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will produce varied effects that will interact with these other
stresses and multiple vulnerabilities, and they will take their toll
particularly among the most exposed and poorest people of the
world.

The most vulnerable human and ecological systems are not
ditficuit to find. One third ro one half of the world’s population
already lacks adequate clean water, and climate change
mvolving increased temperature and droughts in many areas—
will add to the severity of these issues. As other chapters in this
volume establish, environmental degradation affects all eCOsystems
and ccosystem services to varying degrees. Many developing
countries {especially in Africa) are already suffering declines in
agricultural production and food security, particularly among
small farmers and isolated rural populations. Mountain locations
are often fiagile or marginal environments for human uses such as
agricuiture (Jodha 1997, 2002). Increased flooding from sea level
rise threatens low-lying coastal areas in many parts of the globe, in
both rich and poor countries, with a loss of life and infiastructure
damages from more severe storms as well as a loss of wetlands and
mangroves. (See Chapters 19 and 23.)

The peor, clderly, and sick in the burgeoning megacitics of
the world face increased risk of death and illness from growing
contamination from toxic materials. Dense populations in devel-
oping countries face increased threats from riverine flooding and
its associated impacts on nutrition and disease. These threats are
only suggestive, of course, of the panoply of pressures that con-
front the most vulnerable regions of the world. It is the rates and
patterns of environmental change and their interaction with
place-specific vulnerabilities that are driving local realities in terms
of the eventual severities of effects and the potential effectiveness
of human coping mitigation and adaptation.

Research on global environmental change and on-going as-
sessments i many locales throughout the world have greatly en-
riched cur understanding of the structare and processes of the
biosphere and human interactions with it At the same time, our
knowledge is growing of the effects that changes in ccosystenis
and ecosystem services have upon human communitics. None-
theless, the knowledge base concerning the vulnerabilities of cot-
pled socioccological systems is uneven and not yet sufficient for
systematic quantitative appraisal or validated models of cause-and-
effect relationships of emerging vulnerability. Yet what we need
to understand is apparent in the questions that researchers are ad-
dressing (Turner et al. 20032): Who and what are vulnerable to
the multiple environmental and hunan changes under way, and
where? How are these changes and their consequences attenuated
or amplified by interactions with different human and environ-
mental conditions? What can be done to reduce vulnerability to
change? How may more resilient and adaptive communitics and
societics be built?

[n this chapter key definitions and concepts used in vulnera-
bility analysis are first considered. Included in this is a clarification
of what is meant by the termzs “vulnerability’” and “vesilience.”
Several of the principal methods and tocls used in identifving and
assessing vulnerability to environmental change are then exam-
ined (but sce also Chapter 2). Efforts to identify and map vulnera-
ble places at the global scale are described, followed by three
arenas—natural disasters, desertification, and food security—that
have received substantial past analyses in vulnerability research
and assessment. Several specific case studies that illustrate different
key issues chat pervade vuinerability assessments are presented
and, fmally, implications of our current knowledge for efforts to
assess and reduce vulnerability and to build greater resilience in
coupled socicecological systems are assessed.

Ecosystems and Human Well-being: Current State and Trends

6.2 Definitions and Conceptual Framework

The term vulperabilicy derives from the Latin root vulitesare,:

meaning to wound. Accordingly, vuinerability in simple ternys

means the capacity to be wounded (Kates 1 985). Chamberg:

(1989) elaborated this notion by describing vulnerability as “ox.

posure to contingencies and stress, and the difficulty in coping

with them.” It is apparent from relating the notion of vulnerabil:
ity to the broader framework of risk that three major dimensions
are mvolved:

*  oxposure to stresses, perturbations, and shocks;

* the sensitivity of people, places, and ccosystems to seress of
perturbation, including their capacity to anticipate and copé
with the stress; and :

* the resilience of exposed people, places, and ecosystems i
terms of their capacity te absorb shocks and perturbations’:
while maintaining function.

6.2.1 Conceptual Framework for Analyzing
Vulnerability

A wide variety of conceptual frameworks have arisen to address
the vulnerability of human and ecological systems to perturba-
tions, shocks, and stresses, Here we draw on 2 recent effort of the :
Sustainability Science Program to frame vulnerability within the
context of coupled socioecological systems (Turner ct al. 2003a,
2003b). The framework secks to capture as much as possible of
the totality of the different elements that have been demonstrated
in risk, hazards, and vulnerability studies and to frame them in
regard to their complex Hokages. (See Figure 6.1.)

The framework recognizes that the components and linkages
i question vary by the scale of analysis undertaken and that the
scale of the assessment may change the specific components but
not the overall structure, It identifies ewo basic parts to the vul-
nerability problem and assessment: perturbation-stresses and the
coupled socioecological system.

Pertarbations and stresses can be both human and environ-
mental and are affected by processes often operating at scales
larger than the event in question (such as local drought). For ex-
ample, globally induced climate change triggers increased varia-
tion in precipitation in a tropical forest frontier, while political
strife elsewhere drives large numbers of immigrants to the fron-
tier. The coupled socioceological system maintains some level of
valnerability to these perturbations and stresses, related to the
manner m which they are experienced, This experience is regis-
tered first in terms of the nature of the exposure-—its intensity,
frequency. and duration, for instance—and involves measures that
the human and environment subsystems may take to reduce the
exposure, The coupled system experiences a degree of harm to
exposure {risk and impacts), determined by its sensitivity, The
linkage between exposure and impact is not necessarily dirvect,
however, because the coupled system maintaing coping mecha-
nisms that permit immediate or near-term adjustments that reduce
the harm experienced and, in some cases, changes the sensitivity
of the system itself.

If perturbations and stresses persist over time, the types and
quality of systen resilience change. These changes are potentially
irreversible, as the case of ozone depletion illustrates. Change may
lead to adaptation {fundanrental change) in the coupled systen.
The role of perception and the social and cultural evaluation of
stresses and pertarbations is important to both the recognition of
stresses and the decisions regarding coping, adaptation, and adjust-
ment. These decisions reflect local and regional differences in per-
ceptions and evaluations. The social subsystem must be altered, or
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Figure 6.1. A Framework for Analyzing Vulnerability

it ceases to function (a place or region 1s tbandoned, for example);
the ecological subsystem changes in climate and vegetation. This
process of more fundamental change, sometimes also referred to
as “reorganization,” may move the coupled socioecological sys-
temn in a direction of greater sustainability, but perhaps at a cost to
those depending on current patterns of ecosystem services. The
MA Policy Responses volume addresses adjustments and adaptation
in ccosystems and with respect to human well-being in greater
detail. By definition, no part of a system in this vulnerability
framework is unimportant.

6.2.2 The Concept of Resilience

The concept of resilience as applied to integrated socioecological
systems may be defined as the amount of disturbance a system can
absorb and still remain within the same state or domain of atirac-
tion, the degree to which the system is capable of self-organization
{versus lack of organization or organization forced by external
factors), and the degree to which the system can build and in-
crease its capacity for learning and adaptation (Carpenter et al.
2001). Socioccological systems are complex adaptive systems that
are constantly changing, and the resilience of such systems repre-
sents the capacity to absorb shocks while maintaining function
(Holling 1995, 2001; Gunderson and Holling 2002; Berkes et al.
2002). When a human or ecological systemn loses resifience, it
becomes vulnerable to change that previously could be absorbed
{Kasperson and Kasperson 2001).

New insights have been gained during the last 10 years about
the essential role of resiience for a prosperous development of

P

human society (Gunderson and Holling 2002). A growing num-
ber of case sindies have revealed the tight connection between
resilience, diversity, and the sustainability of socioecological sys-
tess {Berkes and Folke 1998; Adger et al. 2001},

Ecosystems with low resilience may still maintain function and
generate resources and ccosystem services—that is, they may seem
to be in good shape—but when subject to disturbances and sto-
chastic events, they may reach a critical threshoeld and slide into a
less desirable state, Such shifts may significantly constrain options
for social and cconomic development, reduce options for liveli-
hoods, and create environmental migrants as a consequence of the
impact on ecosystem life-support.

In ccological systems, Lawton (2000} and Loreau et al. (2001)
synthesized the evidence from many experiments and affirmed
that the diversity of functionally different kinds of species affected
the rates of stability and increased the reliabiliey of ecosystem
processes Jocally. Furthermore, a number of observations suggest
that biodiversity at larger spatial scales, such as landscapes and re-
gions, ensures that appropriate key species for ecosystem func-
tioning are recruited to Jocal systems after disturbance or when
environmental conditions change (Peterson et al. 1998; Bengisson
et al. 2003). In this sense, biological diversity provides insurance,
flexibility, and risk spreading across scales in the face of uncer-
rainty and thereby contributes to ecosystent resilience (Folke ct
al. 1996). (See also Chapter 11.)

Ecological resilience typically depends on slowly changing
variables such as land use, nutrient stocks, soil properties, and bio-
mass of long-lived organisms (Gunderson and Pritchard 2002),
which are in turn alteved by human actividies and socioecenomic
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Table 6.2. Reducing Human Vulnerability: Country Scores (Global Leaders for Tomorrow Environmental Task Force 2002)
4. hustria 85.1 49. Colombia i 97. Zimbabwe 39.2
"2, Netherlands 85.1 50. Triniclad and Tobago 714 98. Namibia 85
3, Sweden 85.0 51. Jordan 708 99. Gambia 73
4. Canada 85.0 52. Iran 0.7 100, Laos 353
5. Slovenia 850 53, Kazakhstan 7C6 101. Irag 3.8
5. Australia 849 54, Tunisia 68.8 102. Mongolia 3238
i Finland 84.9 5. Syria 68.1 103, Myanmar {Burma) 2.5
"8 United Kingdom 84.8 56. Mexico 672 104. Ghana 2.3
g Norway 84.8 57. Turkey 56.8 165. Nepal 315
10, Hungary 84.3 58. Panama 86.2 106. Bhutan 314
1%, Slovakia 84.3 9, Brazil 6.0 107. Senegal 308
2. Switzetland 84.3 60. Lithuaria 64.8 108. Sudan 23.5
22143, ireland 83.9 61, Algeria 64.2 109. Gabon 25.6
14, iceland 83.6 62. Bosnia and Herzegovina 63.7 i10. Congo 25.1
15, Haly g2.7 63. Romania 62.7 11t. Céte d'ivoire 224
18, New Zealand 82.2 64. Libya 62.2 112. Tajikistan 216
17. France 82.2 65. Egypt 62.1 113. Benin 21.0
18. Japan 82.1 66. China 61.9 114, Togo 18.3
19, Denmark 82.0 67. Jamaica 61.4 115. Nigeria 18.2
20, Gresce 81.9 68. Honduras 61.3 116, Papua New Guinea 18.0
21, South Korea 817 69. Ecuador 61.2 117. Uganda 15.4
22, Uruguay 811 70. Paraguay 60.7 118. Cameroon 15.1
© 23, Germany 80.9 71. Moracco B0.4 119. Burkina Faso 103
.24, Beigium 80.8 72. Uzbekistan 60.3 120. Kenya 10.2
. 25, Spain 80.6 73. Albania 59.8 121. Tanzania 9.9
26. lsrael 804 74. Thailand 58.9 - 122. Mauritania 9.7
27. United States 804 75. North Korea 57.9 123. Central African Rep. 9.4
28. Chile 79.9 76. Venezuela 57.8 124, Mali 9.3
29. Russia 79.7 77. South Africa 57.7 125. Cambodia 8.2
- 30. Czech Republic 74.7 78. Indonesia 575 126. Guinea 8.1
31, Belarus 78.3 79. Philippines 56.4 127. Madagascar 7.8
32. Bulgaria 72.1 80. SriLanka 56.3 128. Haiti 78
33. Costa Rica 79.1 81. Kyrgyzstan 52.3 129. Malawi 74
34. Portugal 78.9 82. Guatemala 52.3 130. Zambia 8.9
35. Poland 78.5 83. Dominican Republic 51.5 131. Burundi 6.4
36. Moldova 773 84. Peru 51.1 132. Rwanda 6.1
37. Croatia 766 85. Botswana 51.0 133, Mozambique 5.4
38, Kuwait 76.5 86. Armenia 51.0 134. Niger 5.1
39. Estonia 76.3 87. Viet Nam 50.5 135. Guinea-Bissau 5.1
40. Saudi Arabia 76.2 88. El Salvador 48.8 136. Liberia 39
41, Argentina 75.2 89. Azerbaijan 476 137. Chad 38
42, United Arap Emirates 75.0 90. Nicaragua 456 138. Somalia 35
43. Lebanon 748 91. India 43.8 139. Zaire 27
44, Latvia 74.8 92. Bolvia 435 140. Ethiopia 24
45. Macedonia 73.8 43. Turkmenistan 420 141, Sierra L.eone 22
46. Ukraine 73.8 94, Pakistan 415 142. Angola 1.8
47. Malaysia 7390 85. Oman 41.0
48. Cuba 726 86. Bangladesh 40.3

high level of disaster risk; at least 6 countries have been affected
by two to eight major disasters per year in the past 15 years, with
long-term consequences for human development (UNEP 2002).
Ninety percent of natural disaster—related loss of life occurs in the
developing world. When countries are grouped according to the
UNDP Human Development Index, socioeconomic differences
are strongly reflected in disaster losses {IFRC 2001). For the
19905, countries of low human development experienced about
?()% of the hazard events and reported over 50% of the deaths and
Just 5% of economic losses. High human development countries
accounted for over 50% of the total economic losses and less than
2% of the deaths. :

L assessing the distribution of valnerability, several limitations
0 existing research need to be considered. First, economic valua-

tions do not reflect the difference in refative value of losses among
wealthier and poorer populations or the reversibility of environ-
mental damages incurred. Similarly, land degradation due to land-
shides, flooding, or saline inundation from coastal events can
diminish the natural capital resources of livelihoeds, further com-
pounding recovery challenges. The meaning of the economic
value of these losses of ecosystem services s also difficult to capture
and 1s seldom included in conventional cconomic assessments.

Sccond, because of the definitions of disaster used, local-scale
disasters of significance to the affected community are often not
reflected in these disaster statistics. If those losses were mcluded,
the figures on damages could easily be much higher.

Finally, there is the tendency to treat natural hazards mn sepa-
rate categories and to treat disasters as discrete, individual events.
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Table 6.3. Great Natural Catastrophes and Economic Losses:
Comparison of Decades, 1950-99 (Munich Re 2000)

Catastrophes

and Losses 1950-59 1960-69 1970-79 1980-89 1990-99
~ Number 20 27 47 63 82
Econcmic 38.5 69.0 124.2 192.9 535.8
losses (bill.

1998 dollars)

Insured losses  unknown 6.6 1.3 23.8 98.9
(bill. 1398

dolfars)

Note: Natural catastrophes are classified as “great” if the ability of the
region to help itselt is distinctly overtaxed, making interregional or inter-
national assistance necessary.

700 -~ 16
600 {- I
w | -
& 5004 T12 &
© 410 G
Q400+ 5
c ___8 —
= 3004 &
@ T6 ¢
200 - bq o
100 - 12

Poorest Nations

Richest Nations

Economic losses

D Losses as percentage
of GDP

Figure 6.4. Disaster Losses, Total and as Share of GDP, in 10
Richest and Poorest Nations, 1985-99 {Abramovitz 2002)

This accounting practice limits insights into the consequences of
threats from multiple hazards in one place and of sequences of
disasters following upon one another. Over time, maltiple and
recurring hazards exacerbate vulnerability, and across scales, vui-
nerability is generally greater during the recovery period, when
systems are already damaged. These patterns of differential impact
affect cftorts to cope with the impacts of environmental variability
and degradation, as described earlier,

6.5.2 Explaining Vulnerability to Natural Hazards

Human-driven transformation of hydrological systems, popula-
tion growth (especially in developing countries), and movements
of people and capital into harm's way are major driving forces
underlying the mcreasing numbers of disasters {(Mitchell 2003).
Conflict among people contributes further to vulnerability (Hew-
it 1997, The causal reasons relate to basic characteristics of econ-
omy and political system but also to the perceptions, knowledge,
and behavior of local managers and institutions (Hewitt 1997).

In some regions, significant environmental changes have re-
sulted in the degradation of ecological services that mediated the
eftects of hydro-climatological events. Two common forms of
ccological change—deserufication and deforestation-—can exacer-
bate the impacts of drought in some areas by reducing the moisture-
hoiding capacity of the soil and contribute to increased Aooding
through reducing nfiltration. (See Chapter 16.) In Honduras, de-

Ecosystems and Human Well-being: Current State and Trends

forestation contributed losses through increasing flooding as well
as landslides following Hurricane Mitch in 1998, In other areas,
efforts at river or flood contrel have reduced vulnerability to
smailler hazard events, but increased losses when larger events
overwhelmed dams, dykes, or fevees and damaged the usually
protected area.

The growth in numbers of people affected is a particulady
important measure, as it provides an indication of the potential
increase of exposure and sensitivity of people to environmental
variability. The global annual average number of people affected
has increased over the last decade, although the number of deaths
due to disasters has declined. This shift highlights the potential for
changes in pattern of vulerability though adaptations. (See also
MA Policy Resposnises, Chapter 11.) The greatest proportion of
people affected resides in countries of medium human develop-
ment, which include the large-population countries of Brazil,
China, India, and Indonesia (IFRC 2001).

I addition to changing exposure, socioeconomic changes are
shaping the overall patterns of vulnerabilicy. First, while poverty
is not synonymous with vulnerability, it is a strong indicator of
sensitivity, indicating a lack of capability to reduce threats and
recover from harm. The number of people Hving in poverty is
increasing (UNDP 2002a). The greater number of people affected
in medium human development countries may also reflect their
expetience with the additonal challenges of transition, a sitzation
somewhat akin to recovery, in which infrastructure and support
systemns, both physical and social, may be disrupted by the proc-
esses of change and be unable to contribute to reducing vulnera-
bility.

Urbanization creates particular problems in disaster vulnera-
bility. Duc to the concentrations of people and complex infra-
structure systems involved, the repercussions of an event in cities
can spread quickly and widely, and the scale of resources needed
for effective response is often challenging for national or interna-
tional coordination. In many cases, these cities also draw in vast
numbers of people secking better lives, but they are often unable
to keep up with the demand for planning, housing, infrastructure,
and jobs. The informal housing that immigrants create is often
located in marginal areas, such as hill slopes and floodplains, and
accessible construction options cannot address the site limitations
(Wisner et al. 2004). In 1950, just under 30% of the world’s pop-
ulation (of 2.5 billion) lived in cities; by 2025 it is projected to be
over 60% (of an estimated 8.3 billion) (UNDP 2002b). This rapid
urbanization trend is particularly pronounced in countries with
low per capita income. {See also Chaprer 27.)

Globalization 1s contributing to nagural hazard vulnerability as
it is changing the sensitivity and coping options available (Adger
and Brooks 1003; Pelling 2003). On an international scale, in-
creasing connectedness s causing societies to become more de-
pendent on services and infrastructure “lifelines.” In such a
connected world, the consequences of natural disaster reach far
beyond the area physically damaged. It has been estimated that
the possible extent of damage caused by a extreme natural catas-
trophe in one of the megacities or indastrial centers of the world
has already atzained a level that could result in the collapse of the
econontc system of entire countries and may even be capable of
affecting financial markes worldwide (Munich Re 2000, 2002).
Globalizaoon has also increased the risks faced by marginalized
indigenous peoples; many of these are developmental effects that
will become apparent over only the long term. Traditional coping
mechamsms have come under severe pressure, and adaptation
strategics, at one time effective, can no longer cope (Pelling
2003).




©* Pata on global trends do not report on the social differentia-
tion among victims, but case study evidence and other synthesis
“efforts indicate some social groups are continually disproportion-
'étc])’ represented among those harmed the most {W@ne.r et a.l.
“3004). Thesc are oftc.n people w.ho.arc marginahized within soci-
oy, due to con-1bmat10n§ of prejudice, lack of or ignored rights,
“and lack of access o social supports or personal resources or due
& distance from concentrations of services and power. Indigenous
pcop]es, such as the Inuit, Sami, and others from northern re-
“gions, represent the vulnerability of this type of situation well.
(See Chapter 25 for further detais), These circumstances often
;apply to poor people, women, children, elderly individuals, and
othnic minorities in affected areas. In addition, the elderly, chil-
.]j-cn, women, and handicapped people are more likely to have
: ;J‘]zysica} limitations or special needs that reduce their ability to
cope with disaster.

6.6 Desertification: Lessons for Vuinerability
_Assessment

Desertification—iand degradation in drylands—-has been a subject
‘of interest for over 30 years, with numerous technical assessments
and policy analyses, and it 15 2 good example of changes in a
coupled socioecological systems that threaten livelihoods across
farge swaths of Earth. It is also a good example of understanding
vulnerability. (See Downing and Liideke (2002) and Chapter 22
" for morg on drylands and desertification and a useful set of maps.)
2 Local to global studies of social vulnerability to desertification
- suggest at least three lessons for vulnerability from past experi-
ence:

o Vulwesability is dynamic. Desertification arises fron the interac-
tions of the envirenment and social, political, and economic
systems—through the actions of stakeholders and the vulnera-
ble themselves (Downing and Liideke 2002),

Vulierability takes different fors at different scales. Similar con-
*stellations of institutions have diverse effects at different social
or geographic scales. The patchiness of driving forces, often
" represented in global scenarios, preciudes developing a simple
hierarchy from local vulnerability to global maps of desertifi-
cation risks.

Vilwerability cannot be differentiated into different causes. At the
level of human livelihoods and systems, exposure to desertifi-
cation Is entangled with poverty, drought, water, food and
other threats and stresses.

One example of the close coupling of social and environmen-
tal systems related to desertification is apparent in the syndromes
approach developed by the Potsdam Instituce for Climate Impact
Research, which depicts the close linkages and components in-
volved in the coupling. The basic idea behind syndromes is “not
. to describe Global Change by regions or scctors, but by archetyp-
- ieal, dynamic, co-evolutionary patterns of civilization—nature in-
teractions” (Petschel-Held et al. 1999, p. 296). Syndromes arc
charted in dynamic process models that link state variables that
change over ame and between states. The scale is ntermediate,
reflecting processes that occur between household and national/
macro scales. The typology of syndromes reflects expert apinion,
modified over time based on modeling. Local case examples are
used to generalize to mechanisms in the meodeling and also to
validate the syndrome results, Desertification is a case of several
syndromes operating independently, refiecting the internal dy-
namics of places, resources, economies, and populations.

The syndrome approach illustrates how concepts of dynamic
nerability mighe be implemented to understand multiple

vl
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stresses arising from the human use of ccosystem services. It takes
the analysis one stage beyond purely biophysical explanations to
examine linkages with human systems. The next steps might be
integrated analysis at the level of different users of ecosystent ser-
vices, and how they interact with each other in markets and in
governance.

6.7 Food Insecurity

The arena of food security has been a third primary focus of vul-
nerabilicy analysis. The severe famines in the 1980s in Africa saw
the hunch of dozens of famine early warning schemes, These
implemented various designs, but all expanded beyond the simple
monitoring of agricultural production. By the mid-1980s, Amartya
Sen's entittement theory (Sen 1981), which emphasized factors
influencing the distribution of food as well as the absolute Jevels
of available foed, was widely circulated and implemented in food
security monitoring. Attention to the socioeconomic failures that
linit access to global food supplies became a substantial compo-
nent of these efforts. More recently, more holistic approaches
have sought to focus on lvelihood security, to include foed secur-
ity, thereby widening the conceptual framing of valnerabikiey still
further.

Much of the literature on food secusity focuses on human
vulnerability; ecosystem services are limited to crop production,
grazing for livestock, and to a lesser extent wild foods. While
vulnerability assessment is maturing as an analytical tool, the need
exists for assessments that are more dynamic and actor-oriented.
Asn essential way forward in vulnerability analysis is to adopt a
mote precise ternunology and nomenclature {see, e.g., the papers
i Smith et al., 2003).

6.7.1 Methodolqg»j?ﬁ‘ |

Methodological lessons learned in vulnerability assessment over
the past several decades reinforce the general messages of this
chapter: food security is a relative measure that can be captured
in various quantitative and semi-quantitative ways, but it is not an
absolute condition that can be measured objectively. Food secur-
ity is muitidimensional and it integrates exposure to stresses be-
yond more narrow treatment of the production, or availabilicy of
food. (See Chapters 8 and 18 for a further description of food
provisioning services.) It is also clear that indicators of food secur-
ity need to represent an explicit conceptual framework, such as
that offered carlier in this chapter. The collation of indicators into
profiles and aggregated indexes needs also to reflect the causal
structure of food insecurity, going beyond the indiscriminate add-
ing up of available indicators into a single index (see Downing et
al. 2001).

A comumon feature of almost all food security (and livelihood)
analyses is the recognition of multiple domains of vulnerabitity.
Operational assessments commonly treat production, economic
exchanges, and nutrition, while longer-term and more structural
amalyses include some measure of the political economy that un-
derlies the more immediate dimensions of food sccurity. Examples
of operational assessments include India (MSSRF 2001) and
Kenya (Haan et al. 2001}, Figure 6.5 chares three domains of rural
food insecurity for states in India.

A more heurisue flustration of the multiple dimensions of
food sccurity, related to climate change, is shown in Figure 6.6
(in Appendix A). The Figure is speculative, based on a subjective
assessment of food security and climatic risks. Nevertheless, it
clearly shows that global food production is of less concern than
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Figure 6.5, Food Insecurity indicators of Rural India. Compiled
at the state level, the MS Swaminathan Research Foundation aggre-
gated food insecurity into three dimensions—food availability and
production (x-axis), economic access (y-axis), and nutritional utiliza-
tion (size of the circles, where larger is better-off). (MS Swaminathan
Research Foundation 2001)

the impacts of droughts, which are already cconomically and so-
cially significant for some livelihoods.

6.7.2 Wild Foods at the Local Scale

While a myriad of propositions regarding food security are possi-
ble, relating to different elements of causal strucoure, from the
nature of the hungry themselves to the global political economy
of food trade, here the case of wild foods and their role in food
security i3 examined. (See also Chapters 5, 8, and 18 for food
production and hunger issues.)

The most common approaches to food security are designed
to balance consumption and production at the houschold level—
including such indicators as expected yields of major foods {(re-
lated to rafall, soil quality, and pests, for mstance), economic
exchanges (such as tenms of vade for agricultural sales or access to
off-farm employment), hunting of wild foods, and some measures
of entitlement threugh remittances from kin, official food relief,
and relief work schemes. Set against the total of available food is
the expected consumption, from meeting the FAQY caloric stan-
dards to various levels of deprivation and starvation resulting in
measurable effects on health. Aggregating to a regional or national
level, such food balances guide policies for imports and exports,
for targeted relief, and for declaration of a food crisis.

Notably absent from such food balances is the role of off-farm
food collection—the gathering of wild foods either for consump-
tion or sales. {See Chaprer 8 for a more detailed description of the
role of wild foods, including game, fish, and plants, in diets and
for the underestimation in accounting in food balances.) [n forest
regions, these are called non-weoed forest products and can be a
major livelihood activity. Equally, few monitoring schemes in-
clude direct measures of ecosystem scrvices such as charcoal sales,
increased burdens of water shortages, or even effects of vegetation
and land cover on livestock and pests. Nevertheless, for some
marginal communities, such ccosystem services are essential and
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particularly important for surviving food shortages (Ericksen
2003).

[nvestigations of two dryland sites in Kenya and Tanzania
found that indigenous plants were an mmportant source of raw
material in the majority of coping mechanisms when alternatve
sources of food or income were required, such as when the har-
vest failed or sudden expenses had to be met. Such coping mecha-
nisms inciuded making use of trees for making and hanging
bechives (Howering trees are also a source of necear); of fuelwood
for sale, burning bricks, or producing charcoal; of reeds, fibers,
and wood for handicrafis such as mats or tools; and of fruit, vege-
tables, and tubers for food and sale. Indigenous plant-based coping
mechanisms are particulaly important for the most vulnerable,
who have little access to formal employment or market opportu-
nities, thus providing a crucial safety net in times of hardship.
Wild fruits provide important nutrients to children during times
svhen meals are reduced at home in many parts of Africa and
South Asia (Brown et al. 1999), for example.

Such raw materials can often be acquired from communal land
or from neighbors without cash transactions, and they are avail-
able at critical times of the year due to the climatic resilience of
indigenous plants. In addition, the sale of livestock and poultry
and engaging in casual labor, which are critical sources of cash
during crises, often depend on ecosystem services, such as grazing
land and fodder or forest preducts for fencing, construction, and
other typical casual labor tasks. Table 6.4 shows the high percent-
age of bouseholds that depended on indigenous plant-based cop-
ing mechanisms in the Kenya and Tanzania site (Eriksen 2000),
and Figure 6.7 illustrates the relative importance of indigenous
foods. While the findings refer to a particular point in time (the
1996 drought), the widespread use of forest products as a source
of [vod and income figures is consistent with findings from nu-
merous other studies (Arnold 1995; Brown et al. 1999).

6.7.3 Global Inﬂl_le'ﬁi:e on Local Food Balance

The literature on food security has a long tradition recognizing
that local food balances are embedded in national economies and
global flows of food trade and aid (for one representation, see
Kates et al. 1988). A fictitious illustrasion captures the notion of
global exposure:

Duwring a drougitt, a farm household suffers a loss of yields in one of
its fields of maize and beans. The field is primarily used for domestic
consusption, culitvated by the women. Rainfall shoriages are appar-
ent with the delay in the onset of the ralns—although the field is
planied and later weeded by the women, the family does not apply
expensive pesticides and fertilizers, expecting low refums during a
poer seasen. Another field has a different problem. The liead of the
housekold acquired it as part of a conmunity-based irrigaiion scheme

Table 6.4. Households Thai Depended on Indigenous Plant-
based Coping Mechanisms in Kenya and Tanzania
(Eriksen 2000)

Activities that Share of Share of

Involve Use of Households, Households,

Indigenous Plants Kenya site Tanzania site
{percent}

All use 94 94

Food use 69 54

Non-food use 40 42
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Figure 6.7. Use of Indigenous Plants in Mbitini, Kenya, by
Activity during the 1996 Drought. “Skilled job” entailed tailoring,
stone masonry/construction of houses, and woodcarving. Total num-
ber of households is 52. (Eriksen 2000)

that he joined a fow years ago. He plants it this year with a cash crop
of tormatocs and invests in fertilizer and pesticide. Halfiway through
the season, however, the drought restyicts the availability of irigation
water. As a “Junior’ member of the scheme, his supply is reduced
earfier than expected and his yiclds and quality are poor. When he
frics te sell bis crop to the local factory for processing into tomato juice,
he discovers that there is a glut in the market due to a relaxation of
fmport confrols. Good conditions in a nearby country and export sitb-
sidies have produced a surplus, and the factory cannot afford to pur-
chase local produce.

The fictitious example is not unrealistic—farmers have to
contend with Jocal conditions, with social, economic, and envi-
ronmental relations in their community, and with the globa and
national food system. This global natare of vulnerability makes it
impossible to clearly “bound™ exposure, and it is often misteading
to adopt a single spatial scale, as is often attempted in mapping
vulnerability (as noted earlier regarding tools and methods).

6.7.4 Reporting Vulnerability

An essential way forward in food security analysis is to use at least
A more precise terminology and nomenclature. A fairly simple
scheme is proposed here, which makes clear four fundamental
considerations that are not consistently reported: who is exposed,
what the stresses are, what time frame is considered, and what
consequences evaluated {see Downing et al. 2004). The notation
below calls for reporting vulnerability (V) as specific to time frame
{th; the sector, such as agriculture (s); the group, such as small-
scale farmers, women farmers, or residents of peri-urban areas (g);
and the consequences evaluated, such as food production, change
n food purchasing power, nutritional levels or hunger fc).
tVS,gL

(where s=sector, g =group, ¢ = conscquence, £ = ume frame and
V=vulnerability)

For instance, an examination of climace change vulnerability in
agriculiure could offer greater utility to future comparisons and
policy by specifying differences as follows:
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¢ Climate change vulnerability (T = climate change, no other
terms specified)

Drought (T) valnerability for food systems {5)

Drought (T} vulnerability for smallholder (g) agriculturalists

{s)

e Drought (T) vulnerability for smallholder {(g) agriculturalists
{s) at risk of starvation (c = health effects of reduced food con-
sumption)

These four different statements about climate change vulnera-
bility suggest the range of potential differences in assessment find-
mgs. The process of conducting a vulnerability assessment can be
labeled VA. If the indicators are mapped, this is extended to a
vulnerability assessment map, a VAM. A database of vulnerabitity
indictors used in a VA (or VAM) can be labeled V1. Greater preci-
sion and analytical comparability could be gained by assigning a
nomenclature to individual indicators (VL) such as:

f = ume period {historical, present or specific projection)
g = group of people if specific to a vulnerable population
¥ = region (or geographic pixel)

* = transformed indictors, as in standard scores

This basic set of relationships can be extended into a variety of
assessment tools and facilitate comparison of case studies.

6.8 Exploring Vuinerability Concepts: Three Case
Studies

The bread patterns of vulnerability apparent in the patterns and
trends of natural disasters, the assessment of desertification, and
the lessons from food security studies all demarcate important as-
pects of the sources and outconies of stresses and perturbations on
coupled sociaecological systems. But it is well known that these
mteractions are highly place-specific. Thus it is usefal to turn to
particular cases to, explore these issues in greater depth,

This section considers three specific examples. First, the situa-
tion of two types of resource-poor farmers in northeastern Argen-
tina is examined, iltustrating how vulnerability can take different
forms with different types of farming systems. Second, we look at
how shifting the scale of analysis or vulnerability and resilience
yields quite different insights on the sources of vulnerability and
the potential effectiveness of resilience-building strategies, using a
case study from Southern Africa. Finally, efforts to reduce vuiner-
ability and the challenges involved in assessing the benefits of dif-
ferent types of interventions are examined through a case study
from the one of the poorest areas of India.

6.8.1 Resource-poor Farmers in Northeastern
Argentina

The Misiones region, in a hilly arca of northeastern Argentina,
has a sub-tropical wet climate where about 60% of the original
vegetation (sub-tropical forest) has now been replaced by agricul-
ture, despite the fact that soils are fragile, ill-suited for continuous
cropping, and subject to nutrient depletion and erosion (Rosen-
feld 1998).

Subsistence farming is common in the region, and two major
types of farmers can be distinguished. Both have a similar farm
structare in terms of land, capital, and fabor; both arc very poor;
and both types often cannot meet their basic needs (Céceres
2003}, But they have designed very different farming systems and
developed contrasting strategies to interact with the wider context
within which they operate. On the one hand, agroecological
farmers have developed farming systems of very high divessity,
use few external inputs, rely mostly on local markets, and are part
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of representative peasant farmer organizations. Tobacco growers,
by contrast, manage less diverse agroecosystems, rely on external
mputs provided by the tobacco industry, have a weak participa-
tion in local organizations, and are closely hinked to external mar-
kets. (See Table 6.5.)

6.8.1.1 Agrobiodiversity

The number of domesticated animals and cultivated plants
(agrobiodiversity) maintained by the two types of farmers is strik-
ingly different. On average, agroccological farmers grow or raise
three times as many species within a single farm as tobacco grow-
ers do. The total number of species in all surveyed fanms is also
very different: 97 species n the case of agroecological farmers and
41 specics for tobacco growers. This indicates that agrecological
farmers maintain a higher degree of heterogencity among farnss
and a higher agrobiodiversity at the landscape-to-region level.
Horticultural, aromatic, and medicinal crops and fruit trees are the
most diverse categories both within and among farms,

Agrobiodiversity has a direct impact on food security (Altieri
1995). The more diverse farms are, the more likely they are to
meet subsistence food needs. The opposite oceurs in the case of
farmers specialized in the production of commaodinies (such as to-
bacco), since most of the farm resources are allocated to a goal
that does not strengthen local food security {Dewey 1979; Fleuret
and Fleuret 1980). This situation is clearly observed in this case,
where agroecological farmers grow more than three tbmes as
many species for food as tobacco growess do,

6.8.1.2 Technology

Agroccological farmers and tobacco groswers also differ strongly
in terms of farm technology. Although both draw on the same
technological matrix {draft power and the use of fire to clear up
land), the “firal” technologies used in their farms are very differ-
ent (Céceres 2003). In order to produce their cash crop, tobacco
growers rely on modern technology and a conventional approach
to farming. This involves the use of high external input technol-
ogy (chemical pesticides and fertilizers and high-vield seeds) and
monocropping. Nearly all the inputs needed for tobacco produc-
tion come from the market. Because tobacco growers have an
extremely limited financial capacity, they rely on the credit pro-
vided by tobacco companies, which in turn buy the tobacco
leaves from them, in a typical contract-farming relationship.

in contrast, the technology used by agroecological farmers
rests mostly on the understanding and management of natural
processes and cycles. Rather than relying on external inputs, they
maximize the use of both local and agroecological knowledge and
resources that are Jocally available. As a consequence of both their
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traditions and the extension work of development agencies, the
usc of raised beds, composting practices, intercropping, biological
pest control, and crop rotation s common among the agrocco-
logical farmers (Rosenfeld 1998). In order to gain access to this
technology, these farmers do not need te develop a heavy reliance
on the market, nor do they require the financial support of the
agroindustry,

6.8.1.3 Scale Interactions

The sociocconomic and institutional context, in particular of
markets and organization, is another key efement shaping the vul-
nerability of rural societies. Tobacco growess in the Misiones have
a less diversified relationship with the markets, since the tobacco
compantes are the main social actor with whom they intcract,
This is the highly asymumetrical relationship that typically develops
in contract farming {Watts 1990}). Tobacco growers are unable to
make the most important farming decisions {such as how many
tobacco plants to have, or which varietics), negotiate the quality
and price of their tobaceo with the agromdustry, or even decide
which company to seli their product to.

The contacts of agroecological farmers with the agroindustry,
on the other hand, are weak, and they are mostly linked to NGOs
and governmental programs fostering rural sustainable develop-
ment. Agroecological farmers have substantial control over the
productive decisions concerning their firms and have developed
a more diversified relationship with the market. They sell their
production through different channels, of which the organic
farmers” markets is the main one. In these markets, farmers and
conswmers meet once a week, when they set the price and other
aspects of the commercial transactions. The wider range of prod-
ucts that agroecological farmers bring to the market alse allows
more spreading of commercial risks and thereby has a favorable
impact on the stability of their cash flow.

The differences mno}_)gf; these two types of farmers are even
more noteworthy in teris of their participation in local organiza-
tions, Agroccological farmers not only relate with a higher num-
ber of organizations, they are also part of a larger number of
grassroots representative organizations committed to peasant in-
terests and civil rights. In contrast, tobacco growers are almost
exclusively related to the Tobacco Growers’ Association of Misi-
ones, a highly burcaucratized organization that primarily repre-
sents tobacco company-interests (Schiavoni 2001}, Yet the
participation of tobacco growers in this organizacion is compul-
sory in order to be able to sell their tobacco to the agromdustry.

6.8.1.4 Synthesis: Differential Vulnerability

Agroccological farmers and tobacco growers share many key so-
cial and preductive features. Both types of farmiers and the envi-

Table 6.5, Differences hetween Agroecological Farmers and Tobacce Growers in Terms of Agrobiodiversity, Food Safety, Links with
Markets, and Representative Organizations (P<< 0.001, Mann-Witney U test for independeni samples) (Caceres 2003)

Agroecological Farmers

Tobacco Growers

Variable Median Minimum Maximum Median Minimum 222
Totai number of plant and animal 40 21 54 14 7 82
species grown o raised on the farm

Number of species grown or raised for 28 © 18 42 10 4 11
family consumption

Number of species sold in the market 5 3 10 2 1 1
Participation in orgarizations (number} 2 1 5 1 1 1




ronment in which they develop their farming strategies may be
regarded as “vuinerable.” However, as this case illaserates, factors
shaping vulnerability can come together in a variety of ways that
result in substantial variations in the magnitude and types of vul-
nerability, even among a group such as smail-scale farmers, who
are often assumed to be homogeneous.

Given these differences in vulnerability, the agroecological
farmers appear less vulnerable overall than tebacco growers, 1if-
ferences in agrobiodiversity, technology, and articulation to the
wider context are the main factors underpinning this contrast. On
the one hand, agroccological farmers appear to have developed
more autonomous and resilient livelihood strategies. They man-
age more diverse and stable agroccosystems, produce more food,
and show a stronger negotiating capacity within the political
process. The strategy of tobacco growers, in contrast, depends far
more on the agroindustry. They produce less food, have very lim-
jited negotiation power, and are more exposed to the control of
tobacco companies and the fluctuations of tobacco prices and in-
dusery.

All this suggests that livelihood strategies used by different
groups can dramatically increase or decrease their level of valnera-
bility. Since the articulation to the wider context is a key aspect
in determining the vulnerability of poor farmers, the latter can
change drastically due to external factors, no matter how “sensi-
ble” the within-farm decisions, This suggests that vulnerability
involves the amphification and attenuation of a variety of condi-
tions that depend on both internal and external circumstances,
and that vulnerability changes over time with changing stresses or
needs in households or with wider sociocconomic and political
changes that increase or decrease access to various assets and op-
portunities.

6.8.2 Vulnerability and Resilience in Southern
Africa: Perspectives from Three Spatial Scales

The southern African region s currently facing a suite of complex
emergencies driven by a mix of factors, including HIV/AIDS,
conflict, land tenure, governance, and lack of access to resources,
coupled with climate risks—not least of which is the emergence
of Agads as a serious hazard (Mano et al. 2003; Vogel and Smith
2002; 1PCC 2001a). Existing adaptive capacity is also, arguably,
being increasingly eroded and undermined by such factors. The
World Food Programme has recently estimated that around 14
million people in the region are in a heightened food insecarity
situation (Morris 2002). Contributing factors emerging from this
situation include, among others, low opening stocks of cereals
from. previous years, low grain reserves in some countries, low
levels of preparedness for such food insecurity, and inappropriace
and constraining policies that contributed to market failures
(Mano et al. 2003).

This case examines the multiple roles of global environmental
change as part of a complex suite of stressors (such as climate,
governance, and healeh} and adaptation to such stressors in South
Africa, using the 2002/03 famine situation in the Southern Afri-
can Development Conumanity as a backdrop. The theme of resil-
ience and adaptation in the face of global change (Adger 2000} is
analyzed at three spatial scales, moving from the regional (SADC)
level to the district and community levels, focusing particularly

on the role of information as a potential input into building sus-

tainability. The greatest priozity in such an investigation is less one
of describing the problem than it is interactively crafting appro-
priate sustainable interventions. (No suitable “sustainable’ inter-
ventions can be designed 1n isolation of the institutions and
stakcholders involved.)
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6.8.2.1 The SADC Region 2002/03 Season: Coping with
Complex Environmental Stress

The contributions of varicus socioeconamic and political factors,
often generated outside the regien, have long been acknowledged
to contribute to the complexities associated with climate stress
and food insecurity facing Southern Africa (Benson and Clay
1998). Several of these myriad of factors usually become particu-
larly important during a severe dry spell, floed, or other climate-
driven event.

In response to the droughts of che 1970s, 19803, and 1990s,
international organizations, bilateral donors, African governments
and NGOs established numerous early warning systems and en-
farged institutional capacity to manage food security and risks
{Moscley and Logan 2001}, These entities have been actively un-
dertaking efforts to reduce vulnerability to & number of risk fac-
tors in the region. A clear activity has been to examine current
risks and threats primarily relating to drought-induced production
deficits and to provide improved climate information to serve the
agricultural sector (see, e.g., Archer 2003).

Another priovity has been not only to increase the under-
standing of food provision and production but also to improve
assessments of food procurement and access to food by houscholds
in the region {e.g., see Devercux 2000; Vogel and Smitch 2002)
and the factors {such as institutions, governance, and policy issues)
that enhance or constrain access to food. The conuibutions of
adverse synergies, including natural tiggers (such as drought) and
politics (such as civil stress) that have precipitated famines (Dever-
eux 2000}, have in some cases become more prevalent and en-
demic in sub-Saharan Africa.

A number of interesting adaptive measures have emerged
from assessments undertaken of the 2002703 famine in the region
(see wwvw.fews.net). Vulnerability assessiments show, for example,
that cereal production}s-s’;omctimcs not a key activity in procuring
food in risk-prone houscholds. Rather, it is food purchases and
other inputs (remittances, gifts, and so on) that enable houscholds
te obtain food. Such insight on adaptation practices has only
emerged from dewiled food economy investigations. Such studies
reveal and question the role of “food relief” as an intervention
strategy in reducing the impacts of the crisis. Furthermore, the
rofe of HIV/AIDS in aggravating the situation in several house-
hoids is also emerging as a strong and negative factor (SADC
FANR Vulnerability Assessment Committee 2003).

With the background of this regional scale, vulnerabilities to
a similar suite of risks {inciuding climate, management, and other
factors) can be understood at the scale of South Africa and Lim-
popo Province. These case studies clearly show that, similar to
the regional examiples described earlier, a well-intentioned focus
on early warning can do little to enhance resilience to risks if it is
net coupled with a carcful examination of the wider sociceco-
nomic environment in which such activities operate {(such as the
policy environment, or institutional strengths and weaknesses),
consistent with the northern Argentina case.

6.8.2.2 South Afvica, 2002/03 Season—The National Scale

An onusually dry 2002/03 summer rainfall season caused wide-
spread livestock mortality and water scarcity for growing crops in
Limpopo, Mpumalangz, and North West Provinces in South Af-
rica. In Limpopo, the provincial government requested 40 nutlion
rand i drought relicf from the National Department of Agricul-
ture, in addition to 6 million rand of provineial emergency fund-
ing that was made available (fargely for subsidized fodder). Official
estinmates were that drought-related cattle mortalities exceeded
18,000,
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A range of potentialiy valuable mechanisms to promote
drought mitigation and risk reduction was, however, in place.
Institutions and mechanisms included the Agricultural Risk Man-
agement Directorate, whose Early Warning Subdirectorate was
substantively involved in improving awareness of carly warning
in the agricultural sector. The Early Warning Subdirectorate was
established to improve forecast dissemination to smallholder farm-
ers after forccasters and decision-makers realized that the informa-
tion did not reach any further than provincial departments of
agriculure (Archer and Easterling 2004}, In addition, the Na-
tional Agrometecorological Committee was established as a forum
for reviewing updated seasonal outlook and provincial reports
regularly throughout the scason.

Essentially, the seasonal warning advisory was developed and
dissemimated at least vo the provincial level in South Africa for the
2002703 season. In spite of this, the adverse effects of climatic risk
were substantial. Accepting that further investigation is required
{and is planned), some preliminary observations on the 2002/03
season at the national scale in South Africa are possible.

As is well documented in a variety of case studies, forecasts,
warnings, and information were in themselves insufficient to en-
sure action to improve resilience to environmentat stress. In this
case study, failures may have occurred in dissemination {for exam-
ple, forecast information may not have been disseminated to ex-
tension officers or farmers). There may also have been failares in
response capacity-—even had farmers heard the seasonal warning,
they may, for a variety of reasons; have been constrained in their
ability to take anticipatory action {such as destocking). Last, there
may have been weaknesses in institutional capability as well as
weaknesses of “fit" and “interplay” between what instititions are
providing and what is required {sce, c.g., Folke etal. 1998; Berkes
and Folke 1998; Orlove and Tosteson 1999; Raskin et al. 2002).
Even with cffective information dissemination, provincial, mu-
nicipal, and local institutions may themsclves be constrained in
their ability to either recommend or support appropriate actions
to inprove resilience.

6.8.2.3 Vhembe District, Limpopo Province, 2002/03 Season

Results from research at the district and local level in Vhembe
district of Limpopo Province show where gaps and weaknesses
existed with regard to improved resilience to climatic risk in the
2002703 season. It appears that thus was the first season that the
surveyed community (first surveyed in 2000/01) had exposure to
seasonal forecast information. The Vhembe District Department
of Agriculture and the District Department of Water Affairs and
Foresery also recetved the forecast. Yet both ac the community
level and at the district institutional level, little response was ap-
parent. [dentifying the reasons for the lack of action is key to
understanding the adverse droughr eftects at the natzonal and pro-
vincial level described carlier.

First, 1t 1s clear that the forecast alone was insufficient, both
for the needs of fanmers and for district institutions, Both farmers
and institutions explicitly asked for more guidance in terms of
what actions might be appropriate in the light of the forecast or
warning information. Farmiers requested, for example, that when
the seasonal forecast (or severe weather warning) was broadeast
over the radio, the announcement needed to be coupled with an
advisory. Such an advisory could inchude a wide range of general
advice at various scales—at the district level, for instance, infor-
mation on planting dates; at the farm level, very specific informa-
tion on cultivars and planting. The District Department of
Agriculture asked that the existing agricultural advisory be further
developed and refined for focal district conditions. The District

Pepartment of Water Affaits and Forestry requested thar the ag-
ricultural advisory be adapted for the water sector {and for other
climate-sensitive sectors as well, such as healeh).

Second, farmers themselves may have been constrained in
their ability to respond to information about chimatic stress. The
most commonly documented constraint on response Capacity was
resource Hinitation, mecluding lack of access to credit, supplemen-
tal irrigation, land, and markets as well as lack of decision-making
power (particularly in the case of women farmers) {Archer 2003},
Further research in the area s seeking to understand the precise
role of resource limitations and misdirected inputs (such as inap-
propriate frrigation infrastructure) in constraining both the ability
to respond to forecasts and warnings and, more important, the
ability to increase resifience and adaptive capacity.

There are also, however, encouraging signs in Vhembe district
and at the national scale in South Aftica of building adaptive ca-
pacity under cenditions of climatic (and environmental) stress,
Progress has been made in the dissemination of the forecast to
district institutions and to the community level. And intermediary
mechanisms described at the natienal scale (such as the programs
under the Directorate of Agricultural Risk Management) show
promise. There are signs that research on ways to improve adap-
tive capacity in South Aftica is becoming increasingly well posi-
tioned to preduce generalized recommendations that may inform
policy.

6.8.2.4 Synthesis: Cross-scale Interactions and Multiple
Stressors

The results from this case suggest that although gaps and weak-
nesses were evident in the ability of entities at different scales to
decrease vulnerability to the emergence of multple stressors, suc-
cess stories were also apparent, In this example it is clear that the
spatial scale is a valuable unit of analysis. The Jevel of interplay,
however, between scales ‘of “intervention” is equally important
{c.g., Orlove and Tosteson 1999).

This example illustrates the “misfit” between scales of re-
search and intervention, between what is investigated and what i3
required, This example points to a greater understanding of these
complex Issues, particulaly in a region undergoing complex
shacks and stressors, and the decper interrogation that is required
of the range of institutional responses that may be needed to man-
age these systems effectively. The South African Weather Service,
as the official national forecast producer, works with other fore-
cast producers at the international and national levels to derive a
multiple-sourced seasonal outlook, containing three-month rain-
fall and temperature forecasts. The forecast, looking specifically at
the agricultural sector, is disseminated to the National Department
of Agriculture and from there to provincial, district, ward exten-
sion, and finally farm level

The process of sub-provincial dissemination of the forecast is
still in progress. There are three areas of on-going activity to im-
prove the systen: the process of combining multiple source fore-
casts, the role of the National Disaster Management Centre in
receiving forecasts and coordinating response in appropriate areas
and sectors, and the sub-provincial receipt of, and response to,
the forecasts.

At present, however, there remains a misfit between what is
currently being provided by the forecast producers and the sug-
gested requirements from the agricultural sector within the pro-
vincial levels. From the province down to ward level extension,
suggested forecast information differs from the three-month tem-~
perature and rainfall forecasts provided from the national and in-
ternational levels. Finer levels suggest information be provided on




geasonal qualicy (such as information on intra-seasonal variability),
advisories coupled to forecasts, retroactive forecast applications,
and impact-specific interpretation of forecasts (Orlove and Toste-
son 1999). To reiterate, the system is highly dynamic and should
be seen as evolving. The key question remains how to best inter-
vene to aid a system in building resilience to sustain socioecologi-
cal systems under conditions of environmental stress and surprise.

6.8.3 The Benefits of Reducing Vulnerability in
Bundelkhand, India

The Bundelkhand rcgidn in the cengral highlands of India consists
of semniarid plateau land. Rising population, subsequent agricul-
taral expansion, and increased demand for wood has led to rapid
deforestation in the region, which together with poor land man-
agement practices and government-approved commercial logging
has aggravated soil erosion and ecological degradation. Erratic
rainfall coupled with soil crosion has further reduced soil produc-
tivity and contributed to crop failure, and the area is now highly
degraded (EcoTech Services 1997). (This paper draws on Eco-
Tech Services 1999; the study was carried out to support the Uttar
Pradesh state government initiatives in the area, under a grant
from the Government of the Netherlands.)

The region has some of the lowest levels of per capita income
and human development in India. iteracy and infant mortality
rates were high, and local inhabitants depended on rain-fed single-
crop agriculture and smali-scale livestock production. The forests
that were the traditional source of livelihood have largely dis-
appeared.

Lalitpur district lies at the heart of the Bundelkhand region.
The main monsoon crops grown in the district are maize, gram,
and groundnut, while the main winter crops are wheat, peas, and
gram. Most people coilect green fodder from their own fand dur-
ing kharif and feed harvest remains to the animals in rabi and
summer. Harvest is sold as dry fodder. Most houscholds use the
same well through the year, and it takes approximately two hours
per houschold to coliect water each day. Nonavailability of pota-
ble water is a major problem across the district (EcoFech Services
1997).

6.8.3.1 Watershed Management

A technical plan for the Donda Nala watershed in Lalitpur district
was drawn up, aimed at Jand treatment and drainage line treat-
ment measures (BcoTech Services 1997). Land treatiment mca-
sures sought to reduce the loss of topsoil and to augment
rainwater retention and biomass production. Measures such as
embankments, earthen gully (channel) plugs, and agroforestry
were deemed applicable to cultivated land, while silvipasture was
deemed applicable to uncultivated lands. [Irainage treatments
suggested by the plan included mechanical measures such as the
construction of dams and surface water storage tanks. Long-term
benefits envisioned from these measures were retention of topsoil
and an increase in the moisture-retaining capacity of soil. The
technical plan estimated that the high-grade lands in the water
shed would show increased crop yields by about 50% in the first
five years as a result of such UNPIOVENICIES,

6.8.3.2 Quantifying Benefits

Bencfits projected fron: the watershed managenient activities in-
cluded increased productivity of land, improvement in the health
of animals due to increased fodder availability, better access to
drinking water, imereased employment, lower rates of soil erosion,
and stabilizing environmental degradation. For the economic
amalysis in the plan, the benefits were summarized as irrigation
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benefits, benefits from vegetative treatments, drinking water ben-
efits, and employment benefits. (The assessment did not attempt
to evaluate environmental and health benefits, which are more
complex to quantify.)

Farmers realized benefits from cultivation in the form of in-
creased profits. The incremental net profit was computed as the
difference between current profits and patential future profits
from cultivation. Assuming that prices would remain constant,
profits in the future were estimated on the present value of future
cultivation, It was estimated that the average annual incremental
profit would be 3,910,700 rupees (or 1,430 rupees per acre) as a
result of additiomal water on existing farmlands. It was estimated
that there would be additional benefits due o cultivation on mar-
ginal lands due to a further 257 hectares coming under cultivation
during monsoon and 90 hectares in winter. This value was esti-
mated as 1,681,000 rupees.

Vegetative treatments led to increased biomass in the form
of fodder, firewood, and timber. Locally accepted species were
identified for long-term community-managed common land.
The estimates from increased fodder availability were based on
fodder collection amounts. The incremental production of dry
fodder or crop residues was valued at the existing market rate and
estimated at 777,800 rupees for the watershed as a whole. A de-
tailed cost-benefit estimation of silvipastural treatments planned
in the wastelands for a period of 30 years was also assessed to
compute the net present value of the future stream of benefits.
Some 420 hectares of land were to be covered under the afforesta-
tion plan.

The potential benefits from better access to drinking water
were valued by using the opportunity cost of time saved in water
collection for women. Three open wells were proposed in the
villages of Agar, Dhurwara, and Ghisoli. These sought to enhance
women’s participation jif the project and to benefit families who
Jacked casy access toﬁd*i?’inkjng water. The new wells were typically
located near a cluster so that these families would not have ro o
more than & quarter of a kilometer. The estimated cost of digging
wells in the watershed was 304,065 rupees, and the total value of
time savings was 453,090 rapecs for the year. The value of this is
projected to rise over time as daity wages increase.

Given the labor requirements for each type of project activity,
the market and opportunity costs for labor were determined. The
benefits were caleulated from activity-specific labor components
of the technical work plan. Total incremental benefits Fom em-
ployment were valued at the prevailing wage rate, The employ-
ment benefits disbursed in the first two years of project activities
were estimated at 5,480,000 rupees.

The projected present value of the future stream of the total
annual benefits from cach of the estimated components provides
the overall value for the stream of benefits accruing from the proj-
cct. The average projected present value of benefits per hectare
was 47,461 rupees as opposed to an average project activity cost
of 7,500 rupees per hectare. (See Table 6.6.) Assuming a 30-vear
horizon, the present projected value of the estimated benefits
were computed using a 12% discount rate. The net present value
of total benefits worked out to be over 100 million rupees for the
entire watershed.

6.8.3.3 Synthesis: Distributional Issues

Most of the village community of Lalitpur district consists of smail
farmers and landless people. While the benefits from additional
employment and access to drinking water are projected to directly
enhance their guality of life, benefits from imigation and green
fodder production (which are the major source of benefits) are
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Table 6.6. Total Benefits for Donda Nala Watershed (EcoTech
Services 1997}

Project Total Undiscounted Totat Discounted
Activity Benefits Benefits
(Rs crores)

Irrigation 16.5620 3.5798
Digging wells 0.1300 0.0281
Employment 05476 0.4132
Silvipasture 244177 6.0871
Forestry 55876 0.3949
Total benefits 47.2449 10.5320

likely to accrue to these with land or cattle, The benefits will
reach poorer houscholds only if the access to treated wastelands
and to harvest can be assured.

6.9 Implications for Assessment and Policy

The discussion and cases in this chapter emphasize that the pat-
terns and dynamics that shape the valnerability of coupled socio-
ccological systems are composed of a multitude of linkages and
processes. As such, assessiments of vulnerability need 1o be com-
prehensive, sensitive to driving forces at different scales, but also
appreciative of the differences among places.

A number of observations relevant to atteiapis to assess and
reduce vulnerability and to build resilience may be offered. First,
conceptual framewerks of vulnerability have improved, repre-
senting human and biophysical vulnerabilitics as a coupled socio-
ccological system. However, the relationships across scales and the
role of specific actors (as drivers of systems) are poorly represented
in most frameworks, and the existing state of knowledge is still
weak. Different components of the coupled socioecological sys-
tem may have quite different vulnerabilicies and may experience
exposure to stresses and perturbations quite differently. Diverse
impacts are likely as a result; broad frameworks should not be
taken as reliable guides to local conditions. The term vulnerability
is still used in disparate ways in many assessments; a clear nomen-
clature is required to make assessments more consisient and co-
herent.

Second, the driving conditions of vulnerability have been well
characterized at least at a general tevel. Human alterations of ¢co-
systems and ecosystem services shape both the threats o which
people and places are exposed and their volnerabititics to the
threats. The same alterations of environment can have very differ-
ent consequences, depending on the differential vulnerability of
the receptor systems,

Third, poverty and hazard vulnerability are linked and often
mutually reinforcing by creating circumstances in which the poor
and those with Himited assets have few options but to exploit envi-
rommental resources for survival, At the same time, poverty and
vulnerability are overlapping but distinct conditions, and they re-
quire analysis to determine overlaps and interactions.

Fourth, vulnerability can alse be increased by the interaction
of stresses over time. In particular, sequences of stresses that erode
coping capacity or lengthen recovery periods can have long-term
impacts that stilt often are not adequately teated in many assess-
ments, Capturing these dynamics of vulnerability in assessment is
an ongoing chalienge.
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Fifth, sociocconomic and institutional differences are major
contributors to patterns of differensial vulnerability. The lnkages
among environmental change, development, and livelihood are
attracting increasing attention as z nexus in building resilient com-
munities and strengthening adaptive capacity, but existing knowl-
edge is still uneven and not well developed.

Sixth, despite this general level of explination, it is still diffi-
cult to document adequately the effects of different changes upon
different human groups with precision. While environmental
changes and nataral disasters are affecting increasing numbers of
people, the existing knowledge base of vulnerability and resilience
is highly uneven, with much known about some situations and
very little about others. Some of the most vulnerable peoples and
places are those about which the least is known. New vulnerabili-
ties may be realized in the future, as in the dramatic increase of
flooding damages in Africa or the effects of HIV/ARDS as a com-
pounding factor in livelihood security. Filling the major gaps is a
high priority in improving current assessments.

Seventh, assessment methods are improving. Entering vulner-
ability assessments at different scales of analysis, and particularly
the local scales of place-based assessments, holds potential for
greater depth ard understanding of the complexity and dynamics
of changing vulnerability.

Finally, despite the limitations of theory, data, and methods,
sufficient knowledge exists in most regions to apply vulnerability
analysis to contemporary problems of ecosystem management and
sustainable development in order to provide useful information to
decision-makers and practitioners.
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