Table 3. The matrix of vulnerability to climate change and variability for provinces in South Africa

Adaptive capacity

High Medium Low
Low Low vulnerability Medium vulnerability ~ ? Uncertainty
Potential
impact Gauteng Free State
Western Cape Northern Cape
[Exposure-
Sensitivit
ensitivity] Medium Low vulnerability ? Uncertainty Medium vulnerability
Mpumalanga
North West
High ? Uncertainty High vulnerability High vulnerability

Limpopo
Eastern Cape
KwaZulu Natal

Ranking

High Vulnerability Low Vulnerability

>

KwaZulu Natal North West Western Cape

Limpopo Mpumalanga

Eastern Cape Gauteng Free State

Source: Authors

To quantitatively assess the overall vulnerability index, we run a PCA with the 19 indicators
listed in Table 3, using data analysis and statistical software (STATA). Nineteen components are
extracted in the first stage of the PCA but only the first five are significant (based on the Kaiser criterion
of an eigenvalue greater than 1*). These five components explain 91 percent of the total variation in the
data set. The first principal component explains most of the variation (33 percent), the second principal
component explains 23 percent, the third explains 16 percent, the fourth explains 12 percent, and the
fifth explains only 6 percent. The first component is then used to construct the vulnerability index. Each
variable is normalized to take a value between 0 and 100 (see Appendix Table A.7). The weights (or
scores) assigned to the indicators on component 1 are shown in Table 4, along with their associated
statistics. Following Filmer and Pritchett (2001), the assigned weights are then used to construct an
overall vulnerability index by applying the following formula:

k
V= le[bi(aji —X; )]/Si

“

4 The eigenvalue is a measure of standardized variance, with a mean of 0 and standard deviation of 1. Each standardized
variable (here, each of the 19 indicators) contributes at least the variance of 1 to the principal component extraction. The Kaiser
criterion states that unless a principal component extracts at least as

much as one of the original variables (i.e. has a standardized variance equal to or greater than 1), it should be dropped from
further analysis (Filmer and Pritchett 2001).
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Figure 8. Map of the overall vulnerability indices across the farming provinces in South Africa

Source: Authors
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6. CONCLUSION

We herein report the quantitative operationalization of climate change vulnerability across the nine
provinces of South Africa. Vulnerability has three components: exposure, sensitivity, and adaptive
capacity. We examine the use of 19 environmental and socio-economic indicators to reflect these three
components of vulnerability. Our framework combines exposure with sensitivity to give the potential
impact, which is then compared with the adaptive capacity to yield an overall measure of vulnerability.
Principal component analysis is used to generate weights for the different indicators, and an overall
vulnerability index is calculated.

The methodology used herein has both limitations and strengths. The macro-profiles are limited
in that mapping vulnerability at the provincial level may lead to a false sense of precision. There is
enormous heterogeneity within provinces and districts with regard to household-level resource access,
poverty level, and ability to cope with climate change and variability. Examination of vulnerability can
certainly be guided by macro-level analyses, but ultimately future work should be done at higher
resolutions, such as the district and villages levels. Currently, to our knowledge there is only limited data
available for the district level, necessitating a macro approach at this time. The advantages of this
approach are the transparency of the indicator framework that allows us to trace vulnerable regions back
to their underlying determinants. Another key strength of our approach is that it provides a means for
evaluating the relative distribution of vulnerability at a sub-national level.

Our results show that the regions deemed to be most vulnerable to exposure to extreme events
and climate change/variability do not always overlap with the most vulnerable populations. Rather, our
study confirms the findings of Cutter et al. (2000 on the vulnerability of Georgetown, that the overall
vulnerability of the South African farming sector is characterized by a combination of medium-level risk
exposure coupled with medium to high levels of social vulnerability. Our findings indicate that farmers in
the Western Cape will be confronted with high exposure to extreme events and climate change/variability.
They will therefore incur great economic losses. However, the adaptive capacity of this province is high
due to its greater wealth, high infrastructure development, and good access to resources. In contrast, for
Limpopo, KwaZulu Natal and the Eastern Cape, it will take only moderate climate changes to disrupt the
livelihoods and wellbeing of the rural inhabitants, who are largely subsistence farmers. Thus, climate
change will increase the burden of those who are already poor and vulnerable.

General policy recommendations can be drawn from the above results. First, given large spatial
differences across province-level vulnerability, policy makers should tailor policies to local conditions. In
addition, climate change should be placed within the broader developmental context. An effective way to
address the impacts of climate change would be to integrate adaptation measures into sustainable
development strategies, thereby reducing the pressure on natural resources, improving environmental risk
management, and increasing the social wellbeing of the poor. In regions found to be highly vulnerable,
such as Limpopo, KwaZulu Natal, and the Eastern Cape, policy makers should enact measures to: support
the effective management of environmental resources (e.g., soil, vegetation and water resources); promote
increased market participation, especially within the large subsistence farming sector; stimulate both
agricultural intensification and diversification of livelihoods away from risky agriculture; and enact social
programs and spending on health, education and welfare, which can help maintain and augment both
physical and intangible human capital. Finally, policy makers should invest in the development of
infrastructure in rural areas, while in high exposure regions, especially the coastal zones, priority should
be given to the development of more accurate systems for early warning of extreme climatic events (e.g.,
drought or floods), as well as appropriate relief programs and agricultural insurance.
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APPENDIXES

Table A. 1. A review of the methods and indicators used to construct vulnerability maps

Author(s) and Conceptual Indicators Method of Justification Data Sources
purpose framework of  Category Variable selection and level of
vulnerability aggregation
Aandahl and Sex ratio (# females per 1000 males)
O’Brien (2001) Female literacy level A £ social .
Fertility level spllects of social organization car;‘
Initial selection of Two aspects of Empowerment Share of landholdings by farm size make Some groups less capab_le N
. o vulnerability: . . accessing resources and exerting
social vulnerability (small/marginal, medium, large) . .
[ . . . political rights
indicators to climate . Ratio of agricultural
The external: .
change and biophvsical laborers/cultivators
economic changes physica Irrigation rate . . o
. . vulnerability AP Aspects of an agricultural region District level
in agriculture sector Source of irrigation . . . .
in India . Ecology % Of villages with drinking water Literature review can make resldents 16?5 l?k.ely to
’ The internal: source cope with climate variability and 1991 Census Data
social o . extremes
e Fertilizer consumption
vulnerability with .
. o . Capture the poverty-ridden areas
three overlapping % Households below poverty line .
. . . where large parts of the population
dimensions Infant mortality rate (due to absolute poverty)
Poverty % Landless population P y

Brooks et al. (2005)

Develops national-
level

indicators of
vulnerability and
capacity to adapt to
climate hazards.

Risk is viewed in
terms of outcome,
and is a function
of physically
defined climate
hazards and
socially
constructed
vulnerability.

Housing — tenure status
Housing — standard

Population with access to sanitation
Literacy rate, 15-24-year olds
Maternal mortality

Literacy rate, over 15 years
Caloric intake

Voice and accountability
Civil liberties

Political rights

Government effectiveness
Literacy ratio (female to male)
Life expectancy at birth

26

Shortlist of potential
proxies from expert
judgment

Statistical analysis

constantly face the risk of having
to sell off productive resources and
fall further into poverty

Country-level
EM_DAT
database;
World Bank
Human
Development
Index



Table A.1. (Continued)

Author(s) and
purpose

Conceptual
framework of Category
vulnerability

Indicators

Method of

Variable selection

Justification

Data Sources
and level of
aggregation

O’Brien et al.
(2004) and TERI
(2003)

Using the example
of Indian
agriculture, this
paper presents a
methodology for
investigating
regional
vulnerability to
climate change in
combination with
other global
stressors.

Biophysical

Vulnerability as a
function of
exposure (here
double exposure:
climate and
globalization);
sensitivity and
adaptive capacity.

To measure
Adaptive capacity
they identify
significant
biophysical, socio-
economic, and
technological
factors that
influence
agricultural
production.

Socio-economic

Technological

Depth of soil cover
Severity of soil degradation
Total amount of replenishable

groundwater available
annually

Adult literacy rates
Degree of gender equity

% of district workforce employed in

. Literature revue
agriculture

% of landless laborers in the
agricultural workforce

Net irrigated area as percentage of
net sown area

Infrastructure development index
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Areas with more productive soil
and more groundwater available
for agriculture will be more
adaptable to adverse climatic
conditions and better able to
compete and utilize the
opportunities of trade.

Levels of human and social capital
provide basic indicators of the
economic endowments of the
district, and of the capacity for the
communities in that district to
engage in collective economic and
social activities.

The presence of alternative
economic activities provides an
indicator of the ability of farmers
in a district to shift to other
economic activities in response to
reduced agricultural income
resulting from adverse climatic
conditions such as drought.

Districts with higher irrigation
rates and/or better infrastructure
are expected to have a higher
capacity to adapt to climate
fluctuations and other economic
shocks.

District level

Atlas of
Agricultural

Resources of India

National Bureau
of Soil Survey and
Land Use
Planning

Agricultural
census



Table A.1. (Continued)

Author(s) and Conceptual Indicators Method of Justification Data Sources
purpose framework of Category Variable selection and level of

vulnerability aggregation
Lucas and Overall Exposure Caloric balance index
Hilderink (2004) vulnerability is P Food diversity index

determined by the Fraction of agricultural value added

potential impact in total GDP
Applied on the issue  (exposure plus GINI-coefficient
of food security, sensitivity) and the e GDP per capita (PPP) index

L . . Sensitivity .
resulting in a coping capacity, Water stress index
measure for the which is the Water erosion hazard index
overall vulnerability  impact that may Desertification risk index
. . e World Bank
of countries towards  occur given Land availability index . .
. Literature review TES
food shortages. projected global
Country

change and the
degree to which
adjustments in
practices,
processes or
structures can
moderate or offset
the potential for
damage

Coping capacity

Literacy rate index
GINI-coefficient

Life expectancy index
Infrastructure density index
GDP per capita (PPP) index
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Table A.1. (Continued)

Author(s) and Conceptual Indicators Method of Justification Data Sources
purpose framework of selection and level of
vulnerability aggregation
Moss et al. (2001), Coping capacity
Brenkert and
Malone (2005), and ~ Vulnerability- - Economic capacity GDP per capita
Patnaik and Resilience Sub-national level
Narayanan (2005) Indicator -Human and civic resources  Income equity measure
Prototype (VRIP) Dependency ratio FAO Stats
Literacy rate National Statistics
- Environmental capacity World Bank

Assessment of
vulnerability to
climate change for
India and Indian
States

Cutter et al., 2003

Constructs a social
vulnerability index
to environmental
hazards in the
United States

The vulnerability
of a region
function of three
factors: exposure,
sensitivity and
coping capacity

Hazards of place
model of
vulnerability

Vulnerability
socially
constructed

Sensitivity

- Settlement/infrastructure

- Food Security

- Ecosystem sensitivity

- Human Health sensitivity

- Water resources
sensitivity

Population density
SO,/state area
% Unmanaged land

Population at flood risk from sea
level rise

Population w/o access to clean
water/sanitation

Cereal production/crop land area
Protein consumption per capita

% Land managed
Fertilizer use/cropland area
Completed fertility

Life expectancy

Renewable supply and inflow, water
use

Personal wealth: per capita income
Age

Density of the built environment: #
of commercial establishments/mi’
% Employed in extractive industries
% Housing units that are mobile
home

% African American

% Hispanic

% Native American

% Asian

% Employed in service occupations
% Employed in transportation,
communication, and public utilities
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Literature review

Using a factor analytic
approach, 42 variables
were reduced to 11
independent factors
that accounted for
about 76% of the
variance.

County-level

Census data



Table A.1. (Continued)

Author(s) and Conceptual Indicators Method of Justification Data Sources
purpose framework of Category Variable selection and level of
vulnerability aggregation

Thornton et al. Suitability for crop production Principal Components The higher the suitability and Country-level
(2006) Analysis potential crop production, the

higher the vulnerability of FAO

households to substantial changes UNDP
Mapping climate in climate Word Bank

vulnerability and
poverty in Africa

Vulnerability as
depending on the
five livelihood
assets

Soil degradation due to wind, water
Natural capital and human induced erosion

Internal water resources by sub-basin

Physical capital Accessibility to markets

Human poverty index

cial capital
So P Governance

Stunting, poverty
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The higher the soil degradation
potential, the higher the
vulnerability

The more internal water, the lower
the vulnerability of the household

The closer to the market, the higher
the income diversification potential
and the resilience to shocks, even
when farm sizes are small. Better
access to markets also implies
better service provision

Higher HPI-1 implies higher social
capital available

Better governance promotes
foreign investment and creates
more jobs. A higher index means
more social capital

Stunting is one measure of food
security and a proxy for poverty



Table A.1. (Continued)

Author(s) Conceptual
and framework of
purpose vulnerability

Category

Indicators

Method of
Variable selection

Justification

Data Sources
and level of
aggregation

Human capital

Financial capital

Infant mortality rate, poverty

% Children underweight, poverty

Malaria risk

Public health expenditure

HIV/AIDS prevalence

Agricultural GDP

Global interconnectivity

Higher infant mortality rates imply
higher levels of vulnerability

Higher rates of underweight
children imply higher levels of
vulnerability

Areas with higher risk of malaria are
more vulnerable

Areas are less vulnerable with
higher government expenditure on
public health

Areas with higher prevalence of
HIV/AIDS are more vulnerable
Economies with higher dependence
on agriculture are less diverse and
more susceptible to climatic events

Economies with higher dependence
on imports are more vulnerable to
climate change and extreme events
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Figure A.1. The agro-climatic zones in South Africa

Climate Teatures

Legend
BS = Steppe {(arid) Cr = Subtropical wet
BW = Desert Cs = Subtrepical winter rain

- Climate stations

JOINT AGRICULTURAL WEATHER FACILITY (NOAAIUSDA)
Source: Joint Agricultural Weather Facility (NOAA/USDA)

Figure A.2. The main cropping zones for field crops
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Source: FAO/GIEWS (2001)
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Crop Diversification and Infrastructure Index

1.1_The crop diversification index

Following Bathia (1965), for an objective measurement of crop diversification we calculate the following
index:

Index of crop diversification = (Percentage of sown area under x crops)/Number of x crops

where x crops are those crops that individually occupy 5% or more of the sown area in a province. The
higher the index value, the lower the degree of crop diversification and vice versa.

Table A.2. Components of the crop diversification index

Provinces Percentage of sown area Number of X crops Index value
under X crops
Eastern Cape 0.63 4 0.16
Free State 0.86 3 0.29
Gauteng 0.76 2 0.38
KwaZulu Natal 0.78 2 0.39
Limpopo 0.60 5 0.12
Mpumalanga 0.66 2 0.33
North West 0.86 2 0.43
Northern Cape 0.71 4 0.18
Western Cape 0.75 6 0.12

1.2 The infrastructure index

The following indicators are used in calculating the infrastructure index.

1. Length of all weather road per land area
Percentage of households with access to telephone (landline or cell phone)
Number of schools per 100000 people
Number of hospitals per 100000 people
Percentage of households with access to electricity from mains for cooking
Percentage of households with access to pipe water

AN ol

The infrastructure index is calculated using PCA to generate weights:

Ilj =fi1 (i*lj - i*l)/(s*l) + ... +_f1N (i*Nj - i*N)/(S*N)

where I is the infrastructure index, f;, are the scoring factors used as weights, and i are the indicators.
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Table A.3. Components of the infrastructure index

Provinces  Road network Telephone  Schools Hospitals Energy Water Infrastructure

access Per per index
100000pp  100000pp

Eastern 0.08 40.1 95 1.46 28.2 20.6 -2.77

Cape

Free State 0.38 51.7 91 1.15 57.6 37.8 -0.35

Gauteng 0.45 69.6 25 0.35 85 58.8 2.96

KwaZulu 0.41 45.7 61 0.77 593 349 0.11

Natal

Limpopo 0.23 45.8 88 0.89 26.1 28.3 -1.69

Mpumalanga 0.32 58.6 62 0.83 13 27.7 -0.52

North West 0.31 514 63 0.71 59.3 19.9 -0.25

Northern 0.20 48.2 58 3.28 68.1 48.7 -0.41

Cape

Western 0.31 70.8 35 1.19 85.2 99.1 2.93

Cape
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Descriptive Analysis Tables

Table A.4. Exposure indicators

Provinces Incremental in Percentage change in Frequency of floods

temperature (degree rainfall (%) and droughts

Celsius)

Eastern Cape 1.87 17 7
Free State 2.70 22 3
Gauteng 2.51 25 5
KwaZulu Natal 1.95 19 12
Limpopo 2.52 23 6
Mpumalanga 2.70 22 5
North West 2.67 25 4
Northern Cape 2.77 18 2
Western Cape 1.67 12 7

Notes: Frequency: Number of occurrence of droughts/floods events from 1960 to 2006

Table A.5. Sensitivity indicators

Provinces % Soil Veld Crop % Small- % Non-
Irrigated degradation degradation diversification scale urban

land index Index index farmers population

Eastern Cape 0.37 200 116 0.16 0.96 0.62
Free State 0.06 48 86 0.29 0.30 0.25
Gauteng 0.10 113 31 0.38 0.00 0.04
KwaZulu Natal 0.24 253 187 0.39 0.88 0.55
Limpopo 0.28 255 189 0.12 0.98 0.9
Mpumalanga 0.18 143 81 0.33 0.82 0.61
North West 0.06 149 122 0.43 0.67 0.59
Northern Cape 0.65 92 140 0.18 0.00 0.19
Western Cape 0.09 77 93 0.12 0.00 0.1
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Table A.6. Adaptive capacity indicators

Provinces Social capital Human capital Financial capital Physical
capital
Access to Farm Literacy HIV Net farm  Unemployment Average % Farm assets Infrastructure
credit organization rate prevalence income rate farm Agricultural index
holding GDP
size
Eastern
Cape 1948108.00 0.05 60.1 21.7 653161.00 0.30 150 5.4 7704486.00 -2.77
Free State 5060522.00 0.19 65.3 30.1  2756739.00 0.29 343 10.4 12477269.00 -0.35
Gauteng 997487.00 0.18 81.4 29.8 962990.00 0.26 1518 0.6 2962276.00 2.95
KwaZulu
Natal 3144070.00 0.06 64.8 33.5 1848480.00 0.29 76 5.6 9900145.00 0.11
Limpopo 2734233.00 0.04 58.7 14.5 998136.00 0.28 372 8 9681405.00 -1.69
Mpumalanga 3164808.00 0.19 60.7 29.2  1574285.00 0.25 239 7.8 9760910.00 -0.52
North West ~ 2808754.00 0.15 62.9 252 1379077.00 0.28 361 8.9 84196760.00 -0.24
Northern
Cape 3086128.00 0.08 63.7 15.9 909630.00 0.25 3815 10 9698368.00 -0.41
Western
Cape 7913782.00 0.06 80.4 8.6  2547461.00 0.18 1475 6.5 27863636.00 2.92
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Table A.7. Normalized value of the indicators for the vulnerability index

Provinces Increment Percentage Frequency % Soil Veld Crop % % Non Access Farm Literac
al change in of floods  Irrigated degradation degradation diversification  Small -urban to organization Y rate
in temp. rainfall and land index index index -scale  population credit
(degrees (%) droughts farmers
Celsius)
Eastern Cape 18.18 61.54 50 47.46 73.43 53.80 12.90 97.96 100 13.74 6.67 6.17
Free State 93.64 23.08 10 100.00 0.00 34.81 54.84 30.61 36.21 58.75 100.00 29.07
Gauteng 76.36 0.00 30 93.22 31.40 0.00 83.87 0.00 0.00 0.00 93.33 100.00
KwaZulu
Natal 25.45 46.15 100 69.49 99.03 98.73 87.10 89.80 87.93 31.04 13.33 26.87
Limpopo 77.27 15.38 40 62.71 100.00 100.00 0.00 100.00 148.28 25.11 0.00 0.00
Mpumalanga 93.64 23.08 30 79.66 45.89 31.65 67.74 83.67 98.28 31.34 100.00 8.81
North West 90.91 0.00 20 100.00 48.79 57.59 100.00 68.37 94.83 26.19 73.33 18.50
Northern
Cape 100.00 53.85 0 0.00 21.26 68.99 19.35 0.00 25.86 30.20 26.67 22.03
Western Cape 0.00 100.00 50 94.92 14.01 39.24 0.00 0.00 10.34 100.00 13.33 95.59
Table A.7. (Continued)
HIV Net farm Unemployment Average % Farm assets  Infrastructure
prevalence income rate farm Agricultural index
holding size ~ GDP
Eastern Cape 47.39 0 0 1.98 51.02 5.84 0
Free State 13.65 100 8.33 7.14 0.00 11.71 4231
Gauteng 14.86 14.73 33.33 38.57 100.00 0.00 100.00
KwaZulu
Natal 0.00 56.82 8.33 0.00 48.98 8.54 50.35
Limpopo 76.31 16.40 16.67 7.92 24.49 8.27 18.88
Mpumalanga 17.27 43.79 41.67 4.36 26.53 8.37 39.34
North West 33.33 34.51 16.67 7.62 15.31 100.00 44.23
Northern
Cape 70.68 12.19 41.67 100.00 4.08 8.29 41.26
Western Cape 100.00 90.05 100 37.42 39.80 30.65 99.48
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