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6.1     
Natural wealth

A country’s wealth is also dependent on its stock 
of natural capital. A country with a declining 
base of natural capital is unlikely to achieve a 
sustainable increase in wealth.  

Natural capital is understood as a set of renewable 
and non-renewable natural resources, including agri-
cultural land, fisheries, fossil fuels, forest resources, 
water, biodiversity and minerals. Apart from flows 
into produced capital, business investment also flows 
into other sectors, such as agribusiness, forestry and 
mining, in countries with abundant natural capital.  
Whether these investments pose risks to natural capi-
tal needs to be assessed and understood.   

Risks associated with natural capital may affect 
businesses as well as other social sectors in the 
same way as disaster risks associated with pro-
duced capital.   With natural capital, many risks gen-
erated through business investments are exter-
nalised and transferred through mechanisms such 
as climate change, land degradation and the over-
exploitation of water resources; in the long term, 
these become shared risks not only in space but in 

time because the exhaustion of natural capital com-
promises the wealth of future generations. 

However, although risks to produced capital are 
now modelled with increasing accuracy, the estima-
tion of natural capital risks is still in its infancy.  As 
such, both costs to business as well as shared risks 
are rarely factored into investment decisions. The 
sections that follow will explore some of the drivers 
of natural capital risk, including climate change, 
land degradation, and the impact of wild-land fires 
and agricultural droughts.  Chapter 10 in Part II of 
this report will build on this analysis and explore the 
role of agribusiness in food security risk.

6.2 The ultimate risk transfer: 
global climate change

Globalisation is not only modifying risk pat-
terns through increasing hazard exposure and 
vulnerability, but also through climate change.   

Since the beginning of the industrial revolution in 
1750, the atmospheric abundance of the three 

A country ś wealth is determined to a significant extent by its stock of natural capital. Disaster 
risks include the loss and erosion of natural capital with potentially serious consequences for busi-
ness, households and a country’s wealth. 

Globalisation is not only modifying risk patterns through increasing hazard exposure and vulnera-
bility, but also through climate change. Along with climate change, environmental degradation, de-
forestation and the over-exploitation of natural resources all result in increased risks to natural cap-
ital. For example, wild-land fires now affect all continents with the cost of damage to tropical 
ecosystem services alone potentially exceeding US$3 trillion per year.

Land degradation is a key driver of agricultural drought risk. Large areas of Africa, the Arab and 
Mediterranean regions are experiencing both land degradation and high levels of soil moisture deficit 
leading to a potentially irreversible loss of natural capital. The scale of direct losses and indirect 
impacts from agricultural drought is still poorly understood but potentially significant.  But inno-
vative new probabilistic models of agricultural drought risk are now providing a clearer picture of 
potential crop losses at the country level and can be related to relevant economic indicators. 

Global warming
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(Source: IPCC, 2012)

Box 6.1  Special IPCC Report appraises and addresses future climate extremes 

The Special Report of the Intergovernmental Panel on Climate Change presented the latest results from current 
research on climate change. The more science progresses in the field, the more it is possible to produce analysis 
that can delineate future climate patterns with higher degrees of confidence. Main conclusions of the report in-
clude the following:

Virtually certain   Substantial warming in temperature extremes by the end of the 21st  century.

Very likely  Mean sea level rise will contribute to upward trends in extreme coastal, high water levels.

Likely   Increased frequency of heavy precipitation or the proportion of total rainfall from heavy  
 falls will increase in the 21st century over many areas of the globe.    
 Increase in tropical cyclone maximum wind speed, though not in all ocean basins.

High confidence  Changes in heat waves, glacial retreat and/or permafrost degradation will affect high  
 mountain phenomena such as slope instabilities, movements of mass and glacial lake  
 outburst floods. Many glacier- and snow-fed rivers will experience increased run-off and  
 earlier spring peak discharge.

Medium confidence  Reduction in the number of extra-tropical cyclones averaged over each hemisphere.  
 Droughts will intensify in some regions, including southern Europe and the  
 Mediterranean, central Europe, Central North America, Central America, Mexico,  
 north-east Brazil and southern Africa.

principal greenhouse gases—carbon dioxide, meth-
ane and nitrous oxide—have increased by 39 percent, 
158 percent and 20 percent, respectively (WMO, 
2011). 

As Box 6.1 shows, increasing greenhouse gas con-
centrations in the atmosphere modifies climate, al-
though uncertainties remain regarding the reper-
cussions in weather and climate-related hazards in 
different regions (IPCC, 2012).  

Increased combustion of fossil fuels, deforestation 
and land-use changes are directly linked to the 
capital flows and investment decisions of the past 
and to growing green-house gas emissions in the 
present and future.  Industry contributes directly 
and indirectly about 37 percent of global green-
house gas emissions, and these have increased by 
65 percent since 1971 (Worrell et al., 2009). Produc-
tion of energy-intensive industrial goods, in partic-
ular, has increased dramatically since 1970 (ce-
ment, by 336 percent; aluminium, by 252 percent; 
steel, by 95 percent; ammonia, by 353 percent; and 
paper, by 190 percent) (Ibid.). But emissions from 

energy production, transport, agriculture and ur-
banisation are also critical. And as this chapter 
highlights, other factors such as wild-land fires, 
which are often associated with deforestation, 
also make critical contributions. 

For more than a century, high-income countries 
have been contributing to these emissions. How-
ever, as a consequence of economic globalisation, 
many low and middle-income countries are now 
becoming large greenhouse gas (GHG) emitters. 
Given that climate change modifies climate and 
weather-related hazards, it becomes the ultimate 
mechanism of global risk transfer and of generat-
ing shared risks.  It represents the privatisation of 
benefits that accrue from present investment at 
the expense of future losses that will surface from 
climate change later in this century. It also repre-
sents a transfer or export of disaster risk from 
countries responsible for the majority of emissions 
to those that have fewer emissions but will see 
their disaster risks increase.  Figure 6.1 compares 
the ratio of GHG emissions with expected losses 
from cyclonic wind damage. Many countries with 
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Figure 6.1  Losses from cyclonic wind compared with greenhouse gas emissions

low emissions will also face high costs from sea 
level rise.

Today, a familiar tendency is to assign the causality 
of all weather-related impacts to climate change.  
In reality, at least over the next two to three de-
cades, increasing hazard exposure and vulnerabili-
ty associated with economic and urban develop-
ment will have a greater influence on disaster risk 
than climate change (IPCC, 2012; UNISDR, 2009 
and 2011; Nicholls et al., 2008; Swiss Re., 2011a).  
Climate change will have a disproportionate influ-
ence on economies most susceptible to weather-
related risks, however (IPCC, 2007).  Many of these 
countries depend heavily on climate-sensitive nat-
ural capital, such as land, water and forests. 

One climate change outcome, which the IPCC has 
agreed is certain, is increased warming. In regions 
that may also experience decreased precipitation, 
warming will increase the likelihood of wild-land 
fires and agricultural drought, which feed back into 
climate change. 

6.3    
Unsustainable risks

Environmental degradation, deforestation and 
overexploitation of natural resources all result 
in increased risks to natural capital. The nega-
tive impacts of weather-related disasters fur-
ther erode the natural capital base of nations, 
reducing their overall wealth and competitive-
ness.

There is growing interest in quantifying the value of 
natural capital and the consequences of its loss to 
national economies.ii The wealth of a country is the 
sum of produced, human and natural capital. As hu-
man capital increases, although total wealth in-
creases, natural capital is likely to be depleted and 
thus wealth per capita can decrease. The persis-
tence of environmental degradation and natural re-
source depletion, therefore, is an environmental as 
well as a social and economic concern.   Figure 6.2 
highlights countries that are challenged to address 
environmental degradation. 

(Source: UNISDR, based on World Resources Institute (*)i)



93

Figure 6.2  State of global environmental degradation based on the Risk Reduction Index 2012iii

Loss of natural capital owing to environmental 
degradation and other factors is particularly criti-
cal in countries whose natural resources provide a 
higher contribution to the overall wealth than their 
produced capital (UNU-IHDP and UNEP, 2012). In 
Nigeria, for example, the value of natural capital is 

estimated to be more than 10 times that of pro-
duced capital.iv  Between 1990 and 2008, Nigeria’s 
population increased by 74 percent while its natu-
ral capital decreased by about 1 percent. As a re-
sult, total wealth per capita fell by about 30 per-
cent (Figure 6.3). 

(Source: DARA, 2012)

(Source: UNISDR, based on data from UNU-IHDP and UNEP, 2012)

Figure 6.3  Role of natural capital (purple line) in Nigerian wealth, represented by the inclusive wealth index, absolute (left) and per capita (right)
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ecosystem services as discussed below. Agribusi-
ness investments in drought-prone areas may simi-
larly contribute to increased land degradation and 
over-exploitation of water resources—an issue ex-
plored in more detail in Chapter 10 of this report.

6.4      
Wild-land fires

Wild-land fires are both a driver and a result of 
the degradation of natural capital. The risk of 
wild-land fires affects all continents with in-
creasing occurrence particularly in the western 
United States of America, south-east Australia 
and southern Europe. The global cost of dam-
age to ecosystems services may reach US$190 
billion per year, in the case of tropical ecosys-
tems alone.

In many ecosystems, wild-land fires are a natural 
and essential force in maintaining ecosystem struc-
ture and productivity or an important land manage-
ment tool. However, wild-land fires can be highly 
damaging events, and are associated with a range 
of drivers, both physical and artificial.

Using two different global datasetsv, the average 
global burnt area as detected by satellite sensors 
fluctuates between 3 million km2 and 4.5 million 
km2, an area equivalent to the size of India and Paki-
stan combined (Chatenoux and Peduzzi, 2013). Fig-
ure 6.4 shows that wild-land fires affect all conti-
nents seasonally.  In recent years the extent of burnt 

In the same period, the value of natural capital in 
Australia fell by 8 percent in absolute terms and by 
72 percent per capita. Given that produced capital 
per capita increased by 73 percent during this pe-
riod, the depletion of natural capital did not affect 
total wealth, which increased by 2 percent per cap-
ita. However, the capacity of produced capital 
growth to absorb the loss in natural capital may 
not be sustainable in the longer term (UNU-IHDP 
and UNEP, 2012).

The depletion of natural capital may be accelerat-
ed by business investments into extractive activi-
ties—such as mining, gas and oil extraction—and 
agribusiness; driven by demand for raw materials 
and energy by rapidly expanding and urbanising 
economies and for food supply by a growing urban 
population.  

In the case of Colombia, for example, Table 6.1 
shows that between 1995 and 2009, Colombia lost 
about 20 percent of its agricultural land and 16 
percent of its forests, but rangelands increased by 
29 percent (OSSO, 2012c). Only 53 percent of range-
lands are considered apt for grazing.  At the same 
time, between 2002 and 2010, mining concessions 
increased from 1.13 million hectares to 8.5 million 
hectares, an area now greater than that dedicated 
to either agriculture or forests.

Business investments in areas such as bio-fuels, 
timber and agribusiness, and those involving the 
clearing of tropical forest, may increase wild-land 
fire hazard.  These fires lead to a major depletion of 
natural capital and the loss of critical shared 

(Source: OSSO, 2012c)

Table 6.1  Changes in land-use in Colombia between 1995 and 2009 (in ha)

Wild-land fires
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areas in regions such as the western United States 
of America, south-east Australia and southern Eu-
rope has risen dramatically (GFMC, 2012).    

Physical factors, such as climate variability and to-
pography, influence the patterns and variability of 
wild-land fires in regions. These factors include tem-
peratures, precipitation levels and distribution as 
well as length of dry periods (Aldersley et al., 2011).  
Wild-land fire hazard is influenced by climatic ex-
tremes—in 2012, the northern hemisphere was hit 
by a heat wave that contributed substantially to 
wild-fires, especially in Europe and the United 
States of America.  

As with other hazards, however, social and econom-
ic drivers have as much or more influence, especially 
on the initiation and extension of wild-land fires:  for 
example, land-use changes such as the abandon-
ment of agricultural land owing to rural to urban mi-
gration or the conversion of forests to rangeland.  
Other factors, such as fire-suppression policies, re-
duce fire activity in the short term but may lead to a 

greater incidence of catastrophic fire in the long 
term. These factors vary from region to region.  

In equatorial Asia, for example, fire is widely em-
ployed to convert land covered by primary or sec-
ondary forests to other uses, especially for bio-fuel 
crops. This practice, exacerbated by extended dry 
periods associated with ENSO episodes, favours the 
uncontrolled spread of wild-land fires (Goldham-
mer, 2009).

Fires have traditionally been used to clear forests in 
tropical regions. However, as population density 
has increased, this practice has become an increas-
ing source of uncontrolled wild-land fires. In addi-
tion, uncontrolled selective logging, in which only 
some species are removed, leave the remaining for-
est highly susceptible to fire (Chocraine, 2003).

In southern Europe, the hot and dry summer cli-
mate, characterised by strong seasonal winds, ex-
acerbates human-induced fires initiated for differ-
ent reasons. Contributing factors include the 

(Source: Chatenoux and Peduzzi, 2013)

Figure 6.4  Wild-land fire seasons, 2000–2006
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abandonment of agricultural land (leaving the land 
populated with highly inflammable species of vege-
tation), lack of forest management and growth of 
urban areas in proximity of forests and in fire-prone 
areas (Bassi and Kettunen, 2008).

Average annual internationally reported losses gen-
erated by wild-land fires over the past decade 
(2002–2011) were US$2.4 billion (EM-DATvi).  Individu-
al fires may cause substantial losses. For example, 
in Bosnia and Herzegovina, a single fire in Septem-
ber 2012 caused about US$83 million in damages 
(WMO, 2012). However, globally, wild-land fires rep-
resent only 0.1 percent of internationally reported 
disaster mortality and less than 1.9 percent of eco-
nomic losses. 

Wild-land fires, however, have a devastating impact 
on natural capital, which has not been quantified or 

adequately accounted for. Fires affect numerous 
ecosystem services including carbon storage, sup-
port to biodiversity, protection of water sources, re-
duction of soil erosion and land degradation and 
climate regulation.  At the same time, in some eco-
systems, wild-land fires provide benefits; for in-
stance, there are species that need fires for their re-
production and seeding. Fires of natural origins, for 
example, ignited by lightning, are an integral part of 
certain ecosystems such as boreal forests. 

Economists and scientists today agree that qualify-
ing and quantifying ecosystem services lost and 
their economic value is still an incipient issue 
fraught with calculation uncertainties. As Box 6.2 
highlights, despite gaps in knowledge and data and 
methodological challenges, a first estimation for 
tropical ecosystems based on an evaluation of dif-
ferent ecosystem services was developed using the 

(Source: Chatenoux and Peduzzi, 2013)

(Source: Rank and economical losses (Chatenoux and Peduzzi, 2013); natural capital and wealth growth rate (World Bank, 2011)) 

Box 6.2  Methodology to quantify economic losses to ecosystem services from wild-land fires

Table 6.2  Loss of natural capital (2002-2006) and wealth of countries (1995-2005)

This first estimation, developed using the TEEB methodology, is based on an evaluation of ecosystem services 
that includes: carbon storage, production of oxygen (O2), production of biomass (used for timber, fire wood, 
building, and so on), recreational value, intrinsic and support to biodiversity, protection of water sources, re-
duction of soil erosion, production of pharmaceutical products, beauty (landscape) and spiritual values. For-
ests also contribute to the local climate. 

Not all ecosystem services were evaluated. Furthermore, while the value of a tonne of carbon storage is compa-
rable across the globe, this is not the case for recreational values. Finally, it is difficult to include benefits of 
wild-land fires into the equation as well as to differentiate wild-land fires that are natural from human cause. 
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(Source: National Drought Mitigation Center, University of Nebraska-Lincoln, United States of Americaix)

Figure 6.5  Drought typologies and cascading impacts

methodology proposed by TEEB (The Economics of 
Ecosystems and Biodiversity; TEEB, 2010). 

Fires do not belong naturally to tropical forest eco-
systems. However, wild-land fires may now be 
leading to a loss of ecosystem services in the range 
of US$146–US$191 billion per year.vii Given that 
tropical ecosystem services may take 40 or more 
years to recover, cumulative annual losses could 
be as high as US$2.9–US$3.8 trillion. These loss-
es—between US$2.5 and US$3.5 trillion a year—
are concentrated in Africa (Chatenoux and Pe-
duzzi, 2013).  These figures should be treated with 
caution given the uncertainties involved in their 
assessment, but they highlight a potential and crit-
ical depletion of natural capital from wild-land 
fires in tropical forest ecosystems. 

As Table 6.2 shows, many of the countries with the 
highest losses in ecosystem services rely on natural 
capital for most of their total wealth. Similarly, some 

had slow rates of wealth growth between 1995 and 
2005 (World Bank, 2011). These losses to natural 
capital are rarely taken into account when invest-
ment decisions are made.  

6.5 Agricultural drought: the case 
of Africa, the Arab states and _                  

the Mediterranean

Observed and predicted changes in rainfall and 
temperature have important implications for 
agriculture. In central Kenya, decreases in rain-
fall could reach up to 150 mm per year. Com-
bined with increasing temperature, agricultural 
drought hazard is predicted to increase, which 
will reduce the area of arable land.

As highlighted in GAR11, agricultural drought haz-
ard is not only due to lack of rainfall.  Estimations 
of meteorological drought, therefore, are a poor 
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(Source: UNISDR)

Box 6.3  Modelling agricultural drought risk

The Arab Centre for the Study of Arid Zones and Drylands (ACSAD) uses satellite data from the last 10 years to 
reconstruct past agricultural droughts. It measures month by month differences in vegetation. This allows a 
characterisation of the intensity, variability frequency and persistence of agricultural drought in any given area.  
With this information, it is possible to identify the exposure of areas of rain-fed agriculture, rangeland, individu-
als and cattle to agricultural drought as well as the amount of drought-affected areas experiencing land degrada-
tion (Erian et al., 2012). For GAR13, this approach was piloted in Africa, the Arab states and the Mediterranean.  

FEWSNET developed a set of synthetic droughts to extrapolate the probability of specific areas being affected 
by agricultural droughts of differing intensity.  Once calibrated with data on yield reductions in observed 
droughts, it becomes possible to estimate the probable crop losses for droughts of different return periods as 
well as expected annual average losses (Jayanthi and Husak, 2012).  For GAR13, this approach was piloted in 
Kenya, Malawi, Mozambique and Niger.

Both approaches are complementary—one provides an assessment of agricultural drought occurrence, conse-
quences and severity in the past; the other enables the quantification of the expected losses that are likely to 
affect a specific area in the future. 

guide to drought impacts on agriculture.  

As Figure 6.5 shows, agricultural drought refers to the 
availability of sufficient water in the soil to satisfy the 
needs of crops.viii Agricultural drought, therefore, is 
mediated by other factors such as temperature and 
wind, which influence evaporation and transpiration 
and the capacity of the soil to hold moisture.  

In Africa, the Arab states and the Mediterranean, ag-
ricultural drought is a major hazard.  Without taking 
into account its potential impact on natural capital 
and on economies in the region, any estimation of 
disaster risk is fundamentally incomplete.   

Box 6.3 presents two different but complementary 
approaches being pursued to improve the charac-
terisation of agricultural drought risk (Erian et al., 
2012; Jayanthi and Husak, 2012). The models in-
clude crop losses and economic environmental im-
pacts. But the impacts on welfare and livelihoods 
have not been estimated at this time. 

Analysis of changes in vegetation coverx between 2000 
and 2010 highlights that a large area of Africa, the Arab 
states and the Mediterranean has experienced drought 
(Erian et al., 2012). Figure 6.6, for example, illustrates 
agricultural drought intensity in the Horn of Africa 

and the Sahel, measured through an index that also 
takes into account drought frequency, extent and 
persistence in that 10-year period.xi 

Mediterranean countries have been particularly af-
fected between 2000 and 2010. In Turkey, about 25 
percent of total rain-fed cropland (which constitutes 
about 15 percent of total country territory) has been 
affected by severe drought; in Italy, Serbia and 
Macedonia, 20 percent of total rain-fed cropland has 
been affected.  In Portugal, Spain and Greece, more 
than 25 percent of the rangeland is heavily affected 
by drought. This corresponds, respectively, to 15 
percent, 10 percent, and 8 percent of total land in 
these countries (Erian et al., 2012). 

Scientific literature (IPCC, 2007 and 2012) agrees 
that all categories of drought hazard in the Mediter-
ranean region will get worse as the region gets drier 
and warmer. However, in Africa, there is only medi-
um to low confidence owing to a lack of document-
ed evidence and data (IPCC, 2012).  

In Eastern Africa, other studies highlight long-term 
decline in rainfall and increasing temperature, 
such as in parts of Ethiopia, Kenya, Sudan and 
Uganda, which will increase agricultural drought 
hazard (Funk et al., 2010; 2012a; 2012b). Figure 6.7, 
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for example, highlights observed and projected 
changes for Kenya between 1975 and 2025. For 
central Kenya, the projected decrease in rainfall 
might reach 150 mm per year, whereas tempera-
ture is estimated to increase about 0.9 degrees 
Celsius (Funk et al., 2010). Increasing agricultural 

drought will reduce the areas of land to support vi-
able agricultural livelihoods. 

These changes are leading to a decline of precipi-
tation in areas that to date received sufficient 
rainfall to support agriculture and a shift of rain-

(Source: Erian et al., 2012) iv

Figure 6.6  Agricultural drought intensity from 2000 to 2010 in the Horn of Africa and the Sahel 
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fall locations overall, as Figure 6.8 highlights.

Other studies point to potential changes in cli-
mate in Western Africa. For example, Mali is 
considered at risk of a ‘climate zone shift’, owing 

(Source: Funk et al., 2012b)

(Source: Funk et al., 2010)

Figure 6.8  Climate change in Ugandaxii 

Figure 6.7  Observed and projected changes in rainfall and temperature from 1975 to 2025 in Kenya

to the Sahara moving south. Because of changes 
in climate, in 2030, the annual value of crop and 
livestock production is likely to drop between 5 
percent and 15 percent (ECA, 2009). 
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(Source: Erian et al., 2012)

Figure 6.9  Drought hazard and land degradation in sub-Saharan Africa, the Arab region and the Mediterranean (main map); Horn of 
Africa and Spain highlighted (bottom maps)

6.6     
Land degradation

Land degradation has been recognised as a key 
driver of agricultural drought risk. Vast areas in 
Africa, the Arab and Mediterranean regions are 
experiencing both land degradation and high 
levels of agricultural drought. As a result, these 
areas are at risk of desertification, represent-
ing an irreversible loss of natural capital.

Land degradation is associated with intensive agri-
culture or overgrazing, and salinisation owing to 
inappropriate irrigation, deforestation and the 
breakdown of traditional agro-ecological systems.  
Climate change may interact with some of these 
factors, but is rarely the main driver of land degra-
dation (WMO, 2005).     

Land degradation can increase agricultural drought 
by reducing the moisture-carrying capacity of the 
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soil.  And soil water deficiency can further increase 
land degradation through the loss of vegetation 
cover. Areas that are experiencing both land degra-
dation and high levels of soil water deficiency are 
more at risk of desertification, which represents an 
often irreversible loss of natural capital (Erian et al., 
2012; Watson et al., 2005; WMO, 2005). 

As Figure 6.9 shows, large areas of Africa, the Arab 
states and the Mediterranean region experienced 
both drought hazard and land degradation be-
tween 2000 and 2010. Contrary to loss estimated 
from wild-land fires, the loss of natural capital and 
ecosystem services owing to drought and land 
degradation has not yet been calculated. 

6.7 Agricultural drought losses 
and impacts

The scale of direct losses and indirect impacts 
from agricultural droughts is still poorly under-
stood. Estimated yield reductions, however, 
point to significant losses. For example, a one–
in–ten year drought in Mozambique would lower 
the maize yield by 6 percent and the GDP by 0.3 
percent. Niger has a 1 in 10 probability of suffer-
ing a loss of more than 10 percent of expected 
millet production.

The contribution of agriculture to GDP is in decline 
(Yumkella et al., 2011), but agriculture continues to 
be the main source of income and employment for 
many households living below US$1 per day.  In sub-
Saharan Africa, for example, the agricultural share of 
GDP has decreased from 42 percent in 1965 to 12 
percent in 2008 (Ibid.). At the same time, agriculture 
generates two-thirds of total employment and more 
than 75 percent of the value of domestic trade 
(Ibid.). In Ethiopia, for example, although the sector 
contributes 44 percent of the country’s GDP, 85 per-
cent of the population is employed in agriculture 
(Spielman et al., 2011).

Because of its complexity, accurate and complete 
global data on crop losses from agricultural drought 
do not exist.  And many losses associated with local-
ised droughts are not documented.  However, the 
magnitude of losses can be gauged from specific 
events. 

For example, direct and indirect losses from the 
2008–2011 droughts in Kenya were approximately 
US$12.1 billion, which are estimated to have caused 
a reduction of GDP of 2.8 percent per year during 
that period (Cabot Venton et al., 2012). Similarly, the 
1998–2000 droughts are estimated to have caused a 
16 percent reduction in GDP during each year of that 
period (Ibid.).  

During the 2008–2009 drought in the Syrian Arab Re-
public, 75 percent of farmers suffered total crop fail-
ure (Erian et al., 2012). Between 2005 and 2009, pro-
duction of barley in the region fell by 40 percent. 
This production failure was exacerbated by the ab-
sence of natural pasture and the doubling of feed 
prices. Given that barley is the primary feed for 
many cattle, this led to a reduction in livestock (FAO, 
2009). Consequently, the estimated number of 
sheep dropped from 22.9 million heads in 2007 to 
19.2 million heads in 2008 (NAPC, 2009). 

Innovative new probabilistic models of agricultural 
drought risk (see Box 6.3 above) are now providing a 
clearer picture of potential crop losses at the coun-
try level and can be related to relevant economic in-
dicators. As with other hazards, a probabilistic ap-
proach is required given that many droughts that 
could potentially occur have not yet done so. 

In Mozambique, agriculture contributes 25 percent 
of GDP (World Bank, 2011). The probabilistic model 
estimates that the country risks losing, on average, 
0.12 percent of its GDP every year owing to the 
probable loss of 3 percent of its total maize pro-
duction due to drought (Jayanthi and Husak, 2012).  
A one–in–ten year drought in Mozambique would 
lower the maize yield by 6 percent and GDP by 0.3 
percent (Figure 6.10).
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(Source: Jayanthi and Husak, 2012)

Figure 6.10 Loss exceedance curve showing Mozambique’s expected loss in maize production (in percentage) and its correspondent 
probability of exceedance

(Source: Jayanthi and Husak, 2012)

Figure 6.11  Estimated likelihood of drought occurrence in Niger
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Notes

i Data from World Resources Institute (WRI): Per Capita Emissions: 
metric tonnes of CO2 equivalent (mtCO2e) per person. Additional 
data: Puerto Rico,   http://www.epa.gov/ttnchie1/net/2008inventory.
html; Hong Kong (Special Administrative Region China), http://
www.epd.gov.hk/epd/english/climate_change/files/HKGHG_Sec-
tors_201009.pdf; Federal States of Micronesia, http://unfccc.int/
resource/docs/natc/micnc1.pdf. 

ii For example, the Rio+20 Natural Capital Summit (http://www.
uncsd2012.org/index.php?page=view&type=1000&nr=450&me
nu=126) and the WAVES public-private partnership, involving 50 
countries and 86 private companies (www.wavespartnership.org).

iii The risk reduction index (RRI) is a composite index of underlying 
capacities and conditions for disaster risk reduction. The environ-
mental degradation rankings are based on a number of proxy in-
dicators such as air pollution, deforestation, desertification, water 
contamination and water scarcity.  For more information on the RRI, 
please see: http://daraint.org/risk-reduction-index/. 

iv Based on the Inclusive Wealth Index developed by UNU-IHDP 
and UNEP (2012).

v L3JRC and MODIS MCD45. Although the two global datasets are 
in agreement regarding the global evaluation of burnt areas, their 

In Niger, a 2009 drought caused the loss of approxi-
mately 410,000 metric tonnes (MT) of millet—about 
13 percent of expected production (IRIN, 2010).  The 
probabilistic model indicates that Niger has about a 
1 in 10 probability of suffering similar crop loss or 
higher in any given year.  Figure 6.11 represents the 
probability of drought frequency for different dis-
tricts in Niger.

Improved modelling of agricultural drought, togeth-
er with down-scaled climate scenarios put it in a 
framework that is consistent with risk estimates for 
other hazards and could reduce uncertainty regard-
ing distribution and intensity of agricultural drought 
as well as its potential impacts. 

A better understanding of the relationship between 
drought likelihood, food production losses as well 
as the wider risks to natural capital and social sec-
tors would encourage informed investments by the 
agribusiness sector and more relevant and effective 
public policy decisions by governments.  Together, 
these two players—public and private—could be 
one step ahead of damaging environmental change 
by limiting the risks associated with countries’ natu-
ral capital.   

evaluation varies significantly depending on region and ecosystems 
monitored. This can be explained by the different satellite sensors 
and methodology used; however, it generates uncertainties and is 
something that needs to be improved in the future.

vi CRED data on: http://www.emdat.be/database. University of 
Louvain, Belgium.

vii Different satellite sensors provide different quantifications of 
burnt area.

viii Agricultural drought is a complex issue that not only depends on 
rainfall, temperature or soil conditions, but also relates to the speci-
ficity of the cultivations as well as irrigation systems. Local, or at 
least regional, analyses of droughts and drought risk are required to 
fully understand the drivers of risk as well as the impacts of drought 
events in each context. IPCC  uses the term ‘soil moisture drought’ 
instead of ‘agricultural drought’ because soil moisture deficits have 
several additional effects besides those on agro-ecosystems, most 
importantly on other natural or managed ecosystems (including 
both forests and pastures) (Erian et al., 2012).

ix http://www.drought.unl.edu/DroughtBasics/TypesofDrought.
aspx. 

x This analysis was carried out using the normalised difference 
vegetation index, as explained in Erian et al., 2012.

xi This figure is based on the changes in the normalised different 
vegetation index (NDVI) compared with the agricultural seasons 
(Erian et al., 2012).

xii The left map shows the average location of the March–June 500 
mm rainfall isohyets for 1960–1989 (light brown), 1990–2009 (dark 
brown), and 2010–2039 (predicted, orange). The green polygons in 
the foreground show the main maize surplus regions; these areas 
produce most of Uganda’s maize. The blue polygon in the upper-
right shows the Karamoja region. The right map shows analogous 
changes for the June–September 500 mm rainfall isohyets


