of Aras water for transfer 
to Lake Urmia (30).   
 
Another strategy for bringing additional water into the basin is cloud seeding – attempting to increase 
precipitation by dispersing substances into clouds (Golabian 2011). Some projects are “under study and 
operation” (2), however cloud seeding in general is controversial and its impact limited (31,32) making this a 
partial and uncertain solution at best. 
 
Main findings and implications 
Lake Urmia’s water level has rapidly declined since the mid-1990s after having remained relatively stable over 
the 30 prior years. Construction of dams and diversion of surface water for agriculture, along with reduced 
precipitation and warmer temperatures over the basin, and to a lesser extent reduced inflow of groundwater 
are generally accepted as the causes (9,2,13). Reduced water volume concentrates the salts in the lake making 
it too saline for the brine shrimp which – being near the bottom of the simple food chain - support the very 
diverse bird population for which the lake provides important habitat. The surrounding brackish wetlands with 
a productive and diverse plant population will also dry up under current trends and conditions. As the lake 
retreats from its original shoreline it leaves a layer of salt – primarily sodium chloride – which leaves the land 
unusable for agriculture and threatens to unleash damaging storms of wind-blown salt on the surrounding 
area. The lake’s increasing salinity has reached near saturation at over 300 g/L and threatens to decimate the 
lake’s brine shrimp population which is a key link in the ecology of the lake and surrounding wetlands. While 
effective integrated water management is called for by many, there are no easy answers. Water conservation 
within the basin might provide some relief. However, finding the volume of water needed to restore the lake, 
without going outside the watershed, would probably require allocating water away from important areas of 
irrigated agriculture. Water transfer from the Caspian Sea would be very expensive and time consuming and 
may come too late to avert damage to the ecosystem by the historically low water levels and high salinity that 
are already occurring. Diverting water from neighboring watersheds would be less costly and time consuming 
but also has some serious challenges. A comprehensive integrated water management plan would take all 
elements of the basin’s water budget into account, balancing demands for irrigation, ecosystem preservation, 
social and human impact and water quality as well as operating within the national and regional political 
realities.  
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Thematic Focus:  Environmental governance 
The need for numbers - goals, targets  
and indicators for the environment 
 
 
 
In the run-up to the June 2012 United Nations Conference on Sustainable Development in Rio de Janeiro 
(Rio+20), it has become increasingly clear that we need to put "sustainable development" into practice by 
setting time bound, measurable goals and targets and monitor progress towards achieving them. 
 
Why is this important? 
Although the term “sustainable development” has existed for decades, it is difficult to assess our progress 
towards attaining it. At the same time decision-makers need clear targets and reliable data to track changes. 
Gross Domestic Product (GDP), the Human Development Index (HDI) and the set of Millennium Development 
Goals (MDGs) and related indicators predominantly try to measure its economic and social aspects, and a 
number of initiatives aim to track specific aspects of environmental change (i.e. the third pillar of sustainable 
development). But there is no comprehensive set of goals or targets for “the future we want” (UN 2012b), nor 
adequate monitoring of progress towards enduring human and environmental well-being. 
 
Existing goals, targets and indicators for environmental and overall sustainability 
Twenty-five years ago, the 1987 World Commission on Environment and Development had already proposed 
to develop new ways to assess progress towards sustainable development. This was echoed in subsequent 
international summits and agreements on sustainable development, including the first Rio Summit in 1992, 
the Johannesburg Plan of Implementation in 2002 and the UN Commission on Sustainable Development (CSD).  
Since then, other efforts have proposed broad development goals as well as specific targets for environmental 
improvement. 
 

Source: UNEP 2011a 
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The Millennium Development Goals (MDGs) is the leading attempt to define specific development goals and 
targets for developing regions. Goal 7, oriented to ensuring environmental sustainability (Box 1), is one of the 
eight global goals and related quantitative indicators to track progress.  A few other international 
environmental accords include targets, focusing on specific aspects such as climate change and biodiversity.  
In addition, UNEP and the Swiss government developed the Global Environment Goals initiative (UNEP 2010)  
and the fifth Global Environment Outlook (GEO-5) analyzes gaps in, and progress towards, meeting these 
(largely qualitative) goals while identifying policies that can speed up achieving them (UNEP 2012b).  
 
Table 1 provides an overview of the relatively few existing numerically-based environmental goals and targets.  
There are a number of interesting initiatives to measure the broader spectrum of sustainable development 
that include assessments of its environmental dimensions. All these efforts have their strengths and 
weaknesses. Table 2 (on page 3) presents an overview of selected composite indicators and their 
characteristics. 

Currently, however, there is no coherent set of quantified goals, targets and indicators that unfold and 
measure progress toward environmental sustainability or sustainable development in general.  For any goal or 
agreement to be effective, it is important to set out clear numerical targets and the mechanisms to monitor 
and review them using robust time series data sets. The Montreal Protocol on Substances that Deplete the 

Source: UNEP 2011a, UNEP 2012b 
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Ozone Layer, which includes specific targets and is one of the very few successful international environmental 
agreements, clearly demonstrates this. 
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Source: UNEP 2012c 
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In addition to clear goals and targets, solid quantitative indicators showing trends over time are needed to 
track progress towards stated objectives.  Indicators and composite indices illustrate and communicate 
complex data and trends in a simplified form and can help shape policy based on transparent information.  
While good indicator sets, or aggregated indices, exist on paper, data are often lacking to populate them, 
especially for developing countries and regions.  At the global level, however, data exist for key indicators to 
provide an overview of environmental change, available in reports such as “Keeping Track of our Changing 
Environment” (UNEP 2011a) and the UNEP Yearbook (UNEP 2012a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Indicator charts from “Keeping Track of our Changing Environment” to relay the information about the environmental 
changes at global level.  
 
Looking Ahead: Sustainable Development Goals, including Indicators 
The Rio+20 Summit offers a new opportunity to address sustainable development issues. The Conference 
proposes to devise an agreed set of Sustainable Development Goals (SDGs) and targets, including indicators to 
monitor progress (UNCSD 2011). In the words of the UN Secretary-General Ban Ki-Moon, “Let us develop a 
new generation of sustainable development goals to pick up where the MDGs leave off. Let us agree on the 
means to achieve them” (UN 2011b). Inspired by Agenda 21, critical themes and issues that would move the 
sustainable development agenda forward need to be prioritized, including the following: 
 

Source: UNEP 2011a 
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 Combating Poverty  
 Changing Consumption Patterns  
 Promoting Sustainable Human Settlement Development  
 Conserving Biodiversity and Forests  
 Protecting the Oceans  
 Saving Water Resources  
 Advancing Food Security  
 Promoting Energy production, including from renewable sources.  
 

Most of these issues are strongly linked to the environment, enabling targets to be firmly rooted in the Earth’s 
biophysical properties. They should also be geographically scaled because environmental limits differ from the 
local through to global levels. Nevertheless, it is ever more evident that the environmental limits to 
development are at the planetary level and that we now urgently need a comprehensive and solid set of 
quantified goals, targets and indicators. 
 
Recently, the United Nations Secretary-General’s High-level Panel on Global Sustainability (UN 2012c) called 
for a sustainable development index or set of indicators to be developed and stipulated that the SDG 
framework: 

 Be universal in character, covering challenges to all countries rather than just developing nations; 
 Express a broadly agreed global strategy for sustainable development; 
 Incorporate a range of key areas that were not fully covered in the MDGs, such as food security, water, 

energy, green jobs, decent work and social inclusion, sustainable consumption and production, 
sustainable cities, climate change, biodiversity and oceans, as well as disaster risk reduction and 
resilience; 

 Be comprehensive, reflecting equally the economic, social and environmental dimensions of 
sustainable development and the interconnections between them; 

 Incorporate near-term benchmarks while being long-term in scope, looking ahead to a deadline of 
perhaps 2030; 

 Engage all stakeholders in implementing and mobilizing resources, including local communities, civil 
society, the private sector and Governments; 

 Include progress metrics alongside absolute targets, to focus policy attention as a means of driving 
development outcomes and to reflect various development priorities and conditions across countries 
and regions; and 

 Provide scope to review these goals in view of evolving scientific evidence. 
 
Governments will need to agree to develop a set of key universal, sustainable development goals, covering all 
three sustainable development pillars and their interconnections. Such goals should galvanize individual and 
collective action and complement the MDGs, while allowing for a post-2015 framework. At the same time, 
public and private entities need to scale up efforts to transparently collect, compile, assess and disclose 
relevant data and information to track progress toward such goals.  
 
 
Various efforts have been made to create composite and country-wide indices on environmental trends and 
sustainable development, leading to indices such as the Environmental Performance Index, the Environmental 
Sustainability Index, Ecological Footprint, Genuine Savings concept, and the set of Indicators of Sustainable 
Development.  However, none of them has received the same level of credibility and popularity as the UNDP’s 
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Human Development Index (HDI) (see also Table 2).  Underlying methodologies on environmental accounting 
such as UNSD’s System of Environmental-Economic Accounts (SEEA) are also being developed and promoted, 
but implementation is limited and mainly confined to certain developed countries due to its complexity and to 
data gaps.   Generally speaking, the lack of a clear and simple measurable methodology, such as the ones used 
for the HDI and the MDGs, coupled with a lack of robust data at country levels, often hampers the 
development of credible, world-encompassing composite indices for the environment. 
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Truck being loaded to transport agricultural produce 

Thematic Focus:  Resource Efficiency 

 
The end to cheap oil: a threat to food  
security and an incentive to reduce  
fossil fuels in agriculture 
 
 
 
Why is this important? 
 
Fossil fuels are essential for modern, 
mechanized agricultural production systems. 
Petroleum products are used directly to 
power tractors, machinery and irrigation, 
and to transport, transform and package 
agricultural products. They are also used 
indirectly to manufacture fertilizers and 
pesticides and prepare seeds. Thus, food 
production is energy intensive. For example, 
approximately 2 000 litres per year in oil 
equivalents are required to supply food for 
each American, which accounts for about 19 
per cent of the total energy used in the 
United States (Pimentel and others 2008). 
 
The industrialization of agriculture, known as the Green 
Revolution, occurred during the middle of the 20th century, as 
farming became increasingly dependent on direct and indirect 
fossil fuel inputs (Wood and others 2010). Between 1945 and 
1994, agricultural energy inputs worldwide increased four-fold 
while crop yields increased three-fold. Since the early 1960s, the 
global growth in cereals depended almost entirely on 
agricultural intensification, with little expansion in the area 
harvested (UNEP 2011) (Figure 1). 
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Figure 1: The global growth of fertilizer use and cereal production, 1960-2010.  
Source: UNEP 2011 
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Figure 3: Conventional oil production reached a plateau in 2006. Source: IEA 2010 

 
As machines replaced farm workers, the energy output-to-input ratio declined (Figure 2) (Pfeiffer 2003). In 
industrialised countries today, one food calorie requires expending an average of between seven to ten 
calories of fossil energy (Dahlberg 2000). 
 
 
 
 
 
Figure 2: Difference in energy input-to-output with the change in agricultural systems. Source: based on data from Pimentel 2009 
 
While food production—not to mention transportation and many other modern systems—has become ever 
more dependent on oil, world oil reserves have been dwindling. The amount of oil that can be recovered cost 
effectively and the date at which oil production will begin to decrease is known as “peak oil”. Estimates of 
peak oil vary widely. In 2010, the International Energy Agency (IEA) reported that conventional oil production 
reached a plateau in 2006 and started declining in 2009 (IEA 2010) (Figure 3). 
 
Many experts believe that biofuel 
production is a solution; the rate of 
production is growing steeply worldwide 
and it is already partly replacing fossil-
fuel use. The production of biofuels 
instead of food crops in areas of Europe 
and in the United States is partly to 
blame for the 12.7 per cent decline in 
world cereal stocks between 2009 and 
2011 (de Schutter 2011). The balance 
between food and biofuel production is 
fragile, and in some regions, biofuel 
production could have detrimental 
impacts on the environment and human 
well-being. For example, energy crops 
potentially have high water demands and so compete with food production (Amigun and others 2011). The 
production of unconventional oil, such as oil sands and shale gas, to mitigate the decline in conventional oil 
production could have many environmental consequences, including climate change impacts, since their 
production requires higher water volumes and emits more greenhouse gases than conventional oils (UNEP 
2011b).  
 
What are the findings and implications? 
 
The consequences of a potential increase in the price of oil as conventional oil production decreases would be 
manifold and likely serious. In addition to agriculture, many other aspects of modern life are also highly 
dependent on inexpensive oil. Major price increases for transportation would occur, as 99 per cent of this  
sector depends on fossil fuels (ITPOES 2008). Health impacts can also be expected, as oil is a primary raw 
material for many drugs and health services depend on cheap oil (Raffle 2010). National security also depends 
heavily on oil, in terms of all types of military aircraft, land vehicles and ships requiring fuel (Gokay 2011). 
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Figure 4: Energy used for agricultural production in kilo tonnes of oil equivalent per million hectare (ktoe/Mha per year).  
Source: FAOSTAT 2010. Visualisation by UNEP GRID-Geneva 
 

Tractors and trucks bringing water melons to the consumers 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
One of the impacts of peak oil on the agriculture section would be a rise in fertilizer prices at a time when its 
use is increasing. By 2030, the FAO expects global fertilizer use to grow by 188 million tonnes (IAASTD  2009). 
  
Peak oil could imply a reduction in the current heavy use of fossil energy inputs to agriculture (Figure 4), with 
many serious consequences. Already, the world is facing a food crisis. In the next several decades, population 
growth, lifestyle modifications (including an increase in meat consumption), biofuel production, climate 
change and water pollution and scarcity are all factors that will increase pressures on agricultural production 
(Arizpe and others 2011). The prices of basic food commodities (cereals, oils and fats, meat, sugar and dairy 
products) have been rising in the last few years.  
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Figure 5: The price of food is highly dependent on the price of oil.  
Source:  FAO 2011; and Mundi Index 2011 
 

Food prices increased since 2004 to an all-time high in February 2011 and since then have decreased slightly, 
but remain higher than ever before. This has contributed to the increase in the number of undernourished 
people and to social unrest in several countries. Notably, the recent “Arab Spring” has been linked in part to 
increased food prices (Johnstone and Mazo 2011). Rising oil costs is not the only factor influencing food prices, 
but since food production depends on oil, food prices are strongly linked to the price of oil (Figure 5) (OECD 
FAO 2010). 

 
Factors that influence fossil fuel use in agriculture 
Agricultural methods: In general, the industrialisation of agriculture increased both fossil-fuel use and 
agricultural yields considerably; however there are many different types of agricultural practices that require 
more or less fossil fuel, including organic farming, sustainable agriculture and intensive farming methods. 
Usually, the   more technically advanced and mechanically oriented an agricultural system, the more external 
energy is required. 
 
Land availability: In areas with limited land, more fossil fuel is necessary to produce agricultural outputs using 
industrial agricultural techniques, which are more input-intensive. In the world’s globalized economy and 
increasing international interdependence, no country is isolated from the loss of arable land to other uses (for 
example, urbanization) and its consequences. Worldwide, there is currently 0.72 hectares per person of 
agricultural land. Based on the United Nation’s projected rise in population (UNPD 2011), this amount will 
drop to below 0.7 ha within the next five years, without taking into account the degradation and loss of 
current agricultural land. If the high level of fossil fuel inputs used since the Green Revolution were to 
decrease, land area would have to increase to maintain current yields (Goklany 2001). The amount of land 
available for agriculture is unlikely to increase, however, due to climate change (and associated sea-level rise 
and other impacts), urbanization, land set aside to protect biodiversity, and unsustainable land management 
(Godfray and others 2010). Cutting trees to increase arable land area would increase carbon emissions and 
lead to habitat and biodiversity loss and greater soil erosion (CGIAR 2011). 
 
Different foods require different levels of energy inputs (Figure 5). Meat production needs particularly high 
energy inputs compared to cereals. Two and a half to ten times more energy is required to produce the same 
amount of caloric energy and protein from livestock than can be gained directly from grains (Naylor 1996). The 
amount of energy to produce meat depends on the production system. For example, industrialised systems 
that use feed produced from grain or soya, often imported from tropical countries, use more energy than 
systems where cattle are grass-fed. Meat consumption per capita is unevenly distributed, but is much higher 

 Food price on the rise 
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Trend in meat consumption per capita in different regions of 
the world. Source: UNEP Environmental Data Explorer n.d.  
 

Number of people fed in a year per hectare, by different foods. 
Source: Horne and McDermott 2001 

in developed countries (Figure 6). Global meat production and consumption is increasing and is expected to 
rise by 70 per cent between 2000 and 2030 and by 120 per cent in the period between 2000 and 2050. This 
growth is a major cause of rising fertilizer use (IAASTD 2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6: Meat consumption per capita and number of people fed per year on different foods, by hectare 

Soil degradation: Soil degradation occurs worldwide and is increasing (FAO 2008). The more degraded the soil, 
the greater the need for fertilizer. The use of inorganic fertilisers (made from fossil fuels) hides decreases in 
soil fertility due to intensive agriculture practices (Mulvaney and others 2009). Energy is required to 
manufacture, package, transport and apply inorganic fertilisers; thus, an increase in fossil fuel prices has an 
impact on fertilizers prices. 

Transportation: Moving food from the producer to the consumer uses fossil energy. The extent and intensity 
of transportation has increased as agriculture has become more specialised and globalised, food products are 
increasingly imported and exported and distances between producers and consumers have increased. By one 
estimate, food travels an average of 2,400 km in the United States before being consumed (Pimentel and 
others 2008). Thus, agriculture’s dependence on fossil fuels has strengthened (Garnett 2003). 
 
Transformation and packaging: In developed countries, 40 per cent of the fossil energy that supplies food is 
used to process, package, distribute and prepare the food (Pimentel 2009). Packaging is necessary to ensure 
food security and protection and prevent waste. The type of packaging material can affect the amount of 
energy used (Ziesemer 2007), while recycling packaging and other management approaches to waste 
packaging also involves energy, which needs to be considered (Canning and others 2010). 
 
Options for the future 
If the peak oil energy situation evolves, the agricultural production systems developed during the Green 
Revolution will have to be modified. There are several approaches to reducing the food system’s dependence 
on fossil fuels and they all require changes in agricultural practices, lifestyles and urban and rural 
development. A number of those suggested most often are listed in Box 1. Agronomic practices like no-till, 
minimum tillage, crop diversification, crop rotation and integrated pest management, in combination with the 
strategic application of fertilizers and irrigation water, the use of low-impact pesticides and the expansion of 
precision-farming procedures, are recommended as well-proved schemes that are more sustainable than 



34

6 
 

those of intensive, high-input conventional farming both in terms of energy use and other direct 
environmental impacts (Viglizzo 2012). 
 
Box 1: Approaches for reducing fossil fuel use in agriculture 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Increase the efficiency of fossil fuel use in agriculture, by reducing the requirement of farm 
power per unit of land area, for example (eg,. smaller tractors, less and lighter farm equipment, 
reduced use of machinery, less irrigation) 

 Apply sustainable tillage practices that minimise soil erosion and compaction and also reduce 
the use of machinery and associated energy inputs. 

 Adopt fertiliser and pesticide management schemes that reduce agrochemical use and the 
amount of indirect energy used, such as the methods employed by precision farming.  

 Halt the degradation of arable land to conserve more land for agriculture, by stemming 
deforestation and overgrazing that erodes soils, for example.  

 Increase the number of people working in agriculture and reduce farm sizes. It has been shown 
that for the same yields, smaller farms use less fuel than big ones. This is often linked to the 
increased size of the labour force on small farms. A policy-making matrix integrating agricultural 
and conservation elements can be used to encourage small-scale agroecological approaches, 
especially when they function within the payment-for-ecosystem-service framework (Perfecto and 
Vandermeer 2010). Another suggestion is to support a global fund for micro-financing that 
would promote the development of diversified and resilient ecoagriculture and intercropping 
systems (UNEP-GRID 2009). 

 Adopt environmental and social full-cost pricing of energy inputs to agriculture to discourage 
unsustainable production patterns. 

 Reduce the transportation of agricultural products from farms to consumers by integrating 
agricultural production into human settlements and promoting locally grown and in-season 
products. Also, diminish the amount of refrigeration by encouraging consumers to buy smaller 
quantities of in-season fresh produce more frequently. Community Supported Agriculture 
(CSA), a partnership between a local organic farmer and his clients involving a subscription to 
weekly baskets of produce, achieves these aims (Van En 1995), as do garden allotments and 
local produce markets in cities.  

 Increase the production of animal feed on the farm or in its vicinity. 
 Develop sustainable energy systems to replace fossil energy sources. For example, irrigation 

and some farm machinery could use solar or wind power instead of fossil fuels.  
 Reduce the amount of meat consumed worldwide, since vegetarian options require far less 

energy to produce than meat. 
 Introduce sustainable practices for large-scale commercial livestock production. An example is 

by increasing the growth rate in beef cattle, resulting in significant declines in land, water, fossil 
fuels and feed consumption, as well as less waste outputs (manure and GHG). 

 Develop biofuel production from waste, by-products or feedstock instead of using food crops 
for biofuels (UNEP-GRID 2009).   

 Implement a certification scheme for sustainable production and good practices to reduce 
energy use. 

 Introduce a combination of regulatory instruments, incentives and public-private initiatives that 
would help to reduce fossil fuel inputs in agriculture (Alemany and Lanzilotta 2011). 
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Injecting liquid fertilizer into a drip irrigation mainline 

 
 
Conclusions 
Current levels of agricultural production depend on cheap oil, but this 
dependence needs to decline to avoid food shortages and higher 
prices in the future. Supplying adequate food and water are global 
priorities. Sustainable food production requires sustainable energy 
resources. There are already examples of efforts to reduce the 
environmental impacts of farming that have successfully reduced 
fossil fuel use. For example, over the last 50 years, Argentina has 
adopted low-input/low-impact schemes in its farming sector, which 
resulted in lower energy consumption (as well as soil erosion and 
other impacts) than some European countries, China, Japan, New 
Zealand and the United States (Viglizzo and others 2011). In another 
example, various Brazilian organizations unified criteria and efforts to 
develop the Integrated Crop–Livestock-Zero-Tillage System (ICLZT). 
Integrating crop rotation, livestock production and zero-tillage in the 
Brazilian Cerrado resulted in sustainable grain and meat production 
on the same lands using less fertilizer and herbicides and without 
requiring further deforestation (in addition to less soil erosion, 
improved soil biological activity and nutrient recycling and lower 
greenhouse gas emissions) (Landers 2007). It is urgent to replicate 
actions such as these, since it will take time to develop and 
implement energy savings in the farming sector on a scale that will 
have a global impact.  
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Thematic Focus:  Environmental governance 
 
Keeping Track of Our Changing  
Environment - From Rio to Rio +20  
(1992-2012)  
 
 
 
In 1992, the first United Nations Conference on Sustainable Development, popularly known as the Rio Earth 
Summit, was convened in Rio de Janeiro, Brazil to address the state of the environment and sustainable 
development. The Earth Summit yielded several important agreements including “Agenda 21”, a plan of action 
adopted by over 178 governments to address human impacts on the environment at local, national and global 
levels, and key treaties on climate change, desertification and biodiversity. At the second Conference in 
2002—the World Summit on Sustainable Development—governments agreed on the Johannesburg Plan of 
Implementation, reaffirming their commitment to Agenda 21. In 2012, the United Nations Conference on 
Sustainable Development, or Rio+20 Earth Summit, will focus on the Green Economy in the context of 
sustainable development, poverty eradication, and the institutional framework for sustainable development. 
The object is to renew political commitment to sustainable development, review progress and identify 
implementation gaps, and address new and emerging challenges. 
 
Why is this important? 
 
This article, and a related publication called “Keeping Track of Our Changing Environment” (UNEP 2011), serve 
as a timely update on what has occurred since the Earth Summit of 1992 and are part of the wider Global 
Environment Outlook-5 (GEO-5) preparations leading up to the release of the landmark GEO-5 report in June 
2012. It underlines how in just twenty years, the world has changed more than most of us could ever have 
imagined—geopolitically, economically, socially and environmentally. Very few individuals outside academic 
and research communities envisaged the rapid pace of change or foresaw developments such as the 
phenomenal growth in information and communication technologies, ever-accelerating globalisation, private 
sector investments across the world and the rapid economic rise of a number of “developing” countries. Many 
rapid changes have also taken place in our environment, from the accumulating evidence of climate change 
and its very visible impacts on our planet, to biodiversity loss and species extinctions, further degradation of 
land surfaces and the deteriorating quality of oceans. Certainly, there have been some improvements in the 
environmental realm, such as the significant reduction in ozone-depleting chemicals and the emergence of 
renewable energy sources, for which new investments totaled more than $200 thousand million in 2010. But 
in too many areas, the environmental “dials” continue to head into the red. 
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Figure 1: More energy and natural resources are being consumed, but the 
amounts needed per product are declining 

 
Overall demographic and economic situation 
In the past two decades, the number of people living on the planet increased by 26%, exceeding (end of 
October 2011) 7 000 million. A positive, although in the short-term not directly remarkable aspect is that the 
population growth rate is slowly declining, dropping from 1.65% in 1992 to 1.2% in 2010, which represents a 
27% decline in the growth rate over that period. One general trend in the population distribution is clearly 
visible: the urban population is increasing steadily, growing from 2 400 million people (43% of total 
population) to 3 400 million (50%) in 2009, an increase of 45%. This trend in urbanization is expressed by the 
110% increase of “megacities” (cities with at least 10 million people), from 10 in 1992 to 21 in 2010. These 
growth rates have brought new and emerging social, economic and environmental challenges. Although the 
share of the urban population living in slums in the developing world has dropped from 46% to 33% as a result 
of improved housing and sanitation, the absolute number of slum-dwellers has increased by 171 million 
people, raising their number to 827 million in 2010. 
 
While total GDP grew by 75% and per capita GDP by 
40%, there are evidently large regional and national 
differences (seven-fold between “developed” and 
“developing” regions), although growth rates were 
much higher in the last 10 years in developing 
countries than in the developed ones. At the same 
time, international trade has increased between 
1992 and 2008 from US$ 9 to 36 million millions (an 
increase of 280%), before falling a bit in the 
aftermath of the economic crisis. As societies grow 
and become wealthier, demand for basic materials 
(minerals, fossil fuels, biomass) grew by over 40% 
between 1992 and 2005, from about 42 to nearly 60 
thousand million tonnes. Nonetheless, there is a 
simultaneous decline in emissions, energy and 
material use per unit of output, indicating that 
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Figure 2: Global CO2 emissions continue to rise, with 80% emitted by only 
19 countries (* from fossil fuels, gas flaring, cement production, asprovided 
through the original source) 

resource efficiency is slowly increasing. At the same 
time, source and effect of the economic growth is a 
growing electricity production, increasing by 66% 
between 1992 and 2008, with developing countries 
showing more than three times larger growth rates 
(68%) than developed countries. 
 
The (mostly) bad news 
With fossil fuels taking up over 80% of the total 
primary energy supply and their use rising by almost 
40% between 1992 and 2009, emissions of CO2 
increased by 38%, reaching 36 000 million tonnes in 
2010. Although developing countries, through their 
general economic growth and many large-scale 
development projects, had the highest growth rates 
(64%), the difference of per capita emissions between 
developing and developed countries is still nearly a 
factor of 10. The steadily increasing amount of fossil 
fuels burned for generating energy and heating (26% of 
global anthropogenic GHG emissions, 2004), industry 
(19%), agriculture (14%), transport (13%) and other 
uses, leads to an increasing concentration of 
atmospheric CO2, which rose from 357 parts per million 
in 1992 to 389 early 2011, an increase of 9% (IPCC 
2007). At the same time, global temperatures show a 
slow, but  steady increase of about 0.2°C per decade 
(Hansen and others 2006).    Figure 3: The average amount of CO2 in the Earth's atmosphere    

  shows a  steady rise over the last two decades 
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According to rankings from four top US, British and 
Japanese climate research centers, the ten hottest years 
on record have all occurred since 1998; and 18 out of the 
last 21 years feature among the 20 warmest years on 
record since (reliable) recording of temperature started 
in 1880 (NOAA 2011, NASA 2011, UK-MetOffice 2011, 
JMA 2011). As a consequence, nearly all mountain 
glaciers around the world are retreating and getting 
thinner (WGMS 2010). But increase in global 
temperature is not occurring uniformly across the globe’s 
latitudinal zones: far northern latitudes are seeing the 
most extreme changes in temperature, with increases of 
up to 3°C, while most of the other latitudes show 
variations around 0.5°. This impacts the Arctic sea ice 
extent, which has been steadily declining: its September 
extent decreased from almost eight to around five 
million square kilometers between 1992 and 2010, a 
drop of 35%. Similar to the global atmospheric 
temperature, the average ocean temperatures are 
slowly increasing too, rising from 0.22°C above the long-
term average in 1992 to nearly 0.5°C in 2010. Due to this 
rising sea-water temperature and resulting thermal 
expansion, as well as the melting of ice of the Arctic, 
Antarctic and Greenland ice sheets, the sea level has 
been rising globally at an average rate of about 2.5 mm 
per year between 1992 and 2011 (Bindoff and others 
2007). Increasing carbon dioxide concentrations in the air 
alter the chemistry of the ocean’s surface, causing it to 
become more acidic (measured by the logarithmic pH) 
(Caldeira and Wickelt 2003). The ocean’s pH declined 
from 8.11 in 1992 to 8.06 in 2007 (Feely and others 2009), 
having potentially significant consequences for marine 
organisms (UNEP 2010).  

 
 

Figure 5: The annual minimum extent of Arctic sea ice continues 
its steady decline 

Figure 4: Far northern latitudes are seeing the most extreme 
changes in temperature 
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Although the rate of deforestation is slowing down, 
natural forests declined, especially in South America and 
Africa, by around 13 million hectares per year between 
2000 and 2010, compared to 16 million hectares per 
year during the preceding decade (FAO 2010). This not 
only results in biodiversity loss, but also contributes 12-
15% to global warming (van der Werf and others 2009, 
UCSUSA 2011). Forest plantations, especially in Asia and 
to a lesser extent in Europe, have seen an increase of 
54% since 1990, covering 265 million hectares in 2010. 
Although certification for socially and environmentally 
responsible forestry shows an impressive annual 20% 
growth rate, only about 10% of forests worldwide were 
managed under the two biggest labels (FSC, PEFC). 
 
With disappearing forests, industrial agriculture and 
sprawling urbanization, the health of the earth’s 
ecosystems is decreasing. The Living Planet Index, 
which monitors almost 8 000 populations of over 2 500 
vertebrate species, shows the most extreme decline - by 
30% - in the tropical biome, and drops between 10-15% 
for marine and freshwater biomes, as well as in the 
global average. This decrease is mirrored in the Red List 
Index, which measures the risk of extinction, and which 
shows general deterioration for birds, mammals and 
amphibians; each year 52 vertebrate species move on 
Red List category closer to extinction. In order to halt 
the constant loss of species and to protect biologically 
important zones, the total sum of protected land areas 
increased by 42%, covering 13% of the continents. 
Marine protected areas, however, cover only around 7% 
of coastal waters and just above 1.4% of the oceans 
(IUCN/UNEP 2011, Toropova and others 2010). 
 

  Figure 6: Only about 10% of global forests are under certified    
  sustainable management  

  Figure 7: The Living Planet Index has declined by 12% at the   
  global level  and by 30% in the tropics 
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Figure 10: The depletion of fish stocks is one of the most pressing 
environmental issue (* Underexploited or moderately exploited = able to 
produce more than their current catches; overexploited, depleted or recovering 
from depletion = yielding less than their maximum potential production owing to 
excess fishing pressure in the past, with a need for rebuilding plans; fully 
exploited = current catches are at or close to their maximum sustainable 
productions, with no room for further expansion) 
 

 
 
 
 

 
 
 

 
 

 
Since 1992, the proportion of fully-exploited fish 
stocks increased by 13% and overexploited, 
depleted or recovering stocks increased by 33%, 
reaching 52% and 33%, respectively, of all fish 
stocks. Only a small percentage of stocks, around 
15%, are under-exploited or moderately exploited; 
these stocks, however, saw a strong decrease of 
nearly 50% since 1992. This degradation 
nonetheless was accompanied by a slight decrease 
in marine fish catch. But with catches of around 80 
million tonnes for marine fish and 10 million 
tonnes (with a steady growth, 66% between 1992 
and 2009) for inland water fish, the pressure on 
water ecosystems remains high (UNEP 2011b). 
Tuna, for example, is an economically important, 
globally-traded fish that is increasingly in demand 
by consumers. Catches increased dramatically, 
reaching 4200 thousand tonnes in 2008 - an 
increase of 35% -, leaving some tuna species on the 
edge of extinction (IUCN 2011, Collette and others 
2011).  

Figure 8: Each year 52 vertebrate species move one Red List 
category closer to extinction 

Figure 9: 13% of the world's land surface, 7% of its coastal waters and 
1.4% of its oceans are protected 
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Figure 11: Higher agricultural yields depend heavily on the use of 
fertilizers 
 

Aquaculture could help to lessen pressure on wild fish; but with annual growth rates of almost 8% (260% 
between 1992 and 2009), equaling now more than half of the total wild fish catch, it is often negatively 
impacting the environment (via loss of mangroves, poor fish-waste management, influx of antibiotics and 
other reasons) (FAO 2011). Nearly 90% of global aquaculture is practiced in Asia, the vast proportion of which 
occurs in China. 
 
In parallel to growing production of fish, the production 
of other livestock and crops has been rising steadily - 
45% between 1992 and 2009 - at a pace nearly two 
times higher than that of population (26%). The higher 
yields in cereals, however, are only marginally linked to 
the total area under cultivation, but depend almost 
exclusively on intensification, where use of fertilizers 
plays a major role (UNEP 2011c), along with increasing 
irrigation. While the latter have expanded steadily 
(21% since 1992), it accounts for approximately 70% of 
total freshwater withdrawals worldwide (UNESCO 
2001), it puts further pressure on already scarce and 
partially rapidly decreasing freshwater availability. 
While a few selected crops (such as sugar cane, 
soybeans and palm oil) have dramatically expanded in 
the tropics (+70% between 1992 and 2009) with 
negative impacts on natural ecosystems, ever-
increasing numbers of grazing animals, especially goats 
(+45% since 1992), degrade already impoverished 
grasslands in semi-arid climates. Organic farming, as an 
alternative approach to the (over)use of natural 
resources, heavy machinery and chemical fertilizers 
has been greatly expanding (240% between 1999 and 
2009), but nevertheless represents less than 1% of the 
global agricultural land. 
  
 

Figure 12: Three crops have expanded dramatically in the tropics, often 
replacing primary forests 
 

Figure 13: Land area used for organic farming is growing at an annual 
rate of nearly 13% Ph
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Figure 15: Numerous international agreements were negotiated in the two decades 
following the Rio Conference in 1992 
 

The Good News  
Nonetheless, there are some signs of positive 
change as well. As concern about the ever-
increasing CO2

 emissions and their environmental 
impacts rises, the Montreal Protocol, responsible for 
the phasing-out of ozone-depleting substances 
(ODS), showcases how an international agreement 
can lead to success, with a decline of 93% in the 
consumption of ODS between 1992 and 2009. The 
“perhaps single most successful international 
agreement” (Kofi Annan) not only helps to protect 
the Ozone layer, but leads to substantial co-benefits 
by reducing climate change, as many ODS are at the 
same time potent greenhouse gases (WMO/UNEP 
2010). 
 
The number of Multilateral Environmental 
Agreements rose by 330% between 1992 and 2010, 
demonstrating political recognition of 
environmental issues. On the side of the private 
sector, environmental management standards are 
increasingly recognized, as the adoption of the ISO 
14000 standard, which codifies practices and 
standards to minimize harmful impacts on the 
environment and achieve environmental 
performance - an increase of 1500% between 1999 
and 2009. Investments in sustainable energy have 
skyrocketed in recent years, with an increase of 
540% between 2004 and 2010, reaching US$ 2011 
thousand million. For the first time, new investment 
in utility-scale renewable energy projects and 
companies in developing countries surpassed that of 
developed economies (UNEP 2011d). Along with this, 
renewable energy supply has seen staggering 
increases (+30000% for solar photovoltaics, +6000% 
for wind between 1992 and 2009), although solar 
and wind energy account for only 0.3% of the global 
energy supply. Including water and especially 
biomass (wood, dung), renewable energy comprised 
16% of the global energy supply in 2010. Trading in 
CO2 emissions has grown rapidly (+1200% between 
2005 and 2010), but due to only partial 
implementation and lack of clarity about future 
regulations in a post-Kyoto regime, the mechanisms 
are today suffering rather large losses in value. 
 

Figure 14: Thanks to the participation and commitment of nearly all countries 
(195 in 2011), the Montreal Protocol is perhaps the "single most successful 
international agreement to date" (Kofi Annan, former UN Secretary-General) 
 

Figure 16: Renewable energy resources (including biomass) currently account 
for 13% of global energy supply. Solar and wind energy, though with steep 
growth rates, account for only 0.3% of global energy supply. 
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The need for improved monitoring and environmental data 
With limited progress on environmental issues achieved, and few real “success stories” to be told, all 
components of the environment—land, water, biodiversity, oceans and atmosphere —continue to degrade. 
Notwithstanding great advances in information and communication technologies, we have not made such 
breakthroughs when it comes to assessing the state of our environment. Until we apply the same dedication 
to this issue as we have to other areas, data gaps and inadequate monitoring will continue to hinder sound 
‘evidence-based policy-making.’ 
 
The need to focus attention and resources on improved monitoring and environmental data collection at all 
levels is essential in order to provide reliable and relevant information for decision-making. A new 
commitment to deal with persistent environmental problems and emerging issues calls for cooperation, 
flexibility and innovative solutions. 
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Why is this important?

The two most widely cited estimates of global population 
project that Earth will be home to seven billion people 
sometime in late 2011 or early 2012 (US Census Bureau 2011, 
UNPD 2010). The most recent billion was added in about 13 
years; it took 12 years for the billion before that; 13 years for 
the billion before that. Even though the global growth rate 
peaked more than 40 years ago, it is estimated that there 
will be another billion added over the next 15 years and yet 
another billion before mid-century (UNPD 2010). By the end 
of the century it is estimated that there will be 10.1 billion 
people sharing our already crowded planet! (UNPD 2010).

 

While modern humans are generally believed to have 
been around for over 100 000 years, it is only in the past 
10 000 years that total global population is believed to have 
ever exceeded a few million people—roughly the population 
of Madrid, Spain or Nairobi, Kenya (Kremer 1993). After the 
end of the Last Glacial Maximum (~10,000 BCE), population 
growth started to accelerate, doubling every 600 to 1000 
years between 3000 BCE and 1000 AD. By 1800, it was 
growing fast enough to double in just one hundred years. 
Between 1959 and 2000 the Earth’s population doubled in 
just 40 years! By one estimate, the number of new mouths to 
feed each year peaked in 1989 at around 87 million (roughly 
the equivalent of Ethiopia’s current population). In 2010, the 
planet was still adding 1 million people every 4.8 days (US 
Census Bureau 2011).

One Small Planet, Seven Billion People by Year’s End and 10.1 Billion by 
Century’s End

One Small Planet, Seven Billion People by Year’s End 
and 10.1 Billion by Century’s End

To view online and download Alerts, go to www.unep.org/GEAS

Even though the global growth rate peaked more than 40 years ago, it is 
estimated that there will be another billion added over the next 15 years 
and yet another billion before mid-century.
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Figure 1: World population began accelerating about 10 000 to 12 000 years ago and has “exploded” in the past 1 000 years.          
Source: UNEP-GRID Sioux Falls, population data – US Census Bureau 2011.
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Will it ever slow down?

Peak global population growth rates 
of 2.1 per cent per year occurred in 
the 1960s and early 1970s (U.S Census 
Bureau 2011). The subsequent slowing 
in global average population growth 
was the outcome of a dramatic drop 
in birth rates among the world’s most 
developed countries; many dropping 
to replacement level or even below 
(Bongaarts 2009). It is very widely 
accepted that this phenomenon, 
part of something demographers 
call the demographic transition, 
reliably occurs in countries as they 
become developed (DeLong and 
others 2010, Myrskyla and others 
2009). This assumption is incorporated 
into estimates that project world 

  at around 9.3 
billion by the middle of this century 
(DeLong and others 2010, Bongaarts 
2009). In general, projections of future population also 
assume that the economic and social development that is an 
important dimension of demographic transition can and will 
occur in many of the world’s poorer countries (Delong and 
others 2010, Bongaarts 2009). Finally, it is has been taken for 
granted that the lower birth rates characteristic of developed 
countries are more or less “inevitable and irreversible” 
(Delong and others 2010). 

Several researchers studying population dynamics, 
however, have begun to question these assumptions (Delong 
and others 2010, Myrskyla and others 2009, Murphy and 
Hall 2011, Valentine 2010, Brown and others 2011, Luci and 
Thévenon 2010, Tuljapurkar 2009). One central problem is 
that as the world’s supply of cheap oil declines, increasing 
energy costs will hinder economic and social development, 
which are presumed to be important drivers of demographic 
transition (Delong and others 2010, Murphy and Hall 2011, 
Hall and Day 2009, Brown and others 2011). Researchers 

warn that large amounts of cheap energy are needed to drive 
development (Nel and van Zyl 2010, Brown and others 2011, 
Hall and others 2001, DeLong and others 2010). The historical 
reality of the relationship between per capita energy 
consumption and per capita GDP is illustrated in the graph 
below (Figure 3). As we reach (or have reached) “peak oil” 
(Campbell and Laherrère 1998), there is good reason to doubt 
the sustainability of the current trend of rising global per 
capita GDP, barring the emergence of a cheap and abundant 
alternative energy source (Delong and others 2010, Murphy 
and Hall 2010). While many economists assume that energy 
scarcity will drive innovation and lead to replacement energy 
sources, there are many people, including economists and 
ecologists, who believe that economic-growth models “must 
incorporate knowledge from the natural sciences” (Norgard 
1992), but that they fail to do so. In short, their contention 
is that if predictions from these economic models are to be 
taken as explicit and not simply theoretical (with an “all other 
things being equal” caveat) then the inputs to these models 

 ned factors of future growth-
potential, such as energy cost 
(Nel and van Zyl 2010, Valentine 
2010, Brown 2011, Hall and 
others 2001, Hall and Day 2010). 

A second major assumption 
for population to stabilize 
by mid-century is that low 
population growth rates in 
developed countries will remain 
low. However, within some 
developed countries in which 
the demographic transition 
generally took place decades 
ago, there has been an increase 
in population growth rates 
related to additional gains 

  uence (Myrskyla and 
others 2009, Tuljapurkar 2009, 
Luci and Thévenon 2010). 

Figure 2: Demographic transition has occurred in parallel with social and economic 
development in the world’s most developed countries.  Most population projections 
assume it will occur in many currently developing nations.   Source: UNEP-GRID Sioux 
Falls – generalized from multiple sources. 

Figure 3: Global GDP has risen with global oil production.  The global economic development 
 ected in per capita GDP is linked to lower birth rates and population growth by the 

demographic transition concept. Source: UNEP-GRID Sioux Falls, Data: EPI 2010, USDA 2010, 
World Bank 2011b
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While this dynamic seems only to apply in the 
most economically advanced countries, it is 
not currently part of most models of future 
population growth and thus may undermine 
some of those models’ projections (DeLong and 
others 2010, U.S. Census Bureau 2010).

If population growth were to stabilize 
after mid-century, most experts think the 
unprecedented pressure of 9.3 Billion people on 
the environment is unsustainable, without some 
dramatic changes in our consumption patterns 
(Valentine 2010, Hall and Day 2010, UN 2002). 
Paradoxically, under generally held assumptions 
of the demographic transition model, increasing 
numbers of consumers in developing countries 
would consume at rates similar to those currently 
seen in the developed world. Thus, the rate of 
growth in the number of consumers would 

 set by 
increased per capita consumption. 

Rates of growth and existing population 
densities vary dramatically around the globe. 
Asia, especially south and southeastern Asia, is 
home to the world’s densest populations (Figure 
4). China and India alone have 37 per cent of the 
world’s current population (UNPD 2010). The 
fastest growing populations however, are mostly 
in Africa and West Asia (Figure 5). 

Over half of the world’s population already 
lives in urban agglomerations and this is where 
much of the coming population growth will 
be seen (FAO 2005). The environmental impact 
of these dense urban footprints extends well 
beyond their physical limits, in the form of 
agriculture, mining, water and energy extraction, 

Figure 4: Global population density is concentrated most heavily in Southeast Asia. Source: UNEP-GRID Sioux Falls, population data 
SEDAC 2010

Our Already Crowded World—Some places more than others

Figure 5: These maps of total fertility by country show birth rates, already 
low in much of the world, will remain high in Africa and parts of Asia 
through mid century.
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 shing, polluting emissions, including CO2, 
timber extraction, energy generation (hydropower, solar 
and wind facilities), and many other impacts on the natural 
ecosystem that take place in the hinterland. In addition, 
remaining rural populations are crowding onto less and 
less available farmland and have fewer and fewer natural 
environments from which to derive a living. 

Pearl River Delta, southeastern China

It is projected that by 2020, over 70 per cent of China’s people 
will live in its cities (UN 2009). China’s rate of rural-to-urban 
transformation has been largely driven by market reforms 
put in place in the 1970s and the consequent development 
of industrial centers such as those in the Pearl River Delta 
in southeastern China. The area has been an important 
and productive agricultural area for China but it is losing 
farmland to some of the fastest urban growth in the world 
(Seto and Kaufmann 2003). Several urban centers in the 

greater delta area have experienced dramatic accelerated 
growth through the 1990s (Sun and others 2010, SEDAC 
2010) putting intense pressure on the delta environment 
(Fragkias and Seto 2009) as the metro areas of Guangzhou, 
Dongguan, Foshan and Shenzhen have all grown into 

 ve million people each (SEDAC). Population 
within the area in the images above tripled in just 20 years, 
from 14 million in 1990 to 44 million in 2010 (SEDAC). As a 
result, large areas of productive farmland have been lost 
and fragmented displacing food production to areas with 
poorer quality cropland and lower productivity (Yan and 
others 2009). Urban and related land uses are displacing 
agricultural systems that have adapted to conditions on the 
delta and have been used in the area for over 1000 years 
(Lo 1996, Weng 2007). The rate and scale of change has also 
created other serious environmental concerns, including 
deforestation; soil erosion; and water pollution from 
industrial waste, domestic sewage, agricultural chemicals and 
petroleum (Weng 2007).

Figure 6: The Pearl River Delta in 1979 (far left) had roughly 14 million people; by 2009 (near left) population had tripled to 
44 million.

Erinandcamera / Flickr
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Rwanda and Bangladesh

At the other end of the development spectrum, Bangladesh 
and Rwanda have two of the highest rural population 
densities among the world’s countries. They also both have 
a very high percentage of their land area under cultivation, 
and small average farm sizes; mostly subsistence-oriented 
agriculture which makes up a very large proportion of their 
economies. Bangladesh’s annual population growth rate was 
1.4 per cent as of 2009, not far above the global average of 
1.2 per cent. Rwanda’s annual population growth rate was 
twice as high, at 2.8 per cent per year (World Bank 2011a). 
Literacy, which is fairly widely accepted as a driver of lower 
birth rates, was higher in Rwanda at 65 per cent while it was 
only 54 per cent in Bangladesh. However, the most recent 
surveys show that in Bangladesh, 55.8 per cent of couples 
use family planning methods compared to only 36.4 per cent 
in Rwanda (UNPD 2010). Rwanda’s rate of family planning 
use, however, was double what it was just a few years earlier 
(UNPD 2010).  

 ndings and implications:

World population will exceed seven billion by late 2011 or 
early 2011. While the rate of growth has slowed in percentage 
terms, widely accepted projections of future population 
numbers predict the addition of 2 billion more people before 
the middle of this century. These projections are based on 
the application of demographic-transition models, which 
foresee lower birthrates for many currently developing 
countries. The demographic transition model clearly explains 
some of the most central dynamics of population growth
rates in a historical context. However, several researchers 
have questioned assumptions made in the application 
of the demographic transition model to population 
projections. Among the assumptions questioned is the 
assumed availability of adequate cheap energy for current 
development trends to continue. Finally, even if the UN and 
US Census Bureau models, which predict 9.3 billion people 
by mid century, are accurate, many others believe that 
population level dramatically overshoots the Earth’s capacity 
to sustainably support us. How the pressures of population 

 erent regions of the globe will 
likely vary considerably, however; in a world of economic 
globalization and increasing international interdependence, 
no country will be isolated from the consequences. 

Figure 7: Rwanda has the densest rural population in continental 
Africa and the country’s growth rate remains at 2.8 per cent per 
year. Source: Google Earth ©2011, ©GeoEye  2011

Figure 8: Population in rural Bangladesh is very high but the 
country’s growth rate has slowed to 1.4 per cent per year.  
Source: Google Earth ©2011, ©GeoEye  2011
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At a time of global changes, the world is striving to face 
and adapt to inevitable, possibly profound, alteration. 
Widening of droughts in southern Europe and sub-Saharan 
Africa, an increasing number of disasters, severe and more 
frequent flooding that could imperil low-lying islands 
and the crowded river deltas of southern Asia, are already 
taking place and climate change will cause additional 
environmental stresses and societal crises in regions already 
vulnerable to natural hazards, poverty and conflicts. 

A global multi-hazard early warning system is needed 
to inform us of pending threats. This report presents a 
state of the art assessment of existing monitoring/early 
warning systems (EWS) organized according to type of 
environmental threats , including air quality, wildland 
fires, nuclear and chemical accidents, geological hazards 
(earthquakes, tsunamis, volcanic eruptions, landslides), 
hydro-meteorological hazards (desertification, droughts, 
floods, impacts of climate variability, severe weather, storms, 
and tropical cyclones), epidemics and food insecurity. It 
identifies current gaps and needs with the goal of laying 
out guidelines for developing a global multi-hazard early 
warning system.

Chapter 1 introduces the basic concepts of early warning 
systems; Chapter 2 introduces the role of earth observation 
systems for disasters and environmental change; Chapter 3 
focuses on existing early warning/monitoring systems; and 
Chapter 4 presents a global multi-hazard approach to  
early warning. 

1.1 Early warning 
Early warning (EW) is “the provision of timely and effective 
information, through identified institutions, that allows 
individuals exposed to hazard to take action to avoid 
or reduce their risk and prepare for effective response”, 
and is the integration of four main elements according 
to the United Nations’ International Strategy for Disaster 
Reduction (ISDR), it integrates (UN 2006):

1. Risk Knowledge: Risk assessment provides essential 
information to set priorities for mitigation and 
prevention strategies and designing early warning 
systems.

2. Monitoring and Predicting: Systems with monitoring and 
predicting capabilities provide timely estimates of the 
potential risk faced by communities, economies and 
the environment.

3. Disseminating Information: Communication systems 
are needed for delivering warning messages to the 

potentially affected locations to alert local and regional 
governmental agencies. The messages need to be 
reliable, synthetic and simple to be understood by 
authorities and the public.

4. Response: Coordination, good governance and 
appropriate action plans are key points in effective 
early warning. Likewise, public awareness and 
education are critical aspects of disaster mitigation.

Failure of any part of the system will imply failure of the 
whole system. For example, accurate warnings will have no 
impact if the population is not prepared or if the alerts are 
received but not disseminated by the agencies receiving 
the messages. 

The basic idea behind early warning is that the earlier 
and more accurately we are able to predict short- and long-
term potential risks associated with natural and human-
induced hazards, the more likely we will be able to manage 
and mitigate a disaster’s impact on society, economies,  
and environment. 

1.2 Types of hazards
Environmental hazards can be associated with: ongoing and 
rapid/sudden-onset threats and slow-onset (or “creeping”) 
threats.

1. Ongoing and Rapid/sudden-onset: These include such 
hazards as: accidental oil spills, nuclear plant failures, 
and chemical plant accidents—such as inadvertent 
chemical releases to the air or into rivers and water 
bodies—geological hazards and hydro-meteorological 
hazards (except droughts). 

2. Slow-onset (or “creeping”): Incremental but long-term 
and cumulative environmental changes that usually 
receive little attention in their early phases but which, 
over time, may cause serious crises. These include 
such issues as deteriorating air and water quality, soil 
pollution, acid rain, climate change, desertification 
processes (including soil erosion and land degradation), 
drought, ecosystems change, deforestation and forest 
fragmentation, loss of biodiversity and habitats, 
nitrogen overloading, radioactive waste, coastal 
erosion, pressures on living marine resources, rapid 
and unplanned urban growth, environment and health 
issues (emerging and re-emerging infectious diseases 
and links to environmental change), land cover/
land changes, and environmental impacts of conflict, 
among others. Such creeping changes are often left 
unaddressed as policymakers choose or need to cope 

Chapter 1: Introduction



56

with immediate crises. Eventually, neglected creeping 
changes may become urgent crises that are more 
costly to deal with. Slow-onset threats can be classified 
into location— specific environmental threats, new 
emerging science and contemporary environmental 
threats (see Table 1). 

Note that rapid/sudden-onset hazards include geological 
threats such as earthquakes, volcanic eruptions, mudslides, 

and tsunamis. From a scientific point of view, geological 
events are the result of incremental environmental 
processes but it may be more effective to refer to them 
as quick onset. Most of the hydro-meteorological hazards 
(such as floods, tornadoes, storms, heat waves, etc.) may 
be considered rapid/sudden-onset hazards (type 1) but 
droughts are considered slow-onset (or “creeping”) hazards 
(type 2).

Table 1: Types of environmental threats.

Type of Hazards Types of Environmental Threats

1. Ongoing and rapid/sudden-onset threats Oil spills, nuclear plant failures, and chemical plant 
 accidents; geological hazards and hydro-meteorological   
 hazards, except for droughts.

2. Slow-onset (or “creeping”) threats  deteriorating air and water quality, soil pollution, acid rain, climate  
 change, droughts, ecosystems change, loss of biodiversity and  
 habitats, land cover/land changes, nitrogen overloading, radioactive  
 waste, coastal erosion, etc.

2.1 Location specific environmental threats Ecosystem changes, urban growth, transboundary pollutants,  
 loss of wetlands, etc.

2.2 New emerging science Associated with biofuels, nanotechnology, carbon cycle,  
 climate change, etc. 

2.3 Contemporary environmental threats  Electronic waste, bottled water, etc.

Drought occuring in Switzerland dropped Lake Constance’s water levels 55 cm.
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Figure 1: How early is early warning? (Golnaraghi 2005). The graph shows the timeliness of early warning systems for hydro-meteorological hazards 
and the area of impact (by specifying the diameter of the spherical area) for climatic hazards.

Rapid/sudden-onset and slow-onset events will provide 
different amounts of available warning time.

Figure 1 shows warning times for climatic hazards. 
Early Warning systems may provide seconds of available 
warning time for earthquakes to months of warning for 
droughts, which are the quickest and slowest onset hazards, 
respectively. Specifically, early warning systems provide 
tens of seconds of warning for earthquakes, days to hours 
for volcanic eruptions, and hours for tsunamis. Tornado 
warnings provide minutes of lead-time for response. 
Hurricane warning time varies from weeks to hours. The 
warning time provided by warning systems, increases to 
years or even decades of lead-time available for slow-onset 
threats (such as El Niño, global warming etc., as shown in 
Figure 1). Drought warning time is in the range of months 
to weeks.

Slow-onset (or creeping) changes may cause serious 
problems to environment and society, if preventive 
measures are not taken when needed. Such creeping 
environmental changes require effective early warning 
technologies due to the high potential impact of 
incremental cumulative changes on society  
and the environment.

1.3 Early warning systems:  
operational aspects
Early warning systems help to reduce economic losses 
and mitigate the number of injuries or deaths from a 
disaster, by providing information that allows individuals 
and communities to protect their lives and property. Early 
warning information empowers people to take action 
prior to a disaster. If well integrated with risk assessment 
studies and communication and action plans, early warning 
systems can lead to substantive benefits.

Effective early warning systems embrace the following 
aspects: risk analysis; monitoring and predicting location 
and intensity of the disaster; communicating alerts 
to authorities and to those potentially affected; and 
responding to the disaster. The early warning system has to 
address all aspects.

Monitoring and predicting is only one part of the early 
warning process. This step provides the input information 
for the early warning process that needs to be disseminated 
to those whose responsibility is to respond (Figure 2). Early 
warnings may be disseminated to targeted users (local 
early warning applications) or broadly to communities, 



58

regions or to media (regional or global early warning 
applications). This information gives the possibility of taking 
action to initiate mitigation or security measures before a 
catastrophic event occurs. When monitoring and predicting 
systems are associated with communication systems and 
response plans, they are considered early warning systems 
(Glantz 2003). Commonly, however, early warning systems 
lack one or more elements. In fact, a review of existing early 
warning systems shows that in most cases communication 
systems and adequate response plans are missing.

To be effective, warnings also must be timely so as to 
provide enough lead-time for responding; reliable, so 
that those responsible for responding to the warning will 
feel confident in taking action; and simple, so as to be 
understood. Timeliness often conflicts with the desire to 
have reliable predictions, which become more accurate 
as more observations are collected from the monitoring 
system (Grasso 2006). Thus, there is an inevitable trade-off 
between the amount of warning time available and the 
reliability of the predictions provided by the EWS. An initial 
alert signal may be sent to give the maximum amount of 
warning time when a minimum level of prediction accuracy 
has been reached. However, the prediction accuracy for 
the location and size of the event will continue to improve 
as more data are collected by the monitoring system part 
of the EWS network. It must be understood that every 
prediction, by its very nature, is associated with uncertainty. 
Because of the uncertainties associated with the predicted 
parameters that characterize the incoming disaster, it is 
possible that a wrong decision may be made. Two kinds of 
wrong decisions may occur (Grasso 2006): Missed Alarm 
(or False Negative), when the mitigation action is not taken 
when it should have been or False Alarm (or False Positive), 
when the mitigation action is taken when it should not  
have been. 

Finally, the message should communicate the level of 
uncertainty and expected cost of taking action but also be 
stated in simple language so as to be understood by those 
who receive it. Most often, there is a communication gap 
between EW specialists who use technical and engineering 
language and the EWS users, who are generally outside of 
the scientific community. To avoid this, these early warnings 
need to be reported concisely, in layman’s terms and 
without scientific jargon.

1.4 Communication of  
early warning information
An effective early warning system needs an effective 
communication system. Early warning communication 
systems have two main components (EWCII 2003): 

• communication infrastructure hardware that must be 
reliable and robust, especially during the disaster; and 

• appropriate and effective interactions among the 
main actors of the early warning process, such as the 
scientific community, stakeholders, decision makers, 
the public, and the media. 

Redundancy of communication systems is essential for 
disaster management, while emergency power supplies 
and back-up systems are critical in order to avoid the 
collapse of communication systems after disasters occur. 
In addition, to ensure the communication systems operate 
reliably and effectively during and after a disaster occurs, 
and to avoid network congestion, frequencies and  
channels must be reserved and dedicated to disaster  
relief operations.

Many communication tools are currently available for 
warning dissemination, such as Short Message Service 
(SMS) (cellular phone text messaging), email, radio, 
TV and web service. Information and communication 
technology (ICT) is a key element in early warning, which 
plays an important role in disaster communication and 
disseminating information to organizations in charge of 
responding to warnings and to the public during and after a 
disaster (Tubtiang 2005). 

Today, the decentralization of information and data 
through the World Wide Web makes it possible for millions 
of people worldwide to have easy, instantaneous access to 
a vast amount of diverse online information. This powerful 
communication medium has spread rapidly to interconnect 
our world, enabling near-real-time communication and 
data exchanges worldwide. According to the Internet World 
Stats database, as of December 2011, global documented 
Internet usage was 2.3 billion people. Thus, the Internet 
has become an important medium to access and deliver 
information worldwide in a very timely fashion.

In addition, remote sensing satellites now provide a 
continuous stream of data. They are capable of rapidly 

Figure 2: Early Warning System operational aspects.
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EWS: Decision making procedure 
based on cost-benefit analysis

To improve the performance of EWS, a performance-
based decision making procedure needs to be based on 
the expected consequences of taking action, in terms of 
the probability of a false and missed alarm. An innovative 
approach sets the threshold based on the acceptable 
probability of false (missed) alarms, from a cost-benefit 
analysis (Grasso 2007).

Consider the case of a EWS decision making strategy 
based on raising the alarm if a critical severity level, a, 
is predicted to be exceeded at a site. The decision of 
whether to activate the alarm or not is based on the 
predicted severity of the event. 

A decision model that takes into account the 
uncertainty of the prediction and the consequences of 
taking action will be capable of controlling and reducing 
the incidence of false and missed alerts. The proposed 
decision making procedure intends to fill this gap. The 
EWS will provide the user with a real-time prediction of 
the severity of the event,        and its error,            . During 
the course of the event, the increase in available data 
will improve prediction accuracy. The prediction and its 
uncertainty are updated as more data come in. The actual 
severity of the event,      , is unknown and may be defined 
by adding the prediction error to the predicted value,   .

The potential probability of false (missed) alarm is 
given by the probability of  being less (greater) than the 
critical threshold; it becomes an actual probability of false 
(missed) alarm if the alarm is (not) raised: 

        
      (1)

      (2)

Referring to the principle of maximum entropy (Jaynes 
2003), the prediction error is modeled by Gaussian 
distribution, representing the most uninformative 
distribution possible due to lack of information. Hence, at 

time t, the actual severity of the event,   , may be modeled 
with a Gaussian distribution, having a mean equal to the 
prediction      and uncertainty equal to            , which is 
the standard deviation of the prediction error            . Eq. 
(1) and (2) may be written as follows (Grasso and  
others 2007):

        
      (3)

        
       

      (4)

where     represents the Gaussian cumulative distribution 
function. The tolerable level at which mitigation action 
should be taken can be determined from a cost-benefit 
analysis by minimizing the cost of taking action: 

        
      (5)

where Csave are the savings due to mitigation actions and 
Cf a is the cost of false alert. Note that the tolerable levels     
    and     sum up to one, which directly exhibits the trade-
off between the tolerable threshold probabilities for false 
and missed alarms. The methodology offers an effective 
approach for decision making under uncertainty, focusing 
on user requirements in terms of reliability and cost of 
action. 

 

 

 

 

 
 

 

 
 

 

  

and effectively detecting hazards, such as transboundary 
air pollutants, wildfires, deforestation, changes in water 
levels, and natural hazards. With rapid advances in data 
collection, analysis, visualization and dissemination, 
including technologies such as remote sensing, 
Geographical Information Systems (GIS), web mapping, 
sensor webs, telecommunications and ever-growing 
Internet connectivity, it is now feasible to deliver relevant 
information on a regular basis to a worldwide audience 
relatively inexpensively. In recent years, commercial 
companies such as Google, Yahoo, and Microsoft have 
started incorporating maps and satellite imagery into their 

products and services, delivering compelling visual images 
and providing easy tools that everyone can use to add to 
their geographic knowledge.

Information is now available in a near-real-time mode 
from a variety of sources at global and local levels. In 
the coming years, the multi-scaled global information 
network will greatly improve thanks to new technological 
advances that facilitate the global distribution of data and 
information at all levels. 

Globalization and rapid communication provides an 
unprecedented opportunity to catalyze effective action 
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at every level by rapidly providing authorities and the 
general public with high-quality and scientifically credible 
information in a timely fashion. 

The dissemination of warnings often follows a cascade 
process, which starts at the international or national 
level and then moves outwards or downwards in scale to 
regional and community levels (Twigg 2003). Early warnings 
may activate other early warnings at different authoritative 
levels, flowing down in responsibility roles, although all are 
equally necessary for effective early warning.

Standard protocols play a fundamental role in addressing 
the challenge of effective coordination and data exchange 
among the actors in the early warning process and it aids in 
the process for warning communication and dissemination. 
The Common Alerting Protocol (CAP), Really Simple 
Syndication (RSS) and Extensible Markup Language (XML) 
are examples of standard data interchange formats for 
structured information that can be applied to warning 
messages for a broad range of information management 
and warning dissemination systems. 

The advantage of standard format alerts is that they are 
compatible with all information systems, warning systems, 
media, and most importantly, with new technologies such 
as web services. CAP, for example, defines a single standard 
message format for all hazards, which can activate multiple 
warning systems at the same time and with a single 
input. This guarantees consistency of warning messages 
and would easily replace specific application-oriented 
messages with a single multi-hazard message format. CAP is 

compatible with all types of information systems and public 
alerting systems (including broadcast radio and television), 
public and private data networks, multi-lingual warning 
systems and emerging technologies such as Internet Web 
services and existing systems such as the U.S. National 
Emergency Alert System and the National Oceanic and 
Atmospheric Organization (NOAA) Weather Radio. CAP 
uses Extensible Markup Language (XML), which contains 
information about the alert message, the specific hazard 
event, and appropriate responses, including the urgency 
of action to be taken, severity of the event, and certainty of 
the information. 

1.5 Early warning systems and policy 
For early warning systems to be effective, it is essential 
that they be integrated into policies for disaster mitigation. 
Good governance priorities include protecting the public 
from disasters through the implementation of disaster 
risk reduction policies. It is clear that natural phenomena 
cannot be prevented, but their human, socio-economic 
and environmental impacts can and should be minimized 
through appropriate measures, including risk and 
vulnerability reduction strategies, early warning, and 
appropriate action plans. Most often, these problems are 
given attention during or immediately after a disaster. 
Disaster risk reduction measures require long term plans 
and early warning should be seen as a strategy to effectively 
reduce the growing vulnerability of communities  
and assets. 

Using new technology to track up-to-date environmental change. 
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The information provided by early warning systems 
enables authorities and institutions at various levels 
to immediately and effectively respond to a disaster. It 
is crucial that local government, local institutions, and 
communities be involved in the entire policy-making 
process, so they are fully aware and prepared to respond 
with short and long-term action plans. 

The early warning process, as previously described, is 
composed of 4 main stages: risk assessment, monitoring 
and predicting, disseminating and communicating 
warnings, and response. Within this framework, the first 
phase, when short- and long-term actions plans are 
laid out based on risk assessment analysis, is the realm 
of institutional and political actors. Then EW acquires a 
technical dimension in the monitoring and predicting 
phase, while in the communication phase, EW involves 
both technical and institutional responsibility. The response 
phase then involves many more sectors, such as national 
and local institutions, non-governmental organizations, 
communities, and individuals.

Below is a summary of recommendations for effective 
decision-making within the early warning process (Sarevitz 
and others 2000):

Prediction is insufficient for effective decision-
making. Prediction efforts by the scientific community 
alone are insufficient for decision-making. The scientific 
community and policy-makers should outline the strategy 
for effective and timely decision-making by indicating what 
information is needed by decision-makers, how predictions 
will be used, how reliable the prediction must be to 
produce an effective response, and how to communicate 
this information and the tolerable prediction uncertainty 
so that the information can be received and understood 
by authorities and public. A miscommunicated or misused 
prediction can result in costs to society. Prediction, 
communication, and use of the information are necessary 
factors in effective decision-making within the early 
warning process.

Develop effective communication strategies. 
Wishing not to appear ‘alarmist’ or to avoid criticism, local 
and national governments have sometimes kept the 
public in the dark when receiving technical information 
regarding imminent threats. The lack of clear and easy-
to-use information can sometimes confuse people and 
undermine their confidence in public officials. Conversely, 
there are quite a few cases where the public may have 
refused to respond to early warnings from authorities, and 

have therefore exposed themselves to danger or forced 
governments to impose removal measures. In any case, 
clear and balanced information is critical, even when 
some level of uncertainty remains. For this reason, the 
information’s uncertainty level must be communicated to 
users together with the early warning (Grasso and  
others 2007).

Establish proper priorities. Resources must be 
allocated wisely and priorities should be set, based on risk 
assessment, for long- and short-term decision-making, 
such as investing in local early warning systems, education, 
or enhanced monitoring and observational systems. In 
addition, decision-makers need to be able to set priorities 
for timely and effective response to a disaster when it 
occurs based on the information received from the early 
warning system. Decision-makers should receive necessary 
training on how to use the information received when an 
alert is issued and what that information means.

Clarify responsibilities. Institutional networks should 
be developed with clear responsibilities. Complex problems 
such as disaster mitigation and response require multi-
disciplinary research, multi-sector policy and planning, 
multi-stakeholder participation, and networking involving 
all the participants of the process, such as the scientific 
research community (including social sciences aspects), 
land use planning, environment, finance, development, 
education, health, energy, communications, transportation, 
labour, and social security and national defense. 
Decentralization in the decision making process could lead 
to optimal solutions by clarifying local government and 
community responsibilities. 

Collaboration will improve efficiency, credibility, 
accountability, trust, and cost-effectiveness. This 
collaboration consists of joint research projects, sharing 
information, and participatory strategic planning  
and programming. 

Establish and strengthen legal frameworks. 
Because there are numerous actors involved in early 
warning response plans (such as governing authorities, 
municipalities, townships, and local communities), the 
decision-making and legal framework of responsibilities 
should be set up in advance in order to be prepared when 
a disaster occurs. Hurricane Katrina in 2005 showed gaps in 
the legal frameworks and definition of responsibilities that 
exacerbated the disaster. Such ineffective decision-making 
must be dealt with to avoid future disasters such as the one 
in New Orleans. 
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Chapter 2: The Role of Earth Observation

Earth observation (EO), through measuring and monitoring, 
provides an insight and understanding into Earth’s complex 
processes and changes. EO includes measurements that 
can be made directly or by sensors in-situ or remotely (i.e. 
satellite remote sensing, aerial surveys, land or ocean-based 
monitoring systems, Figure 3), to provide key information 
to models or other tools to support decision making 
processes. EO assists governments and civil society to 
identify and shape corrective and new measures to achieve 
sustainable development through original, scientifically 
valid assessments and early warning information on 
the recent and potential long-term consequences of 
human activities on the biosphere. At a time when the 
world community is striving to identify the impacts of 
human actions on the planet’s life support system, time-
sequenced satellite images help to determine these 
impacts and provide unique, visible and scientifically-
convincing evidence that human actions are causing 
substantial changes to the Earth’s environment and 
natural resource base (i.e. ecosystems changes, urban 
growth, transboundary pollutants, loss of wetlands, etc). 

By enhancing the visualization of scientific information 
on environmental change, satellite imagery will enhance 
environmental management and raise the awareness 
of emerging environmental threats. EO provides the 
opportunity to explore, to discover, and to understand the 
world in which we live from the unique vantage point  
of space.

The following section discusses the potential role of EO 
for each type of environmental threat.

2.1 Ongoing and rapid/sudden-onset 
environmental threats

Oil spills

Earth observation is increasingly used to detect illegal 
marine discharges and oil spills. Infra-red (IR) video and 
photography from airborne platforms, thermal infrared 
imaging, airborne laser fluoro-sensors, airborne and satellite 
optical sensors, as well as airborne and satellite Synthetic 
Aperture Radar (SAR) are used for this purpose. SAR has 

Figure 3: Illustration of multiple observing systems in use on the ground, at sea, in the atmosphere and from space for monitoring and researching 
the climate system (WMO 2011).
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the advantage of also providing data during cloud cover 
conditions and darkness, unlike optical sensors. In addition, 
optical-sensor techniques applied to oil spills detection are 
associated to a high number of false alarms, more often 
cloud shadows, sun glint, and other conditions such as 
precipitation, fog, and the amounts of daylight present 
also may be erroneously associated with oil spills. For this 
reason, SAR is preferred over optical sensors, especially 
when spills cover vast areas of the marine environment, and 
when the oil cannot be seen or discriminated against the 
background. SAR detects changes in sea-surface roughness 
patterns modified by oil spills. The largest shortcoming of oil 
spills detection using SAR images is accurate discrimination 
between oil spills and natural films (Brekke and Soldberg 
2004). To date, operational application of satellite imagery 
for oil spill detection still remains a challenge due to limited 
spatial and temporal resolution. Additionally, processing 
times are often too long for operational purposes, and it 
is still not possible to measure the thickness of the oil spill 
(Mansor and others 2007; U.S. Department of the Interior, 
Minerals Management Service  2007). Existing applications 
are presented in Chapter 3.

Chemical and nuclear accidents

Chemical and nuclear accidents may have disastrous 
consequences, such as the 1984 accident in Bhopal, 
India, which killed more than 2 000 and injured about 
150 000, and the 1986 explosion of the reactors of the 
nuclear power plant in Chernobyl, Ukraine, which was the 
worst such accident to date, affecting part of the Soviet 
Union, eastern Europe, Scandinavia, and later, western 
Europe. Meteorological factors such as wind speed and 
direction, turbulence, stability layers, humidity, cloudiness, 
precipitation and topographical features, influence the 
impact of chemical and nuclear accidents and have to 
be taken into account in decision models. In some cases, 
emergencies are localized while in others, transport 
processes are most important. EO provides key data for 
monitoring and forecasting the dispersion and spread of 
the substance. 

Geological hazards

Geohazards associated with geological processes such 
as earthquakes, landslides, and volcanic eruptions are 
mainly controlled by ground deformation. EO data allows 
monitoring of key physical parameters associated with 
geohazards, such as deformation, plate movements, 
seismic monitoring, baseline topographic, and geoscience 
mapping. EO products are useful for detection and 
mitigation before the event, and for damage assessment  
during the aftermath. For geohazards, stereo optical and 
radar interferometry associated with ground-based Global 
Positioning System (GPS) and seismic networks are used. 
For volcanic eruptions additional parameters are observed 
such as temperature and gas emissions. Ground based 

measurements have the advantage of being continuous 
in time but have limited spatial extent, while satellite 
observations cover wide areas but are not continuous in 
time. These data need to be integrated for an improved 
and more comprehensive approach (Committee on Earth 
Observation Satellites (CEOS) 2002; Integrated global 
observing strategy (IGOS-P) 2003).

Earthquakes

Earthquakes are due to a sudden release of stresses 
accumulated around the faults in the Earth’s crust. This 
energy is released through seismic waves that travel from 
the origin zone, which cause the ground to shake. Severe 
earthquakes can affect buildings and populations. The level 
of damage depends on many factors, such as the intensity 
and depth of the earthquake, and the vulnerability of 
structures and their distance from the earthquake’s origin. 

For earthquakes, information on the location and 
magnitude of the event first needs to be conveyed to 
responsible authorities. This information is used by seismic 
early warning systems to activate security measures 
within seconds after the earthquake’s origin and before 
strong shaking occurs at the site. Shakemaps generated 
within five minutes provide essential information to 
assess the intensity of ground shaking and the damaged 
areas. The combination of data from seismic networks 
and GPS may help to increase reliability and timeliness of 
this information. Earthquake frequency and probability 
shakemaps based on historical seismicity and base maps 
(geological, soil type, active faults, hydrological, DEMs), 
assist in the earthquake mitigation phase and need to be 
included in the building code design process for improved 
land use and building practices. For responses, additional 
data are needed, such as seismicity, intensity, strain, 
DEMs, soil type, moisture conditions, infrastructure and 
population, to produce post-event damage maps. Thermal 
information needs to continuously be monitored. This is 
obtained from low/medium resolution IR imagery from 
polar and geostationary satellites for thermal background 
characterization (Advanced Very High Resolution 
Radiometer (AVHRR), ATSR, MODIS and GOES) together 
with deformation from EDM and/or GPS network; borehole 
strainmeters; and SAR interferometry.

Landslides

Landslides are displacements of earth, rock, and debris 
caused by heavy rains, floods, earthquakes, volcanoes, 
and wildfires. Useful information for landslides and 
ground instability include the following: hazard zonation 
maps (landslides, debris flows, rockfalls, subsidence, and 
ground instability scenarios) during the mitigation phase, 
associated with landlside inventories, DEM, deformation 
(GPS network; SAR interferometry; other surveys such as 
leveling, laser scanning, aerial, etc), hydrology, geology, soil, 
geophysical, geotechnical, climatic, seismic zonation maps, 
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land cover, land use, and historical archives. Forecasting 
the location and extent of ground instability or landslides 
is quite challenging. Landslides can be preceded by cracks, 
accelerating movement, and rock fall activity. Real-time 
monitoring of key parameters thus becomes essential. 
The observed acceleration, deformation or displacement, 
exceeding a theoretical pre-fixed threshold is the trigger for 
issuing an alert signal. An alternative approach is based on 
hydrologic forecasting. It should be said that for large areas 
site-specific monitoring is not feasible. In this case, hazard 
mapping associated with monitoring of high risk zones 
remains the best option for warning. Local rapid mapping of 
affected areas, updated scenarios and real-time monitoring 
(deformation, seismic data, and weather forecasts) assist 
during the response phase.  

Tsunami

A tsunami is a series of ocean waves generated by sudden 
displacements in the sea floor, landslides, or volcanic 
activity. Although a tsunami cannot be prevented, the 
impact of a tsunami can be mitigated through community 
preparedness, timely warnings, and effective response. 
Observations of seismic activity, sea floor bathymetry, 
topography, sea level data (Tide Gauge observations of sea 
height; Real-time Tsunami Warning Buoy Data; Deep Ocean 
Assessment and Reporting of Tsunamis (DART) buoys and 
sea-level variations from the TOPEX/Poseidon and Jason, 
the European Space Agency’s Envisat, and the U.S. Navy’s 
Geosat Follow-On), are used in combination with tsunami 
models to create inundation and evacuation maps and to 
issue tsunami watches and warnings.

Volcanic eruptions

Volcanic eruptions may be mild, releasing steam and gases 
or lava flows, or they can be violent explosions that release 
ashes and gases into the atmosphere. Volcanic eruptions 
can destroy land and communities living in their path, affect 
air quality, and even influence the Earth’s climate. Volcanic 
ash can impact aviation and communications.

Data needs for volcanic eruptions include hazard 
zonation maps, real-time seismic, deformation (Electronic 
Distance Measurement (EDM) and/or GPS network; 
leveling and tilt networks; borehole strainmeters; gravity 
surveys; SAR interferometry), thermal (Landsat, ASTER, 
Geostationary operational environmental satellites (GOES), 
MODIS); air borne IR cameras; medium-high resolution heat 
flux imagery and gas emissions (COSPEC, LICOR surveys); 
Satellite imagery (i.e., ASTER) and digital elevation maps 
(DEM). As soon as the volcanic unrest initiates, information 
needs to be timely and relatively high-resolution. Once 
the eruption starts, the flow of information has to speed 
up. Seismic behaviour and deformation patterns need to 
be observed throughout the eruption especially to detect 
a change of eruption site (3-6 seismometers ideally with 
3-directional sensors; a regional network). 

Hydro-meteorological hazards

Hydro-meteorological hazards include the wide variety of 
meteorological, hydrological and climate phenomena that 
can pose a threat to life, property and the environment. 
These types of hazards are monitored using the 
meteorological, or weather, satellite programs, beginning in 
the early 1960s. In the United States, NASA, NOAA, and the 
Department of Defense (DoD) have all been involved with 
developing and operating weather satellites. In Europe, ESA 
and EUMETSAT (European Organisation for the Exploitation 
of Meteorological Satellites) operate the meteorological 
satellite system (U.S. Centennial of Flight Commission). 

Data from geostationary satellite and polar microwave 
derived products (GOES) and polar orbiters (microwave data 
from the Defense Meteorological Satellite Program (DMSP), 
Special Sensor Microwave/Imager (SSM/I), NOAA/Advanced 
Microwave Sounding Unit (AMSU), and Tropical Rainfall 
Measuring Mission (TRMM)) are key in weather analysis 
and forecasting. GOES has the capability of observing 
the atmosphere and its cloud cover from the global scale 
down to the storm scale, frequently and at high resolution. 
Microwave data are available on only an intermittent 
basis, but are strongly related to cloud and atmospheric 
properties. The combination of GOES and Polar Orbiting 
Environmental Satellites (POES) is key for monitoring 
meteorological processes from the global scale to the 
synoptic scale to the mesoscale and finally to the storm 
scale. (Scofield and others 2002). GOES and POES weather 
satellites provide useful information on precipitation, 
moisture, temperature, winds and soil wetness, which is 
combined with ground observation. 

Floods 

Floods are often triggered by severe storms, tropical 
cyclones, and tornadoes. The number of floods has 
continued to rise steadily; together with droughts, they 
have become the most deadly disasters over the past 
decades. The increase in losses from floods is also due to 
climate variability, which has caused increased precipitation 
in parts of the Northern Hemisphere (Natural Hazards 
Working Group 2005). Floods can be deadly, particularly 
when they arrive without warning.

In particular, polar orbital and geostationary satellite 
data are used for flood observation. Polar orbital satellites 
include optical low (AVHRR), medium (Landsat, SPOT, IRS) 
and high resolution (IKONOS) and microwave sensors (high 
(SAR-RADARSAT, JERS and ERS) and low resolution passive 
sensors (SSMI). Meteorological satellites include GOES 8 
and 10, METEOSAT, GMS, the Indian INSAT and the Russian 
GOMS; and polar orbitals suchh as NOAA (NOAA 15)  
and SSMI. 

For storms, additional parameters are monitored, such as 
sea surface temperature, air humidity, surface wind speed, 
rain estimates (from DMSP/SSMI, TRMM, ERS, QuikScat, 
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AVHRR, RADARSAT). TRMM offers unique opportunities 
to examine tropical cyclones. With TRMM, scientists are 
able to make extremely precise radar measurements of 
tropical storms over the oceans and identify their intensity 
variations, providing invaluable insights into the dynamics 
of tropical storms and rainfall. 

Epidemics

Epidemics such as malaria and meningitis are linked to 
environmental factors. Satellite data can provide  
essential information on these factors and help to better  
understand diseases. 

As an example, the ESA Epidemio project, launched in 
2004, utilizes data from ESA’s Envisat or the French Space 
Agency’s Spot, and field data to gather information on the 
spread of epidemics, helping to better prepare for epidemic 
outbreaks. GEO, with WHO and other partners, are working 
together on the Meningitis Environmental Risk Information 
Technologies (MERIT) project to better understand the 
relationship between meningitis and environmental factors 
using remote sensing.

Wildfires 

Wildfires pose a threat to lives and properties and are often 
connected to secondary effects such as landslides, erosion, 
and changes in water quality. Wildfires may be natural 
processes, human induced for agriculture purposes, or just 
the result of human negligence. 

Wildfire detection using satellite technologies is possible 
thanks to significant temperature difference between the 
Earth’s surface (usually not exceeding 10-25ºC) and the 
heat of fire (300-900ºC), which results in a thousand times 
difference in heat radiation generated by these objects. 
NOAA (AVHRR radiometer with 1 100m spatial resolution 
and 3 000 km swath width) and Earth Observing Satellites 
(EOS) (Terra and Aqua satellites with MODIS radiometer 
installed on them with 250, 500 and 1 000 m spatial 
resolution and 2 330 km swath width) are the most widely 
used modern satellites for operative fire monitoring (Klaver 
and others 1998). High-resolution sensors, such as the 
Landsat Thematic Mapper, SPOT multispectral scanner, or 
National Oceanic and Atmospheric Administration’s AVHRR 
or MODIS, are used for fire potential definition. Sensors used 
for fire detection and monitoring include AVHRR, which 
has a thermal sensor and daily overflights, the Defense 
Meteorological Satellite Program’s Optical Linescan System 
(OLS) sensor, which has daily overflights and operationally 
collects visible images during its nighttime pass, and the 
MODIS Land Rapid Response system. AVHRR and higher 
resolution images (SPOT, Landsat, and radar) can be used to 
assess the extent and impact of the fire. 

2.2 Slow-onset (or “creeping”) 
environmental threats

Air quality

Smog is the product of human and natural activities, such 
as industry, transportation, wildfires, volcanic eruptions,  
etc. and can have serious effects on human health and  
the environment. 

A variety of EO tools are available to monitor air quality. 
The National Aeronautics and Space Administration 
(NASA) and the European Space Agency (ESA) both have 
instruments to monitor air quality. The Canadian MOPITT 
(Measurements of Pollution in the Troposphere) aboard the 
Terra satellite monitors the lower atmosphere to observe 
how it interacts with the land and ocean biospheres, 
distribution, transport, sources, and sinks of carbon 
monoxide and methane in the troposphere. The Total 
Ozone Mapping Spectrometer (TOMS) instrument measures 
the total amount of ozone in a column of atmosphere as 
well as cloud cover over the entire globe. Additionally, 
TOMS measures the amount of solar radiation escaping 
from the top of the atmosphere to accurately estimate the 
amount of ultraviolet radiation that reaches the Earth’s 
surface. The Ozone Monitoring Instrument (OMI) on Aura 
will continue the TOMS record for total ozone and other 
atmospheric parameters related to ozone chemistry and 
climate. The OMI instrument distinguishes between aerosol 
types, such as smoke, dust, and sulphates, and can measure 
cloud pressure and coverage. ESA’s SCHIAMACHY (Scanning 
Imaging Absorption Spectro-Meter for Atmospheric 
ChartographY) maps atmosphere over a very wide 
wavelength range (240 to 2 380 nm), which allows detection 
of trace gases, ozone and related gases, clouds and dust 
particles throughout the atmosphere (Athena Global 2005). 
The Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor measures the relative amount of aerosols 
and the relative size of aerosol particles—solid or liquid 
particles suspended in the atmosphere. Examples of such 
aerosols include dust, sea salts, volcanic ash, and smoke. The 
MODIS aerosol optical depth product is a measure of how 
much light airborne particles prevent from passing through 
a column of atmosphere. New technologies are also being 
explored for monitoring air quality, such as mobile phones 
equipped with simple sensors to empower citizens to 
collect and share real-time air quality measurements. This 
technology is being developed by a consortium called 
Urban Atmospheres.

Water quality 

The traditional methods of monitoring coastal water quality 
require scientists to use boats to gather water samples, 
typically on a monthly basis because of the high costs 
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of these surveys. This method captures episodic events 
affecting water quality, such as the seasonal freshwater 
runoff, but is not able to monitor and detect fast changes. 
Satellite data provide measures of key indicators of water 
quality —turbidity and water clarity—to help monitor fast 
changes in factors that affect water quality, such as winds, 
tides and human influences including pollution and runoff. 
GeoEYE’s Sea-viewing Wide Field-of-view Sensor (SeaWiFS) 
instrument, launched aboard the OrbView-2 satellite in 
1997, collects ocean colour data used to determine factors 
affecting global change, particularly ocean ecology and 
chemistry. MODIS sensor, launched aboard the Aqua 
satellite in 2002, together with its counterpart instrument 
aboard the Terra satellite, collects measurements from the 
entire Earth surface every one to two days and can also 
provide measurements of turbidity (Hansen 2007). Overall, 
air and water quality monitoring coverage still appears to 
be irregular and adequate and available in real-time only for 
some contaminants (GEO 2005).

Droughts, desertification and food security 

Droughts

NOAA’s National Weather Service (NWS) defines a drought 
as “a period of abnormally dry weather sufficiently 
prolonged for the lack of water to cause serious hydrologic 
imbalance in the affected area.”

Drought can be classified by using 4 different definitions: 
meteorological (deviation from normal precipitation); 
agricultural (abnormal soil moisture conditions); 
hydrological (related to abnormal water resources); and 
socioeconomic (when water shortage impacts people’s lives 
and economies).

A comprehensive and integrated approach is required 
to monitor droughts, due to the complex nature of the 
problem. Although all types of droughts originate from a 
precipitation deficiency, it is insufficient to monitor solely 
this parameter to assess severity and resultant impacts 
(World Meteorological Organization 2006). Effective 
drought early warning systems must integrate precipitation 
and other climatic parameters with water information such 
as streamflow, snow pack, groundwater levels, reservoir 
and lake levels, and soil moisture, into a comprehensive 
assessment of current and future drought and water supply 
conditions (Svoboda and others 2002). In particular, there 
are 6 key parameters that are used in a composite product 
developed from a rich information stream, including climate 
indices, numerical models, and the input of regional and 
local experts. 

These are:

1) Palmer Drought Severity Index (based on 
precipitation data, temperature data, division 
constants (water capacity of the soil, etc.) and 
previous history of the indices),

2) Soil Moisture Model Percentile (calculated 
through a hydrological model that takes observed 
precipitation and temperature and calculates soil 
moisture, evaporation and runoff. The potential 
evaporation is estimated from  
observed temperature),

3)  Daily stream flow percentiles, 

4)  Percent of normal precipitation, 

5)  Standardized precipitation index, and 

6)  Remotely sensed vegetation health index. 

Additional indicators may include the Palmer Crop 
Moisture Index, Keetch-Byram Drought Index, Fire Danger 
Index, evaporation-related observations such as relative 
humidity and temperature departure from normal, reservoir 
and lake levels, groundwater levels, field observations of 
surface soil moisture, and snowpack observations. Some 
of these indices and indicators are computed for point 
locations, and others are computed for climate divisions, 
drainage (hydrological) basins, or other geographical 
regions (Svoboda and others 2002). A complete list of 
drought products can be found on NOAA’s National 
Environmental Satellite, Data, & Information Service (NOAA-
NESDIS) web page.

Desertification 

Desertification refers to the degradation of land in arid, 
semi-arid, and dry sub-humid areas due to climatic 
variations or human activity. Desertification can occur due 
to inappropriate land use, overgrazing, deforestation, and 
over-exploitation. Land degradation affects many countries 
worldwide and has its greatest impact in Africa. 

In spite of the potential benefits of EO information, 
the lack of awareness of the value and availability of 
information, inadequate institutional resources and 
financial problems are the most frequent challenges to 
overcome in detecting desertification (Sarmap and others 
2003). In 2004, through a project called DesertWatch, ESA 
has developed a set of indicators based principally on land 
surface parameters retrieved from satellite observations 
for monitoring land degradation and desertification. 
DesertWatch is being tested and applied in Mozambique, 
Portugal, and Brazil.

Food security

Food security was defined at the 1996 World Food Summit 
as existing “when all people at all times have access to 
sufficient, safe, nutritious food to maintain a healthy and 
active life”. The concept of food security includes both 
physical and economic access to food meeting people’s 
needs and preferences. There are currently four systems for 
global agricultural monitoring, all using EO data: 

• The USDA Foreign Agricultural Service’s  
Crop Explorer. 
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• The European Commission’s Monitoring of 
Agriculture with Remote Sensing. 

• CropWatch, developed by the Chinese Academy of 
Sciences’ Institute for Remote Sensing Applications. 

• The U.N. Food and Agriculture Organization’s Global 
Information and Early Warning System (GIEWS). 

These provide information on food availability, market 
prices and livelihoods.

Impact of climate variability

The observations of climate-related variables on a global 
scale have made it possible to document and analyze 
the behaviour of Earth’s climate, made available through 
programs such as: the IOC-WMO-UNEP-ICSU Global Ocean 
Observing System (GOOS); the FAO-WMO-UNESCO-UNEP-
ICSU Global Terrestrial Observing System (GTOS); the WMO 
Global Observing System (GOS) and Global Atmosphere 
Watch (GAW); the research observing systems and 
observing systems research of the WMO-IOC-ICSU World 
Climate Research Programme (WCRP) and other climate-
relevant international programs; and WMO-UNESCO-ICSU-
IOC-UNEP Global Climate Observing System (GCOS).

The Intergovernmental Panel on Climate Change (IPCC) 
periodically reviews and assesses the most recent scientific, 
technical and socio-economic information produced 
worldwide relevant to the understanding of climate 
change. Hundreds of scientists worldwide contribute to the 
preparation and review of these reports.

According to the recent IPCC report, the atmospheric 
buildup of greenhouse gases is already shaping the earth’s 
climate and ecosystems from the poles to the tropics, which 
face inevitable, possibly profound, alteration. The IPCC has 
predicted widening droughts in southern Europe and the 
Middle East, sub-Saharan Africa, the American Southwest 
and Mexico, and flooding that could imperil low-lying 
islands and the crowded river deltas of southern Asia. It 
stressed that many of the regions facing the greatest risks 
are among the world’s poorest. Information about the 
impacts of climate variability is needed by communities 
and resource managers to adapt and prepare for larger 
fluctuations as global climate change becomes more 
evident. This information includes evidence of changes 
occurring due to climate variability, such as loss of 

ecosystems, ice melting, coastal degradation, and  
severe droughts. Such information will provide  
policy-makers scientifically valid assessment and early  
warning information on the current and potential  
long-term consequences of human activities on  
the environment. 

Location-specific environmental changes  
(i.e., ecosystem changes, loss of biodiversity and habitats, land 
cover/land changes, coastal erosion, urban growth, etc.)

Landsat satellites (series 1 to 7) are extensively used to 
monitor location-specific environmental changes. They 
have the great advantage of providing repetitive, synoptic, 
global coverage of high-resolution multi-spectral imagery 
(Fadhil 2007). Landsat can be used for change detection 
applications to identify differences in the state of an object 
or phenomenon by comparing the satellite imagery 
at different times. Change detection is key in natural 
resources management (Singh 1989). Central to this theme 
is the characterization, monitoring and understanding of 
land cover and land use change, since they have a major 
impact on sustainable land use, biodiversity, conservation, 
biogeochemical cycles, as well as land-atmosphere 
interactions affecting climate and they are indicators of 
climate change, especially at a regional level (IGOS-P 2004). 

The United Nations Environment Programme’s (UNEP) 
bestselling publication One Planet, Many People: Atlas of 
Our Changing Environment (UNEP 2006), which shows 
before and after satellite photos to document changes 
to the Earth’s surface over the past 30 years, proves the 
importance and impact of visual evidence of environmental 
change in hotspots. The Atlas contains some remarkable 
Landsat satellite imagery and illustrates the alarming rate of 
environmental destruction. Through the innovative use of 
some 271 satellite images, 215 ground photos and 66 maps, 
the Atlas provides visual proof of global environmental 
changes—both positive and negative—resulting from 
natural processes and human activities. Case studies include 
themes such as atmosphere, coastal areas, waters, forests, 
croplands, grasslands, urban areas, and tundra and Polar 
Regions. The Atlas demonstrates how our growing numbers 
and our consumption patterns are shrinking our natural 
resource base. 

After a crash in the price of tobacco, Malawian farmers have opted for crop diversification as a path to food security. Shot on farm estates in Chiradzulu district. Tr
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Chapter 3: Inventory of Early Warning Systems

The aim of this report is to identify current gaps and future 
needs of early warning systems through the analysis of the 
state of the art of existing early warning and monitoring 
systems for environmental hazards. Among existing early 
warning/monitoring systems, only systems that provide 
publicly accessible information and products have been 
included in the analysis. For the present study, several 
sources have been used, such as the Global Survey of 
Early Warning Systems (UN 2006) together with the on-
line inventory of early warning systems on ISDR’s Platform 
for the Promotion of Early Warning (PPEW) website, and 
several additional online sources, technical reports and 
scientific articles listed in the references. For each hazard 
type, a gap analysis has been carried out to identify critical 
aspects and future needs of EWS, considering aspects such 
as geographical coverage, and essential EWS elements such 
as monitoring and prediction capability, communication 
systems and application of early warning information in 
responses. Below is the outcome of the review of existing 
early warning/monitoring systems for each hazard type. 
Details of all systems, organized in tables by hazard type, 
are listed in the Appendix. The current gaps identified 
for each hazard type could be related to technological, 
organizational, communication or geographical coverage 
aspects. To assess the geographical coverage of existing 
systems for each hazard type, the existing systems have 
been imposed on the hazard’s risk map. For this analysis, 
the maps of risks of mortality and economic loss were taken 
from Natural Disaster Hotspots: A Global Risk Analysis, a 
report from the World Bank (Dilley and others 2005). 

3.1 Ongoing and rapid/sudden-onset 
environmental threats 

Oil spills

To detect operational oil spills, satellite overpasses and 
aerial surveillance flights need to be used in an integrated 
manner. In many countries in Northern Europe, the KSAT 
manual approach is currently used to identify oil spills from 
the satellite images. KSAT has provided this operational 
service since 1996, and in Europe, use of satellites for oil 
spill detection is well established and well integrated 
within the national and regional oil pollution surveillance 
and response chains. Operational algorithms utilizing 
satellite-borne C-band SAR instruments (Radarsat-1, Envisat, 
Radarsat-2) are also being developed for oil-spill detection 
in the Baltic Sea area.

Chemical and nuclear accidents

Releases of a hazardous substance from industrial accidents 
can have immediate adverse effects on human and animal 

life or the environment. WMO together with IAEA provides 
specialized meteorological support to environmental 
emergency response related to nuclear accidents and 
radiological emergencies. The WMO network of eight 
specialized numerical modeling centres called Regional 
Specialized Meteorological Centres (RSMCs) provides 
predictions of the movement of contaminants in the 
atmosphere. The Inter-Agency Committee on the Response 
to Nuclear Accidents (IACRNA) of the IAEA, coordinates the 
international intergovernmental organizations responding 
to nuclear and radiological emergencies. IACRNA members 
are: the European Commission (EC), the European Police 
Office (EUROPOL), the Food and Agriculture Organization 
of the United Nations (FAO), IAEA, the International Civil 
Aviation Organization (ICAO), the International Criminal 
Police Organization (INTERPOL), the Nuclear Energy 
Agency of the Organization for Economic Co-operation 
and Development (OECD/NEA), the Pan American Health 
Organization (PAHO), UNEP, the United Nations Office for 
the Co-ordination of Humanitarian Affairs (UN-OCHA), the 
United Nations Office for Outer Space Affairs (UNOOSA), 
the World Health Organization (WHO), and WMO. The 
Agency’s goal is to provide support during incidents 
or emergencies by providing near real-time reporting 
of information through the following: the Incident and 
Emergency Centre (IEC), which maintains a 24 hour on-
call system for rapid initial assessment, and if needed, 
triggers response operations; the Emergency Notification 
and Assistance Convention Website (ENAC) , which allows 
the exchange of information on nuclear accidents or 
radiological emergencies; and the Nuclear Event Web-
based System (NEWS), which provides information on all 
significant events in nuclear power plants, research reactors, 
nuclear fuel cycle facilities and occurrences involving 
radiation sources or the transport of radioactive material. 
The Global Chemical Incident Alert and Response System 
of the International Programme on Chemical Safety, which 
is part of WHO, focuses on disease outbreaks from chemical 
releases and also provides technical assistance to Member 
States for response to chemical incidents and emergencies. 
Formal and informal sources are used to collect information 
and if necessary, additional information and verification is 
sought through official channels: national authorities, WHO 
offices, WHO Collaborating Centres, other United Nations 
agencies, and members of the communicable disease 
Global Outbreak Alert and Response Network (GOARN), 
Internet-based resources, particularly the Global Public 
Health Intelligence Network (GPHIN) and ProMED-Mail3. 
Based on this information, a risk assessment is carried out to 
determine the potential impact and if assistance needs to 
be offered to Member States.
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Geological hazards

Earthquakes

Earthquake early warning systems are a relatively new 
approach to seismic risk reduction. They provide a rapid 
estimate of seismic parameters such as magnitude and 
location associated with a seismic event based on the 
first seconds of seismic data registered at the epicentre. 
This information can then be used to predict ground 
motion parameters of engineering interest including peak 
ground acceleration and spectral acceleration. Earthquake 
warning systems are currently operational in Mexico, Japan, 
Romania, Taiwan and Turkey (Espinosa Aranda and others 
1995; Wu and others 1998; Wu and Teng 2002; Odaka and 
others 2003; Kamigaichi 2004; Nakamura 2004; Horiuchi and 
others 2005). Systems are under development for seismic 
risk mitigation in California and Italy. Local and national 
scale seismic early warning systems, which provide seismic 
information between a few seconds and tens of seconds 
before shaking occurs at the target site, are used for a 
variety of applications such as shutting down power plants, 
stopping trains, evacuating buildings, closing gas valves, 
and alerting wide segments of the population through the 
TV, among others. 

On the global scale, multi-national initiatives, such as 
the U.S. Geological Survey (USGS) and GEO-FOrschungs 
Netz  (GEOFON), operate global seismic networks for 
seismic monitoring but do not provide seismic early 
warning information. Today, the USGS in cooperation 
with Incorporated Research Institutions for Seismology 
(IRIS) operates the Global Seismic Networks (GSN), which 
comprises more than 100 stations providing free, real-
time, open access data. GEOFON collects information from 
several networks and makes this information available to 
the public online. USGS Earthquake Notification Service 
(ENS) provides publicly available email notification for 
earthquakes worldwide within 5 minutes for earthquakes 
in U.S. and within 30 minutes for events worldwide. USGS 
also provides near-real-time maps of ground motion 
and shaking intensity following significant earthquakes. 
This product, called ShakeMap, is being used for post-
earthquake response and recovery, public and scientific 
information, as well as for preparedness exercises and 
disaster planning.

Effective early warning technologies for earthquakes are 
much more challenging to develop than for other natural 
hazards because warning times range from only a few 
seconds in the area close to a rupturing fault to a minute or 
so (Heaton 1985; Allen and Kanamori 2003; Kanamori 2005). 
Several local and regional applications exist worldwide but 
no global system exists or could possibly exist for seismic 
early warning at global scale, due to timing constraints. 
Earthquake early warning systems applications must be 
designed at the local or regional level. Although various 
early warning systems exist worldwide at the local or 

regional scale, there are still high seismic risk areas that 
lack early warning applications, such as Peru, Chile, Iran, 
Pakistan, and India.

Landslides

Landslides cause billions of dollars in losses every year 
worldwide. However, most slopes are not monitored and 
landslide early warning systems are not yet in place. 

The International Consortium on Landslides (ICL), 
created at the Kyoto Symposium in January 2002, is an 
international non-governmental and non-profit scientific 
organization, which is supported by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO), 
the WMO, FAO, and the United Nations International 
Strategy for Disaster Reduction (UN/ISDR). ICL’s mission is 
to promote landslide research for the benefit of society and 
the environment and promote a global, multidisciplinary 
program regarding landslides. ICL provides information 
about current landslides on its website, streaming this 
information from various sources such as the Geological 
Survey of Canada. This information does not provide 
any early warning since it is based on news reports 
after the events have occurred. Enhancing ICL’s existing 
organizational infrastructure by improving landslide 
prediction capability would allow ICL to provide early 
warning to authorities and populations. Technologies for 
slopes monitoring has greatly improved, but currently 
only few slopes are being monitored at a global scale. The 
use of these technologies would be greatly beneficial for 
mitigating losses from landslides worldwide. 

Tsunamis

The Indian Ocean tsunami of December 2004 killed 
220 000 people and left 1.5 million homeless. It 
highlighted gaps and deficiencies in existing tsunami 
warning systems. In response to this disaster, in June 
2005 the Intergovernmental Oceanographic Commission 
(IOC) secretariat was mandated by its member states to 
coordinate the implementation of a tsunami warning 
system for the Indian Ocean, the northeast Atlantic and 
Mediterranean, and the Caribbean. Efforts to develop these 
systems are ongoing. Since March 2011, the Indonesian 
meteorological, climatological and geophysical agency 
has been operating the German-Indonesian Tsunami Early 
Warning System for the Indian Ocean. Milestones, such as 
the development of the automatic data processing software 
and underwater communication for the transmission of 
pressure data from the ocean floor to a warning centre, 
have been reached. These systems will be part of the  
Global Ocean Observing System (GOOS), which will be  
part of GEOSS. 

The Pacific basin is monitored by the Pacific Tsunami 
Warning System (PTWS), which was established by 26 
Member States and is operated by the Pacific Tsunami 
Warning Center (PTWC), located near Honolulu, Hawaii.  
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PTWC monitors stations throughout the Pacific basin 
to issue tsunami warnings to Member States, serving 
as the regional center for Hawaii and as a national and 
international tsunami information center. It is part of the 
PTWS effort. NOAA National Weather Service operates 
PTWC and the Alaska Tsunami Warning Center (ATWC) 
in Palmer, Alaska, which serves as the regional Tsunami 
Warning Center for Alaska, British Columbia, Washington, 
Oregon, and California. PTWS monitors seismic stations 
operated by PTWC, USGS and ATWC to detect potentially 
tsunamigenic earthquakes. Such earthquakes meet specific 
criteria for generation of a tsunami in terms of location, 
depth, and magnitude. PTWS issues tsunami warnings 
to potentially affected areas, by providing estimates of 
tsunami arrival times and areas potentially most affected. 
If a significant tsunami is detected, the tsunami warning 
is extended to the Pacific basin. The International Tsunami 
Information Center (ITIC), under the auspices of IOC, aims to 
mitigate tsunami risk by providing guidance and assistance 
to improve education and preparedness. ITIC also provides 
a complete list of tsunami events worldwide. Official 
tsunami bulletins are released by PTWC, ATWC, and the 
Japan Meteorological Agency (JMA). Regional and national 
tsunami information centres exist worldwide; the complete 
list is available from IOC. 

Currently, no global tsunami warning system is in place. 
In addition, fully operational tsunami early warning systems 
are needed for the Indian Ocean and the Caribbean. Initial 
steps have been taken in this direction. In 2010, NOAA 
established the Caribbean Tsunami Warning Program as 
the first step towards the development of a Caribbean 
Tsunami Warning Center. Since 2005, steps have been 
taken to develop an Indian Ocean tsunami system, such as 
establishing 26 tsunami information centres and deploying 
23 real-time sea level stations and 3 deep ocean buoys 
in countries bordering Indian Ocean. In 2005, the United 
States Agency for International Development (USAID) 
launched the US Indian Ocean Tsunami Warning Systems 
Program as the US Government’s direct contribution to the 
international effort led by the IOC. Since then, there are 
ongoing activities, such as Germany’s five-year German-
Indonesia Tsunami Early Warning System program with 
Indonesia, the Tsunami Regional Trust Fund established in 
2005, and the United Kingdom’s tsunami funds reserved for 
early warning capacity building. 

Nevertheless, on 17 July 2006, only one month after the 
announcement that the Indian Ocean’s tsunami warning 
system was operational, a tsunami in Java, Indonesia, killed 
hundreds of people. On that day, tsunami warnings were 
issued to alert Jakarta but there was not enough time 
to alert the coastal areas. The July 2006 tsunami disaster 
illustrates that there are still operational gaps to be solved 
in the Indian Ocean tsunami early warning system, notably 
in warning coastal communities on time. 

Volcanic eruptions

Volcanic eruptions are always anticipated by precursor 
activities. In fact, seismic monitoring, ground deformation 
monitoring, gas monitoring, visual observations, and 
surveying are used to monitor volcanic activity. Volcano 
observatories are distributed worldwide. A complete list of 
volcano observatories is available at the World Organization 
of Volcanic Observatories (WOVO) web site. However, 
there is still a divide between developed and developing 
countries. In particular, a large number of observatories 
and research centres monitor volcanoes in Japan and the 
United States very well. Most Central and South American 
countries (Mexico, Guatemala, El Salvador, Nicaragua, Costa 
Rica, Colombia, Ecuador, Peru, Chile, Trinidad, and the 
Antilles) have volcano observatories that provide public 
access to volcanic activity information. In Africa, only two 
countries (Congo and Cameroon) have volcano monitoring 
observatories and they do not provide public access to 
information. Only a small number, probably fewer than 50, 
of the world’s volcanoes are well monitored, mostly due to 
inadequate resources in poor countries (National Hazards 
Working Group 2005). There is a need to fill this gap by 
increasing the coverage of volcanic observatories. 

Currently, there is no global early warning system 
for volcanic eruptions except for aviation safety. Global 
volcanic activity information is provided by the Smithsonian 
institution, which partners with the USGS under the Global 
Volcanism Program to provide online access to volcanic 
activity information, collected from volcano observatories 
worldwide. Reports and warnings are available on a 
daily basis. Weekly and monthly summary reports are 
also available, but these only report changes in volcanic 
activity level, ash advisories, and news reports. The 
information is also available through Google Earth. This 
information is essential for the aviation sector, which must 
be alerted to ash-producing eruptions. There are several 
ash advisory centres distributed worldwide, in London, 
Toulouse, Anchorage, Washington, Montreal, Darwin, 
Wellington, Tokyo, and Buenos Aires. However, there is a 
need to coordinate interaction and data sharing among 
the approximately 80 volcano observatories that make up 
WOVO. ESA is developing GlobVolcano, an Information 
System to provide earth observations for volcanic  
risk monitoring.

Wildfires

Early warning methodologies for wildfires are based on the 
prediction of precursors, such as fuel loads and lightning 
danger. These parameters are relevant for triggering 
prediction, but once the fire has begun, fire behaviour 
and pattern modeling are fundamental for estimating fire 
propagation patterns. Most industrial countries have EW 
capabilities in place, while most developing countries have 
neither fire early warning nor monitoring systems in place 
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(Goldammer and others 2003). Local and regional scale 
fire monitoring systems are available for Canada, South 
America, Mexico and South Africa. An interactive mapping 
service based on Google maps and EO imagery from INPE, 
the Brazilian Space Research Institute, has been available 
since September 2008. Individuals can contribute with 
information from the ground; in only 3 months the service 
has received 41 million reports on forest fires and illegal 
logging, making it one of the most successful web sites 
in Brazil; it has had real impact through follow up legal 
initiatives and Parliamentary enquiries. 

Wildfire information is available worldwide through 
the Global Fire Monitoring Center (GFMC), a global portal 
for fire data products, information, and monitoring. This 
information is accessible to the public through the GFMC 
web site but is not actively disseminated. The GFMC 
provides global fire products through a worldwide network 
of cooperating institutions. GFMC fire products include: 
fire danger maps and forecasts, which provide assessment 
of fire onset risk; near real-time fire events information; 
an archive of global fire information; and assistance and 
support in the case of a fire emergency. Global fire weather 
forecasts are provided by the Experimental Climate 
Prediction Center (ECPC), which also provides national 
and regional scale forecasts. NOAA provides experimental, 
potential fire products based on estimated intensity and 
duration of vegetation stress, which can be used as a proxy 
for assessment of potential fire danger. The Webfire Mapper, 
part of FAO’s Global Fire Information Management System 
(GFIMS), initially developed by the University of Maryland 
and financially supported by NASA, provides near real-
time information on active fires worldwide, detected by 
the MODIS rapid response system. The Webfire Mapper 
integrates satellite data with GIS technologies for active 
fire information. This information is available to the public 
through the website and email alerts. 

The European forest fire information system also 
provides information on current fire situations and forecasts 
for Europe and the Mediterranean area.

Although global scale fire monitoring systems exist, 
an internationally standardized approach is required to 
create a globally comprehensive early fire warning system. 
Integration of existing fire monitoring systems could 
significantly improve fire monitoring and early warning 
capabilities. An information network must be developed to 
disseminate early warnings about wild-fire danger at both 
the global and local levels, to quickly detect and report 
fires, and to enhance rapid fire detection and classification 
capabilities at national and regional levels. The Global Early 
Warning System for Wild-Fires, which is under development 
as part of the Global Earth Observation System of Systems 
(GEOSS) effort, will address these issues. 

Hydro-meteorological hazards (except droughts)

Floods

Among natural hazards that are currently increasing in 
frequency, floods are the deadliest. This study shows there 
is inadequate coverage of flood warning and monitoring 
systems, especially in developing or least developed 
countries such as China, India, Bangladesh, Nepal, West 
Africa, and Brazil. At the local scale, there are several 
stand-alone warning systems, for example, in Guatemala, 
Honduras, El Salvador, Nicaragua, Zimbabwe, South Africa, 
Belize, Czech Republic, and Germany. However, they do 
not provide public access to information. The European 
Flood Alert System (EFAS), which is an initiative by EC-JRC, 
provides information on the possibility of river flooding 
occuring within the next three days. EFAS also provides an 
overview of current floods based on information received 
from the National Hydrological Services and the Global 
Runoff Data Center in Germany.

Floods are monitored worldwide from the Dartmouth 
Flood Observatory, which provides public access to 
major flood information, satellite images and estimated 
discharge. Orbital remote sensing (Advanced Scanning 
Microradiometer (AMSR-E and QuickScat)) is used to detect 
and map major floods worldwide. Satellite microwave 
sensors can monitor, at a global scale and on a daily 
basis, increases of floodplain water surface without cloud 
interference. The Dartmouth Flood Observatory provides 
estimated discharge and satellite images of major floods 
worldwide but does not provide forecasts of flood 
conditions or precipitation amounts that could allow flood 
warnings to be issued days in advance of events. NOAA 
provides observed hydrologic conditions of major US river 
basins and predicted values of precipitation for rivers in 
the United States. NOAA also provides information on 
excessive rainfall that could lead to flash-flooding and if 
necessary warnings are issued within six hours in advance. 
IFnet Global Flood Alert System (GFAS) uses global satellite 
precipitation estimates for flood forecasting and warning. 
The GFAS website publishes useful public information 
for flood forecasting and warning, such as precipitation 
probability estimates, but the system is currently running 
on a trial basis. At a global scale, flood monitoring systems 
are more developed than flood early warning systems. For 
this reason, existing technologies for flood monitoring must 
be improved to increase prediction capabilities and flood 
warning lead times.

Severe weather, storms and tropical cyclones

At the global level, the World Weather Watch (WWW) and 
Hydrology and Water Resources Programmes coordinated 
by WMO provide global collection, analysis and distribution 
of weather observations, forecasts and warnings. The 
WWW is composed of the Global Observing System (GOS), 
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which provides the observed meteorological data; the 
Global Telecommunications System (GTS), which reports 
observations, forecasts and other products and the Global 
Data Processing System (GDPS), which provides weather 
analyses, forecasts and other products. The WWW is an 
operational framework of coordinated national systems, 
operated by national governments.

The Tropical Cyclone Programme (TCP) is also part of 
the WWW. TCP is in charge of issuing tropical cyclones and 
hurricanes forecasts, warnings and advisories, and seeks to 
promote and coordinate efforts to mitigate risks associated 
with tropical cyclones. TCP has established tropical cyclone 
committees that extend across regional bodies (Regional 
Specialized Meteorological Centres (RSMC)), which, 
together with National Meteorological and Hydrological 
Services (NMHSs), monitor tropical cyclones globally and 
issue official warnings to the Regional Meteorological 
Services of countries at risk. Regional bodies worldwide 
have adopted standardized WMO-TCP operational plans 
and manuals, which promote internationally accepted 
procedures in terms of units, terminology, data and 
information exchange, operational procedures, and 
telecommunication of cyclone information. Each member 
of a regional body is normally responsible for its land and 
coastal waters warnings. A complete list of WMO members 
and RSMCs is available on the WMO-TCP website. WMO 
then collects cyclone information and visualizes it on 
world maps. The University of Hawaii collects information 
from WMO and provides online information on cyclone 
categories, wind speed, and current and predicted courses. 

Although comprehensive coverage of early warning 
systems for storms and tropical cyclones is available, recent 
disasters such as Hurricane Katrina of 2005 have highlighted 
inadequacies in early warning system technologies for 
enabling effective and timely emergency response. There 
is a pressing need to improve communication between 
the sectors involved by strengthening the links between 
scientific research, organizations responsible for issuing 
warnings, and authorities in charge of responding to these 
warnings. While the WWW is an efficient framework of 
existing RSMC, NMHSs and networks, national capacities in 
most developing countries need improvements in order to 
effectively issue and manage early warnings. Action plans 
must also be improved. 

Epidemics

Epidemics pose a significant threat worldwide, particularly 
in those areas that are already affected by other serious 
hazards, poverty, or under-development. Epidemics spread 
easily across country borders. Globalization increases the 
potential of a catastrophic disease outbreak: there is the risk 
that millions of people worldwide could potentially  
be affected. 

A global disease outbreak early warning system is 
urgently needed. WHO is already working in this field 
through the Epidemic and Pandemic Alert and Response, 
which provides real-time information on disease outbreaks, 
and GOARN. The 192 WHO member countries, disease 
experts, institutions, agencies, and laboratories, part of 
an Outbreak Verification List, are constantly informed of 
rumoured and confirmed outbreaks. The WHO constantly 
monitors anthrax, avian influenza, Crimean-Congo 
hemorrhagic fever (CCHF), dengue hemorrhagic fever, Ebola 
hemorrhagic fever, Hepatitis, Influenza, Lassa fever, Marburg 
Hemorrhagic Fever, Meningococcal disease, plague, Rift 
Valley fever, Severe Acute Respiratory Syndrome (SARS), 
Tularaemia, and Yellow fever.

A global early warning system for animal diseases 
transmissible to humans was formally launched in July 2006 
by the FAO, the World Organization for Animal Health (OIE), 
and WHO. The Global Early Warning and Response System 
for Major Animal Diseases, including Zoonoses (GLEWS) 
monitors outbreaks of major animal diseases worldwide. 

A malaria early warning system is not yet available and 
the need for system development is pressing, especially in 
Sub-Saharan Africa where malaria causes more than one 
million deaths every year. The IRI institute at Columbia 
University provides malaria risk maps based on rainfall 
anomaly, which is one of the factors influencing malaria 
outbreak and distribution, but no warning is disseminated 
to the potentially affected population. 

In addition, the Malaria Atlas Project (MAP) supported 
by the Wellcome Trust, the Global Fund to Fight AIDS, 
Tuberculosis and Malaria, the University of Oxford-Li 
Ka Shing Foundation Global Health Programme and 
others, aims to disseminate free, accurate and up-to-
date information on malaria. The MAP is a joint effort of 
researchers from around the globe working in different 
fields (from public health to mathematics, geography and 
epidemiology). MAP produces and makes available a range 
of maps and estimates to support effective planning of 
malaria control at national and international scales. 

3.2 Slow-onset (or “creeping”) 
environmental threats

Air quality

 Air pollution affects developing and developed countries 
without exception. For this reason, air quality monitoring 
and early warning systems are in place in most countries 
worldwide. Nevertheless, there is still a technological divide 
between developed and developing countries; in fact, these 
systems are most developed in the United States, Canada, 
and Europe. There are several successful cases to mention 
in Asia (Taiwan, China, Hong Kong, Korea, Japan, and 
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Thailand), a few in Latin America (Argentina, Brazil,  
and Mexico City) and only one in Africa (Cape Town,  
South Africa).

Most of the existing systems focus on real-time air 
quality monitoring by collecting and analyzing pollutant 
concentration measurements from ground stations. 
Satellite observation is extremely useful for aviation and 
tropospheric ozone monitoring, which is done by NASA 
and ESA. Air quality information is communicated mainly 
through web services. The U.S. Environmental Protection 
Agency (EPA) provides an email alert service (EPA AIRNow) 
only available in the U.S. and the Ministry of Environment of 
Ontario, Canada, also provides email alerts. The EPA AIRNow 
notification service provides air quality information in  
real-time to subscribers via e-mail, cell phone or pager, 
allowing them to take steps to protect their health in  
critical situations. 

While current air quality information is provided by each 
of the air quality monitoring systems listed in the Appendix, 
few sources provide forecasts. The following agencies 
provide forecasts, which are fundamental for early warning: 
U.S. EPA, ESA, Prev’Air, and the Environmental Agencies of 
Belgium, Germany, and Canada (See Appendix). Prediction 
capability is an essential component of the early warning 
process. Existing air quality monitoring systems need to 
be improved in order to provide predictions to users days 
in advance so they can act when unhealthy air quality 
conditions occur.

Droughts, desertification and food security

Drought 

Drought early warning systems are the least developed 
systems due its complex processes and environmental  
and social impacts. The study of existing drought early  
warning systems shows that only a few such systems  
exist worldwide. 

On a regional scale, the FEWS Net for Eastern Africa, 
Afghanistan, and Central America reports on current famine 
conditions, including droughts, by providing monthly 
bulletins that are accessible on the FEWS Net webpage. 
For the United States, the U.S. Drought Monitor (Svoboda 
and others 2002) provides current drought conditions at 
the national and state level through an interactive map 
available on the website accompanied by a narrative on 
current drought impacts and a brief description of forecasts 
for the following week. The U.S. Drought Monitor, a joint 
effort between the US Department of Agriculture (USDA), 
NOAA, the Climate Prediction Center, the University of 
Nebraska Lincoln and others, has become the best available 
product for droughts (Svoboda and others 2002). It has 

a unique approach that integrates multiple drought 
indicators with field information and expert input, and 
provides information through a single easy-to-read map 
of current drought conditions and short notes on drought 
forecast conditions. For China, the Beijing Climate Center 
(BCC) of the China Meteorological Administration (CMA) 
monitors drought development. Based on precipitation 
and soil moisture monitoring from an agricultural 
meteorological station network and remote-sensing-based 
monitoring from CMA’s National Satellite Meteorological 
Center, a drought report and a map on current drought 
conditions are produced daily and made available on their 
website. The European Commission Joint Research Center 
(EC-JRC) provides publicly available drought-relevant 
information through the following real-time online maps: 
daily soil moisture maps of Europe; daily soil moisture 
anomaly maps of Europe; and daily maps of the forecasted 
top soil moisture development in Europe (seven-day trend).

At a global scale, two institutions (FAO’s Global 
Information and Early Warning System on Food and 
Agriculture (GIEWS) and Benfield Hazard Research Center of 
the University College London) provide some information 
on major droughts occurring worldwide. The FAO-GIEWS 
provides information on countries facing food insecurity 
through monthly briefing reports on crop prospects and 
food situations, including drought information, together 
with an interactive map of countries in crisis, available 
through the FAO website. Benfield Hazard Research Center 
uses various data to produce a monthly map of current 
drought conditions accompanied by a short description for 
each country. In addition, the WMO provides useful global 
meteorological information, such as precipitation levels, 
cloudiness, and weather forecasts, which are visualized on a 
clickable map on the WMO website. 

Existing approaches for drought early warning must 
be improved. Due to the complex nature of droughts, 
a comprehensive and integrated approach (such as the 
one adopted by the U.S. Drought Monitor) that would 
consider numerous drought indicators is required for 
drought monitoring and early warning. In addition, for 
large parts of the world suffering from severe droughts, 
early warning systems are not yet in place, such as in 
western and southern Africa, and in eastern Africa where 
FEWS Net is available but no drought forecast is provided. 
Parts of Europe (Spain, parts of France, southern Sweden, 
and northern Poland) are characterized by high drought 
risk but have no system in place. India, parts of Thailand, 
Turkey, Iran, Iraq, eastern China, areas of Ecuador, Colombia, 
and the south-eastern and western parts of Australia also 
require a drought warning system. 



74

Desertification

The United Nations Convention to Combat Desertification 
(UNCCD), signed by 110 governments in 1994, aims to 
promote local action programs and international activities. 
National Action Programmes at the regional or sub-
regional levels are key instruments for implementing the 
convention and are often supported by action programmes 
at sub-regional and regional levels. These programs lay 
out regional and local action plans and strategies to 
combat desertification. The UNCCD website provides a 
desertification map together with documentation, reports, 
and briefing notes on the implementation of action 
programs for each country worldwide.

Currently no desertification early warning system  
is fully implemented, despite their potential to  
mitigate desertification. 

Food security

The FAO’s GIEWS supports policy-makers by delivering 
periodic reports through the GIEWS webpage and an 
email service. GIEWS also promotes collaboration and data 
exchange with other organizations and governments. 
The frequency of briefs and reports—which are released 
monthly or bimonthly—may not be adequate for 
early warning purposes. The WFP is also involved in 
disseminating reports and news on famine crises through 
its web-service. No active dissemination is provided by WFP. 
Another service is FEWS net, a collaborative effort of the 
USGS, United States Agency for International Development 
(USAID), NASA, and NOAA, which reports on food insecurity 
conditions and issues watches and warnings to decision-
makers. These bulletins are also available on their website. 
Food security prediction estimates and maps would be 
extremely useful for emergency response, resources 
allocation, and early warning. The Food Security and 
Nutrition Working Group (FSNWG) serves as a platform to 
promote the disaster risk reduction agenda in the region 
and provides monthly updates on food security through 
maps and reports available on its website. FEWSnet and 
FSNWG were instrumental in predicting the food crisis in 
2010-2011 in the East African Region in a timely manner. 
Nevertheless these early warnings did not lead to early 
action to address the food crisis. If they had been used 
adequately, the impacts of the serious humanitarian crisis 
in the Horn of Africa could have been partially mitigated 
(Ververs 2011).

Impact of climate variability

Nearly all efforts to cope with climate change or variability 
focus on either mitigation to reduce emissions or on 

adaptation to adjust to changes in climate. Although it is 
imperative to continue with these efforts, the on-going 
pace of climate change and the slow international response 
suggests that a third option is becoming increasingly 
important: to protect the population against the immediate 
threat and consequences of climate-related extreme events, 
including heat waves, forest fires, floods and droughts, by 
providing it with timely, reliable and actionable warnings. 
Although great strides have been made in developing 
climate-related warning systems over the past few years, 
current systems only deal with some aspects of climate-
related risks or hazards, and have large gaps in geographic 
coverage. Information exists for melting glaciers, lake water 
level, sea height and sea surface temperature anomalies, El 
Niño and La Niña. The National Snow and Ice Data Center 
(NSIDC)-Ice Concentration and Snow Extent provides near 
real-time data on daily global ice concentration and snow 
coverage. The USDA, in cooperation with the NASA and 
the University of Maryland, routinely monitors lake and 
reservoir height variations for approximately 100 lakes 
worldwide and provides online public access to lake water 
level data. Information on Sea Height Anomaly (SHA) and 
Significant Wave Height data are available from altimeter 
JASON-1, TOPEX, ERS-2, ENVISAT and GFO on a near-real 
time basis with an average 2-day delay. This information is 
provided by NOAA. Additionally, near real-time Sea Surface 
Temperature (SST) products are available from NOAA’s 
GOES and POES, as well as NASA’s EOS, Aqua and Terra. 
The International Research Institute (IRI) for Climate and 
Society provides a monthly summary of the El Niño and 
La Niña Southern Oscillation, providing forecast summary, 
probabilistic forecasts, and a sea surface temperature index. 
However, these systems are still far from providing the 
coverage and scope that is needed and technically feasible. 
Large parts of the world’s most vulnerable regions are still 
not covered by a comprehensive early warning system. 
Most systems only deal with one aspect of climate-related 
risks or hazards, e.g., heat waves or drought. Finally, most 
systems do not cover the entire early warning landscape 
from collection of meteorological data to delivery and 
response of users. Recently, the World Meteorological 
Organization proposed a Global Framework for Climate 
Services, which aims to strengthen the global cooperative 
system for collecting, processing and exchanging 
observations and for using climate-related information 
(WMO 2011). 



75

Chapter 4: Conclusions and Future Perspectives

4.1 Early warning systems: current gaps 
and needs
Early warning technologies appear to be mature in certain 
fields but not yet in others. Considerable progress has 
been made, thanks to advances in scientific research 
and in communication and information technologies. 
Nevertheless, a significant amount of work remains to fill 
existing technological, communication, and geographical 
coverage gaps. Early warning technologies are now 
available for almost all types of hazards, although for 
some hazards (such as droughts and landslides) these 
technologies are still less developed. Most countries appear 
to have early warning systems for disaster risk reduction. 
However, there is still a technological and national capacity 
divide between developed and developing countries. 
From an operational point of view, some elements of the 
early warning process are not yet mature. In particular, it is 
essential to strengthen the links between sectors involved 
in early warning, including organizations responsible 
for issuing warnings and the authorities in charge of 
responding to these warnings, as well as promoting good 
governance and appropriate action plans. 

4.2 Early warning systems:  
future perspectives
It is generally recognized that it is fundamental to establish 
effective early warning systems to better identify the 
risk and occurrence of hazards and to better monitor the 
population’s level of vulnerability. Although several early 
warning systems are in place at the global scale in most 
countries for most hazard types, there is the need “To work 
expeditiously towards the establishment of a worldwide 
early warning system for all natural hazards with regional 
nodes, building on existing national and regional capacity 
such as the newly established Indian Ocean Tsunami 
Warning and Mitigation System” (2005 UN World Summit 
Outcome). By building upon ongoing efforts to promote 
early warning, a multi-hazard early warning system will 
have a critical role in preventing hazardous events from 
turning into disasters. A globally comprehensive early 
warning system can be built, based on the many existing 
systems and capacities. This will not be a single, centrally 
planned and commanded system, but a networked and 
coordinated assemblage of nationally owned and operated 
systems. It will make use of existing observation networks, 
warning centres, modeling and forecasting capacities, 
telecommunication networks, and preparedness and 
response capacities (UN 2006). A global approach to 
early warning will also guarantee consistency of warning 
messages and mitigation approaches globally thus 
improving coordination at a multi-level and multi-sector 

scale among the different national actors such as the 
technical agencies, the academic community, disaster 
managers, civil society, and the international community.

The next section provides an analysis of existing 
global early warning/monitoring systems that aggregate 
multi-hazard information.

4.3 State of existing multi-hazard global 
monitoring/early warning systems 
This section presents the results of a comparative analysis 
of multi-hazard global monitoring/early warning systems. 
The aim of this analysis is to assess the effectiveness of 
existing global scale multi-hazard systems and define the 
set of needs suggested by comparing existing services. It 
assesses existing monitoring/early warning systems (Grasso 
and Singh 2007), chosen to be multi-hazard with global 
coverage, such as WFP’s (the UN food aid agency’s) HEWS; 
AlertNet, the humanitarian information alert service by 
Reuters; ReliefWeb, the humanitarian information alert 
service by UN-OCHA; GDACS (Global Disaster Alert and 
Coordination System), a joint initiative of the United Nations 
Office for the Coordination of Humanitarian Affairs (UN-
OCHA) and the EC-JRC; and USGS ENS. These systems have 
been analysed for the type of events covered, variety of 
output/communication forms and range of users served.

These systems cover a range of hazards and 
communicate results using a variety of methods. USGS ENS 
only provides information on earthquakes and volcanic 
eruptions through the Volcano Hazards Program (VHP) 
in collaboration with Smithsonian Institution. ReliefWeb 
focuses on natural hazards (earthquakes, tsunamis, severe 
weather, volcanic eruptions, storms, floods, droughts, 
cyclones, insect infestation, fires, and technological hazards) 
and health; AlertNet additionally provides information 
on food insecurity and conflicts. GDACS provides timely 
information on natural hazards (earthquakes, tsunamis, 
volcanic eruptions, floods, and cyclones). HEWS informs 
users on earthquakes, severe weather, volcanic eruptions, 
floods, and locusts. 

Existing systems, such as HEWS, post the information 
on a web site, provide mobile phone and RSS services, 
and GDACS sends emails, SMS and faxes to users. The 
GDACS notification service mostly addresses humanitarian 
organizations, rescue teams or aid agencies. AlertNet 
provides information to users through a web service, email, 
SMS and reports. ReliefWeb uses web services, email and 
reports to disseminate information to users. ReliefWeb and 
AlertNet also use new communications tools (Facebook and 
Twitter). OCHA’s Virtual On-site Operations Coordination 
Centre (Virtual-OSOCC) enables real-time information 
exchange by all actors of the international disaster response 
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community during the early phases following disasters. This 
service has been integrated within GDACS but is restricted 
to disaster managers.

The only natural event notification provided by USGS 
email service is earthquakes. HEWS offers no email 

notifications for natural events. AlertNet and ReliefWeb 
inform users on natural hazards and on health, food and 
security issues. USGS, ReliefWeb, AlertNet and GDACS serve 
a wide a variety of users such as international organizations, 
humanitarian aid, policy/decision makers, and civil society. 

Figure 4: USGS map of recent earthquakes. The symbols showing recent earthquakes are colour coded; the most recent earthquakes are red and 
past-day events are orange, while last week’s events are yellow. Note that the size of symbol decreases with decreasing magnitude. From: http://
earthquake.usgs.gov/eqcenter/recenteqsww/ (accessed 12 August 2011).

Figure 5: The USGS and Smithsonian Institution’s Volcanic Activity Map showing past-week volcanic eruptions; red triangles show new volcanic 
activity and yellow is for ongoing activity. From: http://www.volcano.si.edu/reports/usgs/ (accessed 13 March 2009).
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Figure 6: WFP–HEWS Early Warning Natural Hazards Map. The above global map provides the latest natural hazard information. From: http://www.
hewsweb.org/hp/ (accessed 12 July 2011).

The optimal global coverage multi-hazard system has to be 
as comprehensive as possible in terms of content, output 
and range of users. It will enhance existing systems by 
streaming data and information from existing sources and 
it will deliver this information in a variety of user-friendly 
formats to reach the widest range of users. By building 
on existing systems the multi-hazard system will inherit 
both the technological and geographical coverage gaps 
and limitations of existing early warning systems. The 

review analysis performed in Chapter 3 has shown that 
for some hazards (such as droughts and landslides) these 
technologies are still less developed and for tsunamis 
these systems are still under development for areas at risk. 
The analysis has shown that there is still a technological 
and national capacity divide between developed and 
developing countries. From an operational point of view, 
the links and communication networks between all sectors 
involved (organizations responsible for issuing warnings 

Volcano on the Canary Islands.
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Figure 7: AlertNet Map for country updates; circles with increasing diameter indicate higher number of events. From: http://www.alertnet.org/ 
(accessed 12 August 2011).

Figure 5 GDACS Map for hazards: earthquakes, tsunamis, cyclones, volcanic eruptions, floods. Symbols for events are color coded according to 
intensity and potential impact. From: www.gdacs.org (accessed 08/12/2011).

and the authorities in charge of responding to these 
warnings) need improvement. Likewise, good governance 
and appropriate action plans need to be promoted. 
Overcoming these gaps and enhancing, integrating, and 

coordinating existing systems is the first priority for the 
development of a global scale multi-hazard early  
warning system.
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4.4 Conclusions and recommendations
Early warning technologies have greatly benefited from 
recent advances in communication and information 
technologies and an improved knowledge on natural 
hazards and the underlying science. Nevertheless many 
gaps still exist in early warning technologies and capacities, 
especially in the developing world, and a lot more has to 
be done to develop a global scale multi-hazard system. 
Operational gaps need to be filled for slow-onset hazards 
both in monitoring, communication and response phases. 
Effective and timely decision-making is needed for slow-
onset hazards.

Below are some recommendations:

1) Fill existing gaps 

Chapter 3 identified the weaknesses and gaps 
in existing early warning systems. Technological, 
geographical coverage, and capacity gaps exist, in 
addition to operational gaps for slow-onset hazards. 
In particular, actions need to be taken to improve 
prediction capabilities for landslides hazard aimed at 
developing a landslides early warning system. Likewise, 
there is a pressing need to improve existing prediction 
capabilities for droughts. A global early fire warning 
system is not yet in place, the tsunami early warning 
systems for the Indian Ocean and the Caribbean are 
not yet fully operational and a desertification early 
warning system has not been developed yet. There 
are ongoing efforts to develop these systems, such 
as the GFMC effort for the global fire EWS, the Indian 
Ocean Tsunami Warning System operated by Indonesia 
and a NOAA led effort in the Caribbean. A malaria 
early warning system is mandatory for Africa, where 
one million deaths occur every year due to malaria. 
Climate variability impacts need to be monitored 
within a global and coordinated effort, and the Global 
Framework for Climate Services needs to be further 
elaborated and operationalized. Local earthquake 
early warning systems applications are needed in 
high seismic risk areas, where early warning systems 
are not yet in place. Air quality and flood systems 
require improvements in prediction capabilities. Dust 
storms and transboundary early warning systems do 
not yet exist. A coordinated volcanic early warning 
system that would integrate existing resources is also 
needed as well as an increase in coverage of volcanic 
observatories. Particular attention should be paid to 
fill gaps in decision making processes for slow-onset 
hazards. Their extent and impact are challenging to 
quantify. For this reason, actions and response are far 

more difficult tasks for slow-onset hazards than they are 
for other natural hazards. An institutional mechanism 
to regularly monitor and communicate slow-onset 
changes is needed to keep changes under review and 
to enable rational and timely decisions to be taken 
based on improved information. 

2) Build capacity

The evaluation study of existing early warning systems 
(Chapter 3) highlighted that a technological divide 
between developed and developing countries still 
exists. It is critical to develop basic early warning 
infrastructures and capacities in parts of the developing 
world most affected by disasters; it is also important to 
promote education programs on disaster mitigation 
and preparedness and integrate disaster mitigation 
plans into the broader development context. Poor 
countries suffer greater economic losses from disasters 
than rich countries. Development plays a key role 
and has a significant impact on disaster risk. Almost 
85 per cent of the people exposed to the deadliest 
hazards, earthquakes, floods, cyclones and droughts 
live in the developing world. The impact of disasters is 
mostly influenced by previous development choices. By 
integrating disaster mitigation strategies into planning 
and policies, the effects of disasters can be sensibly 
reduced and managed. “Disaster risk is not inevitable, 
but on the contrary can be managed and reduced 
through appropriate development actions” (United 
Nations Development Programme-UNDP 2004). It is 
through ”risk-sensitive development planning that 
countries can help reduce disaster risks”.

Key targets for capacity building include: 

1. Developing national research, monitoring 
and assessment capacity, including training in 
assessment and early warning;

2. Supporting national and regional institutions 
in data collection, analysis and monitoring of 
natural and man-made hazards;

3. Providing access to scientific and technological  
information, including information on state-of-
the-art technologies;

4. Education and awareness-raising, including 
networking among universities with  
programmes of excellence in the field of the 
emergency management;

5. Organizing of training courses for local decision 
makers and communities;

6. Bridging the gap between emergency relief and 
long-term development.
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3) Bridge the gaps between science and decision 
making, and strengthen coordination and 
communication links

Scientific and technological advances in modeling, 
monitoring and predicting capabilities could bring 
immense benefits to early warning if science were 
effectively translated into disaster management 
actions. Bridging the gap between scientific research 
and decision making will make it possible to fully 
exploit capacities of early warning technologies for 
societal benefit. The major challenge is to ensure 
that early warnings result in prompt responses 
by governments and potentially the international 
community. This requires that information be effectively 
disseminated in an accessible form down to the end 
user. This is achievable by adopting standard formats 
and easy-to-use tools for information dissemination, 
such as interactive maps, emails, SMS, etc. The adoption 
of standard formats (such as the Common Alerting 
Protocol CAP) for disseminating and exchanging 
information has to be promoted. The advantage of 

standard format alerts is their compatibility with 
all information systems, warning systems, media, 
and most importantly, with new technologies such 
as web services. The adoption of standard formats 
guarantees consistency of warning messages and 
is compatible with all types of information systems 
and public alerting systems, including broadcast 
radio and television as well as public and private data 
networks, with multi-lingual warning systems and 
emerging technologies. This would easily replace 
specific application oriented messages and will allow 
the merging of warning messages from several early 
warning systems into a single multi-hazard message 
format. Finally, it is critical to strengthen coordination 
and communication links by defining responsibility 
mechanisms and appropriate action plans. More often, 
time -sequenced warning messages are released in early 
warning processes, implying a decrease in warning 
times available for action and in reliability of the 
information. This trade-off needs to be addressed. 

A volunteer group training in handling flash flood casualities, Pakistan. 
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EOS Earth Observing Satellites 

EPA U.S. Environmental Protection Agency

EWS Early Warning System

EW Early Warning

FAO Food and Agriculture Organization  
 of the United Nations

FEWS Net Famine Early Warning System

FSNWG Food Security and Nutrition Working Group

GAW Global Atmosphere Watch 

GCOS Global Climate Observing System 

GDACS Global Disaster Alert and Coordination System

GDPS Global Data Processing System 

GEOSS Global Earth Observation System of Systems
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GFAS Global Flood Alert System

GFIMS Global Fire Information Management System

GFMC Global Fire Monitoring Center

GIEWS Global Information and Early Warning System  
 on Food and Agriculture

GIS Geographical Information Systems

GOARN Global Outbreak Alert and Response Network

GOES Geostationary operational  
 environmental satellites

GOOS Global Ocean Observing System

GOS Global Observing System

GPHIN Global Public Health Intelligence Network

GPS Global Positioning System 

GSN Global Seismic Networks

GTOS Global Terrestrial Observing System

GTS Global Telecommunications System

HEWS Humanitarian Early Warning Early  
 Warning Service 

IAEA International Atomic Energy Agency 

ICT Information and Communication Technology

ICL International Consortium on Landslides

IEC Incident and Emergency Centre

IGOS Integrated global observing strategy

INPE Brazilian Space Research Institute

IOC ntergovernmental Oceanographic Commission 

IPCC Intergovernmental Panel for Climate Change

IR Infra-red 

IRI International Research Institute

IRIS Incorporated Research Institutions  
 for Seismology

ISDR International Strategy for Disaster Reduction 

ITIC International Tsunami Information Center

JMA Japan Meteorological Agency

MODIS Moderate Resolution  
 Imaging Spectroradiometer

MOPITT Measurements of Pollution in the Troposphere

NASA National Aeronautics and Space Administration

NEWS Nuclear Event Web-based System

NMHS National Meteorological and  
 Hydrological Services

NOAA National Oceanic and Atmospheric Organization

NOAA-NESDIS NOAA’s National Environmental Satellite,  
  Data, & Information Service

NSIDC National Snow and Ice Data Center

NWS National Weather Service 

OMI Ozone Monitoring Instrument 

OIE World Organization for Animal Health

OLS Optical Linescan System

POES Polar Orbiting Environmental Satellites

PPEW Platform for the Promotion of Early  
 Warning (ISDR)

PTWC  Pacific Tsunami Warning Center 

PTWS Pacific Tsunami Warning System

RSMC Regional Specialized Meteorological Centres 

RSS Really Simple Syndication

SAR Synthetic Aperture Radar

SCHIAMACH Scanning Imaging Absorption  
  Spectro-Meter for Atmospheric  
  Chartography

SeaWiFS Sea-viewing Wide Field-of-view Sensor

SHA Sea Height Anomaly

SMS Short Message Service

SSM/I-Special Sensor Microwave/Imager 

SST Sea surface temperature

TOMS Total Ozone Mapping Spectrometer 

TRMM Tropical Rainfall Measuring Mission

UN United Nations

UNCCD United Nations Convention to  
 Combat Desertification 

UNDP United Nations Development Programme

UNEP United Nations Environment Programme 

UNEP-DEWA United Nations Environment Programme- 
  Division of Early Warning and Assessment

UNESCO United Nations Educational, Scientific and  
 Cultural Organization 

UN-OCHA United Nations Office for the Coordination of  
 Humanitarian Affairs

UNOOSA United Nations Office for Outer Space Affairs

USAID United States Agency for 
  International Development 

USGS U.S. Geological Survey

USGS-ENS U.S. Geological Survey-Earthquake  
 Notification Service

VHP Volcano Hazards Program 

WCP World Climate Programme

WCRP World Climate Research Programme 

WFP World Food Programme 

WHO World Health Organization

WMO World Meteorological Organization

WMO-TCP World Meteorological Organization-Tropical  
 Cyclone Programme
WOVO World Organization of Volcanic Observatories
WWW World Weather Watch 
XML Extensible Markup Language
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Appendix
Type of event Source Geographic  Output Website Description 
  Coverage

Air Pollution 

 European Space Global Daily Maps of total http://www.temis.nl/ ESA provides daily maps of 
 Agency (ESA)  ozone column, global  index.html air quality: Ozone column 
   ozone field, erythemal   from SCIAMACHY, GOME  
   UV index, NO2 column,   or OMI; UV information is  
   absorbing aerosol index   from SCIAMACHY and other  
   and 8-days forecsats   sources, NO2 from OMI and 
     GOME-2 and SCIAMACHY. Is  
     also available a 8-day  
     forecast of total ozone  
     column and UV index at a  
     global scale. Comments:  
     Information on ground-level  
     ozone is not provided thus  
     the use of these products for  
     local scale air pollution  
     assessment is limited.

 NASA Global Daily maps of total  Maps of total ozone NASA provides daily maps 
   ozone column and  column from OMI: of total ozone column and
   Aerosol index http://toms.gsfc. aerosol index from OMI 
     nasa.gov/teacher/ instrument that also 
    ozone_overhead_v8 provides information on 
    .html?96,56 aerosol type and cloud
     coverage. Using these data 
    Maps of total ozone  it is possible to monitor 
    from OMI: http:// a wide range of 
    toms.gsfc.nasa.gov/ phenomena such as 
    ozone/ozone_v8.html desert dust storms,  
     forest fires and biomass
    Maps of aerosol index: burning. Comments:  
    http://toms.gsfc. Information on ground- 
    nasa.gov/aerosols/ level ozone is not provided 
    aerosols_v8.html thus the use of these
     products for local scale air 
     assessment pollution 
     is limited.

 Europe

 European  Europe Real-time Maps http://www.eea. Data is collected by EEA 
 Environment   of ground-level europa.eu/maps/ from several European  
 Agency-EEA  ozone ozone/welcome/ organizations which provide
     ground-level ozone  
     measurements to EEA. Data  
     is then made available on  
     the EEA website through  
     real-time interactive maps,  
     which are updated an hourly  
     basis. Air quality maps are  
     color coded according to  
     threshold values in EU  
     legislation. Comments: The  
     air quality data used on EEA  
     website are preliminary. They  
     are received immediately  
     —within an hour of the  
     measurement being made  
     —from measurement  
     stations. Particulate matter  
     information will be provided  
     in the future. Forecasts of  
     ground-level ozone are not  
     available.
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 Air Quality  U.K. Real-time maps of For London:  The London Air Quality 
 Network  air quality index http://www.londonair.  Network measures air quality 
    org.uk/ london/asp/ parameters as NO2, CO, SO2,  
    PublicBulletin.asp? ozone, PM2.5 and PM10 
    bulletindate= in and around greater  
    03%2F05%2F2006& London. Measurements 
    region=0&bulletin= are collected either hourly or  
    daily&site=&la_id= twice daily from continuous 
    &postcode=&Submit monitoring sites, processed 
    =Go and checked then placed on
     the web site with an hourly 
    For the whole U.K. update. The air quality index  
    http://www.airquality. displayed on the map is  
    co.uk/archive/ color coded. Comments: Air  
    index.php quality information is not  
     complete for all the  
     monitoring sites. Forecasts  
     of air quality index are not  
     available.

 Leeds City  Leeds, U.K. Real-time maps of http://www.airviro. Leeds City Council Air 
 Council  fPM10, SO2, NO2,  smhi.se/leeds/ Pollution Monitoring site 
   CO2, ozone.  operates a monitoring  
     network to gather  
     information used to review  
     and assess air quality within  
     the Leeds area. The maps  
     gives access to the PM10,  
     SO2, NO2, CO2, ozone current  
     values and results for the last  
     7 days are also available. It is  
     also possible to download  
     data in Excel format. 
     Comments: Forecasts of  
     PM10, SO2, NO2, CO2, ozone  
     are not available.

 National  Denmark Real-time maps of http://www2.dmu.dk Air quality in Denmark is 
 Environmental   air quality index /1_Viden/2_miljoe monitored with a network 
 Research    -tilstand/3_luft/ of measuring stations. Data 
 Institute of   4_maalinger/ are usually updated every 
 Denmark   default_en.asp hour during daytime and
     updated in real-time.  
     Comment: The webpage is  
     only available in Danish.

 PREV’Air Europe Real-time maps of http://prevair.ineris.fr Real-time maps of ozone, 
 (Ministere de   ozone, NO2, and /fr/index.php NO2, and PM10 are available 
 L’Ecologie et du   PM10 (only for  for France from Associations 
 development   France) and 3-day http://www.notre- Agréées de Surveillance 
 durable, INERIS,  forecasts planete.info/ de la Qualité de l´Air 
 CNRS, Meteo    environnement/ (AASQA) updated every  
 France and   picsactus.php hour. PREV’Air uses a 
 Institute Pierre    predictive model to produce
 Simon Laplace)    2-days prediction maps 
      ozone, NO2, and PM2.5,   
     PM10 for Europe and for  
     ozone the product is  
     available also at a global  
     scale. Comments: The  
     website is available only in  
     French.

Type of event Source Geographic  Output Website Description 
  Coverage
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Type of event Source Geographic  Output Website Description 
  Coverage

 Interregional  Belgium Daily values and Observations: This effort is a collaborative 
 Cell for the   forecast maps of http://www.irceline. effort Interregional Cell for 
 Environment  ozone, NO2, CO,  be/~celinair/ the Environment and the 
   SO2, PM10, PM2.5  english/homeen European Agency for the 
   and C6H6 _java.html Environment EEA.

    Home page:
    http://www.irceline. 
    be/

 AirParif Ile de Real-time and forecast  http://www.airparif. AIRPARIF provides air quality 
  France maps of NO2, PM10,  asso.fr/ information for the region  
   ozone and SO2  and 1 day forecast. It also
     displays an interactive map
     on air quality for major  
     European cities.Comments:  
     The website is available only  
     in French.

 Federal Germany Real-time maps of http://www.env-it.de/ Federal Environmental 
 Environmental   NO2, ozone, PM10, luftdaten/start.fwd? Agency (FEA) and the 
 Agency  CO2 and SO2. setLanguage=en German Laender collect
   Forecast maps of ozone  air quality data from  
     measuring stations in  
     Germany on air quality.
     Comments: Some of the  
     website’s pages are available  
     only in German.

 Environmental  Ireland Daily values of NO2, http://www.epa.ie/ The Environmental 
 Protection   SO2, PM, benzene whatwedo/monitoring/ Protection Agency (EPA) 
 Agency   air/data/ for Ireland provide an
     interactive map of air quality
     and daily values of NO2, SO2,  
     PM, benzene. Comments:  
     Daily values are not available  
     for all monitoring sites.  
     Forecasts are not available.
 
 Asia
 
 Ministry of China-84 Daily values of Main website in Ministry of Environmental 
 Environmental  major cities air quality index English: http://english. Protection Administration of 
 Protection  in China and prominent mep.gov.cn/ China provides daily air 
 Administration   pollutant (PM Air Quality Daily: quality index and prominent 
 of China  or SO2) http://datacenter. pollutant (PM or SO2)
    mep.gov.cn/report/air associated with a level grade
    _daily/air_dairy_en.jsp for 120 cities in China on their 
    Air Quality Forecast: website. Forecasts are also 
    http://datacenter.mep. available. Comments: Daily 
    gov.cn/report/air_ values are not available for all 
    forecast/dairy_ monitoring sites.  
    forecast_en.jsp     

 Environmental  Hong Kong Daily values of air http://www.epd-asg. The Environmental 
 Protection   quality index and gov.hk/ Protection Department (EPD) 
 Department-  prominent pollutant  provides daily air quality 
 Government   (PM or NO2).  index and prominent 
 of Hong Kong    pollutant (PM or NO2)
     associated with a level grade.  
     Graphs are also available to  
     show data of the past days. 
     Comments: Forecasts are not  
     provided.
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Type of event Source Geographic  Output Website Description 
  Coverage

 Environmental  Taiwan Real-time air quality http://210.69.101.141/ The EPA of Taiwan aims at  
 Protection   index map. For each taqm/en/default.aspx preventing pollution, and  
 Administration  monitoring site is  supporting international 
   provided a detailed  environmental initiatives
   table of SO2, CO,   in order to achieve sustainable 
   ozone, PM10, O2.  development. EPA provides 
     a daily map of air quality 
     level for Taiwan. Comments:
     Forecasts are also provided. 
     
 AIRKOREA Korea Real-time map of air  http://www.airkorea. Since 2005, AIRKOREA 
   quality index and NO2,  or.kr/airkorea/eng provides a public access to air 
   CO, PM10, ozone,  /realtime/main.jsp quality information collected 
   O2, SO2.   hourly in more than 16 areas  
     in South Korea. On the  
     website, an interactive map  
     shows air quality index and  
     pollutant values for major  
     cities. Comments: Forecasts are  
     not provided.

 Pollution  Thailand Daily map of air Daily air quality map: Pollution Control Department 
 Control   quality index and http://www.pcd.go.th provides access to air 
 Department–  values of PM10, SO2, NO2, /AirQuality/Regional quality information for 30 
 Ministry of   CO, ozone are /Graph/createaqi2.cfm locations in Thailand. A 
 Natural   provided in a table. Values of SO2, NO2, CO, color coded air quality map is 
 Resources and    ozone: http://www. available on the website. 
 Environment   pcd.go.th/AirQuality/ For each location is also
    Regional/Default.cfm provided a table with
     pollutants values. Comments:  
     Forecasts are not provided.

 Australia

 Environment  New South Values of ozone,  http://www. The EPA is involved in 
 Protection  Wales NO2, PM10, CO,  environment.nsw. programs on pollution, 
 Authority–   SO2. gov.au/AQMS/ aqi.htm. coastal management, and 
 Department of     water quality. The EPA website 
 Environment     provides daily values of 
 and Conservation    pollutants for the Sydney  
     area, Illawarra, Hunter,  
     Tablelands and Slopes areas. 
     Comments: Forecasts are not  
     provided.

 Environment  Victoria, Map of air quality Map of air quality EPA Victoria provides 
 Protection  Australia index and forecasts index: http://www. public access to values 
 Authority–  of CO, NO2, O3 and epa.vic.gov.au/ of several air pollutants 
 Victoria  hydrocarbons  Air/AQ4Kids/ selected CO, NO2, O3 and 
   concentrations.  station_map.asp hydrocarbons concentrations.  
   (only for Victoria   In addition to it, prevailing 
   and Melbourne).  Forecasts: temperature and wind 
   Also wind condition  http://www.epa.vic. conditions, are also provided. 
   and temperature  gov.au/Air/AAQFS/ 
   are provided. AAQFS_VIC_Forecast 
    .asp
 
    http://www.epa.vic.
    gov.au/Air/AAQFS/ 
    AAQFS_Melb_ 
    Forecast.asp
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Type of event Source Geographic  Output Website Description 
  Coverage

 North and South America
 
 Environment  Canada Real-time maps of air http://www.ec.gc.ca/ Environment Canada website 
 Canada  quality index and  cas-aqhi/ provides access to real-time 
   forecasts (only in   maps of air quality index for
   summer)   British Columbia, Alberta,  
     Ontario, Quebec, New   
     Brunswick, Prince Edward  
     Island, Nova Scotia, Labrador  
     and Newfoundland. From May  
     to September forecasts are  
     also available. Air Quality  
     advisories are issued when  
     the air pollution levels exceed  
     national standards. They are  
     issued in partnership with  
     provincial and municipal  
     environment and health  
     authorities and contain advice  
     on action that can be taken to  
     protect the health of  
     Canadians and the   
     environment. Comments:   
     Forecasts are available only in  
     summer.

 Alberta Alberta,  Maps of air http://environment. Alberta Government website 
 Government Canada quality index alberta.ca/0977.html provides access to air quality
     information through 
    http://www. interactive Google maps,
    environment. alberta. which also provides forecasts. 
    ca/apps/aqhi/aqhi.aspx    

 Ministry of  British Real-time values http://www. The Water, Air and Climate  
 Environment,  Columbia, air quality  bcairquality.ca/ Change Branch Ministry of  
 Government  Canada   Environment provides 
 of British     information on air quality for  
 Columbia    various locations in British 
     Columbia, together with  
     forecasts.

 Ministry of  Ontario Real-time and http://www. Ministry of Environment   
 Environment,   forecast maps of airqualityontario provides a detailed and 
 Ontario  air quality index  .com/ comprehensive service to  
   and information on   air quality information with
   O3, PM, NO2, SO.  daily updated air quality  
   E-mail alerts  index maps and 3-day  
     forecast; email alerts for  
     several locations in Ontario  
     are also available. 

 Ministry of Quebec Daily map of http://www.iqa. Ministry of Environment, 
 Environment,   air quality index mddep.gouv.qc.ca/ Quebec provides daily 
 Quebec   contenu/index_en. air quality and past days 
    asp#carte values. This information is
     accessible on the website  
     through an interactive map.
     Comments: Forecasts are not  
     available
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 Ville de  Montreal Maps of air quality index http://ville.montreal. The City of Montréal operates
 Montreal  and values of PM, CO,  ca/portal/page? its own Air Quality Monitoring 
   NO2, O3 (shown on a  pageid= Network. For each station,  
   graph). Forecast report 7237,74495616& air quality levels are provided 
    &_dad=portal& Comments: Website is only in  
    schema=PORTAL French.

 Bay area air  Bay Area,  Daily and forecast Air quality forecast: The Bay Area Air Quality 
 quality  U.S. maps of air quality http://www. Management provides daily 
 management   index and value of sparetheair.org/ information on air quality and 
 district  PM2.5. Bulletins on air Stay-Informed/ 5-days forecasts. 
   quality incidents Todays-Air-Quality/ 
    Five-Day-Forecast.aspx 
      
    Bulletins:  
    http://www.baaqmd. 
    gov
    PM2.5:
    http://gate1.baaqmd. 
    gov/aqmet/aq.aspx
       
 U.S.  U.S. and Real-time and U.S.: EPA AirNow provides real- 
 Environmental  Canada forecast maps of air http://airnow.gov/ time air quality index for the 
 Protection   quality index and  major cities of U.S. and parts of  
 Agency   values of O3 and PM2.5 Canada: Canada. Maps are provided
    http://airnow.gov/ via AirNow website and the
    index.cfm?action= website offers daily forecasts  
    airnow.canada as well as real-time air quality 
     conditions for over 300 cities  
     across the US, and provides  
     links to more detailed State  
     and local air quality web sites.  
     The Enviroflash notification  
     service provides air quality  
     information in real-time to  
     subscribers by e-mail,  
     cellphone, pager, allowing  
     them to take steps to protect  
     their health in critical  
     situations.

 CAMNET North East Live pictures from http://www. CAMNET provides webcam
 Real-time  Coast, U.S. webcams, 03 and hazecam.net/ live pictures and
 pollution and   PM levels, wind  corresponding air quality
 visibility   speed  conditions from scenic urban
 camera     and rural vistas in the
 network    Northeast. CAMNET, brings to
     the attention the effects of air  
     pollution on visibility.
     Comments: Values of   
     pollutants are not available.

 Virginia  Virginia,  Current and http://www.deq. Virginia Department of Air
 Department  U.S. forecasts of air state.va.us/ Quality monitors levels of
 of Air Quality  quality index  airquality/ ozone and particle pollution
     from stations around Virginia
     and provides air quality index  
     for each town. Comments:  
     Values of pollutants are not  
     available.

Type of event Source Geographic  Output Website Description 
  Coverage
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 Georgia  Georgia,  Daily Values http://www.air. The Ambient Monitoring 
 Department  U.S. of O3, SO2, dnr.state.ga.us/ Program measures levels of 
 of Natural   CO, NO2, PM10, amp/ air pollutants throughout the 
 Resources  PM2.5 and air   State. The data are used to 
   quality index   calculate the Air Quality Index 
   (also forecasts).   and to compare it with air
     standards established. 
     Comments: Forecasts are  
     available only for air quality  
     index.

 Delaware Air  Delaware,  Daily maps of air quality http://www.dnrec. Data are collected by air 
 Quality  U.S. index and values of O3, state.de.us/air/ quality monitoring stations 
 Monitoring   PM, wind speed and aqm_page/airmont/ distributed in the region. A 
 Network  direction. Air.asp map shows the air quality
     index and for each station
     location are provided values  
     of O3, PM, wind speed and  
     direction.Comments: Forecasts  
     are not provided.

 Department  Nevada, Air quality information Website: The department provides air 
 of Conservation  U.S. and values of O3, PM10 http://ndep.nv.gov/ quality status and trends for 
 and Natural  and PM2.5 and others admin/monitoring.htm the State’s monitoring  
 Resources     jurisdiction. Graphs of the
     monitoring data for each  
     station can be found by  
     navigating through the  
     Monitoring Data menu item.  
     Comments: Forecasts are not  
     provided. 
    
 Arizona  Arizona,  Daily and forecast Live webcam pictures:  Arizona Department of 
 Department of  U.S. values of O3, CO,  http://www.phoenixvis. Environmental Quality   
 Environmental   PM10, PM2.5 and net/ informs on air quality by 
 Quality  air quality index.   providing daily values of 
   Live images from  http://www.azdeq.gov/ pollutants and live webcam 
   webcams in  environ/air/monitoring/ images. Forecasts are 
   the Phoenix area.  links.html provided through a report.
     Comments: Daily values are
    http://www.azdeq.gov/ provided by US EPA.
    environ/air/index.html   
     
 Department of Montana, Maps of air quality index http://todaysair.mt.gov/ Air quality of Montana is 
 Environmental  U.S.   provided through an 
 Quality,     interactive color coded maps.  
 Montana     For each station a graph of 
     hourly air quality variations is 
     shown on the website. 
     Thresholds are also set for
     unhealthy, very unhealthy,  
     and hazardous conditions. 
     Comments: Values of  
     pollutants are not provided.

 Idaho  Idaho,  Daily maps and values http://airquality.deq. For each monitored site, the 
 Department of U.S. of air quality index, O3 idaho.gov/ Idaho Department of 
 Environmental   CO, SO2, NO2, PM  Environmental Quality 
 Quality    provides air quality index
     maps and the values of
     pollutant of concern. 
     Comments: Information is not  
     complete for all monitoring  
     sites 

Type of event Source Geographic  Output Website Description 
  Coverage
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 Florida  Florida, Real-time and http://www.dep.state. Through a Java/GIS
 Department of  U.S. forecast maps of fl.us/air/air_quality/ application map air quality 
 Environmental   air quality index, airdata.htm information is provided, in
 Protection  O3 and PM.   particular hourly ozone,
     particulate matter and air  
     quality index. Comments:  
     Values of pollutants are not  
     available.

 Wisconsin  Wisconsin, Real-time map of http://dnr.wi.gov/air/ The map provided by 
 Department of  U.S. air quality index and aq/health/status.asp the Wisconsin Department 
 Natural   values of SO, NO2, CO,   of Natural Resources shows 
 Resources  PM10 and PM2.5. http://prodoasjava. air quality index derived from
    dnr.wi.gov/wisards/ ozone and PM2.5 values. The  
    webreports/previous Air Quality Index is calculated  
    DaysData.do from real time data.  
     Additional pollutants are  
     available as SO, NO2, CO,  
     PM10, provided for each  
     monitoring site in a table.
     Comments: Forecasts are not  
     provided.

 Pima County  Tucson, Values of O3, wind http://www. The Pima County Department 
 Department of  Arizona, speed, wind direction.  airinfonow.org/ of Environmental Quality Air 
 Environmental  U.S.  monsites/map_ Info Now web site, provides 
 Quality   site.asp current air quality information
     for the metropolitan
     Tucson area. The information  
     can be accessed from an  
     interactive map, clicking on  
     each monitoring site a table  
     opens providing ozone  
     concentration and wind and  
     temperature recordings.
     Comments: Air quality index  
     and other relevant pollutants  
     are not provided, neither  
     forecasts.

 Greater  Canada Air quality index  http://www. Real-time information on air 
 Vancouver   and forecasts metrovancouver.org/ quality for several locations is 
 Regional    services/air/provided  by GVRD. An interactive map 
 District-GVRD   monitoring/Pages/ shows the monitoring stations
    airqualityindex.aspx aroundthe Vancouver area. 
     For each site are provided 
     graphs of air quality index 
     and forecasts. Comments: 
     Values of relevant pollutants  
     are not provided.

Type of event Source Geographic  Output Website Description 
  Coverage
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Type of event Source Geographic  Output Website Description 
  Coverage

 Inter Agency  U.S. Graphs of air quality http://www.satguard. This web site provides real- 
 Real-Time  index, Real-time com/USFS/realtime/ time smoke concentration 
 Smoke   smoke monitoring. fleet.asp data (along with some other 
 Particulate     meteorological information) 
 Monitoring     from portable smoke
     monitors. Historical data from
     past monitoring efforts are  
     also available. The data is  
     updated hourly with 5-minute  
     averages from the operating  
     site. An interactive map is  
     available on the website from 
     which users can access 
     detailed tables of air quality 
     index. Comments: Note only
     9 sites are monitored 
     throughout the US. 

 Washington  Washington Daily maps of air quality https://fortress.wa An interactive map is available 
 Department  area, U.S. index and values of .gov/ecy/enviwa/ on the website of the 
 of Ecology  pollutant of concern. Default.htm Washington Department of
     Ecology. For each site is
     provided a graph of the  
     recording of the pollutant of  
     concern (O3, PM, CO).
     Comments: Not all pollutants  
     are available for all monitoring  
     stations. In addition, forecasts  
     are not available.
 
 USDA, Forest  U.S. Live webcam images http://www. Forest Service Real-time air 
 Service Real-  and values of air fsvisimages. quality provides live pictures 
 time air quality  quality index, O3 and com/descriptions.aspx from webcams and 
   PM10 and PM2.5.  corresponding air quality
     conditions in the Northeast.
     Real-time display panel for  
     visibility data show the air  
     pollution and meteorological  
     conditions associated with  
     each image. These data are  
     collected at the site of the  
     camera or at another location  
     within the scene of the  
     photograph. Comments:  
     Forecasts are not available.

 Ministry of  Argentina Daily values of O3 http://www.meteofa. Ministry of Defense, National
 Defense,    mil.ar/?mod=ozono Meteorological Service
 National    &id=1 website provides a table with
 Meteorological     daily values of ozone for Base
 Service    Vicecomodoro Marambio,
     Ushuaia, Comodoro Rivadavia,  
     Buenos Aires. Comments:  
     Forecasts are not available.
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 INPE, Brazil Brazil Maps of CO, O3, NOx, PM,  http://meioambiente. INPE produces real-time maps
   and Volatil Organic cptec.inpe.br/ of air quality for Brazil, from 
   Compounds  satellite observations. Maps 
     are produced for fine particles
     from fires, carbon monoxide
     and industrial and urban 
     emissions and are updated 
     every 2 hours. Comments: 
     The website is available only  
     in Portuguese.

 Secretaria  Mexico Hourly maps of air http://www.sma.df. Secretaria del Medio
 del Medio  City quality index gob.mx/simat/ Ambiente monitors hourly
 Ambiente     the air quality of Mexico City. 
     For each monitoring location
     is provided a table of major 
     pollutants and the related air
     quality index. 
     Comments: Website is  
     available only in Spanish.
 
 Direccion  Baja Daily maps of air http://aire. Direccion de Ecologia
 de Ecologia California quality index  bajacalifornia. provides daily information on 
    gob.mx/eng/ air quality for different 
    aqmaps.cfm locations in Baja California.  
     Information on air quality and  
     related health effects is  
     provided for each location. 
     Comments: Values of  
     pollutants are not provided,  
     neither forecasts.

 Africa

 City of  Cape Town,  Data provided by  http://www.capetown. Reports are available and 
 Cape Town  South Africa request gov.za/airqual/ data can be requested by 
 air quality     email. 
 network    
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Wild-Fires 

 ECPC,  Global Fire Weather Index http://ecpc.ucsd.edu/ The Experimental Climate 
 Experimental   (FWI) maps forecast d2s/index.html Prediction Center (ECPC) at 
 Climate   for tomorrow, weekly  the Climate Research Division,  
 Prediction   and monthly forecast.  Scripps Institution of 
 Centre    Oceanography, University
     of California, San Diego, in
     collaboration with a number
     of national and international  
     researchers, undertakes  
     research on climate analysis  
     and predictions, regional  
     seasonal predictions of  
     fire danger indices for the US  
     Forest Service (and global  
     predictions for the Global Fire  
     Monitoring Centre, which is  
     an Activity of the UN  
     International Strategy for  
     Disaster Reduction). ECPC  
     produces forecast maps of fire  
     weather index for fire early  
     warning. Comments: ECPC  
     does not report on active fires.

 University of  Global Map of active fires http://firefly.geog. Web Fire Mapper displays 
 Maryland,   and information on umd.edu/firms/ active fires detected by the 
 Webfire   temperature and  MODIS Rapid Response 
 Mapper  certainty. E-mail   System. FIRMS is funded by 
   notification service  NASA and builds on Web Fire
     Mapper, a web mapping
     interface that displays  
     hotspots/fires detected by the 
      MODIS Rapid Response 
     System and delivers near real- 
     time hotspot/fire information  
     and monthly burned area  
     information to international 
     users and support fire  
     managers around the World.  
     Comments: Webfire Mapper  
     reports on active fires  
     worldwide but does not  
     provide forecast products.
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 GFMC,  Global Daily/Weekly http://www.fire. The GFMC provides a global 
 Global Fire   information on fires,  uni-freiburg.de/ portal for wildland fire 
 Monitoring   satellite images, fire  documentation, information 
 Centre (activity   danger map  and monitoring and is 
 by ISDR)    publicly accessible through
     the Internet. The regularly  
     updated national to global  
     wildland fire products of the  
     GFMC are generated by a  
     worldwide network of  
     cooperating institutions. The  
     online and offline products  
     collected from several  
     sources include: Early warning  
     of fire danger and near-real  
     time monitoring of fire events;  
     Interpretation, synthesis and  
     archive of global fire  
     information. Comments: The  
     GFMC provides a  
     comprehensive overview and  
     amount of material for fire  
     monitoring and early warning.  
     Users may find difficult to  
     browse material in the  
     website. 

 North and South America
 
 NOAA SPC,  U.S. Fire weather http://www.spc. NOAA SPC provides forest 
 NOAA Storm   forecast maps noaa.gov/products weather forecast maps for US 
 Prediction   and satellite images /fire_wx/ identifying areas under threat 
 Centre    and fire weather outlooks for
    http://www.spc. a 3-8 days’ time frame.
    noaa.gov/products/ 
    fire_wx/#Day2 The maps can be also overlaid 
     on satellite images depicting
     active fires.

 USDA, Forest U.S.  Fire Danger maps http://www.wfas.net/ The Wildland Fire Assessment 
 Service,   and forecasts  System, is an internet-based 
 Wildland Fire    information system. The 
 Assessment     current implementation 
 System    provides a national view of
     weather and fire potential,  
     including national fire danger  
     and weather maps and  
     satellite-derived products, as  
     daily forest fire danger maps  
     and 48h forecasts. Comments:  
     Maps are available in low  
     resolution and only for U.S.

 CFS, Canadian  Canada Fire danger maps and http://cwfis.cfs.nrcan. The Canadian Wildland Fire 
 Forest Service  satellite images gc.ca/en_CA/index Information System creates
     behaviour maps year-round
     and hot spot maps throughout
     the forest fire season,  
     generally between May and  
     September.
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 Ministry of Argentina Daily fire risk maps Haines index maps: Ministry of Defense, National 
 Defense,    http://www. Meteorological Service 
 National    meteofa.mil.ar/ produces daily maps of 
 Meteorological    ?mod=dpd&id=3 convective fire risk using 
 Service    the Haines Index that is an
    Fire risk maps: indicator for the potential
    http://www. development of convective 
    meteofa.mil.ar/ fire activity in dependence 
    ?mod=dpd&id=4 of vertical temperature
     and humidity profiles  
     calculated in the lower,  
     middle and high atmosphere.  
     Fire risk maps are produced  
     based on meteorological data  
     (temperature, relative  
     humidity, wind and  
     precipitation at 18:00 UTC).  
     Comments: Website is  
     available only in Spanish.

 CPTEC-INPE,  South Map of active fires http://sigma.cptec. INPE produces real-time  
 Centro de  America and forecast maps. inpe.br/queimadas maps of wild fires for South 
 Previsao de    /index_in.php America and also Africa. The 
 Tempo e     information is provided by 
 Estudios     interactive maps available on 
 Climaticos,     the website. Forecast maps 
 Brazil    are also available.

 Europe

 German  Germany Fire danger maps http://www.dwd.de/ German Weather Service 
 Weather    bvbw/appmanager/ (Deutscher Wetterdienst -  
 Service   bvbw/dwdwww DWD) provides daily
    Desktop?_nfpb=true&_ prediction of forest fire 
    pageLabel=_dwdwww danger maps.  
    _spezielle_nutzer_   
    landwirtschaft_ 
    agrarwetter& 
    T34201040811665222 
    16849gsbDocument 
    Path=Content%2F 
    Landwirtschaft%2 
    FWarndienste%2 
    FWaldbrand%2Fwbx__ 
    teaser.html&_state= 
    maximized&_window 
    Label=T342010408116 
    6522216849&lastPage 
    Label=_dwdwww_ 
    spezielle_nutzer_ 
    landwirtschaft_ 
    agrarwetter

 Finnish  Finland Fire danger maps http://virpo.fmi.fi/ The Finnish Meteorological 
 Meteorological    metsapalo_public/ Institute publishes a daily fire 
 Institute     danger map of Finland. The
     map is based on the Forest  
     Fire Index Calculation System.
     Comments: The website is in  
     Finnish
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 Australia

 National Rural  New Map of active fires http://nrfa.fire.org.nz/ Forecasted fire danger is 
 Fire Authority Zealand and forecast maps.  provided daily by the
     NRFA. Monthly severity  
     comparisons is also  
     provided.

 Africa

 University  South Map of active fires http://www.wamis. Web Fire Mapper displays 
 of Maryland,  Africa  co.za/ active fires detected by the 
 NASA,     MODIS Rapid Response 
 EUMETSAT,     System, from a collaboration 
 CSIR, ESKOM    between the NASA Goddard
     Space Flight Centre (GSFC)  
     and the University of  
     Maryland (UMD). Comments:  
     Forecast products are not  
     available.

 Zululand  Kwazulu Fire danger information http://www.zfps.co.za/ Zululand Fire service provides  
 Fire Natal  weather-links.html links to fire weather  
    Fire danger index information and an interactive
    calculator: fire danger index calculator.
    http://www.zfps.co.za/ Comment: Fire danger maps 
    fdi-calculator.html are not provided.

 Asia
 
 Korea  Korea Fire danger maps http://forestfire.kfri. Korea Forest Service provides 
 Research    go.kr an information service which 
 Institute    includes the prediction of
     forest fire danger. On this web  
     a daily forest fire danger map  
     of South Korea is published.
     Comments: The website is  
     available only in Korean.
  
 Malaysian  South Fire danger maps http://www.met.gov. Malaysia Meteorological 
 Meteorological  East Asia  my/index.php?option Department provides a fire 
 Department   =com_content&task= danger maps. Temperature, 
    view&id=1556&Itemid humidity and rainfall maps
    =1121&lang=english are also provided.  
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Earthquakes
 
 USGS, U.S.  Global Seismic parameters (in Alerts in the USGS provides near-real-time
 Geological   CAP, RSS) and near-real Common Alerting information on location,
 Survey  time 2D maps and 3D  Protocol (CAP): magnitude, depth, of 
   in Google Earth  http://earthquake. earthquakes worldwide. The
    usgs.gov/eqcenter/ U.S. Geological Survey (USGS) 
    recenteqsww/ Earthquake Notification 
    catalogs/ Service (ENS) alerts 
    caprss1days2.5.xml subscribed users via email.
     Comments: USGS reports on

    List of Alerts in  earthquakes within minutes. 
    several formats   
    (CAP, RSS, Google  
    Earth): http://
    earthquake.usgs. 
    gov/eqcenter/ 
    recenteqsww/ 
    catalogs/

    2D Maps: 
    http://earthquake. 
    usgs.gov/eqcenter/ 
    recenteqsww/
     
 Geofon Global Seismic parameters  http://www.gfz- The GEOFON/GEVN real- 
    potsdam. de/geofon/ time data servers acquires 
    new/rt.html data from a virtual broadband
     seismic network which is
    http://geofon.gfz- composed of GEOFON 
    potsdam.de/db/ stations and many stations 
    eqinfo.php from international partner
     networks. The data is also re-
     distributed in real-time to the  
     public. It is also archived in  
     the GEOFON Data Archive for  
     backup purposes and made  
     available from there to the  
     users by the normal archive  
     data request tools. Comments:  
     Geofon reports on  
     earthquakes within minutes.  
     Early warning for this reason  
     is not possible.

 Europe
 
 CRdC AMRA,  Naples,  Alerts to users Gasparini P., Barberi F.,  A seismic early warning 
 Competence  Italy  Belli A.: Early Warning system for the protection of 
 Center of    of Volcanic eruptions the Neapolitan area is under 
 Campania    and Earthquakes in development. The early 
 Region,    the neapolitan area,  warning system would  
 Environmental    Campania Region, provide tens of seconds of 
 Risk Analysis   South Italy,  warning time available for
 and Monitoring   Proceedings of the seismic risk mitigation before 
    second international ground shaking initiates
    warning, Bonn, 16-18 in Naples. Comments: The 
    October 2003. system is still under 
     development. Information 
      is not publicly available, but
     only to users.
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 Ignalina  Lithuania Shut down the Wieland, M., Griesser, An EWS has been installed at 
 Power Plant  reactor  L., and Kuendig, C.,  the Ignalina Nuclear Power 
    Sesmic Early Warning  Plant in Lithuania (Wieland,  
    System For a Nuclear  2000). The system consists of 
    Power Plant.  six seismic stations encircling 
    Proceedings of the  the Nuclear Power Plant at a 
    “12th World  distance of 30 km and a 
    Conference on  seventh station at the power 
    Earthquake  plant. The system will shut 
    Engineering–  down the reactor before a 
    12WCEE” Auckland,  hazardous earthquake might 
    New Zealand, 2000. occur in the vicinity of the
     Nuclear Power Plant. 
     Comments: Information is not  
     publicly available, but only to  
     users.

 University  Romania,  Alerts to users Wenzel F., Oncescu The EWS for the protection of
 of Bucharest Bucharest  M.C., Baur M.,  Bucharest, Romania. provides 
    Fiedrich F., Ioncescu  a warning time of about 25-30 
    C., An early warning  seconds for the urban area of 
    system for Bucharest,  Bucharest located at 130 Km 
    Seismological  from the epicentral area 
    Research Letters  (Wenzel et al., 1999). 
    70:2:161-169, 1999. Comments: Information is not
     publicly available, but only to  
     users.

 Bogazici  Istanbul Alerts sent to users Erdik M., Istanbul Rapid Response and Early
 University,   (such as power and Earthquake Early Warning system is in
 Department of   gas companies, warning and operation in the metropolitan
 Earthquake   nuclear research Rapid response area of Istanbul. Ten strong
 Engineering,   facilities, critical system, Proc. Of motion stations were installed
 Istanbul  chemical factories,  Workshop on as close as possible to the 
   subway system and  earthquake early fault zone. Data is   
   several high-rise  warning, CalTech, continuously ollected from 
   buildings) Pasadena, 13-15 these stations via digital radio
    July 2005. modem to provide early  
     warning for potentially  
     disastrous earthquakes.  
     Whenever 2 stations detect a  
     shaking intensity value that  
     exceeds the threshold, the first  
     alarm is issued. Early warning  
     signals will be communicated  
     to the users by UHF systems. 
     Comments: Information is not  
     publicly available, but only to  
     users.

 Asia

 SDR,  Asia,  Stopping of the http://www.sdr.co The system is operated by
 System and  Japan high velocity .jp/eng_page/ SDR which is the producer
 Data Research   Shinkansen index2_e.html of UrEDAS (Urgent Earthquake
 Co., Ltd.  railway line.  Detection and Alarm System)
     instruments able to detect a
     seismic event and issue an  
     alarm. The system issues an  
     alarm if the acceleration of the  
     ground motion exceeds a pre- 
     defined threshold level and  
     immediately, the high velocity  
     Shinkansen railway is stopped.
     Comments: Information is not  
     publicly available.
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 TGC, Tokyo  Asia, Interruption of Tokyo Gas annual Tokyo Gas has developed a
 Gas Co., Ltd Japan,  gas supply report 1999, Safety. safety system to ensure stable 
  Tokyo   supply in the event of an
     earthquake or other disaster.  
     The goal is to prevent  
     secondary damage such as  
     fires and explosions  
     consequences of earthquakes. 
     Comments: Information is not  
     publicly available.
  
 Central  Taiwan Alerts sent to users Wu, Y. M., T. C. Shin An EWS for Taiwan has been
 Weather    and Y. B. Tsai, Quick implemented as part the
 Bureau   and reliable   “Taiwan Rapid Earthquake 
    determination of  Information Release System 
    magnitude for   -TREIRS” which has been  
    seismic early  developed by Central Weather 
    warning, Bull.  Bureau in 1995. 
    Seismol. Soc. Am.  Comments: Information is not 
    88, 1254- 1259.  publicly available. 
    1998.
     
 JMA, Japan  Japan Alerts to universities, Horiuchi, S., H. Within a few seconds from the
 Meteorological   private organizations Negishi, K. Abe, A. first trigger based on the
 Agency  and the public Kimimura, and Y.  first seconds of observation, 
    Fujinawa. An  location and magnitude are 
    automatic  calculated. The central 
    processing system  processing stations are   
    for broadcasting  located at JMA Tokyo and 
    earthquake alarms.  Tsukuba Information Center. 
    Bulletin of  Through a dedicated line and 
    Seismological Society  wireless communication 
    of America, BSSA,  system the information is 
    Submitted, 2004. transmitted to users.
     Since October 2007, the
    http://www.jma.go.jp/ warnings are transmitted 
    en/quake/ through media like TV and
     radio and are used for
     other applications such as  
     promptly slowing down trains,  
     controlling elevators to avoid  
     danger and enabling people  
     to quickly protect themselves.

     More information at: 
     www.bousai.go.jp/kyoryoku/ 
     soukikeikai.pdf

 North and South America
 
 CIRES,  Mexico,  Alerts to residents Espinosa-Aranda JM,  The system has been installed 
 Centro de Mexico and authorities Jimenez A, Ibarrola G,  in 1991 for the protection
 Instrumentacion City  Alcantar F, Aguilar A, of Mexico City. The system
 y Registro   Mexico City Seismic issues alerts to residents and
 Sismico   Alert System.  authorities. Evacuation alerts
    Seismogical  are issued in case of 
    Research Letters damaging earthquakes with 
     66: 42-53, 1995. magnitude exceeding a
     critical threshold. The system  
     started in 1991 in  
     experimental mode for  
     schools’ alert and stopping  
     the metropolitan subway  
     system. Only several years  
     later it became a public  
     service.
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 CalTech, UC  California Magnitude and http://www.elarms Allen and Kanamori (2003) 
 Berkeley  location estimates .org developed ElarmS an early
    Allen, R.M. and warning methodology for
    Kanamori, H., The  Southern California. Within 
    Potential for  seconds after the earthquake 
    Earthquake Early  origin Elarms is able to 
    Warning in  estimate the earthquake 
    Southern  magnitude and location, to 
    California, Science,  provide early warning of few 
    300, 786-789, 2003. to tens of seconds in case of
     damaging seismic event. 
     Comments: The system has  
     not been implemented yet.  
     Seismologists across California  
     are testing Elarms.

Tsunamis

 UNESCO-IOC,  Global Tsunami warnings http://www.unesco.org/ After forty years of experience
 United Nations   and advisories new/en/natural- coordinating the Pacific
 Educational    sciences/ioc-oceans/ Tsunami Warning System
 Scientific and    sections-and- (PTWS), UNESCO-IOC is
 Cultural    programmes/tsunami/ leading a global effort to
 Organization-     establish ocean-based
 Intergovern-   http://itic.ioc-unesco. tsunami warning systems. The 
 mental    org/ website integrates
 Oceanographic     information from different
 Commission    sources and provides tsunami
     warnings and other technical  
     information.  

 PTWS,  Pacific Tsunami Bulletins.  http://ptwc.weather The Pacific Tsunami Warning
 Pacific   Email and SMS .gov/ Center (PTWC) serves as the
 Tsunami   alert service  operational headquarters
 Warning     for the Pacific Tsunami
 System    Warning System in the Pacific
      (PTWS). The Pacific basin  
     is monitored by the Pacific  
     Tsunami Warning System  
     (PTWS) which was established  
     by 26 Member States and is  
     operated by the PTWC,  
     located near Honolulu, Hawaii. 
     PTWC monitors stations  
     throughout the Pacific basin  
     to issue tsunami warnings to 
     Member States, serving as the 
     regional center for Hawaii and 
     as a national and international 
     tsunami information center.  
     The system disseminates  
     tsunami information and  
     warning messages to over  
     100 points across the Pacific. 
     Comments: PTWS website  
     provides also tsunami   
     bulletins for Hawaii, and ad  
     interim for: Indian Ocean,  
     and Caribbean. Note SMS  
     service is available for some  
     Pacific, Asian, and African  
     countries.
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 HKO,  Hong Kong Tsunami information http://www.hko.gov. HKO tsunami warning system
 Hong Kong   (recorded sea level hk/gts/equake/ consists in monitoring the
 Observatory  change, seismic  tsunami_mon_e.htm warning messages issued by 
   parameters)  the Pacific Tsunami Warning
     Centre (PTWC). In addition  
     to it the sea water levels  
     recorded by tide gauges in  
     Hong Kong are observed and  
     monitored. In the event of a  
     tsunamigenic earthquake  
     affecting Hong Kong, the HKO  
     will issue a tsunami warning  
     to the public. The maximum  
     sea level change recorded in  
     the past years has been 0.3 m.

 JMA, Japan  Japan Tsunami warnings http://www.jma.go. When an earthquake occurs 
 Meteorological   and advisories jp/en/tsunami/ with potential of generating 
 Agency    tsunamis, JMA issues tsunami  
     forecasts within 3 minutes  
     after the occurrence of the  
     earthquake. In case tsunamis  
     are originated by seismic  
     events far from Japan,  
     JMA takes a coordinated  
     action with the Pacific  
     Tsunami Warning Center  
     (PTWC) in Hawaii and issues  
     forecasts for the long- 
     propagating tsunamis. 

Volcanic Eruptions

 Global  Global Reports and warnings http://www.volcano. The Global Volcanism Program
 Volcanism    si.edu/reports/usgs/ is a joint collaborative effort
 Program     between Smithsonian
 (USGS, U.S.     and USGS. Weekly and
  Geological     monthly bulletins are released
 Survey and     on the website. Volcanic
 Smithsonian     activity information is
 Institution)    collected from worldwide  
     volcanic observatories  
     participating to the Global  
     Volcanism Program.  
     Comments: Not all volcanic  
     activities are reported on the  
     website, only when changes in  
     volcanic activity occur. 
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 North and South America
 
 MVO,  Carribean,  Reports and warnings http://www.mvo.ms/ MVO monitors volcanic
 Monserrat  Monserrat   activity through by
 Volcano     continuously monitoring
 Observatory    the seismic activity associated
     with the volcano. The seismic  
     network has been upgraded  
     to include 10 broadband, high  
     dynamic range instruments  
     with fully digital telemetry.  
     The signals are received at the  
     MVO and daily or monthly  
     reports on volcano activity,  
     and hazard assessment are  
     released. Comments:  
     Frequency of these reports  
     depends on the level of  
     activity of the volcano.

 University of  America,  Reports and warnings http://www.uwiseismic The Seismic Research Unit has
 West Indies  West Indies  .com/General.aspx established a monitoring
 Seismic Research    ?id=46 network and warning system
 Unit      specifically for Kick ‘em Jenny,
     a submarine volcano located  
     near Grenada island. The main  
     purpose of this is to provide  
     warning to shipping in the  
     vicinity. 
 
 Observatorio  Mexico Reports and warnings http://www.colima- Reports are released on a daily
 Vulcanologico   estado.gob.mx/ basis together with pictures
 Universidad de    seguridad/indvolcan from the volcano de fuego in
 Colima   .php Colima. Comments: The  
     webpage is available only in  
     Spanish.

 Instituto  Guatemala Reports and warnings http://www.insivumeh. Instituto Nacional de
 Nacional de    gob.gt/principal/ Sismologia, Vulcanologia, 
 Sismologia,    alertas.htm Meteorologia y Hidrologia
 Vulcanologia,     releases daily bulletins of
 Meteorologia    http://www.insivumeh. volcanic activity and special
 y Hidrologia   gob.gt/geofisica/ bulletins are available in case
 INSIVUMEH    especial.htm of an emergency. Comments: 
     The webpage is available only
    http://www.insivumeh. in Spanish
    gob.gt/geofisica/
    boletin%20formato 
    .htm
     
 Servicio  El Salvador Reports and warnings http://www.snet. Servicio Nacional de Estudios
 Nacional de    gob.sv/ver/ Territoriales (SNET) provides
 Estudios    vulcanologia/ special bulletins on volcanic
 Territoriales    informes+especiales/ activity, available on the
 (SNET)    website. Comments: The
 Ministerio De     webpage is available only in
 Medio Ambiente     Spanish
 y Recursos
  Naturales       
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 Instituto  Nicaragua Reports and warnings http://www.ineter Instituto Nicaraguense
 Nicaraguense    .gob.ni/ de Estudios Territoriales
 de Estudios     (INETER) website provides
 Territoriales     access to volcanic activity
 (INETER)    information, condensed into
 Volcanology     short reports. Live webcam
 Department    images are also available.
     Comments: The webpage is  
     available only in Spanish

 Observatorio  Costa Rica Reports and Warnings http://www.ovsicori. Observatorio Vulcanológico y
 Vulcanológico    una.ac.cr/ Sismológico de Costa Rica
 y Sismológico     provides online access to
 de Costa Rica    news reports on volcanic
 Universidad     activity of volcanoes in Costa
 Nacional     Rica. Comments: The webpage
 (OVSICORI-UNA)    is available only in Spanish

 Instituto de  Colombia Reports and Warnings http://www.ingeominas Instituto de Investigaciones
 Investigaciones    .gov.co/Observatorios- en Geociencias provides daily
 en Geociencias,    Vulcanologicos.aspx bulletins of volcanic activity
 Mineria y     for Colombia, available on the 
 Quimica     website. Comments: The
 (INGEOMINAS)    webpage is available only in
     Spanish

 Mount Erebus  Mount  Temperature, wind  http://erebus.nmt.edu/ Mount Erebus Volcano
 Volcano  Erebus,  Speed, deformation,   Observatory provides
 Observatory Antarctica humidity  information on temperature, 
 Department of     wind speed, deformation, and
 Earth &     humidity and other
 Environmental     information of Mount
 Science    Erebus volcano. Last 2 days
 New Mexico     and 30 days graphs are
 Institute of     also available.
 Mining and 
 Technology   
     
 Japan  Japan Reports and Warnings http://www.jma.go. The Japan Meteorological
 Meteorological   jp/en/volcano/ Agency provides online access
  Agency    to volcanic activity reports and
     color coded advisories, as well 
     as forecasts. Ash monitoring 
     and alerts for aviation is also 
     available on the website.  
     Comments: Reports are 
     updated weekly.

 Institute of  New Reports and Warnings http://geonet.org.nz/ In New Zealand volcano 
 Geological &  Zealand  volcano/ surveillance is undertaken by
 Nuclear     the GeoNet project in 
 Sciences Ltd    collaboration with two
 GeoNet Project    Regional Councils who
     operate volcano-seismic  
     networks. GeoNet project of  
     the Institute of Geological &  
     Nuclear Sciences (GNS) issues  
     alert bulletins for public,  
     media and research.

Type of event Source Geographic  Output Website Description 
  Coverage
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 Philippine  Philippines Reports and Warnings http://www.phivolcs Philippine Institute of
 Institute of    .dost.gov.ph/index.php Volcanology and Seismology
 Volcanology    ?option=com_content maintains and operates
 and    &view=category&id= volcano systems for
 Seismology   70&Itemid=500008 monitoring and forecasting
     purposes. The institute  
     assesses volcanic activity and  
     then provides volcanic  
     activities alerts to the public,  
     and to local and international  
     scientific communities. For  
     each volcano is also available  
     an archive of past advisories. 

Landslides

 International  Global Map and reports http://icl.iplhq.org/ The International Consortium 
 Consortium   of landslides  on Landslides (ICL) created at
 on Landslides   Recent landslides: the Kyoto Symposium in 
    http://landslides.usgs. January 2002 is an 
    gov/recent/ International non-
     governmental and non-
     profit scientific organization,  
     which is supported by several  
     international organizations as  
     UNESCO, WMO, FAO, UN/ISDR  
     etc. ICL website provides a link  
     to worldwide landslides  
     information, thorugh USGS  
     website. Comments: ICL does  
     not provide forecasts on  
     landslides.

Droughts

 BENFIELD  Global Monthly maps on http://drought.mssl.ucl. The Global Drought Monitor
 HAZARD   drought current ac.uk/drought.html? provides maps and short
 RESEARCH   conditions map=%2Fwww%2F reports on countries facing
 CENTRE   drought%2Fweb_ exceptional drought
     pages%2Fdrought. conditions. The information 
    map&program=%2 is updated on a monthly basis. 
    Fcgi-bin%2Fmapserv Hydrological drought 
    &root=%2Fwww% conditions are displayed 
    2Fdrought2%2F& based on two drought indices 
    map_web_image called the Standardised 
    path=%2Ftmp%2F& Precipitation Index (SPI) and 
    map_web_imageurl the Palmer Drought Severity 
    =%2Ftmp%2F&map Index (PDSI). Comments: The 
    _web_template=% Global Drought Monitor 
    2Fdrought.html provides an overall drought
     picture with ~100 Km spatial
     scale, local conditions may  
     erroneously represented.  
     Drought forecasts are not  
     provided. For this reason  
     droughts early warning is not  
     possible.
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 FAO, Food and  Global Reports, e-mails http://www.fao.org/ GIEWS monitors the food
 Agriculture   and map of giews/english/ supply and demand, provides
 Organization,   countries facing index.htm emergency response in case
 Global   food insecurity.  of human or natural induced
 Information    http://www.fao.org/ disasters, informing policy
 and Early    giews/english/ makers with periodical 
 Warning    giews_en.pdf reports, available through
 System on     GIEWS webpage and an
 Food and     e-mail service. Comments: 
 Agriculture     Reports are not specifically
 (GIEWS)    focused on drought
     conditions and are released  
     monthly or less frequently. 

 U.S. Drought  U.S. Maps on drought, http://drought.unl.edu/ North America Drought 
 Monitor (a   current condition MonitoringTools/ Monitor provides weekly 
 collaboration   maps and forecast USDroughtMonitor.aspx drought maps which 
 between USDA,   drought products  integrate multiple indices, 
 NOAA, Climate    http://droughtmonitor. satellite data products and 
 Prediction    unl.edu/ experts’ opinions. Several 
 Center and     forecast products are also 
 National    http://www.cpc.ncep provided, such as: climate 
 Drought    .noaa.gov/products/ outlooks, seasonal drought 
 Mitigation    expert_assessment/ outlook, streamflow forecast 
 Center at    seasonal_drought.html maps, forecast Palmer 
 University     drought severity index, soil 
 of Nebraska)    moisture forecast maps.
     Comments: Advantages  
     are represented by the  
     availability of both drought  
     current conditions and  
     forecast maps. The  
     disadvantage is represented  
     by a reduced geographical  
     coverage, maps are limited  
     only to U.S.

 FEWS, Famine  South, East Reports on food http://www.fews.net/ FEWS NET is a collaborative 
 Early Warning  and West insecurity  effort of USGS, USAID, NASA, 
 System Africa,    and NOAA. FEWS net reports
  Central   on food insecurity conditions  
  America,    and issues watches and  
  Caribbean,   warnings to decision makers,  
  Central Asia   which are also available on the  
  and Middle   website. Comments: FEWS  
  East   informs on current situation  
     of countries facing food  
     insecurity and is not  
     specifically focused on  
     droughts. 

 EC-JRC,  Europe Maps of soil moisture http://desert.jrc.ec. JRC’s Action DESERT is
 European    europa.eu/action/php/ developing a European
 Commission    index.php?action=view Drought Observatory (EDO)
 Joint Research    &id=201 for drought forecasting, 
 Center Institute    assessment and monitoring.  
 for Environment     Currently, EC-JRC provides 
 and Sustainability    publicly available daily soil
     moisture maps of Europe;  
     precipitation, vegetation  
     response and others, through  
     a portal. Comment: The  
     Drought Observatory is still  
     under development.
  

Type of event Source Geographic  Output Website Description 
  Coverage
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Type of event Source Geographic  Output Website Description 
  Coverage

 BCC, Beijing  China Daily maps on http://bcc.cma.gov Beijing Climate Center (BCC) 
 Climate   droughts current .cn/en/ monitors drought conditions
 Center of   conditions  for China. Drought report
 the China     and a map on current drought
 Meteorological     conditions are produced
 Administration     daily and made available on  
     their website, based on  
     precipitation and soil  
     moisture monitoring from an  
     agricultural meteorological  
     station network and remote- 
     sensing-based monitoring  
     from CMA’s National Satellite  
     Meteorological Center.  
     Comment: Forecasts are not  
     provided.

Floods
 
 Dartmouth  Global Map of current floods http://flood The Dartmouth Flood
 Flood    observatory.colorado Observatory detects, maps, 
 Observatory   .edu/ and measures major flood
     events world-wide using
    http://flood satellite remote sensing. 
    observatory.colorado Maps, predictions, estimated 
    .edu/Archives/index discharge and severity of the 
    .html flood are provided for each
     event. Comments: Flood  
     information is provided for  
     current floods, but forecasts  
     are not available. 

 IFnet Global Precipitation amount  http://www. IFnet, through the Global 
   maps and flood reports internationalflood Flood Alert System (GFAS)  
    network.org/ uses global satellite 
    03_f_info.html precipitation estimates for
     flood forecasting and
    http://gfas. warning. GFAS converts the 
    internationalflood satellite precipitation 
    network.org/ estimates from NASA into 
    gfas-web/ global rainfall maps, and
     precipitation probability  
     estimates. Comments: IFnet is  
     running on a trial basis.
 
 Europe
 
 EFAS,  Europe Information on   http://efas-is.jrc.ec. Launched in 2003, EFAS has 
 European   ongoing floods europa.eu/ been working on an 
 Flood Alert   and forecasts  experimental basis since 2005,  
 System    with the plan to be fully
     operational in 2012. The EFAS  
     provides early flood warnings  
     to national members and the  
     European Commissionin order  
     to mitigate flood impact on  
     population. Comments: EFAS  
     is working on experimental  
     basis.
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Type of event Source Geographic  Output Website Description 
  Coverage

 North and South America

 NOAA U.S. River observations River gauges:  NOAA provides river’s level 
   and forecasts http://water.weather measurements from river 
    .gov/ahps/ gauges, it provides also other 
     information on current river  
     conditions,  and forecasts.

Severe Weather, Storms Cyclones, Hurricanes

 WMO, World  Global Maps of tropical http://severe. World Weather Watch, 
 Meteorological   cyclones, heavy worldweather.org/ operated by WMO, 
 Organization  rain/snow,   provide global collection,  
   thunderstorms,  World Weather analysis and distribution of 
   cloudiness and rain Watch (WWW):  weather observations,
    http://www.wmo. forecasts and warnings.  
    ch/pages/prog/ WWW is an operational 
    www/ ; http:// framework of coordinated 
    www.worldweather national systems, operated 
    .org/ by national governments. 
     website. The WMO Tropical
    World Meteorological  Cyclone Program, part of 
    Organization Tropical  WWW, has established 
    Cyclone Programme:  tropical cyclone committees 
    http://www.wmo.ch/ that extend across the 
    pages/prog/www/ regional bodies (Regional 
    tcp/index_en.html Specialized Meteorological
     Centres (RSMC) which,  
     together with National   
     Meteorological and  
     Hydrological Services  
     (NMHSs), monitor tropical  
     cyclones globally and issue  
     official warnings to the  
     Regional Meteorological  
     Services of countries at risk.  
     This information is publicly  
     available on WMO website  
     through warnings and maps.
 
 National  Eastern Maps actual and http://www.nhc. National Hurricane Center-
 Hurricane  Pacific predicted tracks.  noaa.gov/ NOAA provides and online
 Center-NOAA and Atlantic  Values of time,  access to maps of hurricanes 
   location, speed,    (location and tracks) and  
   wind. Wind speed   advisories are issued. A new 
   probabilities.  product released by National 
    Email service.  Hurricane Center-NOAA is the
     wind speed probability  
     information. NHC’s tropical  
     cyclone text products are  
     available by email.
 
 University of  Global Maps actual and http://www.solar.ifa. University of Hawaii provides 
 Hawaii  predicted tracks.  hawaii.edu/Tropical/ online access to maps of 
   Values of time,  tropical.html tropical storms together with 
   location, speed, wind.  values of time, location, speed
     and wind together with strike  
     probabilities. This information  
     is collected from several  
     sources.
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Type of event Source Geographic  Output Website Description 
  Coverage

 Asia
 
 Hong Kong  Hong Kong,  Maps of tropical http://www.hko.gov. Whenever a tropical cyclone
 Observatory Asia cyclones and Warnings  hk/informtc/ warning signal is issued,  
    informtc.htm  bulletins are issued on the
     website for distribution to  
     the mass media and for  
     immediate broadcast by radio  
     and television stations. The  
     Hong Kong Observatory also  
     operates an automatic  
     telephone answering service  
     “Dial-a-weather” to provide  
     similar information. 

Epidemics
 
 WHO, World Global Alerts to international http://www.who.int/ WHO through The Global 
 Health   community on threat csr/outbreaknetwork/ Outbreak Alert and Response
 Organization  of outbreaks and online  en/ Network provides real-time 
   disease outbreak news.   information and dissemination
    Disease outbreak on disease outbreaks, that
    news: http://www. are of international  
    who.int/csr/don/en/ importance. The Network
     provides an operational
     framework to link this 
     expertise and skill to keep the  
     international community  
     constantly alert to the threat  
     of outbreaks and ready to  
     respond.

 European Centre  Europe Online disease http://www.ecdc. The ECDC works in 
 for Disease   outbreak news. europa.eu/en/Pages/ partnership with national
 Prevention and    home.aspx health protection bodies
 Control, ECDC    across Europe to strengthen
     and develop continent-wide  
     disease surveillance and early  
     warning systems. Currently,  
     ECDC provides online access  
     to authoritative scientific   
     reports about the risks posed  
     by new and emerging  
     infectious diseases.  
     Comments: News information  
     is restricted to Europe.
 
 U.S. Centre  U.S. Online disease  http://www.cdc.gov/ Department of Helath and
 for Disease   outbreak news outbreaks/index.html Human Services, Centre for
 Control, CDC  and e-mail alerts  Disease Control provides
     information on disease,  
     agents and other threats  
     reporting online the key facts,  
     prevention measures and  
     current situation. Comments:  
     News information is mainly  
     focused on U.S.
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  Coverage

Avian Flu 
 
 WHO  Global Online disease http://www.who.int/ The system supports disease
   outbreak news csr/disease/avian_ tracking, sharing information 
    influenza/en/ and aid operations. Avian 
     influenza news are published 
     online into short reports.
     
     
      
      
     

Animal Diseases

 FAO, OIE Global maps and short outbreak http://www.glews.net/ Since July 2006, the Global
 and WHO  reports online  Early Warning and Response  
     System for Major Animal  
     Diseases, including Zoonoses  
     (GLEWS) monitors outbreaks  
     of major animal diseases,  
     including zoonoses,  
     worldwide.

Malaria 

 IRI Africa Map of malaria risk http://iridl.ldeo. IRI provides rainfall anomalies 
    columbia.edu/ which it may provide insights 
    maproom/.Health/ on malaria risk. The map is 
    .Regional/.Africa/ produced on a biweekly basis. 
    .Malaria/.MEWS/ Comments: The malaria risk
     map is based purely on
     climatic constraints to malaria 
     transmission, and does not
     account for areas in the  
     northern and southern  
     margins of the African  
     continent where control has  
     eliminated malaria risk. Alerts  
     service is not provided.
 
 Wellcome Trust, Global Maps http://www.map. Malaria Atlas Project (MAP)  
 the Global Fund   ox.ac.uk/ provides malaria map  
 to Fight AIDS,    products to all users under  
 Tuberculosis and    the Creative Commons  
 Malaria, the    Attribution 3.0 Unported  
 University of    License and can be  
 Oxford-Li Ka    downloaded from the MAP  
 Shing Foundation    site.
 Global Health
 Programme and
 others
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Type of event Source Geographic  Output Website Description 
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Famine

 FEWS, Famine  South, East Reports on food http://www.fews.net/ FEWS NET is a collaborative 
 Early Warning   and West insecurity  effort of USGS, USAID, NASA, 
 System Africa,    and NOAA. FEWS NET reports  
  Central   on food insecurity conditions
   America,    and issues watches and
  Caribbean,    warnings to decision makers, 
  Central Asia   which are also available on the  
  and Middle   website. Comments: FEWS  
  East   informs on current situation of  
     countries facing food  
     insecurity but it does not  
     report forecasts. For this  
     reason early warning is not  
     possible.

 FAO, Food  Global Reports, e-mails and http://www.fao.org/ GIEWS monitors the food 
 and   map of countries facing giews/english/ supply and demand, provides 
 Agriculture   food insecurity. index.htm emergency response in case 
 Organization,     of human or natural induced 
 Global    http://www.fao.org/ disasters, informing policy 
 Information    giews/english/ makers with periodical 
 and Early    giews_en.pdf reports, available through 
 Warning     GIEWS webpage and an 
 System on     e-mail service. Comments:  
 Food and     Reports are released monthly 
 Agriculture     or less frequently.  
 (GIEWS)    

 WFP, World  Global Emergency reports, http://www.wfp.org/ On WFP website information 
 Food   briefing notes,  food-security on current situation of food 
 Program  photo galleries.  crisis worldwide is available
    http://www.wfp.org/ through briefing notes, 
    food-security/ reports and photo galleries.
    assessment-bank The Vulnerability Analysis and
     Mapping Branch (VAM) 
     provides WFP decision makers
     with the information
     necessary to design and
     implement its operations.
     The role of VAM is, therefore,
     to identify populations that
     not only require food
     assistance, but also how WFP
     support can be tailored to
     make a difference in peoples
     lives and their livelihoods.
     Comments: Reports on
     countries facing food
     insecurity. In the VAM website
     information is not updated
     frequently, some reports are 2
     years old. 

 Food Security  East Africa Maps and monthly http://www.disaster FSNWG supported by the EC 
 and Nutrition   updates riskreduction.net/ provides a platform for DRR in 
 Working Group     the Region. It provides on its 
 (FSNWG)    website maps and updates on
     food insecurity in the Region.
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This glossary is compiled from citations in different 
chapters, and draws from glossaries and other resources 
available: United Nations Environment Programme (UNEP) 
Global Environment Outlook, UNEP list of acronyms and 
glossary terms, UN ISDR Terminology on Disaster Risk 
Reduction, University of Princeton, University of Naples 
“Federico II”, OASIS Standards, National Oceanic and 
Atmospheric Organization (NOAA), U.S. Environmental 
Protection Agency (EPA), United Nations Framework 
Convention for Climate Change (UNFCCC), United Nations 
Convention to Combat Desertification (UNCCD), Convention 
on Biological Diversity (CBD), UN-Habitat.

Adaptation

(1) Actions taken to help communities and ecosystems cope 
with changing climate conditions (UNFCCC). (2) Genetically 
determined characteristic that enhances the ability of an 
organism to cope with its environment (CBD).

Aerosols

A collection of airborne solid or liquid particles, with a 
typical size between 0.01 and 10 μm, that reside in the 
atmosphere for at least several hours. Aerosols may be of 
either natural or anthropogenic origin.

Air quality

Smog is the product of human and natural activities such as 
industry, transportation, wild-fires, volcanic eruptions, etc. 
and can have serious effects on human health and  
the environment. 

U.S. EPA uses and Air Quality Index (AQI) which is 
calculated on five major air pollutants regulated by the 
Clean Air Act: ground-level ozone, particle pollution (also 
known as particulate matter), carbon monoxide, sulfur 
dioxide, and nitrogen dioxide. For each of these pollutants, 
EPA has established national air quality standards to protect 
public health .Ground-level ozone and airborne particles are 
the two pollutants that pose the greatest threat to human 
health in this country.

Biodiversity 

The variety of life on Earth, including diversity at the genetic 
level, among species and among ecosystems and habitats. 
It includes diversity in abundance, distribution and in 
behaviour. Biodiversity also incorporates human cultural 
diversity, which can both be affected by the same drivers as 
biodiversity, and itself has impacts on the diversity of genes, 
other species and ecosystems. 

Biofuels

Fuel produced from dry organic matter or combustible oils 
from plants, such as alcohol from fermented sugar, black 
liquor from the paper manufacturing process, wood and 
soybean oil.

Biomass

Organic material, both above ground and below ground, 
and both living and dead, such as trees, crops, grasses, tree 
litter and roots. 

Capacity

The combination of all the strengths, attributes and 
resources available within a community, society or 
organization that can be used to achieve agreed goals.

Comment: Capacity may include infrastructure and 
physical means, institutions, societal coping abilities, as well 
as human knowledge, skills and collective attributes such as 
social relationships, leadership and management. Capacity 
also may be described as capability. Capacity assessment is 
a term for the process by which the capacity of a group is 
reviewed against desired goals, and the capacity gaps are 
identified for further action.

Capacity building

Process of developing the technical skills, institutional 
capability, and personnel.

Climate change

Change of climate, which is attributed directly or indirectly 
to human activity that alters the composition of the global 
atmosphere and which is in addition to natural climate 
variability observed over comparable time periods.

Climate Variability

Variations in the mean state and other statistics (such as 
standard deviations and the occurrence of extremes) of the 
climate on all temporal and spatial scales beyond that of 
individual weather events. Variability may be due to natural 
internal processes in the climate system (internal variability), 
or to variations in natural or anthropogenic external forcing 
(external variability).

Common Alerting Protocol

The Common Alerting Protocol (CAP) provides an open, 
non-proprietary digital message format for all types of 
alerts and notifications. It does not address any particular 
application or telecommunications method. The CAP format 
is compatible with emerging techniques, such as Web 
services, as well as existing formats including the Specific 
Area Message Encoding (SAME) used for the United States’ 
National Oceanic and Atmospheric Administration (NOAA) 
Weather Radio and the Emergency Alert System (EAS).

Cost-Benefit Analysis

A technique designed to determine the feasibility of a 
project or plan by quantifying its costs and benefits.

Glossary
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Cyclone

An atmospheric closed circulation rotating counter-
clockwise in the Northern Hemisphere and clockwise in the 
Southern Hemisphere.

Deforestation

The direct human-induced conversion of forested land to 
non-forested land.

Desertification

Degradation of land in arid, semi-arid and dry sub-humid 
areas, resulting from various factors, including climatic 
variations and human activities.

Disaster

A serious disruption of the functioning of a community or 
a society involving widespread human, material, economic 
or environmental losses and impacts, which exceeds the 
ability of the affected community or society to cope using 
its own resources.

Comment: Disasters are often described as a result 
of the combination of: the exposure to a hazard; the 
conditions of vulnerability that are present; and insufficient 
capacity or measures to reduce or cope with the potential 
negative consequences. Disaster impacts may include 
loss of life, injury, disease and other negative effects on 
human physical, mental and social well-being, together 
with damage to property, destruction of assets, loss of 
services, social and economic disruption and environmental 
degradation.

Disaster risk

The potential disaster losses, in lives, health status, 
livelihoods, assets and services, which could occur to a 
particular community or a society over some specified 
future time period.

Comment: The definition of disaster risk reflects the 
concept of disasters as the outcome of continuously 
present conditions of risk. Disaster risk comprises different 
types of potential losses which are often difficult to 
quantify. Nevertheless, with knowledge of the prevailing 
hazards and the patterns of population and socio-economic 
development, disaster risks can be assessed and mapped, in 
broad terms at least.

Disaster risk reduction

The concept and practice of reducing disaster risks through 
systematic efforts to analyse and manage the causal 
factors of disasters, including through reduced exposure to 
hazards, lessened vulnerability of people and property, wise 
management of land and the environment, and improved 
preparedness for adverse events. 

Comment: A comprehensive approach to reduce disaster 
risks is set out in the United Nations-endorsed Hyogo 
Framework for Action, adopted in 2005, whose expected 
outcome is “The substantial reduction of disaster losses, in 

lives and the social, economic and environmental assets 
of communities and countries.” The International Strategy 
for Disaster Reduction (ISDR) system provides a vehicle 
for cooperation among Governments, organisations and 
civil society actors to assist in the implementation of the 
Framework. Note that while the term “disaster reduction” is 
sometimes used, the term “disaster risk reduction” provides 
a better recognition of the ongoing nature of disaster risks 
and the ongoing potential to reduce these risks.

Droughts

A period of abnormally dry weather sufficiently prolonged 
for the lack of water to cause serious hydrologic imbalance 
in the affected area.

Early warning system

The set of capacities needed to generate and disseminate 
timely and meaningful warning information to enable 
individuals, communities and organizations threatened by a 
hazard to prepare and to act appropriately and in sufficient 
time to reduce the possibility of harm or loss.

Comment: This definition encompasses the range 
of factors necessary to achieve effective responses 
to warnings. A people-centred early warning system 
necessarily comprises four key elements: knowledge of the 
risks; monitoring, analysis and forecasting of the hazards; 
communication or dissemination of alerts and warnings; 
and local capabilities to respond to the warnings received. 
The expression “end-to-end warning system” is also used 
to emphasize that warning systems need to span all steps 
from hazard detection through to community response.

Earth observation 

Earth Observation, through measuring and monitoring, 
provides an insight and understanding into Earth’s complex 
processes and changes. EO include measurements that  
can be made directly or by sensors in-situ or remotely  
(i.e. satellite remote sensing, aerial surveys, land or  
ocean-based monitoring systems, Figure 3), to provide key 
information to models or other tools to support decision  
making processes.

Earthquakes

Earthquakes are due to a sudden release of stresses 
accumulated around the faults in the Earth’s crust. This 
energy is released through seismic waves that travel from 
the origin zone, which cause the ground to shake. Severe 
earthquakes can affect buildings and populations. The level 
of damage depends on many factors such as intensity of 
the earthquake, depth, vulnerability of the structures, and 
distance from the earthquake origin.

Ecosystem

Dynamic complex of plant, animal, microorganism 
communities and their non-living environment,  
interacting as a functional unit. Ecosystems are  
irrespective of political boundaries.
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El Niño-southern oscillation

A complex interaction of the tropical Pacific Ocean and 
the global atmosphere that results in irregularly occurring 
episodes of changed ocean and weather patterns in many 
parts of the world, often with significant impacts over many 
months, such as altered marine habitats, rainfall changes, 
floods, droughts, and changes in storm patterns.

Comment: The El Niño part of the El Niño-Southern 
Oscillation (ENSO) phenomenon refers to the well-above-
average ocean temperatures that occur along the coasts 
of Ecuador, Peru and northern Chile and across the eastern 
equatorial Pacific Ocean, while La Niña part refers to the 
opposite circumstances when well-below-average ocean 
temperatures occur. The Southern Oscillation refers to the 
accompanying changes in the global air pressure patterns 
that are associated with the changed weather patterns 
experienced in different parts of the world.

Emergency management

The organization and management of resources and 
responsibilities for addressing all aspects of emergencies, in 
particular preparedness, response and initial recovery steps.

Comment: A crisis or emergency is a threatening 
condition that requires urgent action. Effective emergency 
action can avoid the escalation of an event into a 
disaster. Emergency management involves plans and 
institutional arrangements to engage and guide the 
efforts of government, non-government, voluntary and 
private agencies in comprehensive and coordinated ways 
to respond to the entire spectrum of emergency needs. 
The expression “disaster management” is sometimes used 
instead of emergency management.

Extensible Markup Language 

A markup language that defines a set of rules for encoding 
documents in a format that is both human-readable and 
machine-readable.

E-waste

A generic term encompassing various forms of electrical 
and electronic equipment that has ceased to be of value 
and is disposed of. A practical definition of e-waste is “any 
electrically powered appliance that fails to satisfy the 
current owner for its originally intended purpose.” 

False Alarm

In the context of Early Warning Systems, a false alarm is 
defined as the situation in which an alarm is activated when 
it should not have been.

Fine Particle

Particulate matter suspended in the atmosphere less than 
2.5 μm in size (PM2.5). 

Floods 

An overflow of water onto normally dry land. The 
inundation of a normally dry area caused by rising water in 
an existing waterway, such as a river, stream, or drainage 
ditch. Ponding of water at or near the point where the rain 
fell. Flooding is a longer term event than flash flooding: it 
may last days or weeks. Floods are often triggered by severe 
storms, tropical cyclones, and tornadoes.

Food security

When all people at all times have access to sufficient, safe, 
nutritious food to maintain a healthy and active life.

Forecast

Definite statement or statistical estimate of the likely 
occurrence of a future event or conditions for a specific area.

Comment: In meteorology a forecast refers to a future 
condition, whereas a warning refers to a potentially 
dangerous future condition.

Forest

Land spanning more than 0.5 hectares with trees higher 
than 5 metres and a canopy cover of more than 10 per cent, 
or trees able to reach these thresholds in situ. It does not 
include land that is predominantly under agricultural or 
urban land use.

Gaussian distribution

The Gaussian (normal) distribution was historically called 
the law of errors. It was used by Gauss to model errors 
in astronomical observations, which is why it is usually 
referred to as the Gaussian distribution. 

Geological hazard

Geological process or phenomenon that may cause loss of 
life, injury or other health impacts, property damage, loss of 
livelihoods and services, social and economic disruption, or 
environmental damage. 

Comment: Geological hazards include internal earth 
processes, such as earthquakes, volcanic activity and 
emissions, and related geophysical processes such as 
mass movements, landslides, rockslides, surface collapses, 
and debris or mud flows. Hydrometeorological factors 
are important contributors to some of these processes. 
Tsunamis are difficult to categorize; although they are 
triggered by undersea earthquakes and other geological 
events, they are essentially an oceanic process that is 
manifested as a coastal water-related hazard. Within this 
report, tsunamis are included in the geological  
hazards group.

Geographic Information System

A computerized system organizing data sets through  
a geographical referencing of all data included in  
its collections.
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Greenhouse gases

Atmospheric gases that trap the heat and are responsible 
for warming the earth and climate change. The major 
greenhouse gases are: carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N20). Less prevalent but very 
powerful greenhouse gases are hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride 
(SF6). Those gases are regulated under the UN Framework 
Convention on Climate Change (UNFCCC) and the Kyoto 
Protocol. Some greenhouse gases are also regulated under 
the Montreal Protocol for their effects on the ozone layer.

Habitat

(1) Place or type of site where an organism or population 
naturally occurs (CBD). (2) Shorthand for UN-Habitat.

Hazard

A dangerous phenomenon, substance, human activity or 
condition that may cause loss of life, injury or other health 
impacts, property damage, loss of livelihoods and services, 
social and economic disruption, or environmental damage. 

Comment: The hazards of concern to disaster risk 
reduction as stated in footnote 3 of the Hyogo Framework 
are “… hazards of natural origin and related environmental 
and technological hazards and risks.” Such hazards arise 
from a variety of geological, meteorological, hydrological, 
oceanic, biological, and technological sources, sometimes 
acting in combination. In technical settings, hazards 
are described quantitatively by the likely frequency of 
occurrence of different intensities for different areas, as 
determined from historical data or scientific analysis. 

Hotspot

(1) Area particularly rich in total numbers of species 
(biodiversity hotspot). (2) Area of especially high 
concentrations of pollutants.

Human Health

A state of complete physical, mental and social well-being, 
and not merely the absence of disease or infirmity.

Hurricane/Typhoon

A tropical cyclone in which the maximum sustained surface 
wind (using the U.S. 1-minute average) is 64 kt (74 mph or 
119 km/hr) or more. The term hurricane is used for Northern 
Hemisphere tropical cyclones east of the International 
Dateline to the Greenwich Meridian. The term typhoon is 
used for Pacific tropical cyclones north of the Equator west 
of the International Dateline.

Hydrometeorological hazard

Process or phenomenon of atmospheric, hydrological 
or oceanographic nature that may cause loss of life, 

injury or other health impacts, property damage, loss of 
livelihoods and services, social and economic disruption, or 
environmental damage. 

Comment: Hydrometeorological hazards include 
tropical cyclones (also known as typhoons and hurricanes), 
thunderstorms, hailstorms, tornados, blizzards, heavy 
snowfall, avalanches, coastal storm surges, floods 
including flash floods, drought, heatwaves and cold spells. 
Hydrometeorological conditions also can be a factor in 
other hazards such as landslides, wildland fires, locust 
plagues, epidemics, and in the transport and dispersal of 
toxic substances and volcanic eruption material. Within this 
report, droughts have been addressed separately.

Land Cover

The physical coverage of land, usually expressed in terms 
of vegetation cover or lack of it. Influenced by but not 
synonymous with land use.

Land Degradation

The loss of biological or economic productivity and 
complexity in croplands, pastures and woodlands. It is due 
mainly to climate variability and unsustainable  
human activity.

Landslides

Landslides are displacements of earth, rock, and debris 
caused by heavy rains, floods, earthquakes, volcanoes, and 
wildfires.

Land Use

The human use of land for a certain purpose. Influenced by, 
but not synonymous with, land cover.

Missed Alarm

In the context of Early Warning Systems, a missed alarm is 
defined as the situation in which an alarm is not activated 
when it should have been.

Mitigation

The lessening or limitation of the adverse impacts of 
hazards and related disasters. 

Comment: The adverse impacts of hazards often cannot 
be prevented fully, but their scale or severity can be 
substantially lessened by various strategies and actions. 
Mitigation measures encompass engineering techniques 
and hazard-resistant construction as well as improved 
environmental policies and public awareness. It should be 
noted that in climate change policy, “mitigation” is defined 
differently, being the term used for the reduction  
of greenhouse gas emissions that are the source of  
climate change.
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Natural hazard

Natural process or phenomenon that may cause loss of life, 
injury or other health impacts, property damage, loss of 
livelihoods and services, social and economic disruption, or 
environmental damage. 

Comment: Natural hazards are a sub-set of all hazards. 
The term is used to describe actual hazard events as well 
as the latent hazard conditions that may give rise to future 
events. Natural hazard events can be characterized by their 
magnitude or intensity, speed of onset, duration, and area 
of extent. For example, earthquakes have short durations 
and usually affect a relatively small region, whereas 
droughts are slow to develop and fade away and often 
affect large regions. In some cases hazards may be coupled, 
as in the flood caused by a hurricane or the tsunami that is 
created by an earthquake.

Pollutant

Any substance that causes harm to the environment when 
it mixes with soil, water or air.

Pollution

The presence of minerals, chemicals or physical properties 
at levels that exceed the values deemed to define a 
boundary between “good or acceptable” and “poor or 
unacceptable” quality, which is a function of the specific 
pollutant.

Prediction

The act of attempting to produce a description of the 
expected future, or the description itself, such as “it will be 
30 degrees tomorrow, so we will go to the beach.”

Preparedness

The knowledge and capacities developed by governments, 
professional response and recovery organizations, 
communities and individuals to effectively anticipate, 
respond to, and recover from, the impacts of likely, 
imminent or current hazard events or conditions.

Comment: Preparedness action is carried out within 
the context of disaster risk management and aims to build 
the capacities needed to efficiently manage all types of 
emergencies and achieve orderly transitions from response 
through to sustained recovery. Preparedness is based 
on a sound analysis of disaster risks and good linkages 
with early warning systems, and includes such activities 
as contingency planning, stockpiling of equipment 
and supplies, the development of arrangements for 
coordination, evacuation and public information, and 
associated training and field exercises. These must be 
supported by formal institutional, legal and budgetary 
capacities. The related term “readiness” describes the ability 
to quickly and appropriately respond when required.

Prevention

The outright avoidance of adverse impacts of hazards and 
related disasters.

Comment: Prevention (i.e. disaster prevention) expresses 
the concept and intention to completely avoid potential 
adverse impacts through action taken in advance. Examples 
include dams or embankments that eliminate flood risks, 
land-use regulations that do not permit any settlement 
in high risk zones, and seismic engineering designs that 
ensure the survival and function of a critical building in 
any likely earthquake. Very often the complete avoidance 
of losses is not feasible and the task transforms to that of 
mitigation. Partly for this reason, the terms prevention and 
mitigation are sometimes used interchangeably in casual 
use.

Probability of missed alarm

In the context of Early Warning systems, the probability 
of missed alarm is the probability of having threshold 
exceedance but no alarm activation.

Probability of false alarm

In the context of Early Warning systems, the probability 
of false alarm is the probability of having no threshold 
exceedance but alarm activation.

Really Simple Syndication 

Really Simple Syndication is a family of web feed formats 
used to publish frequently updated works—such as 
blog entries, news headlines, audio, and video—in a 
standardized format.

Recovery

The restoration, and improvement where appropriate, 
of facilities, livelihoods and living conditions of disaster-
affected communities, including efforts to reduce disaster 
risk factors.

Comment: The recovery task of rehabilitation and 
reconstruction begins soon after the emergency phase has 
ended, and should be based on pre-existing strategies and 
policies that facilitate clear institutional responsibilities 
for recovery action and enable public participation. 
Recovery programmes, coupled with the heightened 
public awareness and engagement after a disaster, afford 
a valuable opportunity to develop and implement disaster 
risk reduction measures and to apply the “build back better” 
principle.

Response

The provision of emergency services and public assistance 
during or immediately after a disaster in order to save lives, 
reduce health impacts, ensure public safety and meet the 
basic subsistence needs of the people affected. 

Comment: Disaster response is predominantly focused 
on immediate and short-term needs and is sometimes 
called “disaster relief”. The division between this response 
stage and the subsequent recovery stage is not clear-cut. 
Some response actions, such as the supply of temporary 
housing and water supplies, may extend well into the 
recovery stage.
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Risk

The combination of the probability of an event and its 
negative consequences.

Comment: This definition closely follows the definition 
of the ISO/IEC Guide 73. The word “risk” has two distinctive 
connotations: in popular usage the emphasis is usually 
placed on the concept of chance or possibility, such as in 
“the risk of an accident”; whereas in technical settings the 
emphasis is usually placed on the consequences, in terms 
of “potential losses” for some particular cause, place and 
period. It can be noted that people do not necessarily share 
the same perceptions of the significance and underlying 
causes of different risks. 

Risk assessment

A methodology to determine the nature and extent of risk 
by analysing potential hazards and evaluating existing 
conditions of vulnerability that together could potentially 
harm exposed people, property, services, livelihoods and 
the environment on which they depend.

Comment: Risk assessments (and associated risk 
mapping) include: a review of the technical characteristics 
of hazards such as their location, intensity, frequency and 
probability; the analysis of exposure and vulnerability 
including the physical social, health, economic and 
environmental dimensions; and the evaluation of the 
effectiveness of prevailing and alternative coping capacities 
in respect to likely risk scenarios. This series of activities is 
sometimes known as a risk analysis process.

Sustainable development

Development that meets the needs of the present without 
compromising the ability of future generations to meet 
their own needs.

Comment: This definition coined by the 1987  
Brundtland Commission is very succinct but it leaves 
unanswered many questions regarding the meaning of 
the word development and the social, economic and 
environmental processes involved. Disaster risk is associated 
with unsustainable elements of development such as 
environmental degradation, while conversely disaster risk 
reduction can contribute to the achievement of sustainable  
development, through reduced losses and improved 
development practices.

Technological hazards

A hazard originating from technological or industrial 
conditions, including accidents, dangerous procedures, 

infrastructure failures or specific human activities, that may 
cause loss of life, injury, illness or other health impacts, 
property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage. 

Comment: Examples of technological hazards include 
industrial pollution, nuclear radiation, toxic wastes, dam 
failures, transport accidents, factory explosions, fires, and 
chemical spills. Technological hazards also may arise directly 
as a result of the impacts of a natural hazard event.

Tsunami

A tsunami is a series of ocean waves generated by  
sudden displacements in the sea floor, landslides,  
or volcanic activity.

Volcanic eruptions 

Volcanic eruptions may be mild, releasing steam and gases 
or lava flows, or they can be violent explosions that release 
ashes and gases into the atmosphere. 

Vulnerability

The characteristics and circumstances of a community, 
system or asset that make it susceptible to the damaging 
effects of a hazard.

Comment: There are many aspects of vulnerability, 
arising from various physical, social, economic, and 
environmental factors. Examples may include poor design 
and construction of buildings, inadequate protection of 
assets, lack of public information and awareness, limited 
official recognition of risks and preparedness measures, 
and disregard for wise environmental management. 
Vulnerability varies significantly within a community 
and over time. This definition identifies vulnerability as a 
characteristic of the element of interest (community, system 
or asset) which is independent of its exposure. However, 
in common use the word is often used more broadly to 
include the element’s exposure.

Water Quality

The chemical, physical and biological characteristics  
of water, usually in respect to its suitability for a  
particular purpose. 

Wild-fires 

Wild-fires may be natural processes, human induced 
for agriculture purposes, or just the result of human 
negligence. Wild-fires pose a threat to lives and properties 
and are often connected to secondary effects such as 
landslides, erosion, and changes in water quality.
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Figure 1: Location of Africa’s present-day glaciers, marked with solid red triangles. Redrawn from 
Young and Hastenrath 1991. 

Thematic Focus:  Climate change and Ecosystem management 

Africa without glaciers 

Why is this important? 

Glaciers are a critical component 
of the earth’ system and the 
current accelerated melting and 
retreat of glaciers have severe 
impacts on the environment and 
human well-being, including 
vegetation patterns, economic 
livelihoods, natural disasters, sea 
level  fluctuations and the water 
and energy supply (UNEP 
2008).Glaciers are one source of 
the planet’s freshwater; they store 
and release it seasonally, 
replenishing the rivers and 
groundwaters that provide people 
and ecosystems with life 
sustaining water. Declining glacier 
melt will affect agriculture, 
domestic supplies, hydroelectricity 
and industry in the lowlands and 
cities far from the mountains 
(UNEP 2007). Glaciers’ decline also 
often has an impact in the tourism 
sector, not to mention the general 
aesthetic/visual value they 
provide. 
 
Surprisingly, there are a number 
of glaciers in Africa. They are all 
located in East Africa near the 
equator, and since 1900, have lost 
over 80 per cent of their surface area (Russell and others 2009) (Figure 1).  They sit atop the volcanic mountains of 
Mount Kenya in Kenya and Mount Kilimanjaro in Tanzania, and on the Ruwenzori range in Uganda and the Democratic 
Republic of Congo (DRC). At the end of the 1990s, these glaciers had a total area of about 10.7 km² (Young and 
Hastenrath 1991). These mountains’ flanks are covered with a great range of vegetation types according to the vast 
vertical   differences   in    altitude   and   rainfall.  For  example,  the   eight    ecological   zones  on  the  slopes  of  Mount  
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Kenya range from a cultivated zone below 1 800 m to the Afro-alpine zone (areas above 3 500 to 3 800 m) found above 
most vegetation (UNEP 2009).  
 
Mount Kilimanjaro is 5 895 m high and is located 
in northern Tanzania 300 km south of the equator. 
It is the highest mountain in Africa and the world’s 
highest free-standing mountain. It consists of three 
volcanoes: Kibo, Mawenzi, and Shira. With its ice-
cap gleaming under the tropical sun atop its iconic 
bulk that emerges from the flat plain, it is one of 
the world’s most easily recognized mountains. The 
16 named glaciers and 3 ice fields are arranged 
around the Kibo caldera, while the mountain is 
relatively undissected and has a 95-km-long by 65-
km-wide base (Young and Hastenrath 1991, 
Frömming 2009). 
 
Some 1.5 million people live around Mount Kilimanjaro, of which nearly three quarters depend on its rich natural 
resources for their livelihoods, including farming the fertile volcanic soils (Misana and others 2012). Many are employed 
in the mountain’s busy tourism industry that sees more than 35 000 climbers a year, plus 5 000 day visitors (Mitchell and 
others 2009) and is one of Tanzania’s most important economic sectors (Frömming 2009). 
 
Mount Kenya straddles the equator, 193 km northeast of Nairobi and about 480 km from the Kenyan coast (UNESCO 
n.d.). Its snow-capped peak rises dramatically above the savannah and its silhouette is an iconic symbol of Kenya 
recognized around the world (UNEP 2009). 
 
At 5 199 m, the mountain is Africa’s second-highest. It is the remnant of a large volcano and its diameter from north-to-
south is 100 km, which is just slightly larger than its west-to-east axis. Its ice cap is composed of 10 glaciers that occupy 
the valleys of this very dissected mountain (UNEP 2007). 
 
The mountain attracts thousands of climbers every year and in 2009, some 25 000 people visited Mount Kenya National 
Park (Government of Kenya 2010). In addition to its beauty and contribution to the country’s tourism industry, Mt. 
Kenya is valuable for timber, farmland, and tourism and its forested slopes are a critical water catchment, acting as 
“water towers” for much of the country (UNEP 2009). 
 
The Ruwenzori massif at 5 109 m is popularly called the “Mountains of the Moon”. It is a 50-km-wide block of mountains 
that rises between two faults in the earth’s crust. It straddles the Uganda-DRC border and has a total area of 3 000 km2 
(Russell and others 2009). The range is heavily dissected into valleys and individual mountains that run about 100 km 
northwestwards from the Equator. The range’s central portion contains 25 peaks over 4,500 m, the highest of which is 
the Margherita peak on Mount Stanley, which exceeds 5 000 m (Young and Hastenrath 1991). The Ruwenzori glaciers 
occur on only three of the range’s peaks: Mounts Stanley, Speke and Baker (Klein and Kincaid 2007). In the early 1990s, 
the total glaciated area was about 5 km2 (Young and Hastenrath 1991). Their forested slopes are important water 
sources for the lower plains. 

What are the findings? 
UNEP’s Global Outlook for Ice and Snow (UNEP 2007) reports that “with few exceptions, all the alpine glaciers of the 
world are losing mass and it is predicted that this trend will continue as global warming progresses”. Monitoring of mass 
ice budgets and surface topography has taken place on Mount Kenya for decades, especially on Lewis Glacier, while less 
is known about trends in ice thickness on Kilimanjaro (Hastenrath 2010) and even less about the Ruwenzori glaciers 
(Vidal 2012). There is scientific evidence that during the Pleistocene Epoch (some 2.5 to 11 million years ago), the east 
African mountain glaciers covered several hundred square kilometres (Young and Hastenrath 1991). Africa’s glaciers 
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Figure 2: Trend in the size of Mount Kilimanjaro’s ice cover. 
Source: UNEP 2007 
 

began to recede in the 1880s and between 1906 and 2006, they lost about 82 per cent of their area and the larger 
glaciers became fragmented (UNEP 2007, Hastenrath 2010).  
  
Mount Kilimanjaro 
 
Since at least the 1880s, the ice on Mount Kilimanjaro 
has been retreating both in thickness and in area, with 
the latter’s decline most dramatic (Campbell 2008) 
Compared to 1800 when the ice covered about 20 km2, 
by 2003, the area had shrunk to about 2.51 km2 (Cullen 
and others 2006) (Figures 3 and 4). An estimated 82 per 
cent of the ice cap that crowned the mountain when it 
was first thoroughly surveyed in 1912 is now gone, and 
the remaining ice is thinning as well—by as much as a 
metre per year in one area. According to some 
projections, if recession continues at the present rate, 
the majority of the remaining glaciers on Kilimanjaro 
could vanish in the next decade (UNEP 2005). 
 
 
The ice cover on Kilimanjaro’s Kibo glacier has 
been mapped intermittently since 1912 (Figure 2). 
Since then, research by Thompson and others (2009) 
shows that 85 per cent has disappeared and 26 per cent 
of the ice that remained in 2000 was gone by 2009. 
Between 2000 and 2009, the Furtwängler Glacier thinned 
by about half at the research site, and ice volume on two 
ice fields thinned or shrank by nearly the same volume 
between 2000 and 2007 (Thompson and others 2009). 

 

Figure 2: Outlines of the Kibo (Kilimanjaro) ice fields 1912, 1953, 
1976, 1989, 2000 and 2007. Source: Thompson and others 2009. 
 

Figure 3: Oblique photos showing the loss of ice cover between the 
early 1950s and 1999. Source: UNEP 2007. 

Figure 4: Trend in the size of Mount Kilimanjaro’s ice cover. Source: UNEP 
2007. 
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Mount Kenya 

Only 10 of the 18 glaciers that covered Mount Kenya’s summit a century ago remain, leaving less than one third of the 
previous ice cover. The ice on Mount Kenya has also become thinner. Emerging evidence suggests the decline has 
accelerated since the 1970s (UNEP 2009) (Figures 6, 7 and 8). 

Figure 5: Satellite images from 1976 and 2006 showing the decline of Kilimanjaro’s glaciers (UNEP n.d.). 
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Figure 7: Mount Kenya’s shrinking glaciers. Source: (Young and Hastenrath 1991). 

Figure 6: Satellite images of Mount Kenya’s glaciers, 1976 and 2012. 

Figure 8: Ice loss on Lewis Glacier, 1900s to 2000s.  
Source: (UNEP 2007).   
 
By 2010, Lewis Glacier, the largest on Mt. 
Kenya had decreased by 90% in its volume 
(area) since 1934. The highest rates of ice 
volume loss occurred around the turn of the 
century (Prinz and others 2011). 
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The Ruwenzori range 

 
 
Perpetual clouds over the Ruwenzori range make it difficult to monitor trends in ice cover through aerial or 
satellite photography (Vidal 2012). In addition, few researchers have visited the glaciers for field studies (Klein 
and Kincaid 2007). On one visit in 1974, it was estimated that since 1958, the Speke Glacier had retreated by 
30 to 40 m and shrunk laterally by 10 to 20 m (Young and Hastenrath 1991). 
 
Klein and Kincaid (2007) used a combination of images of the Ruwenzori glaciers to determine the area of ice 
between 1987 and 2006 and found it had decreased by about 50 per cent (from 2.55 km2 to 1.31 km2), 
although uncertainties remain. Satellite images taken in 1995 and in 2012 (Figure 9) show a decline in the 
extent of the glaciers on these mountain peaks. A century ago the glaciers of the Ruwenzori Mountains 
covered nearly 6.5 km2. If they continue to recede, as they have since 1906, some experts project that they 
would be gone in coming decades (UNEP n.d., Barry 2006). 
   

Why are the glaciers retreating? 
The dramatic shrinking of Kilimanjaro’s glaciers has attracted global attention (Thompson and others 2009). In 
the popular mind, it has come to represent the impacts of climate change. Variations in many conditions can 
influence glacial melt, however, including precipitation, temperature, cloud cover, direct evaporation from the 
glacier surface and the mountain’s relief (Young and Hastenrath 1991). The glacial loss on East Africa’s 
mountains beginning in the 1880s is thought to have been due to declining precipitation and less cloudiness 
leading to higher solar radiation. Then in the 20th century, the relative role of higher temperatures occurring 

Figure 9: Satellite images of the Ruwenzori, 1995 (UNEP n.d.) and 2012 

Figure 6: Mount Kenya’s shrinking glaciers. Source: (Young and Hastenrath 1991) 
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over the past decades began to be a matter of debate (Young and Hastenrath 1991) (UNEP 2007). For 
example, Kaser and others (2010) affirm that the primary driver of changes to Mount Kilimanjaro’s Kibo glacier 
over the past 120 years is atmospheric moisture rather than rising local air temperature (Kaser and others 
2010). On the other hand, Thompson and others (2009) confirm that warmer conditions near the surface as 
well as higher temperatures in lower latitudes play important roles in the disappearing ice while noting that 
the lack of temperature records on Kilimanjaro's peak and the recent and short time span of satellite 
observations create some uncertainty.  
 
Studies of the Lewis Glacier on Mount Kenya found that higher temperatures during the 1900s were a greater 
cause of its shrinking than sun exposure (Campbell 2008). Hastenrath (2010) contends that some warming 
during the 20th century and associated rises in atmospheric humidity, along with a possible contribution of 
continued solar radiation forcing are the causes of Mount Kenya’s recent ice losses. 
 
The glacial recession on the Ruwenzori Mountains is most likely because of higher air temperatures and less 
snow accumulation during the 20th century (UNEP n.d.), in contrast to the lack of rainfall thought to play an 
important role on Mount Kilimanjaro (Vidal 2012). It is also possible that decreasing cloud cover over the same 
time period has contributed to vaporization of these glaciers (UNEP n.d.).  

What are the implications? 
In the current scenarios of climate change, the ongoing trend of worldwide and rapid, if not accelerating, 
glacier shrinkage on the century time scale may lead to the deglaciation of large parts of many mountain 
ranges in the coming decades (UNEP 2008). Regardless of the relative contributions the different causes make 
to the shrinking glaciers, if present climatic conditions continue, the African glaciers will disappear within 
several decades, in concert with the retreat of most tropical glaciers throughout the world (Thompson and 
others 2009).  
 
In mountainous regions where glacial melt contributes to river flows, climate change will significantly affect 
associated aquatic ecosystems and the human activities dependent on them. At first, meltwater inputs will 
increase river runoff, but then there will be a sharp decline (UNEP 2007). In Africa, however, the shrinking 
glaciers will have little impact on water resources because glaciers provide modest, if any, water to lower 
elevation streams, as most ice is lost through sublimation; water from the small amount of melting evaporates 
very quickly (UNEP 2009). 
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The major effects of the shrinking of these iconic glaciers will be the loss of ice that is part of the attraction to 
tourists, awed by the beauty of the white-topped mountains in their flat arid landscapes, the novelty of snow 
near the equator and the last opportunity to see the glaciers before they are gone (Campbell 2008). Africa 
contributes very little to global greenhouse gas emissions considered a key driver of climate change, but it is 
highly vulnerable to the impacts. Glacier loss is likely to mean the loss of tourism revenues that are so vitally 
important to the economies of Kenya and Tanzania especially. Policies will need to address how to adapt to 
these impacts, at the same time as they promote economic development without increasing fossil fuel 
dependency and using inefficient technologies. 
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Figure 1: Landsat image showing glaciers of the Himalaya Mountain Range (light blue) and the 
sediment-choked and braided valley of the Brahmaputra River (purple) of Eastern India. High 
Resolution Image - 862KB (GN 2007). 

Thematic Focus:  Climate change, Ecosystem Management 

Measuring glacier change in the Himalayas 

A serious lack of reliable and consistent data severely 
hampers scientific knowledge about the state of 
Himalayan glaciers. As a result, the contribution of glacial 
melt to the Himalayan river basins remains uncertain. This 
is of grave importance because declining water availability 
could threaten the food security of more than 70 million 
people. There is thus an urgent need to improve cross-
boundary scientific collaboration and monitoring of 
glaciers to bridge the knowledge gap and allow policy 
options to be based on appropriate scientific evidence.  

 
Why is this important?  
Seasonal meltwater from the 
Himalayan glaciers is one of the 
main sources of freshwater 
reserves that directly sustain 
people living in the region, 
especially in arid and semi-arid 
areas.  At varying degrees and 
times, about 1.3 billion people 
living in the Himalayan river 
basins rely on both meltwater 
and monsoon waters to sustain 
their livelihoods, mainly for 
irrigation, drinking, sanitation 
and industrial uses (9, 46, 33). Net 
irrigation-water demand is high 
in this region (Table 1), but per 
capita water availability is very 
low — around 2 000 to 3 000 
m3/capita/year — which is far 
less than the   world  average  of 
8 549 m3/capita/year) (38). Based 
on  a    projected    estimate      of  

Karunakar Rayker/Flickr 
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Figure 2: Gangotri Glacier, source of the Ganges, is 
one of the largest glaciers in the Himalayas. It has 
been receding since 1780 and in recent years the 
pace of retreat has accelerated.  (Image from: NASA 
Earth Observatory, Jesse Allen). 
 

glacier area in 2050, it is thought that declining water availability will eventually threaten some 70 million 
people with food insecurity (Table 1) (17). 

The Hindu-Kush Himalayan region, including the Tibetan plateau, also functions as a complex interaction of 
“atmospheric, cryospheric, hydrological, geological and environmental processes that bear special significance 
for the Earth’s biodiversity, climate and water cycles” (48). For example, the region plays a prominent role in 
generating the Asian monsoon system that sustains one of the largest populations on earth (5). These 
ecosystem services from the Himalayan river basins also form the basis for a substantial portion of the region’s 
total Gross Domestic Product (GDP) (9). 

Parameter  Indus Ganges Brahmaputra Yangtze Yellow 
Total population (millions) 209.619 477.937 62.421 586.006 152.718 
Net irrigation water demand 
(mm/yr) 

908 716 480 331 525 

People threatened by food 
insecurity (millions) 

26.3 ± 3.0 2.4 ± 0.2 34.5 ± 6.5 7.1 ± 1.3  

Percentage decrease in mean 
upstream water supply 

 8.4*  17.6 19.6 5.2  

Percentage increase in mean 
upstream rainfall 

25 8 25 5 14 

Table 1: Based on a best guess of glacier area in 2050, this projection shows the number of people in the Himalayan area who could 
be threatened by food insecurity due to changes in the Himalayan glaciers. Increased mean upstream rainfall partly compensates for 
upstream water losses, although net irrigation demand may put more stress on the region’s food security. The Yellow River basin, 
where there is an increase in upstream water yield, is an exception. The Yellow River basin only marginally depends on glacial melt; 
thus there is a notable 9.5 per cent increase in upstream water yield in the basin with an estimate of an increase of 3.0±0.6 million 
people that can be fed in the Yellow River basin. Upstream refers to the area above 2,000 m altitude. (17). * upper Indus 
 
Part of the water flow in these river 
basins depends on snow and glacial 
melt to perennial rivers, such as the 
Ganges, Indus, Brahmaputra, Mekong 
and Yangtze (9). In turn, the amount of 
snow- and ice melt influences runoff 
into lowland rivers and the amounts of 
water recharging river-fed aquifers. 
The greatest dependence is in arid and 
semi-arid areas, such as western China, 
northeastern Afghanistan, Uzbekistan 
and parts of Pakistan (17, 37). 
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In Western China, 25 per cent of the population directly depends on meltwater in 
the dry season (47); there is less dependence in monsoon-dominated regions (8).  

Despite the key role meltwater plays in people’s livelihoods and on the region’s 
ecosystem services, such factors as annual amounts of ice and snow melt, its 
seasonal and spatial variability, as well as the contributions of precipitation to 
these basins, have not been clearly enumerated (24).  

The State of Knowledge  

Are the glaciers retreating, and if so, is climate change the cause?  

Many studies state that the melting of glaciers is a clear indicator of climate 
change (46, 20) and note that glacier change is the most visible and obvious 
indicator of changing temperatures (1, 43). Temperatures at some locations in the 
Himalayan region have risen faster than the global average. From 1982 to 2006, 
the average annual mean temperature in the region increased by 1.5 °C with an 
average increase of .06 °C per year, although the rate of warming varies across 
seasons and ecoregions (34). It stands to reason that the rising temperature in the 
Himalayas would affect glacier melt (3). However, uncertainty about the current 
state of Himalayan glaciers (4) and the future state of the climate, as well as an 
incomplete understanding of the processes affecting Himalayan glaciers under 
the current climate, make any projections of climate change’s impact on glaciers 
uncertain as well (2, 23, 17, 39). 

Issues related to Himalayan glaciers have become a major focus of public concern 
and scientific debate (4). In spite of recent attempts to address the knowledge 
gaps on the state of Himalayan glaciers, the findings still show inconsistencies, as 
illustrated in the following examples: 

 Analyses by Bolch and others (2012) and Gardelle and others (2012) have 
shown gains in the glaciers of the central Karakoram region (Figures 3) 
(4,12), although the complex behaviour of the glaciers is still unclear;  

 Jacob and others (2012) estimated glacial melt to be 4±20 Gigatons (Gt) 
per year for 2003-2010 (22). This amount is significantly lower than the 
estimate of 47±12 Gt per year for 2003-2009 by Matsuo and Heki (2010) 
in High Mountain Asia (HMA) (27); both studies used the Gravity Recovery 
and Climate Change Experiment (GRACE) (1 Gt water is equivalent to 1 
km3);   

 Many glaciologists (30) remain skeptical about the GRACE results (above);  
 Scherler and others (2011) report that 50 per cent of observed heavily 

debris-covered glaciers in the westerlies-influenced Karakoram region 
show advancing or stable conditions (32); 

 Contrary to the aforementioned report, a recent study by Gardelle and 
others (2012) reveals that high rates of ice loss can occur on debris- Sam Judson/Flickr.com 
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Figure 3: Most of the Himalayan glaciers show 
retreat since the mid-19th century, except the 
glaciers at Nanga Parbat in the northwest (RA, 
CL) and glaciers in the Karakoram, which show a 
complex behaviour (4). 

covered glacier tongues (12). Similarly, Bolch and others (2012) noted that the debris-covered area has 
increased indicating negative mass balance (4).  
  

Despite inconsistencies in the published 
research, there is overall agreement that 
scenarios indicate a general decrease in 
ice volumes in HMA (23, 17). Widely-
quoted findings from the entire region 
show that glacier  retreats occurred 
mostly in the east (4), (Figure 3), 1, 26, 15, 
25), while in the west, the glaciers’ 
responses are complex, especially 
around the Karakoram region.  Since the 
1990s, expansion of some larger glaciers 
has been observed in the central 
Karakoram (18, 14); and some have 
advanced and thickened (12, 32, 7) 
indicating an apparently atypical climatic 
response (23). The current behaviour of 
Karakoram glaciers prevents drawing 
conclusions about how the glaciers will 
continue to respond in the Karakoram 
region in the future (28).   

ErikTorner/Flickr.com 

Raid-De-Himalaya/Flickr.com 
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The variability in trends across the entire Himalayan region is because accumulation and ablation patterns are 
distinctly uneven (Figure 4). For example, there is accelerated glacier wastage in humid environments but it is 
suppressed in arid ones (10). Glaciers within the same climatic zone do not necessarily respond in a similar 
manner, and exhibit their own individual behaviour (19). In addition, the environmental setting of the 
Karakoram is different from the eastern part of the Himalaya region (Figure 5). — it is colder and its latitude is 
up to ten degrees farther north than Nepal (19) (Figure 4). And the western Himalaya and Karakoram lie outside 
the region dominated by the Indian Monsoon. 

 Figure 4: While data are lacking for a good understanding of the patterns of change in the glaciers of the Himalayas, there are some 
generalizations that can be made about the different regions of this vast area. Zone 1 – Mainly in Afghanistan, this area has relatively 
stable or very slowly retreating glaciers. Zone 2: The Northwestern Himalayas including the Karakoram have highly varied glacier 
behaviour, with many surge glaciers, many advancing, stable, and retreating snouts and comparatively few large lakes. Glaciers in the 
Pamir Mountains of Tajikistan are generally retreating while further south, behaviour of the Karakoram glaciers is mixed, but lacking 
wholesale, rapid disintegration of glacier tongues and rampant lake growth. Zone 3: Mainly in India, southwestern Tibet and western 
Nepal, this area has mainly stagnating, retreating snouts and time variability with periods of slower retreat for some glaciers during 
parts of the 20th and 21st centuries. There are fewer lakes than in the eastern Himalayas, but large lakes may be a growing 
phenomenon as glaciers thin and tend to stagnate. Zone 4: Mainly Nepal, Bhutan, Sikkim and southeastern Tibet, this area has many 
large glacier lakes, especially since the 1960s. Many glaciers are rapidly disintegrating as they stagnate and thin. Glaciers on the south 
side generally have more debris cover than they do on the north side (23).  Background image from NASA Blue Marble MODIS data. 

Yaklela/Flickr.com Thothormi Glacier, Bhutan 
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Figure 5:  Climatic variations in the Himalaya region. The climate differs between the east and west and between the north and south, 
with variations in sources and type of precipitation and in glacier behaviour and dynamics. There is no sharp dividing line along the      
2 000 km-long stretch between the east and west (1, 23). Background image from ESRI ArcGlobe 10.0.    

 
Contribution of glaciers to hydrology in the Himalayan basins 
There has been no long-term comprehensive in-situ monitoring of glacial melt contributing to the knowledge 
of hydrology in the river basins of the Himalayan region. As a result, studies on glacial melt that describe a 
basin’s hydrology lack direct evidence and sometimes appear to be inconsistent (1, 24). This has led to a change 
in perception about the level of threat, and doubts have arisen that melting glaciers provide a key source of 
water in downstream areas across the entire Himalayan region. Earlier estimates are now thought to have 
been far too large and plagued by conflicting results and inadequate, highly qualitative or simply local-scale 
evidence. As a result, the situation has been downplayed more recently as the threat was seen to be less acute 
than foreseen earlier (1, 17) (see Table 1). Kargel and others (2010) note that “glaciers are vitally important but 
widely exaggerated water resources” (23). The numbers of people affected were also downplayed as reports 
on the vulnerability of hundreds of millions or billions of people who depend directly on meltwater were 
revised to millions of people (23).  Some studies, such as the following, even showed that flows into some 
basins are mostly driven by precipitation:  

 Runoff due to glacial melt is minor in the wetter monsoon catchments of the Ganges and Brahmaputra 
but more substantial in the drier westerly-dominated headwaters of the Indus (17 , 24);   

 In glaciated regions with winter accumulation, where an earlier peak of spring snowmelt is expected, 
the monsoon-influenced catchments will maintain peak discharge in summer even with significant 
reduction in glacier size (17 , 24);  

 Inter-annual runoff variation in the Himalayan glacier catchment is driven more by precipitation than by 
the mass balance change of glaciers (36);  

 In the Dokriani glacier, winter snowfall has a more pronounced effect on headwater runoff variability 
than the variation produced by runoff from a receding glacier (37). 
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Figure 6: Predicted percentage of glacial melts contributing to basin flows in the 
Himalayan basins  (Source: predicted percentage flow data from Xu and others 2008 (44). 
Shape files superimposed on background image from ESRI ArcGlobe 10.0).                                                                       
 
 
 
 
 
 
 
 
 
 

In addition, a widely cited estimate 
shows considerable variation in the 
contribution of meltwater across the 
river basins fed by Himalayan glaciers (9, 
44) (Figure 6), although this varies 
seasonally and spatially. The importance 
of meltwater contribution also varies by 
basin: it is extremely important to the 
Indus basin, important for the 
Brahmaputra basin, but plays modest 
roles for the Ganges, Yangtze and 
Yellow Rivers (17). By region, meltwater 
contributes 30 per cent to the total 
water flow in the eastern Himalayas, 50 
per cent in the central and western 
Himalayas and 80 per cent in Karakoram 
(46). Likewise, Rees and Collins (2006) 
show that if all the Himalayan glaciers 
were to disappear, there would be 
about a 33 per cent reduction in annual 
mean flow in the west compared to the 
1990 level, whereas the decline in the 
east would be only about 4-18 per cent 
(31).  

What are the implications? 

Scientific assessments and appropriate policy action remain problematic due to significant uncertainties on 
glacier changes in the Himalayas. However, available data suggest that the Indus and Brahmaputra Rivers are 
most susceptible to flow reductions due to the extent to which climate change is predicted to affect water 
availability; in turn, this threatens food security in those regions (Table 1) (17). For example, the Indus River, 
which has one of the world’s largest irrigation networks, is Pakistan’s primary source of freshwater and can 
been seen as its lifeline. About 90 per cent of Pakistan’s agriculture depends on the river and much of the 
world’s cotton comes from the Indus River Valley. On average, about 737 billion gallons of water are being 
withdrawn from the Indus River annually to grow cotton (enough water to supply Delhi residents for more than 
two years). In addition, the river is used for hydropower generation in Pakistan and India. Glacial melt 
contributes as much as half of the region’s flow (41, 42). Also, meltwater is crucial for upstream reservoirs to 
store and release water to downstream areas when most needed. The Indus Basin Irrigation System gets its 
water supply from the Tarbela dam on the Indus River and the Mangla dam on the Jhelum River, both of which 
are located in the upper Indus basin and are fed largely by glacier meltwater. This shows that any change in the 
discharge from melting glaciers will have a considerable effect on the millions of people living downstream (17).  

An urgent need for appropriate monitoring  
The scientific quality of assessments on the state and trends of Himalayan glaciers relies to a large extent on 
the availability of an adequate coverage of long-term and comprehensive data (1). Data and information on 
Himalayan glaciers, however, are sparse and lack consistency, multi-temporal recording and field-validation; 
thus, rates of change for the entire region are unknown (23, 6). The region has been known as a “white spot”, a 
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term used in the IPCC 2007 Assessment Report to refer to an area for which there are “little to no data” (40). 
The IPCC reports also note an urgent need for more information, especially about water use, the role of 
altered flow regimes and changes in ice cover, which have been less studied than temperature effects (20). 
Also, total glacier behaviour is not systematically monitored. For example, the complex flow dynamics of 
glaciers is not yet fully understood, due in large part to their physical complexity and spatial diversity. The 
focus has often been on the influence of climate on glaciers to the neglect of ice dynamics (1). Predicting the 
behaviour of glaciers is further complicated when they terminate in glacial melt lakes such as these in Bhutan 
(Figure 7). 
 

Figure 7: The water can float the terminus releasing it from the resistance of the land surface and accelerating its flow. The feedback 
of increased lake levels on the flow rate can create a positive feedback loop. Rising water levels in glacial lakes can lead to 
catastrophic floods. The Lunana area shown above has experienced several such disasters in the past 50 years (21).    
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Figure 8: Monitoring stations in the Hindu-Kush Himalayan (HKH) region. The World 
Glacier Monitoring Service record shows only 97 monitoring stations in the HKH 
region in May 2011 (16). 

 

Figure 9: Monitoring stations above 3 500m in HKH region; there are only two snow 
monitoring stations (16). 

This has constrained in-depth investigation of vulnerability and adaptation to climate change, which have 
become central to climate science and policy (35). This is especially the case in attempts to understand the 
food, water and energy security implications for the people living in the basins who depend directly on 
meltwater, either seasonally or as an overall component of their water budget, and how they are affected by 
climate change in their mountainous environment (13). 

 Although monitoring coverage of 
Himalayan glaciers is improving, it is 
not yet sufficient to fill the knowledge 
gaps. There are still constraints, such 
as variable retreat rates, poor glacier 
mass-balance data (32) and a lack of 
systematic long-term in-situ 
measurement (11). In addition, 
available data are not always 
accessible, especially on 
transboundary water sharing, often 
for reasons “that concern politics and 
diplomacy rather than science” (29). 
Available measurements mostly come 
from easily accessible glaciers at lower 
elevations (1); (also see Figure 8 and 
9). Out of an estimated 12 000 to      
15 000 glaciers in the Himalaya range 
alone, only a very few have adequate 
mass-balance data (4, 1).  Thus, experts 
have recognized the need for greatly 
increased long-term measurements of 
glacier mass balance in the region to 
build a reliable understanding of the 
more important long-term trend (23, 1, 
39).  

Remaining challenges for the 
Himalayan region 

This report shows that scientific 
studies and evidence are currently 
inadequate to assess the status and 
trends of Himalayan glaciers. This in 
turn, hampers the development of 
future projections on likely impacts on 
both people and ecosystems, and 
hinders effective action to adapt to 
anticipated changes in the Himalayan 
region.  
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This report also notes that a greater focus on glacier assessments in the Himalayas appears to have led to a 
tendency to ignore policy-relevant information because of its uncertainty. Hence, effective communication 
between the scientific community and policymakers is urgently needed to relay available knowledge about the 
potential impacts of changes in glaciers on the region’s hydrology and environment and on the livelihoods of 
millions of people. More importantly, there is a need to communicate associated knowledge gaps in a clear 
and useful way, thus resulting in better decision making.  

The region needs more and better monitoring of glaciers and subsequently a state-of-the-science assessment 
on glacier change that produces robust scientific findings to better understand the complexities of those 
changes and to reduce scientific uncertainty. In particular, transboundary scientific cooperation is needed to 
accurately assess regional climate change impacts on Himalayan glaciers and to fill knowledge gaps by 
providing scientific findings to the policy community based on the best scientific understanding of the issues 
(48, 44, 45). 
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Thematic Focus: Climate change, Resource efficiency and Ecosystem management 

Growing greenhouse gas emissions  
due to meat production 
Both intensive (industrial) and non-intensive (traditional) forms of meat production result in the release of greenhouse 
gases (GHGs), contributing to climate change.  As meat supply and consumption increase around the world, more 
sustainable food systems must be encouraged. 
 

Why is this issue important? 

For many thousands of years, mankind has lived in 
close proximity with numerous animal species, 
providing them with food and shelter in exchange 
for their domestic use and for products such as 
meat and milk, feathers, wool and leather. As the 
economy in some (mostly western) countries 
slowly grew, industrial style agriculture replaced 
traditional small-scale farming. Pasturage and use 
of animal manure as fertilizer was abandoned. The 
increasing efficiency of industrial agriculture has 
led to reduced prices for many of our daily 
products. It helped to reliably nourish large 
populations, and turned a food that was an 
occasional meal - meat - into an affordable, every-
day product for many (Figure 1). 
 

However, the true costs of industrial agriculture, and specifically “cheap meat”, have become more and more evident. 
Today, “the livestock sector emerges as one of the top two or three most significant contributors to the most serious 
environmental problems” (Steinfeld et al. 2006). This includes stresses such as deforestation, desertification, “excretion 
of polluting nutrients, overuse of freshwater, inefficient use of energy, diverting food for use as feed and emission of 
GHGs” (Janzen 2011). Perhaps the most worrisome impact of industrial meat production, analyzed and discussed in 
many scientific publications in recent years, is the role of livestock in climate change. The raising of livestock results in 
the emission of methane (CH4) from enteric fermentation1 and nitrous oxide (N2O) from excreted nitrogen, as well as 
from chemical nitrogenous (N) fertilizers used to produce the feed for the many animals often packed into “landless” 
Concentrated Animal Feeding Operations (CAFOs) (Lesschen et al. 2011, Herrero et al. 2011, O’Mara 2011, Janzen 2011, 
Reay et al. 2012). 

                                                           
1 In the normal livestock digestive process microbes in the animal’s digestive system ferment food, converting plant material into 
nutrients that the animal can use. This fermentation process, known as enteric fermentation, produces methane as a by-product. 

Figure 1: Growth of population and meat supply, indexed 1961=100 (FAO 
2012a, UN 2012) 
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What are the findings? 

Meat Supply 

Meat supply varies enormously from 
region to region, and large differences 
are visible within regions (Figure 2-4). 
The USA leads by far with over 322 
grams of meat2 per person per day 
(120 kg per year), with Australia and 
New Zealand close behind. Europeans 
consume slightly more than 200 grams 
of meat (76 kg per year); almost as 
much as do South Americans 
(especially in Argentina, Brazil and 
Venezuela). Although Asia’s meat 
consumption is only 25 per cent of the 
U.S. average (84 grams per day, 31 kg 
per year), there are large differences, 
for example, between the two most 

populous countries: China consumes 
160 grams per day, India only 12 grams 
per day. The average meat 
consumption globally is 115 grams per 
day (42 kg per year). 

 

 

 

 

 

 

 

 

 

 

                                                           
2 Roughly, the equivalent of three hamburgers. 

Figure 2: Meat supply around the world (kg/capita/year) (FAO 2012a) 
 

 

 

Figure 3: Meat supply (g/capita/day and tonnes) for selected countries/regions (FAO 2012a) 
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Over the past few decades, meat 
supply has grown in most of the 
world’s regions (Figure 4), with 
Europe being the main exception. 
The growth in per capita 
consumption is strongly linked to 
increasing levels of income in many 
countries of the world (Figure 5). 
Higher incomes translate into 
demand for more valued, higher 
protein nutrition (Delgado et al. 
1999). The effect of increased 
income on diets is greatest among 
lower- and middle-income 

populations (WRI 2005). One of the 
fastest growing meat consuming 
regions is Asia, particularly China. 
Total meat consumption has 
increased 30-fold since 1961 in Asia, 
and by 165 per cent since 1990 in 
China. Per capita meat consumption 
has grown by a factor of 15 since 
1961 in Asia and by 130 per cent 
since 1990 in China (FAO 2012a). 

Not only has per capita consumption 
grown, but there are also millions 
more consumers of meat. The global 
human population grew from 
around 5 billion in 1987 to 7 billion 
in 2011, and is expected to reach 9 
billion people in 2050. Thus, the total 
amount of meat produced climbed 
from 70 million tonnes in 1961 to 
160 million tonnes in 1987 to 278 
million tonnes in 2009 (FAO 2012a), 
an increase of 300 per cent in 50 
years (Figure 1). The FAO (Steinfeld 
et al. 2006) expects that global meat 
consumption will rise to 460 million 
tonnes in 2050, a further increase of 
65 per cent within the next 40 years.  

Figure 4: Trends in meat supply for selected countries/regions between 1961 and 
2009 (FAO 2012a) 

Figure 5: Per capita income versus meat consumption (FAO 2012a, World Bank 2012) 
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The role of (animal) agriculture in climate change 

Agriculture, through meat production, is one of the main contributors to the emission of greenhouse gases (GHGs) and 
thus has a potential impact on climate change. Estimates of the total emissions from agriculture differ according to the 
system boundaries used for calculations. Most studies attribute 10-35 per cent of all global GHG emissions to agriculture 
(Denman et al. 2007, EPA 2006, McMichael 2007, Stern 2006). Large differences are mainly based on the exclusion or 
inclusion of emissions due to deforestation and land use change. 

Recent estimates concerning animal agriculture’s share of total global GHG emissions range mainly between 10-25 per 
cent (Steinfeld et al. 2006, Fiala 2008, UNEP 2009, Gill et al. 2010, Barclay 2012), where again the higher figure includes 
the effects of deforestation and other land use changes and the lower one does not. According to Steinfeld et al. (2006) 
and McMichael et al. (2007), emissions from livestock constitute nearly 80 per cent of all agricultural emissions. 

Types of emissions 

In contrast to general trends of GHG emissions, Carbon dioxide (CO2) is only a small component of emissions in animal 
agriculture. The largest share of GHG emissions is from two other gases: methane (CH4) and nitrous oxide (N2O). These 
are not only emitted in large quantities, but are also potent greenhouse gases, with a global warming potential (GWP3) 
of 25 using a 100-year timeframe for methane and a GWP of 296 for N2O. 

Globally, about 9 per cent of emissions in the entire agricultural sector consist of CO2, 35-45 per cent of methane and 
45-55 per cent of nitrous oxide (WRI 2005, McMichael et al. 2007, IPCC 2007) (Figure 6). 

 

The main sources of CH4 are the enteric fermentation of ruminants and releases from stored manure, which also emits 
N2O. The application of manure as well as N fertilizers to agricultural land increases emissions of N2O. Furthermore, N2O 
as well as CO2 are released during production of chemical N fertilizers. Some CO2 is also produced on farms from fossil 
fuels and energy usage and, as some authors highlight, by the exhalation of animals, which is generally not taken into 
account (Goodland and Anhang 2009, Herrero et al. 2011). Additionally, deforestation and conversion of grassland into 
agricultural land release considerable quantities of CO2 and N2O into the atmosphere, as the soil decomposes carbon-

                                                           
3 GWP compares other gases’ warming potency to that of CO2, which has its GWP set at 1. 

Figure 6: GHG emissions from agriculture (WRI 2005) 
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rich humus (FAO 2010). In Europe (the EU-27), for example, enteric fermentation was the main source (36 per cent) of 
GHG emissions in the livestock sector, followed by N2O soil emissions (28 per cent) (Lesschen et al. 2011). Livestock are 
also responsible for almost two-thirds (64 per cent) of anthropogenic ammonia emissions, which contribute significantly 
to acid rain and acidification of ecosystems (Steinfeld et al. 2006). 

Amount and geographic distribution of bovine animals and emissions 

Cattle are by far the largest contributors to global enteric CH4 emissions, as they are the most numerous and have a 
much larger body size relative to other species such as sheep and goats. Out of the 1.43 billion cattle (FAO 2012a) 
(Figure 7) in 2010, 33 per cent were in Asia, 25 per cent in South America and 20 per cent in Africa. Asia is the main 
source of CH4 emissions, with almost 34 per cent of global emissions (Figure 8). China is a major source of enteric 
emissions and, while Indians are low meat consumers, India as a country also has high levels of CH4 emissions. Latin 
America follows with 24 per cent and Africa with 14.5 per cent. China, Western Europe and North America are the 
regions with the highest emissions from manure. 

 

 

 

 

 

 

 

 

Figure 7: Bovine density distribution worldwide (FAO 2012b) 
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Emissions for a meal 

In an analysis of the EU-27 countries, “beef had by far the highest GHG emissions with 22.6 kg CO2-eq/kg” 4 (Lesschen et 
al. 2011) in comparison to other products such as pork (2.5), poultry (1.6) and milk (1.3). A study in the UK found that 
emissions from beef amount to 16 kg CO2-eq/kg beef compared to 0.8 kg CO2-eq/kg of wheat (Garnett 2009). In an 
analysis of commonly consumed foods in Sweden, the total GHG emissions for beef summed up to 30 kg CO2-eq/kg beef 
(Carlsson-Kanyama and González 2009).The authors conclude that “it is more ‘‘climate efficient’’ to produce protein 
from vegetable sources than from animal sources”, and add that “beef is the least efficient way to produce protein, less 
efficient than vegetables that are not recognized for their high protein content, such as green beans or carrots”. In terms 
of GHG emissions “the consumption of 1 kg domestic beef in a household represents automobile use of a distance of 
~160 km (99 miles)” (Carlsson-Kanyama and González 2009). By one estimate, about 35 kilojoules (kJ) of fossil energy 
are required to produce 1 kJ of beef raised in a CAFO/feedlot (Hillel and Rosenzweig 2008). 

Animal Feed and Manure 

Under natural conditions which were maintained for thousands of years and still widely exist around the world, there is 
a closed, circular system, in which some animals feed themselves from landscape types which would otherwise be of 
little use to humans (Garnett 2009, UNEP 2012). They thus convert energy stored in plants into food, while at the same 
time fertilizing the ground with their excrements. Although not an intensive form of production, this co-existence and 
use of marginal resources was, and still is in some regions, an efficient symbiosis between plant life, animal life and 
human needs (Godfray et al. 2010, Janzen 2011). 

In many parts of the world “traditional” forms of animal agriculture have to a certain extent been replaced by a 
“landless”, high-density, industrial-styled animal production system, exemplified by the phenomenon known as 
Concentrated Animal Feeding Operations (CAFO). Those “factories” hold hundreds or thousands of animals, and often 
buy and import animal feed from farmers far away. The feeding of livestock, and their resulting manure, contributes to a 

                                                           
4 The term “CO2 equivalent” is a metric measure used to compare the emissions from various greenhouse gases on the basis of their 
global-warming potential (GWP), by converting amounts of other gases to the equivalent amount of carbon dioxide with the same 
global warming potential (Eurostat n.d.). 

Figure 8: Regional emissions of major agricultural greenhouse gases (million tonnes of CO2-eq/year) 
(EPA (2006) and O’Mara (2011), re-expressed by the author) 
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variety of environmental problems, including GHG emissions (Janzen 2011, Lesschen et al. 2011). High-energy feed is 
based on soya and maize in particular, cultivated in vast monocultures and with heavy use of fertilizers and herbicides. It 
is then imported (at least in Europe and most parts of Asia) from countries as far away as Argentina and Brazil (Steinfeld 
et al. 2006). This has serious consequences in terms of land-use change in those feed-for-export production countries. 
Furthermore, this manure is generated in huge quantities. In the USA alone, operations which confine livestock and 
poultry animals generate about 500 million tonnes of manure annually, which is three times the amount of human 
sanitary waste produced annually (EPA 2009). Insufficient amounts of land on which to dispose of the manure results in 
the runoff and leaching of waste into and the contamination of surface and groundwater. 

What are the implications and potential solutions? 

Livestock in many regions of the world, and especially in dry areas, act as a “savings bank” (Oenema and Tamminga 
2005): a principal way of making use of a harsh environment, a “setting aside” of food (and more generally, the value of 
this resource) for dry times, a main source of high-protein food. It contributes important non-food goods and services. 
Livestock rearing and consumption in these regions is a way of life, critical to pastoralists’ identity, and should be 
protected and supported. 

At present, the ecological foundations of agriculture are being undermined (UNEP 2012). At the same time, industrial 
agriculture is itself contributing to environmental problems such as climate change. However, there are mitigation 
techniques to reduce the impact of both intensive and non-intensive animal production on climate (McMichael et al. 
2007, Gill et al. 2010, O’Mara 2011, Lesschen et al. 2011). Most of these are related to soil carbon sequestration,5 
“which was estimated to contribute 89 per cent of the technical mitigation potential” (O’Mara 2011). Many of them 
have costs of implementation substantially reducing their potential. A reduction of non-carbon dioxide emissions of up 
to 20 per cent should, however, be possible at realistic costs (McMichael et al. 2007). Other mitigation solutions include 
improved feedstock efficiency and diets; the reduction of food waste and improved manure management (Steinfeld et 
al. 2006, McMichael et al. 2007). Farm scale and landscape scale strategies for making agriculture more sustainable are 
further outlined in Avoiding Future Famines (UNEP 2012). 

Changes in human diet may also be a practical tool to reduce GHG emissions. As a large percentage of beef is consumed 
in hamburgers or sausages, “the inclusion of protein extenders from plant origin would be a practical way to replace red 
meats” (Carlsson-Kanyama and González 2009). A switch to less “climate-harmful” meat may also be possible, as pigs 
and poultry produce significantly less methane than cows. They are however more dependent on grain and soy-products 
and may thus still have a negative impact on GHG emissions (Barclay 2012). Grass-fed meat and resulting dairy products 
may be more environmentally friendly than factory-farmed or grain-fed options. Labeling of products, indicating the 
type of animal feed used, could allow consumers to make more informed choices (FOE 2010). 

Scientists agree that in order to keep GHG emissions to 2000 levels the projected 9 billion inhabitants of the world (in 
2050) need to each consume no more than 70-90 grams (McMichael et al. 2007, Barclay 2012) of meat per day. To meet 
this target, substantial reductions in meat consumption in developed countries and constrained growth in demand in 
developing ones would be required. A reduction in the consumption of meat, especially red meat, could have multiple 
health benefits, as there is clear evidence of a link between high meat diets and bowel cancer and heart disease (FOE 
2010). A study modeling consumption patterns in the United Kingdom estimates that a 50 per cent reduction in meat 
and dairy consumption, if replaced by fruit, vegetable and cereals, could result in a 19 per cent reduction in GHG 
emissions and up to nearly 43,600 fewer deaths per year in the UK (Scarborough et al. 2012). However, the health 

                                                           
5 Soil carbon sequestration is the process of capturing atmospheric CO2 and storing it over long time in the soil. 
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effects of nutrient deficiencies that may result from reduced meat and dairy consumption still would need to be 
examined. 

In short, the human health implications of a reduced meat diet need further exploration, but it seems probable that 
many benefits would accrue from lower consumption rates in many developed and some developing countries. At the 
same time, reduced meat production would ease both pressures on the remaining natural environment (i.e. less new 
land clearance for livestock) and on atmospheric emissions of CO2, CH4 and N2O.  As changing the eating habits of the 
world’s population will be difficult and slow to achieve, a long campaign must be envisioned, along with incentives to 
meat producers and consumers to change their production and dietary patterns. “Healthy” eating is not just important 
for the individual but for the planet as a whole. 
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Figure 1:  Technically recoverable shale gas reserves in trillion cubic metres (tcm) in the top 18 countries. 
Data source: Royal Society, 2012; cartography by UNEP/GRID-Geneva. 
 

Thematic Focus:  Resource Efficiency, Harmful Substances and Hazardous Waste 
 

Gas fracking: can we safely squeeze the rocks? 
Hydrological fracturing techniques have made accessible vast unconventional 
gas reserves. However, observed impacts on the environment and human 
health raise legitimate public concerns. The potential climate benefits of coal-
to-gas substitution are both less clear and more limited than initially claimed. 
The question of whether to allow or ban gas fracking needs to be carefully 
assessed by relevant authorities. A review of current related policies and 
regulations is critically needed. 

Why is this issue important? 

Fossil fuels are the world’s main source of energy, accounting for 81% of global primary energy use in 2010 
(IEA, 2011). However, as conventional reserves are depleted (IEA, 2010) and demand for energy rises, there is 
increasing pressure to exploit unconventional energy sources (UNEP, 2011a; UNEP, 2011b). Hydraulic 
fracturing (or fracking) is a gas extraction technique used in low permeable rocks. This is referred as 
unconventional gas (UG) production. UG has triggered both strong opposition and heightened economic 
interest.   
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There is enough UG world-wide to increase gas from 13% of global energy resource base in 2009 to 25 % in 
2035 (IEA, 2011; IEA, 2012), ranking gas as the second most important source of exploitable energy after oil 
(IEA, 2012). As the geographic distribution of UG differs from that of conventional fossil energy resources, it 
changes the dynamics of the international geopolitics of energy (Milosevic and Markovic, 2012). Countries 
which are largely dependent on foreign imports to meet their energy supply might look at local UG as one way 
to decrease their dependency. In several cases, the development of UG would enable certain countries to 
achieve greater energy independence, making the exploitation of UG reserves highly attractive to some 
governments. 
 
While offering economic and energy security benefits, UG production presents considerable environmental 
risks. These range from potential water and soil contamination from surface leaks or from improperly 
designed well-casing, to spills of improperly treated water, increased competition for water usage, and 
fugitive emissions of gas with implications for the global climate. A number of other issues, related to 
environmental degradation, can also occur including air pollution from volatile contaminants, noise pollution, 
negative impacts on ecosystems, biodiversity losses and landscape disruption. 
 
Proponents of UG development present it as a cleaner alternative to coal that could reduce greenhouse gas 
(GHG) emissions (Burnham et al., 2011). However, this assertion has been increasingly challenged by a number 
of recent studies showing both less clear and more limited benefits than initially claimed (Wigley, 2011; 
Hultman et al., 2011a; Howarth et al., 2011b). Ultimately the question of coal-to-gas substitution is a 
misguided debate, as none of the scenarios leads to satisfying results to limit global warming. Comparisons 
should be made with other alternative energy such as hydro, solar and wind. 
 
What is unconventional gas? 
Both conventional and unconventional gas are natural gas - what differentiates the two are their geophysical 
locations and how they are extracted. While conventional gas (CG) is located in permeable rocks and can 
escape freely after drilling, UG is trapped in insufficiently permeable rock formations, such as shale, tight 
sands and coal beds (also called coal seam gas in Australia), that need to be fractured in order to release gas in 
commercial quantities. Hydraulic fracturing, often shortened to fracking (or fraccing), is a process that injects a 
large amount of fluids (water with chemicals and sand) at high pressures into rock formations to fracture 
them, enabling compounds such as gas that are held tightly inside to be released (IEA, 2012). These 
techniques have generally only been economically viable since the mid-1990s, but have recently become even 
more appealing (Arthur et al., 2008). A combination of factors, including technological advance, desire to 
decrease dependence from foreign energy, new geopolitical realities (Milosevic and Markovic, 2012) and high 
oil prices, have made unconventional gas and subsequently hydraulic fracturing particularly attractive. 
 
Most of UG is trapped deep inside of shale formations (shale gas) at depths between 1500 to 3000 metres 
(Boyer et al., 2006). A typical horizontal well has an average lateral extension of 1400 m (maximum of 3000 m) 
(Santoro et al., 2011). The rock is hydraulically fractured multiple times every 100 metres along this horizontal 
extent. These fractures can extend between 150 and 250 metres perpendicularly from the horizontal well and 
should, in theory, not propagate vertically more than the thickness of the gas-producing layer.  Several 
horizontal lateral bores can extend from a vertical well (Santoro et al., 2011). 
 
Coalbed methane (CBM), also known as coal seam gas, coalbed gas, or coal mine methane, is methane held 
within the solid matrix of coal seams, usually located in shallow geological settings in comparison with shale. 
Depths of 800 to 1200 metres are typical, but CBM can also be found at as little as 100 metres below the 
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surface. In such shallow settings, it is more economical to drill using several vertical wells rather than 
horizontal wells, resulting in multiplying the number of wells and thus having a larger footprint on land. 
Exploitation of CBM may lead to higher venting (gas freely released into the atmosphere) of methane as 
compared with shale gas and being at shallower depth, requires higher caution to avoid infiltrations in the 
water table (IEA, 2012). Water is also often present in CBM and needs to be removed. This “produced” water 
must be properly treated and disposed of, so as to prevent spills and land or soil contamination.  
 
World reserves 
As of 2010, world production of UG was about 472 billion cubic metres (bcm), 89% of which is produced in 
North America (USA: 76%; Canada 13%) (IEA, 2012). However, this resource is widely available globally (see 
Figure 1) – estimated total technically recoverable reserves amount to 420 trillion cubic metres (tcm), with 
shale gas estimated at 208 tcm, tight gas at 76 tcm and CBM at 47 tcm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 
 
Unconventional gas accounts for 44% of total possible gas production with existing technologies, shale gas 
representing two-thirds of UG sources or 28% of total technically recoverable gas (IEA, 2012). While Eastern 
Europe, Eurasia (incl. Russia) and the Middle East are estimated to hold 61% of CG, these regions account for 
only 16.6% of UG; all the other regions have a larger proportion of UG as compared with CG (Figure 2). Due to 
this distribution, growing development of UG reserves will create a shift in global energy supply. 
 
Due to population growth, increase in individual demand, new demand from emerging economies and 
depletion of oil reserves, global demand for gas may grow by 45% to 50% by 2035 (IEA, 2012; Howarth et al., 
2011a), and according to IEA, the production of UG could more than triple to reach 1600 bcm per year, with 
the new largest developments expected in Australia, China, India, Indonesia and Poland. UG could rise from 
14% in 2010 to 32% of gas production by 2035 (IEA, 2012). Despite these prospects, UG faces an uphill struggle 

Figure 2:  Global remaining technically recoverable gas by types in per cent (left) and by types and regions, in 
tcm (right). Data source: IEA (2012); graph by UNEP/GRID-Geneva. 
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in gaining public acceptance and, given public health and environmental concerns, UG’s future potential may 
be limited and thus only increase marginally (IEA, 2012). 
 
UG effects on the global climate 
The evaluation of GHG emissions linked to UG production is a major point of contention and is the subject of a 
number of conflicting studies (Wang et al., 2011, Ridley, 2011 and Howarth et al., 2011a). Proponents highlight 
UG’s lower GHG emissions in comparison with coal (IEA, 2012; Burnham et al., 2011). However, this 
assumption is being challenged by other research scientists who are stating UG may be on par or may even 
exceed the impacts of coal emissions on climate, mostly due to larger fugitive methane emissions (Wigley, 
2011; Hultman et al., 2011; Howarth et al., 2011b). 
 
Comparisons between UG and coal may be misleading, as new sources of energy, such as UG, would better  be 
compared with other non-conventional sources of energy such as wind or solar. UG life-cycle GHG emissions 
are much higher than wind power: 500 g-CO2 per KWh, compared to 30 g-CO2 per KWh (McCubbin and 
Sovacool, 2011). 
 
Ultimately, the overall effects of UG developments on the global climate may be limited (Wigley, 2011), and 
are contingent on several factors (See Box 1). To have a small to medium chance of achieving the +2°C global 
temperature target, CO2 emissions from energy and industry must be reduced on average by 3.2 to 3.6% per 
year between 2020 and 2050 (i.e. -48 or -54% reduction in CO2 equivalent emissions) (UNEP, 2010). Even with 
large investments and developments and under best practices, UG production may lead to only 1.3% 
reduction of GHG emissions by 2035 (IEA, 2012). Investments in UG development are facing large and 
increasing public opposition. Hence, the development of UG production globally may remain much lower and 
have even smaller impacts on the GHG emissions (IEA, 2011).  
 
Box 1: Specific questions regarding possible UG effects on global climate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Whether UG will induce a decrease or an increase in GHG emissions is contingent to several conditions.  
 
Short or long-term view? 
The 100-year horizon is commonly used for impacts on climate change; however, given the need to reduce 
GHG emissions in the coming decades, it is also critical to assess the 20-year horizon (Howarth et al., 2011 
b). Methane (CH4) is a more potent GHG than CO2 - albeit over a shorter lifetime. When methane is 
released in the atmosphere (venting), its Global Warming Potential (GWP) is up to 72 times higher than CO2 
over a 20 year period, but then gradually decreases so that over a 100 year horizon its GWP is 25 times 
higher than CO2 (IPCC, 2007). Recent studies found that emissions from UG could initially lead to an 
increase in climate warming in a 20-year horizon and would only be comparable to coal over a 100-year 
time horizon (Wigley, 2011; Hultman et al., 2011; Burnham et al., 2011; Hayhoe et al., 2002). 
 
What are the average emissions of methane from UG production?  
Methane leakage (venting) can significantly reduce the life-cycle benefit of gas compared to coal or 
petroleum (Burnham et al., 2011). The production of UG without methane venting is technically feasible 
(IEA, 2012), however in practice, compilation of data revealed a high level of methane vented (Wigley, 
2011; Hultman et al., 2011; Howard, 2011).  
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The advantage of UG GHG emissions versus coal highly depends on the percentage of methane vented and 
the time horizon considered. A theoretical value of 2-3% of methane emissions (IPCC, 2007) and a 100-year 
time period are typically used (blue point in Figure 3); however, observed emissions ranged between 3.6 to 
7.9% (Howarth et al., 2011 b). 
 
Such levels of GHG bring UG emissions to a par with coal over a 100-year time horizon (range a) and largely 
exceed them if a 20-year time horizon is considered (range b). 
 
 

 

 

 

Would UG be a substitute or be used in addition to energy from coal? 
Given the increase in energy demand and in absence of pressure to reduce the use of all forms of fossil 
fuel, UG might not be a substitute but may add to the energy produced from coal (Wood et al., 2011). 

Do investments in UG development compete with greener energy development? 
IEA foresees a possible US$ 6.9 trillion investment to develop UG by 2035. Effects on climate of this 
investment in UG should be compared with effects of similar level of investments in cleaner energy. 
Indirect impacts on the climate should also be studied. UG opponents fear that large investments in UG will 
come at the expense of more environmentally-friendly alternative energies, such as solar, wind, tidal, 
geothermal and secondary biomass energy sources, all of which carry high up-front investment costs. 

 

Figure 3: Comparative of UG versus coal under different time horizons and different levels of methane 
venting. 
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Impact of unconventional gas extraction on the 
landscape 

Environmental and health concerns 
UG exploitation and production may have unavoidable 
environmental impacts (see Figure 4). Some risks result if the 
technology is not used adequately, but others will occur 
despite proper use of technology (EU, 2011). UG production 
has the potential to generate considerable GHG emissions, 
can strain water resources, result in water contamination, 
may have negative impacts on public health (through air and 
soil contaminants; noise pollution), on biodiversity (through 
land clearance), food supply (through competition for land 
and water resources), as well as on soil (pollution, crusting). 
The sections below further outline the potential  
environmental and health impacts. 
  
 
 
 
 

 
 
Figure 4: Schematic representation of infrastructures and potential impacts. Source: UNEP/GRID-Geneva, 
2012. 
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Pools of fracking fluid located few miles away 
from residential area. 

Risk on  public health  
When occurring in densely populated areas, UG production 
raises several specific threats to well-being. The most direct 
concern is the risk of explosion from the construction of new 
pipelines (Rahm, 2011). Other consequences have a slower 
onset, such as release of toxic substances into air, soil and 
water. In Texas, emissions from shale gas operations are being 
checked for contaminants after blood and urine samples taken 
from household residents near shale wells revealed that 
toluene was present in 65% of those tested and xylene present 
in 53% (Rahm 2011). Both of these chemicals are commonly 
present in fracking fluid and known for being toxic. The biocide 
substances which are also contained in fracking fluid, and may 
be released during surface water leaks, can lead to serious 
damage to the surrounding habitat (IEA, 2012). 
 
More common nuisances include noise pollution, primarily 
associated with drilling and fracking (which is a non-stop 
operation over several weeks), but also from truck transport 
(Rahm, 2011). 
 
Fracturing fluid consists of large amounts of water mixed with chemicals and sand. In most countries the 
chemicals used in fracking fluid are considered trade secrets (Zoback et al., 2010). If companies are not 
required to publicly disclose the full list of chemicals used, assessing potential short- and long-term impacts on 
public health will be difficult. Colborn and others (2011) compiled a list of products (about 1000) used in 
fracking fluid. They carried out literature review on 353 chemicals and found that “more than 75% of the 
chemicals could affect the skin, eyes, and other sensory organs, and the respiratory and gastrointestinal 
systems. Approximately 40–50% could affect the brain/nervous system, immune and cardiovascular systems, 
and the kidneys; 37% could affect the endocrine system; and 25% could cause cancer and mutations.” 
(Colborn et al., 2011). 
 
Nonylphenol, for example, which is commonly used in fracking fluid, mimics estrogen, and can cause the 
feminization of fish, even at concentrations not detected by normal monitoring of the fluid (NYS-WRI, 2011). 
The consequence of the feminization of fish is an imbalance between male and female populations, resulting 
in a deficit of fertilization and potentially leading to a rapid decline of these fish populations. 
 
Footprint on land and natural enviroment 
The connection between wells and seismic activity is a controversial issue (Sminchak et al., 2011). Although a 
link between injection wells (such as used in UG) and high-magnitude earthquakes is unlikely, it cannot be 
ruled out completely (Cuadrilla Resources, 2011; IEA, 2012). Fracking techniques, just like dam building and 
the injection of water for geothermal energy production, are known to have a potential to impact the local 
seismicity. In Oklahoma, seven hours after the first and deepest hydraulic fracturing stage in Eola field (Garvin 
County), 50 earthquakes of small magnitude (1 to 2.8 Md) occurred within 3.5 km from fracking sites.  Changes 
in fluid pressure at well bottoms were sufficient to encourage seismicity. Correlation (in space and time) 
doesn’t mean causality, but remains a “strong possibility” (Holland, 2011). As such, an in-depth assessment of 
faults and seismic activity should be conducted to avoid drilling in hazard-prone areas (IEA, 2012). 
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Figure 5: These two satellite images from 1984 and 2011 show the high density of wells where over 1000 UG 
well pads (small, white dots) were cut into the Louisiana landscape (USA), most of them in recent years, as 
use of hydraulic fracturing technology became widespread. 
 
The exploitation of UG has a significant footprint on the landscape (see Figure 5). As compared with CG, UG 
requires significantly more wells due to the limited area exploited per well (1 km2) and shorter life span (five 
to 15 years), with most of the production occurring over the first six months (IEA, 2012). Each well requires 
approximately one to two hectares (ha) of land plus road networks (Belvalkar and Oyewole, 2010). Drilling also 
requires the clearing of land, which has a negative impact on landscapes and biodiversity, and can lead to 
significant soil erosion and sediment disposition (Adams et al., 2011). Horizontal drilling allows multiple wells 
to be placed in one location and thus limits the impact on the surface environment (NPS, 2008). In shallower 
settings (e.g. on coalbed methane), vertical drilling is economically more profitable but has increased impact 
on land (IEA, 2012). The restoration of well sites after exploitation needs to consider soil salinity and acidity. 
Often restoration fails due to toxicity problems (Cook and Johnson, 2002). 
 
Water scarcity and competition 
Fracking is an extremely water-intensive practice. A single horizontal shale gas well will use between 11 and 34 
million litres of water, roughly 360 – 1100 truckloads.  The exact amount varies depending on the size of the 
area being exploited, the depth of the well and the geological characteristics of the formation (Harper, 2008; 
Brownell, 2008). 
 
Electricity produced using UG uses substantially more water than solar or wind depending on the area in 
which the unconventional reserves are located. This could be a major limitation if drilling occurred in an area  
in which water resources are scarce (Sovacool and Sovacool, 2009). 
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Tight gas requires 100 times more water than CG and shale gas between 2000 – 10000 times compared with 
conventional gas exploitation (IEA, 2012). Although water can be recycled, excessive water usage can have 
broad and serious negative impacts (IEA, 2012) on biodiversity and local ecosystems, while lowering the water 
table, resulting in reduced availability of water for use by local communities and agriculture. The depletion of 
aquifers as a consequence of CBM production is well known; production of CBM also increases the amount of 
dissolved salts and other minerals in some areas (IEA, 2012). 
 
The needs of water for exploitation and the depletion of aquifers has (and will) create conflicts in water 
usages. Notably, competition with agricultural users is likely to be a serious issue (IEA, 2012). 
 
Produced water 
Underground water often needs to be pumped from coalbed methane wells. This is referred to as “produced 
water”. Produced water needs to be properly treated before it can be released, as it can contain high 
concentrations of sodium, calcium and magnesium. If spilled onto surrounding fields without appropriate 
treatment, produced water can cause severe damage. Saline water can inhibit germination and plant growth 
while excessive sodium can change the physical properties of soil and result in poor drainage, crusting and 
reduced crop yields (IEA, 2012). 
 
Risk of water leakages 
Leakage of fracturing fluids into the water table causing water contamination or explosions can occur if the 
cement columns around the well casings have an imperfect seal. Several examples of leaks in the casing 
leading to explosions or contamination of the water table have occurred in the USA (Myers, 2011 and Zoback 
et al., 2010). Discharge of improperly treated waste water could lead to seepage into ground water.  
 
The leakage of hydrocarbons or chemicals from the UG producing zone into shallow aquifers is possible, 
however with low probability. This is an issue that may occur in CBM production due to relatively shallow 
depths of exploitation, but is less likely with shale and tight gas extraction. Evidence of water contamination 
by fracturing fluids and methane was found in Wyoming, where wells are shallower than average (EPA, 
2011a). 
 
In aquifers overlying the Marcellus and Utica shale formations of northeastern Pennsylvania and upstate New 
York, Osborn and others (2011) found  systematic evidence of methane contamination of drinking water 
associated with shale gas extraction. For the 316000 wells analysed in Alberta, 4.6% had leaks  (Watson and 
Bachu, 2007, in Nygaard, 2010). The main origin of groundwater contamination is as a result of accidental 
spills of fluids or solids at the surface. A review of publications on well leakage worldwide concluded that, 
“cased wells are more prone to leakage than drilled and abandoned wells, and injection wells are more prone 
to leakage than producing wells.” (Nygaard, 2010). There is a risk that fracturing the rocks might ease the 
migration of naturally occurring toxic substances present in the subsurface, such as mercury, lead or arsenic 
(EPA, 2011b; EU, 2011). 
 
Spills or leaks can also occur during the transport, mixing and storage of the water and flowback. Spills from 
pits have been widely reported due to a number of reasons, including improper lining of the pit or from 
storms. Between 2008 and 2010, Marcellus Shale gas drillers in Pennsylvania (USA) were cited for 1435 
violations, 952 of which were considered “likely” to be detrimental to the environment (Gilliland, 2010). 
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Flowback and fracking fluid storage in open air settings.  
 

Drilling requires the clearing of land which alters the landscape. 
Here, trees have been cleared to build a road to reach the drilling 
site. 

None of these hazards are new risks or exclusively tied to unconventional extraction and production methods. 
However, given that the number of UG wells has increased, these problems are more likely to occur. 
Moreover, chemicals added to the fracturing fluid can add to the danger level of the leaks. 
 
A proportion of the injected fluid returns 
to the surface through the well, in a 
process referred to as flowback. 
Flowback contains the fluids that were 
initially injected into the well, as well as 
naturally occurring substances within 
the fractured rock formations, such as 
minerals, salt, weakly radioactive 
material and potentially toxic substances 
such as arsenic, benzene, methane or 
mercury (Kargbo et al., 2010). Flowback 
must be collected, treated and properly 
disposed off, as concentrations of 
contaminants can be very high. To 
reduce transport requirements, 
flowback can be treated on site and re-
injected into the well, but is often 
stocked on site, in tanks or in open 
evaporation pits (Manz, 2011). In the 
latter case, air pollution caused by the 
evaporation of chemicals can be severe 
(Madsen et Al., 2011). 
 
What can be done? 
Ultimately the best solution would be to 
lessen our dependency on fossil fuels. 
Given the uncertainty in terms of GHG 
emissions, public health, environmental 
issues and depletion of water resources, 
the continued development of UG 
reserves is an option which brings with it 
great responsibility. For governments 
that choose this path, there are 
recommendations which, if followed, 
would reduce the risk of environmental 
impacts, while resulting in just a small 
increase in production costs. 
 
The actions needed for reducing 
environmental costs can be divided in 
technical and policy types. 
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Technical considerations: 
 Fracking should be avoided in areas of water scarcity, in close proximity to densely populated areas, 

and/or in areas where it can impact on agricultural production. Sites deep below the water table are 
safer (IEA, 2012).  

 Rigorous training and strict oversight can prevent (or contain) surface spills and leaks from wells and 
ensure that any waste fluids and solids are disposed off properly (IEA, 2012). 

 To minimize climate impacts, developers should be encouraged to implement a zero-venting and 
minimal flaring policy. This is technically feasible by separating gas during the drilling process (IEA, 
2012).  

 CO2 can react with materials used to construct a well. For example, it is known to reduce cement’s 
strength and increase its permeability. CO2 can also corrode steel, and thus injection wells should be 
designed to minimize this risk (Nygaard, 2010). 

 
Policy considerations: 
Solutions to some of the issues that UG extraction presents are not only based on using better drilling 
techniques, but are also related to improving environmental governance such as setting rules for 
environmental, climate and health protection. Such regulations could include: 

 Mandating full disclosure of products used in the fracking process and banning substances known to be 
harmful;  

 Implementing monitoring and enforcement procedures.   
 Robust regulations and adherence to industry best practices should be followed, particularly in the 

areas of well design and cementing, in order to completely isolate the well from other strata, and 
especially from freshwater aquifers.  

 Governments should also ensure that companies secure enough funds for restoration of land and 
mitigate any potential impacts on land and water, in order to avoid so-called “extract and run” 
practices (a company declares bankruptcy after large accidents or simply after the end of UG extraction 
to save on restoration costs).  

 Finally, if UG is used during a transition phase from carbon-based energy sources, governments should 
design a plan to achieve this transition. Laws, taxes or other incentives would need to be in place to 
assure that a certain level of UG-related profits are re-invested in research and development on 
alternative sources of energy, such as solar, wind, hydropower, geothermal, tidal, and on energy-
saving policies. 

 
Conclusions  
Hydrologic fracking may result in unavoidable environmental impacts even if UG is extracted properly,  and 
more so if done inadequately (EU, 2011). Even if risk can be reduced theoretically (IEA, 2011), in practise many 
accidents from leaky or malfunctioning equipment as well as from bad practises are regularly occurring. This 
may be due to high pressure to lower the costs or to improper staff training, or to undetected leaks leading to 
contamination of the ground water (EU, 2011).  
 
Existing laws and regulations of the mining activities often do not address specific aspects of hydraulic 
fracturing. For governments who choose this path, UG will require dedicated regulations (EU, 2011).  
 
The debate on UG exploitation cannot be disassociated from a “comeback” of fossil fuels. UG is and will be 
produced by the same actors. Although only very recent, the history of UG exploitation already includes 
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instances of water contamination, leakages to soil, wide-scale land clearing and negative health impacts. 
Furthermore, increased extraction and use of UG is likely to be detrimental to efforts to curb climate change. 
Given the increased demand for fossil energy, the UG may be used in addition to coal, rather than being a 
substitute. Even under the optimistic assumption of the substitution of coal by UG, UG will likely have a 
limited reduction impact on 21st century global warming. The claim that UG can reduce GHG emissions is 
conditional on whether UG, over its entire life-cycle, is demonstrated to have a much lower GWP than coal 
(Howarth, 2011; Jiang, 2011; Hayhoe et al, 2002 ; Wigley, 2011; Hultman et al., 2011; Burnham et al.,2011; 
IEA, 2011; EU, 2011).  
 
Given the ever-increasing demand for energy, UG use is likely to grow. With large gas reserves and the 
comparative advantage of using existing infrastructures, equipments and networks from the oil and gas 
industry (drilling equipment, pipelines, thermal power stations, etc) UG will remain a tempting power source 
for the industry and for some governments who want to decrease their foreign dependency on energy. 
However it will face strong opposition given low public acceptance in certain places. As a non-renewable 
source of energy, UG remains a stop-gap measure in the transition to a low carbon future. In order to develop 
energy plans that maximize benefits and minimize harm, other forms of energy will also be needed (McKay, 
2008). 
 
Finally, injecting toxic chemicals in underground restricts later use of the contaminated layer (e.g. for 
geothermal purposes) and long-term effects are not investigated (EU, 2011). New technologies and or energy 
supplies, such as biofuels or UG, are often greeted as a panacea, but under further investigation are revealed 
to be less ideal than originally thought. Further research and appropriate, transparent and well-enforced 
regulation are all critical to possible development of the unconventional gas industry. 
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Thematic Focus: Environmental governance 

Measuring progress - environmental goals and gaps 
Over the last few decades, a great number of environmental goals and objectives have been adopted and a few success 
stories can be told. However, despite the growing body of norms and rules, the overall global environmental situation 
continues to deteriorate.  The international community, having made very uneven progress towards the stated goals, 
needs to redefine the approach to improve the state of the environment and foster sustainable development. 

Why is this issue important? 

If we measured the world’s response to environmental challenges solely by the 
number of treaties and agreements that have been adopted, then the situation 
looks impressive. Over 500 international environmental agreements have been 
concluded since 1972, the year of the Stockholm Conference and the 
establishment of the United Nations Environment Programme (UNEP). These 
include landmark conventions on issues such as trade in endangered species, 
hazardous wastes, climate change, biological diversity and desertification. 
Collectively, these reflect an extraordinary effort to install the policies, aims and 
desires of countries world-wide to achieve sustainable development. Yet despite 
the impressive number of legal texts and many good intentions, real progress in 
solving the environmental challenges themselves has been much less 
comprehensive, a point clearly underlined in the fifth Global Environment Outlook 
(GEO-5) report (UNEP 2012a) and its companion publication “Measuring Progress: 
Environmental Goals and Gaps” (UNEP 2012b).  The vast majority of goals are 
found to be ‘aspirational’ in nature and lack specific targets, which generate 
obvious difficulties in measuring progress towards them. In addition, many goals 
are not supported by adequate data that can be used to measure progress, global freshwater quality being one stark 
example.  It is clear that if agreements and conventions are to achieve their intended purpose, the international 
community needs to consider specific and measurable goals when designing such treaties, while organizing the required 
data gathering and putting in place proper tracking systems from the outset. 

Global Environmental Goals 
In a complex and fragmented system of rules, the first challenge is to 
have a clear understanding of what environmental goals do already 
exist. For this purpose, a set of over 300 global environmental goals 
(GEGs) was compiled by UNEP in cooperation with the Swiss 
government, resulting from an extensive consultation among 
independent experts and a review by government representatives 
(UNEP 2010). The goals are drawn from existing global and regional 
multilateral environmental agreements, such as the Vienna U
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Figure 1: Global mean temperatures are on the rise. Source: NASA 2011, 
NOAA 2011, UK MetOffice 2011 and JMA 2011. 

Figure 2: Globally, vertebrate populations are on the decline. Source: WWF/ZSL, 
2011. 

Convention on the Protection of the Ozone Layer and the Montreal Protocol, the Convention on Biological Diversity 
(CBD), the Basel Convention on Transboundary Movements of Hazardous Waste, the United Nations Framework 
Convention on Climate Change (UNFCCC) and Kyoto Protocol, as well as the United Nations Convention on the Law of 
the Sea (UNCLOS). Goals are also derived from non-legally binding instruments such as the 1972 Stockholm Declaration, 
the 1992 Rio Declaration and Agenda 21, the 2002 Johannesburg Plan of Implementation, the Millennium Summit 
Declaration as well as outcomes of conferences convened under the auspices of specialized agencies. 

GEO-5 analyzed the set of goals and identified and assessed the 90 most important and appropriate ones for analysis i.e. 
specifically those geared to respond to some of the world’s most pressing environment and development challenges. It 
also identified important data gaps for measuring progress and where possible an assessment of progress was provided, 
based on the best available scientific findings.  

Can we witness any progress to date? 
Despite some notable successes, the international community has made very uneven progress in achieving global 
environmental goals and improving the state of the environment. There has been little or no progress or further 
deterioration on about half of the goals and objectives analyzed under the GEO-5 assessment. Environmental goals 
currently being addressed but with least success include:  

 Climate change. Atmospheric 
concentrations of greenhouse gases 
continue to increase to levels that are 
likely to push global temperatures to 
more than 2°C above the pre-
industrial average; (Figure 1) 

 Indoor air pollution. Indoor air 
pollution from particulate matter (PM) 
continues to have major health 
impacts, particularly on women and 
children;  

 Extinction risk of species. The world 
failed to reach the Millennium 
Development Goal (MDG) target of 
reducing the rate of biodiversity loss 
by 2010 (UN 2000); (Figure 2) 

 Extent and condition of natural 
habitats, especially coral reefs and 
wetlands. The condition and extent of 
natural habitats continue to decline, 
with some habitats experiencing 
declines in extent of 20% or more 
since 1980 (Butchart et al. 2010); 

 Invasive alien species. The numbers of 
invasive alien species continue to 
increase, but there are significant 
gaps in knowledge; 

 Access to food. In 2010 about one-
sixth of the world’s population, an 
estimated 925 million people, were 
undernourished (FAO 2010); 
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Figure 3: Land degradation results in decreasing agricultural productivity. 
Source: Zika and Erb 2009. 

Figure 4: Use of substances that deplete the ozone layer has nearly been 
eliminated. Source: UNEP 2012d. 

Figure 5: Nearly all countries have phased out lead in gasoline. Source:  EEA, 
2005).   
 

 Desertification and drought. 
Agricultural productivity in drylands 
continues to decrease because of the 
effects of desertification and drought 
(Figure 3); 

 Fish stocks. The proportion of marine 
fish stocks that are overexploited or 
collapsed has increased considerably 
in recent decades; 

 Marine pollution. The number of 
coastal dead zones has increased 
dramatically; and  

 Extreme events. The number of flood 
and drought disasters has risen since 
the 1980s, as have the total number 
of people affected and the level of 
damage. 

 
On the positive side, most issues for which a 
specific measurable target exists, achieved at 
least some progress. This ‘need for numbers’ 
was also highlighted in an earlier GEAS 
bulletin, calling for time bound, measurable 
goals and targets and for adequate 
monitoring of progress towards achieving 
them (UNEP 2012c). Examples of goals linked 
with measurable targets on which progress 
has been made include: 

 The elimination of substances that 
deplete the ozone layer. The world 
has nearly eliminated the production 
and use of substances that deplete 

the protective ozone layer in the 
upper atmosphere (Figure 4), with 
the Montreal Protocol providing an 
example of what international 
cooperation at its best can achieve. 
Although full recovery of the ozone 
layer is not expected until mid-
century or later, further expansion of 
the Antarctic ‘ozone hole’ has been 
halted (UN 2011); 

 Phasing out lead in gasoline. Nearly 
all countries have phased out lead in 
gasoline, another outstanding global 
success story; and, to some extent at 
least (Figure 5); 
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 Increasing the supply of safe drinking water. The MDG target of halving the proportion of people without 
sustainable access to safe drinking water by 2015 was already met; however, more than 600 million people will 
still lack access to safe drinking water in 2015 (WHO 2012). 

The world’s overall progress towards environmental goals can be further summarized in an Environment Scorecard 
(Figure 6), an illustrative snapshot showing how much progress has been made for the most important issues on a scale 
from green (significant progress) to red (further deterioration).  Out of a subset of 34 selected major global 
environmental issues included in the Measuring Progress publication (UNEP 2012b), 18 were considered to have made 
significant or at least some progress. For 11 issues it was considered that little or no progress was achieved, or even 
further deterioration has taken place. Five issues could not properly be assessed due to lack of data.  

Figure 6: Environment Scorecard 2012. Source: UNEP 2012b. 
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The findings presented in Figure 6 lend some support to the adage what is not measured cannot be managed – 
meaning to say that unless you measure something you don't know if it is getting better or worse, and you can't manage 
for improvement if you don't measure to see what is getting better and what isn't. This holds true in particular for many 
environmental challenges that can be tackled only by a concerted international effort.  The establishment of the 
Millennium Development Goals, following the Millennium Summit and its Millennium Declaration in 2000, shows how 
the adoption of specific, measurable targets can spur greater efforts to collect and coordinate data on the issues they 
cover. As the 2011 Millennium Development Goals report states: 

‘As a result of recent efforts, more data are now available in the international series for the assessment of trends 
for all MDGs. In 2010, 119 countries had data for at least two points in time for 16-22 indicators; in contrast, only 
four countries had this data coverage in 2003. These advances are the result of increased national capacity to 
venture into new data collection initiatives, as well as to increase the frequency of data collection.’ (UN 2011). 

The recent Rio+20 Conference, focusing on ‘the future we want’,  underscored the importance of the MDGs and called 
for a process to build on those and develop a broader set of sustainable development goals (SDGs), which should be 
“action-oriented, concise and easy to communicate, limited in number, aspirational, global in nature and universally 
applicable to all countries while taking into account different national realities, capacities and levels of development and 
respecting national policies and priorities” (UN 2012).  It was also recognized that progress towards the achievement of 
the goals needs to be assessed and accompanied by targets and indicators while taking into account different national 
circumstances, and that there is a need for integrated and scientifically-based information on sustainable development. 
UNEP also pleads for more attention and resources on improved monitoring and environmental data collection in order 
to provide reliable and relevant information for decision-making. A new commitment to deal with persistent 
environmental problems and emerging issues calls for cooperation, flexibility and innovative solutions (UNEP 2011). 

What can be done? 

Many global environmental treaties and goals have been developed in a fragmented way, but the interconnectedness 
between climate change, water resources, desertification and biodiversity loss, for example, makes isolated governance 
responses less effective. The fragmented international framework has also resulted in a heavy burden for some 
countries, in terms of reporting and fulfilling their obligations. Measurable targets can encourage the collection and 
coordination of data, thereby improving our state of knowledge on the subjects they cover. In addition, it is often 
difficult to compare the situation in different countries even when data are available, since many countries follow their 
own national guidelines when collecting them. For one, efforts should be made to make data from different countries 
easier to compare, by promoting the use of international standards and frameworks such as the Framework for 
Development of Environment Statistics (FDES) currently being revised by the United Nations and supporting the efforts 
to compile harmonized databases and make data easily available and retrievable through dedicated information systems 
such as UNdata , MDG Indicators or the proposed UNEPLive. Importantly, a considerable number of research and data 
gaps need to be addressed in order to track more accurately the state and trends of the global environment. Collection 
of data needs to be strengthened for a good number of issues such as freshwater quantity and quality, groundwater 
depletion, ecosystem services, land degradation and chemicals and waste. 

In conclusion, the international community should consider establishing clear and measurable targets covering a 
broader range of environmental challenges, particularly those currently being addressed with least success, those with 
more irreversible and imminent effects on human livelihoods, and overall those with greatest relevance to the 
achievement of sustainable development. Ongoing and future priorities include promoting, where possible, the use of 
common standards for data collection and analysis, increased data sharing, consistent time series of environmental 
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observations, capacity building to strengthen environment statistics and other data in a wider range of countries, and 
harnessing new technologies to communicate environmental information effectively to policy makers and the public. 
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