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ABSTRACT. This paper examines the impact of climate change on poor households
across South Africa who practise subsistence farming to supplement their household
income and dietary requirements. We consider three production systems: specialized
crops, livestock and mixed crop-livestock farming. In general, we find specialized crop
farmers to be the most vulnerable, while mixed crop-livestock farmers appear to be least
vulnerable, suggesting that crop-livestock diversification is a potential coping strategy
among poor subsistence farming households. We observe qualitatively similar results
when we use self-reported food adequacy as the outcome. Furthermore, predicted impact
shows that the climatic changes will be mildly harmful at first but will grow over time
and lead to a 151 per cent loss in net revenue by the year 2080. Interestingly, we observe
that crop farmers receive higher revenue when land is owned by the household, while on
the other hand, livestock farmers earn more revenue when the land is communal.

1. Introduction
In 2000 the world’s leaders adopted the Millennium Development Goals
(MDGs), providing a framework for the international community to work
together towards ensuring that human development reaches everyone,
everywhere, with the ultimate aim of cutting poverty by half, by 2015.
South Africa still faces numerous challenges in meeting these goals; about
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40 per cent of the country’s underprivileged population resides in rural
areas and depends either directly or indirectly on land as a source of
livelihood (DEA, 2011a). Statistical evidence, thus far, suggests changes
in climatic patterns over the past decades in South Africa (Kruger and
Shongwe, 2004; Warburton and Schulze, 2005). Further, these climactic
changes are likely to be a more common occurrence in the future (DEA,
2011a). These changing conditions coupled with the already scarce water
resources in the country (Durand, 2006) are expected to have a signifi-
cant effect on all sectors of the economy, but more so in the agriculture
sector which is directly dependent on climatic variables. South Africa
remains vulnerable because of its high dependence on climate-sensitive
economic sectors, high levels of poverty and the HIV/AIDS epidemic
(DEA, 2011a).

According to the Second National Communication to the United Nations
Framework Convention on Climate Change (UNFCCC) report by the DEA,
climate change is expected to increase the incidence of food insecurity,
exacerbating poverty in South Africa (DEA, 2011a). Overall, the Intergov-
ernmental Panel on Climate Change (IPPC) notes that all four dimensions
of food security, namely food availability, food accessibility, food utilization
and food systems stability, are expected to be affected by climate change,
and this is not only in South Africa but in the greater part of sub-Saharan
Africa as well (IPCC, 2007; FAO, 2008). The impacts of climate change on
agriculture production, livelihoods and food security therefore continue
to remain significant national policy concerns for the South African gov-
ernment (Schulze, 2010). Impacts of climate change on agricultural output
can be expected to have not only direct effects on communities in the form
of food reductions, but also to have knock-on effects as a whole, affecting
economic growth, income and the labour market.1

South Africa’s smallholder sector will not be spared by these catas-
trophic climatic events; in fact it remains the most vulnerable due to its
high dependence on rain-fed agriculture and limited adaptation strategies2

(Schulze, 2010; DEA, 2011a). Overlooking the role of climate change on
South Africa’s smallholder agricultural sector may actually dampen the
impact of government policy and interventions to reduce food insecurity
and meet the MDGs. This study utilizes the nationwide 2008 National
Income Dynamics Study (NIDS) and the Ricardian cross-sectional model
to examine the response of smallholder subsistence farming households’
net revenue to changes in two climatic factors, precipitation and tem-
perature. These small-scale subsistence farmers are poor households who

1 This is because agriculture plays a significant role in South Africa’s economy as
a whole, and contributed 3 per cent towards GDP in 2006 together with forestry
and fishing. By 2010 more than half a million people were employed in the formal
and informal sector (DEA, 2011a).

2 Furthermore, it is estimated that 3 million meet their family needs through farm-
ing and that these households depend directly on agriculture for their daily
household dietary needs (DEA, 2011a). Currently, the National Climate Change
Response strategy regards climate change as one of the greatest threats in meeting
the MDGs in South Africa (DEA, 2011b).
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engage in agriculture to supplement their household income and food
requirements. In addition to net farming revenue, we also measure how
self-reported food adequacy responds to changing precipitation and tem-
perature. Since the results are likely to vary by type of farming system, each
of the subsistence farming households is subdivided into the three produc-
tion systems: specialized crop farmers, specialized livestock farmers and
mixed crop-livestock farmers.

Thus far, there has been a rapid increase in literature on climate change
and agricultural production in sub-Saharan Africa and elsewhere.3 The
present study can be seen as complementary to the current Ricardian
studies. We follow from Nhemachena et al. (2010) who used GEF data
to simultaneously analyze the impact of climate change on net revenue
among specialized crop, specialized livestock and mixed farmers. The
analysis concentrated on Southern Africa (1,331) using 121 South African
farmers, 833 Zambian and 377 Zimbabwean farmers. Due to insufficient
observations on specialized livestock farmers, however, separate Ricar-
dian regressions were done for specialized crop farmers and mixed crop-
livestock farmers. Accordingly, the current study weighs in on this issue
and uses a larger countrywide sample of 1,121 poor South African house-
holds who engage in subsistence agriculture and separate our analysis by
specialized crop, livestock and mixed crop-livestock farmers. We go a step
further to use both objective and subjective outcome measures in our effort
to measure these effects. These include net farm revenue (objective mea-
sure) which captures both households’ food and income generated from
agriculture production and self-reported household food adequacy (sub-
jective measure) which is more general and reflexive of households’ food
availability.

Interestingly, and as expected from this sample of subsistence farming
households, simple cross tabulations revealed that the majority of the agri-
culture produced is retained by the households (58 per cent of the crops
harvested and 26.7 per cent of the livestock products). Secondly, a simple
polychoric correlation shows a positive and significant sign between agri-
culture revenue and food adequacy. This suggests that higher agriculture
revenue is synonymous with adequate household food among these poor
households who practise subsistence farming. The Ricardian regressions

3 See Mendelsohn et al. (2000), Deressa et al., 2005, Gbetibouo and Hassan (2005),
Deressa (2006), Kurukulasuriya et al. (2006, 2008), Mano and Nhemachena (2006),
Molua and Lambi (2006), Seo and Mendelsohn (2006), Ouedraogo et al. (2006),
Kabubo-Mariara and Karanja (2007), Benhin (2008), Deressa and Hassan (2009),
Mendelsohn et al. (2009), Molua (2009), Seo et al. (2009), Nhemachena et al. (2010)
and Di Falco et al. (2012). A large volume of these studies belong to the large-scale
GEF-funded project implemented in 11 countries (Egypt in the north of Africa;
Ethiopia and Kenya in the eastern part of Africa; Burkina Faso, Cameroon, Ghana,
Niger and Senegal in the west; and South Africa, Zambia and Zimbabwe in the
southern part of Africa) in Africa (Hassan, 2010). The continent-wide studies were
funded by GEF and coordinated by the World Bank and the Centre for Environ-
mental Economics and Policy in Africa (CEEPA). The project research output is
also part of the Fourth Assessment Report of the IPCC.
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show that the climatic variables are significant in predicting net farm rev-
enue and self-reported food adequacy, illustrating that climate change will
likely affect the income and diet of poor households who engage in subsis-
tence farming. Specifically, an increase in winter temperature will lead to
an increase of R1016.17 in net revenue per farm, while a similar increase in
summer temperature will result in a reduction of R713.56. The results also
show that a decrease in precipitation will lead to a decrease of R114.41 in
winter and R33.80 in summer. More importantly, we observe that the pre-
dicted impact (using the HadCM3 model) of a simultaneous decrease in
precipitation and an increase in temperature has an adverse effect on net
revenue, and will lead to a loss of 151 per cent in farm revenue by 2080.
Also importantly, we find specialized crop farming to be the most vulnera-
ble type of production system, while mixed farming appears to be the least
vulnerable.

In addition, we made an interesting observation on property rights and
land reform: crop farmers earn higher revenue when the land they culti-
vate is owned by the household; in contrast, livestock farmers have more
revenue when the land is communal. The evidence gathered from this
study, complementing previous Ricardian models, confirms the impact
that climate change will likely have on both the agriculture income
and food availability of poor small-scale subsistence farming households
in South Africa. The policy message that emanates from the current
study is the benefit of diversification or practising mixed farming meth-
ods, as we observe the latter to be less vulnerable to the effects of
climate change. The remainder of this paper is organized as follows.
Section 2 outlines the methodology by providing the analytical framework,
description of variables and our econometric model. Thereafter section 3
provides the estimation results and finally section 4 offers the conclud-
ing discussion and policy implication. In the online Appendix available
at http://journals.cambridge.org/EDE, we provide a detailed literature
review on the climate change and food security nexus.

2. Methodology
2.1. Methods of measuring the economic impact of climate change
Two main models are generally employed to measure the economic impact
of climate change on agricultural productivity. These include the gen-
eral equilibrium (economy-wide) and partial equilibrium models. The
former models analyze the economy as a system of interdependent sec-
tors, while the latter models look at part of the economy (Deressa and
Hassan, 2009). An example of the general equilibrium model is the com-
putable general equilibrium (CGE) model which simulates and assesses
the structural adjustments that occur in the economy as a consequence
of climate change4 (Deressa and Hassan, 2009; Nhemachena et al., 2010).
The partial equilibrium models include the agro-ecological zoning (AEZ),

4 One of the major drawbacks of the CGE model is the difficulty in identifying the
functional form and parameters of the model.
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production function and the Ricardian framework5 (Deressa and Hassan,
2009). The Ricardian model is a cross-sectional method to study agricul-
tural production using agro-climatic factors and the value of land or net
revenue. The model has the ability to include the adaptation responses of
farmers to local climates, which is one of the main advantages of the model6

(Kurukulasuriya et al., 2006; Mendelsohn et al., 2009; Di Falco et al., 2012).
Another advantage is that the model is cost-effective as data on climatic,
production and socio-economic factors can easily be collected from sites
(Deressa and Hassan, 2009).

One drawback of the Ricardian model is that it excludes other possible
adaptation outside farming which is likely to overestimate the damages
from climate change (Mendelsohn et al., 1994). This is a minor problem in
this study since agricultural land in most rural areas in third world coun-
tries has very limited alternatives (Benhin, 2008). A second limitation of
the model is the assumption of constant prices (Mendelsohn et al., 2009).
The main argument here is that the Ricardian price schedule will overesti-
mate the positive effects of climate change since it underestimates damages
and overestimates benefits (Adams, 1999; Darwin, 1999). The third limita-
tion of the Ricardian approach is that the model does not measure the effect
of different levels of carbon dioxide across space which may be relatively
important in farm productivity7 (Mendelsohn et al., 2009). In the current
study we adopt the Ricardian model as it takes into account farmers’ adap-
tation strategies and has low data requirements. We use rich cross-sectional
countrywide 2008 NIDS data that enable us to study the impact of climate
change on a large spectrum of households who use subsistence agricul-
ture to supplement livelihoods. Further, looking at the effects of not only
farm revenue but self-reported household food adequacy as well casts a
wider net as to how we view climate change and food security among poor
subsistence farming households.

5 The AEZ approach, which is also known as the crop sustainability model, is a sim-
ulation model used to assess the suitability of biophysical attributes and land on
production (Hassan, 2010). The advantage of the AEZ model is that adaptation
to climate change can be captured by generating comparative static scenarios.
The disadvantage, however, is that omission of any of the variables would bias
the model’s predictions (Deressa and Hassan, 2009). The production function
approach measures the relationship between environmental variables and agri-
cultural production using experimental or empirical production function. An
advantage of the model is that the impact of climate change is determined through
a controlled experiment; thus predictions are more dependable (Deressa, 2006;
Deressa and Hassan, 2009). On the other hand, however, the model does not con-
trol for adaptation (Deressa and Hassan, 2009). Another disadvantage is that the
method requires extensive experimentation, and thus high costs. In addition, it is
difficult to generalize results as the analysis often includes few experimental sites
due to its extensive experimentation and high cost (Deressa and Hassan, 2009).

6 This is captured by net farm revenue (farm benefits and input costs) which incor-
porates the various inputs that the farmer adopts in light of the existing farm
production capabilities (Deressa and Hassan, 2009).

7 Nevertheless, this is not much of a problem for our purposes since carbon dioxide
does not systematically vary across South Africa (Kurukulasuriya et al., 2006).
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2.2. Empirical model specification
The Ricardian model regresses land values against socio-economic and cli-
matic factors to assess the impact of climate change on farm performance.
Accordingly, in the model the farms’ net revenue (V ) is a function of net
productivity and costs of farming per hectare as depicted in equation (1).

V =
∑

Pi Qi (X, F, Z , G, H) −
∑

PX X (1)

where Pi is the price of crops i , Qi is output of crop i , X is a vector of
inputs and does not include land, F is a vector of the climatic variables,
H is hydrology/water flow variables, Z is a vector of soil variables, G is a
vector of economic variables, PX and is a vector of input prices. The farmer
is assumed to choose inputs X to maximize net revenues given the climate,
soil and economic conditions. The Ricardian model is based on a quadratic
formulation of climate variables, thereby capturing the non-linear relation-
ship between net farm revenues and climate variables as represented in
equation (2).

V = β0 + β1 F + β2 F2 + β3 Z + β4G + β5 log[H ] + ε (2)

where the error term (ε) captures unobservable effects affecting farmland
value. Therefore, in a nutshell, the main focus of the model is to measure
the impact of exogenous climate, soil and economic indicators on land val-
ues as captured by changes in net revenue. The marginal impact of each of
the climate variables ( fi ) on farm net revenue in equation (2) is evaluated
at the mean as depicted by equation (3):

E

[
∂V

∂ fi

]
= β1, j + 2β2, j E[ fi ] (3)

Our model differs in two ways. First, the standard Ricardian model tra-
ditionally includes net revenue or land value per hectare as the outcome
variable. Similar to Kabubo-Mariara and Karanja (2007), Seo and Mendel-
sohn (2008) and Nhemachena et al. (2010), our response variable is net
revenue, due to data limitation on land size. Secondly, we do not include
hydrological variables such as water flows, run-off or irrigation in our
model due to data unavailability. The current literature states that precipi-
tation and temperature alone are unlikely to provide a good indication of
water availability (such as surface water, ground water or irrigation) for
agriculture production (Mendelsohn and Dinar, 2003; Kurukulasuriya and
Mendelsohn, 2006). Therefore, adding additional variables which capture
surface water and ground water availability in addition to precipitation
is recommended. However, according to Kurukulasuriya and Mendelsohn
(2006) and Kotir (2011), more than 80 per cent of farms in Africa depend
on rain-fed agriculture. Additionally, Hassan (2010) and Kotir (2011) note
that less than 5 per cent of land in Africa is irrigated land. Thus the exclu-
sion of irrigation data is unlikely to affect the results in the current context
given that it is based on small-scale farmers in South Africa. Our main con-
cern, therefore, in the current study is the exclusion of surface and ground
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water data. With regard to the surface water, Mendelsohn and Dinar (2003)
observed that lack of these data in the Ricardian model underestimates
the effects of warming in the United States. Mendelsohn and Dinar (2003)
go further to say that the effects, however, are small and that they do
not qualitatively change the results that marginal impact has on warming
in the United States. However, we are not able to comment on whether
this finding is representative in other settings. As such, our results should
be interpreted with this in mind. Thus our final model is expressed in
equation (4), where is net farm revenue:

V = β0 + β1 F + β2 F2 + β3 Z + β4G + ε (4)

2.3. Data sources and definition of concepts and variables
We utilize the 2008 NIDS (see http://www.nids.uct.ac.za) which is col-
lected by the Southern Africa Labour and Development Research Unit
(SALDRU). As previously mentioned, the outcome variable is net revenue
due to data limitation of land size of the farm. This is defined as the differ-
ence between gross revenue and total cost of production, where total cost of
production includes transportation, storage, hired labour and machinery,
fertilizers, seed and chemicals. Since the climate change impacts are likely
to vary by type of production system (Nhemachena et al., 2010), we exam-
ine separate Ricardian models for specialized crop, specialized livestock
and mixed crop-livestock farming systems. In addition, we use an alterna-
tive subjective outcome variable – self-reported household food adequacy.8

While the net farm revenue captures household food and income, the food
adequacy measure is more reflexive of household overall dietary condi-
tions. As previously indicated, the self-reported household food adequacy
is likely to be affected by agriculture production and therefore by climate
change owing to the fact that according to our data set 58 per cent of the
crops produced are retained for household dietary needs and 27 per cent
of the livestock products are retained for own consumption as well.

The soil data were obtained from the Institute for Soil, Climate and
Water. In total there are 15 different categories of soil in the data.9 In
the current study long-term normal climate data were obtained from the

8 The self-reported household food adequacy is a categorical variable which was
obtained from the following question: ‘Concerning your household food con-
sumption, over the past month which of the following is true, it was less than
adequate for household needs; or it was adequate for household needs; or it was
more than adequate for household needs.’

9 These categories include: A1, which is an association of humic acrisols, ferral-
sols, umbrisols and dystric regosols; A2, an association of well-drained ferralsols,
acrisols and lixisols; on the other hand A3 consists of well-drained ferral-
sols, acrisols and lixisols and one or more of regosols, leptosols, calcisols and
durisols; A4 consists of well-drained lixisols, cambisols, luvisols; while A5 is
an association of well-drained lixisols, cambisols, luvisols and one or more of
regosols, leptosols, calcisols and durisols; AR is arenosols; B1 includes ferral-
sols, acrisols, lixisols and plinthosols; B2 consists of lixisols, cambisols, luvisols
and plinthosols; C1 is an association of luvisols, planosols and solonetz and
some traces of plinthosols, vertisols and cambisols; D1 is vertisols, phaoezems,
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WorldClim data (see http://www.worldclim.org/). The data consist of 50
years of average precipitation and temperature over the period 1950–2000.
Following past Ricardian studies, seasonal averages were computed for
temperature and precipitation variables so as to capture the seasonal effects
(see Mendelsohn and Dinar, 2003; Kurukulasuriya et al., 2006). The sea-
sonal averages were computed following the two major farming seasons
in South Africa: summer (December–May) and winter (June–November).
The future projections are based on the third version Hadley Centre cou-
pled (HadCM3) model for the years 2020, 2050 and 2080 for the purpose
of comparison with previous studies, but choose only one model which is
the most conservative model (HadCM3 model). Some of the studies that
have been carried out in SSA by Kurukulasuriya et al. (2006), Benhin (2008)
and Seo et al. (2009) have indicated that the results appear to be qualita-
tively the same across alternative models (with the only variation being
in the magnitude). Moreover, the current study extends previous studies in
South Africa by focusing on net revenue and food adequacy of poor subsis-
tence farming households. This will provide an interesting comparison.10

On average the temperature is expected to increase by 1.2◦C, 2.4◦C and
4.2◦C in the years 2020, 2050 and 2080, respectively. Precipitation, on the
other hand, is expected to decrease by 5.4 per cent in 2020, 6.3 per cent in
2050 and by a further 9.5 per cent in 2080 on average. Lastly, net revenue
is likely to be affected by a host of various farm and household charac-
teristics. Accordingly, the current study uses a number of characteristics as
control variables. The selection of these variables follows from current liter-
ature and is mainly motivated by the availability of data: whether the farm
uses labour and extension services that the household utilizes. The exten-
sion services include vet services, pesticides, dips, manure and fertilizers.
Our expectation is that these farm characteristics will have a positive effect
on net revenue (see Ouedraogo et al., 2006; Nhemachena et al., 2010).

3. Results
3.1. Descriptive statistics
In table A1 of the online appendix available at http://journals.cambridge.
org/EDE, we show the descriptive statistics by type of production system.
It is important to emphasize that the main reason why these households
participate in subsistence farming is to supplement their household income
and to satisfy the household dietary requirements. This is clearly depicted
in table A2 of the online appendix which shows the distribution of gross
farm revenue by household needs. As is evident, a large proportion of the

kastanozems and nitisols; while E1 is an association of leptosols, regosols, cal-
cisols and durisols; F1 consists of arenosols and podzols; G1 is made of leptosols,
regosols, durisols, calcisols and plinthosols; H1 is fluvisols, cambisols, luvisols
and gleysols; and finally SC consists of solonchaks and arenosols.

10 Future studies, however, could investigate how the use of different climate
models, for example Canadian Climate Centre (CCC), Centre for Climate Sys-
tem Research (CCSR) or Parallel Climate Model (PCM), will influence future
projections.
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output from crop farming is used for households’ own dietary needs (57.8
per cent), while only 30.1 per cent is sold to generate revenue to supple-
ment household income. In livestock farming a relatively larger proportion
of livestock output is sold to generate revenue (48.9 per cent) rather than
being kept for the households’ own consumption (26.7 per cent). A rel-
atively large amount is also given away as a gift (24.3 per cent). Since
livestock is used in a number of African ceremonies, for example bride
price (lobola), this trend is not surprising.

3.2. The Ricardian results using net revenue as the outcome variable
3.2.1. The Ricardian results
Table 1 shows different specifications of the Ricardian model using net
revenue as the outcome variable. In each of the panels we provide the
results of the different production systems practised by the households.
From the regression results it appears that the various farming systems
have different responses to the climatic variables. We test whether the
specialized crop, specialized livestock and mixed crop-livestock farmers
have similar climatic sensitivity. The F-test is rejected, F(25, 1086) = 1.66,
implying that the climatic coefficients are significantly different. Panel B
of table 1 (columns 5–8) introduces household and farm characteristics:
namely whether the household employs any labour; whether any exten-
sion services such as the use of fertilizers and vet services are employed;
and whether agriculture revenue is the main source of household income.

Consistent with current studies, the impact of climate change on net rev-
enue will be different for each of the production systems (Nhemachena
et al., 2010). Furthermore, the estimated coefficients of all the regression
models in table 1 show that the climate and soil variables are mostly sig-
nificant for the different types of production systems, although they appear
to be more significant among the specialized crop and specialized livestock
farmers. In addition, the significant linear and quadratic coefficients of the
climate variables confirm the non-linear relationship between climate and
net farming revenue as is evident in the current literature (see, for exam-
ple, recent work by Kurukulasuriya et al., 2006; Benhin, 2008). The positive
sign on the quadratic precipitation coefficient in the summer and winter
seasons reveals a ‘U-shaped’ relationship between precipitation and net
farming revenue in both seasons. This is consistent with current literature;
for example, Seo et al. (2009) found a positive coefficient in both winter and
summer. Kurukulasuriya et al. (2006) observed similar findings, although
these were sensitive to whether the farms were dryland or irrigated farms.
In contrast, the negative sign on the quadratic summer temperature shows
a ‘hill-shaped’ relationship between summer temperature and net revenue,
although the quadratic coefficients are not significant. These findings are
also similar to the work of Kurukulasuriya et al. (2006) and Seo et al. (2009)
for Africa at large. However, the relationship between winter temperature
and net revenue remains significant and ‘U-shaped’ for livestock farmers
and ‘hill-shaped’ and significant for crop farmers.

Following the current literature, panel B introduces household charac-
teristics that are likely to influence net farm revenue (see Ouedraogo et al.,
2006; Nhemachena et al., 2010). A notable outcome worth mentioning is the
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Table 1. Ricardian regressions of net revenue model

Panel A Panel B

Without household and farm characteristics With household and farm characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: All Mixed Crop Livestock All Mixed Crop Livestock
net farming revenue farmers farmers farmers farmers farmers farmers farmers farmers

Precipitation – winter −227.5 29.59 −58.14 −991.6∗∗ −203.6∗ −19.97 −47.26 −667.5∗
(139.0) (315.0) (54.61) (480.3) (118.5) (272.3) (54.33) (383.9)

Precipitation – winter∧2 2.024 0.0263 0.964 9.373 2.104 1.304 0.834 5.649
(1.989) (4.869) (0.774) (7.097) (1.693) (4.195) (0.771) (5.679)

Precipitation – summer −147.1∗ 20.91 −18.39 −483.3∗∗ −133.4∗ 129.2 −14.44 −454.2∗∗∗
(82.09) (241.0) (35.01) (207.9) (70.03) (208.0) (34.72) (167.3)

Precipitation – summer∧2 0.608 −0.241 0.0685 2.257∗ 0.519 −0.819 0.0532 2.151∗∗
(0.454) (1.300) (0.197) (1.207) (0.387) (1.122) (0.195) (0.970)

Temperature – winter −574.8 −1,820 2,536∗∗ −20,511∗ 327.2 1,186 2,247∗∗ −16,635∗
(2,972) (7,616) (1,021) (11,008) (2,535) (6,574) (1,021) (8,793)

Temperature – winter∧2 55.54 79.75 −85.02∗∗ 814.3∗∗ 20.10 −35.52 −75.53∗∗ 671.2∗∗
(106.9) (266.3) (36.59) (395.8) (91.23) (230.1) (36.58) (316.3)

Temperature – summer 69.58 −25,962 −2,626 31,673 4,317 −14,713 −1,804 25,422
(9,454) (23,851) (3,664) (50,265) (8,071) (20,645) (3,648) (40,238)

Temperature – summer∧2 −19.18 644.6 66.56 −834.5 −121.7 363.0 47.00 −668.9
(234.9) (590.4) (90.33) (1,264) (200.5) (511.1) (89.95) (1,012)
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Soil 2. A4 – lixisols,
cambisols, luvisols

95.25 1,765 −120.8 1,240 −184.0 1,632 −165.8 70.63
(672.6) (1,507) (257.1) (2,528) (571.9) (1,294) (255.9) (2,021)

Soil 3. AR – arenosols −2,292∗∗ −4,898∗ −394.0 −5,031 −1,365 −2,411 −399.0 −4,723
(1,063) (2,830) (411.1) (6,366) (907.5) (2,457) (411.3) (5,081)

Soil 4. B1 – ferralsols,
acrisols, lixisols

303.2 280.8 290.5 506.0 163.3 1,167
(1,591) (376.6) (6,366) (1,354) (375.6) (5,083)

Soil 6. C1 – luvisols,
planosols, solonetz

351.1 648.8 330.2∗ −397.2 99.67 418.5 173.9 −415.8
(447.2) (934.7) (199.8) (1,188) (382.2) (803.8) (205.8) (949.7)

Soil 7. E1 – leptosols,
regosols, calcisols

−502.8 −1,211 −195.3 −1,161 −415.6 −712.0 −241.3 −1,227
(411.4) (1,022) (198.7) (936.2) (351.6) (880.2) (201.5) (745.9)

Livestock extension
servicesa

4,236∗∗∗ 4,353∗∗∗ 4,680∗∗

(829.1) (1,169) (2,188)
Crop extension servicesb 706.3 −457.5 −206.6

(730.2) (1,235) (263.8)
Agriculture main income 12,776∗∗∗ 11,664∗∗∗ 926.0∗ 15,880∗∗∗

(656.3) (1,164) (524.0) (1,263)
Employ labour 991.6∗∗∗ 2,026∗∗∗ −336.0∗∗ −120.3

(366.1) (616.8) (146.0) (1,542)
Land type, rented 326.0 −601.5 −143.4 1,073 1,021 708.8 −151.4 1,806

(896.6) (2,084) (383.8) (2,026) (763.3) (1,794) (382.2) (1,616)
Land type, land reform

project
−1,778 −904.3 −1,765∗∗∗ −1,101 703.2 −1,607∗∗∗

(1,777) (4,049) (543.0) (1,517) (3,486) (541.6)

(continued)
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Table 1. Continued

Panel A Panel B

Without household and farm characteristics With household and farm characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: All Mixed Crop Livestock All Mixed Crop Livestock
net farming revenue farmers farmers farmers farmers farmers farmers farmers farmers

Land type, equity share
scheme

209.1 −1,178 987.0 642.3
(1,749) (2,568) (1,487) (2,221)

Land type, communal
area

1,095∗∗ −488.5 106.4 2,652∗∗ 1,626∗∗∗ 1,159 74.81 2,566∗∗∗
(553.7) (1,225) (239.6) (1,139) (474.5) (1,082) (239.4) (909.2)

Land type, land near
dwelling

−78.63 −1,396 13.55 485.5 612.2 212.6 −20.08 1,259
(498.8) (1,125) (198.3) (1,087) (426.1) (990.9) (197.1) (872.2)

Land type, other 38.15 −984.6 116.7 531.2 702.2 516.0 86.93 947.9
(539.6) (1,257) (207.9) (1,171) (461.4) (1,105) (206.8) (933.4)

Eastern Cape −27.28 −1,008 627.9 −285.3 155.1 −1,459 580.9 307.8
(1,472) (4,468) (596.2) (3,783) (1,252) (3,840) (592.8) (3,024)

Northern Cape 7,470∗∗∗ 2,195 842.6 9,645∗∗ 6,106∗∗∗ 415.1 782.4 6,838∗∗
(1,834) (6,903) (723.5) (4,235) (1,560) (5,953) (718.1) (3,382)

Free State 903.1 −1,697 1,170∗ 642.5 1,784 −932.3 1,128∗ 1,477
(1,743) (5,318) (678.5) (4,851) (1,482) (4,566) (673.3) (3,879)

KwaZulu-Natal 1,036 −290.2 592.6 3,555 1,279 −559.4 545.7 2,860
(1,459) (4,444) (571.2) (3,956) (1,240) (3,816) (566.5) (3,168)

North West 28.90 1,577 354.1 −2,130 300.7 1,623 344.6 −1,451
(1,634) (4,772) (684.1) (4,361) (1,388) (4,104) (678.5) (3,483)

Gauteng 457.8 −754.9 485.0 969.6 −526.7 497.4
(1,888) (6,036) (689.8) (1,605) (5,184) (684.8)
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Mpumalanga 1,651 180.6 932.2 4,861 1,738 −490.3 902.6 4,063
(1,486) (4,463) (580.9) (3,990) (1,264) (3,835) (577.0) (3,190)

Limpopo −266.4 −2,287 429.2 −1,795 605.0 −1,915 410.7 −300.1
(1,685) (4,788) (679.9) (5,055) (1,432) (4,117) (674.4) (4,032)

Constant 16,119 272,733 8,526 −129,596 −40,763 130,806 1,988 −109,727
(87,728) (227,669) (34,605) (524,899) (74,910) (196,941) (34,422) (419,950)

Observations 1,128 408 397 306 1,128 408 397 306
R-squared 0.066 0.042 0.084 0.179 0.328 0.302 0.108 0.484

Notes: Standard errors in parentheses. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1. Soil reference: Soil 1. AR – arenosols, acrisols, lixisols.
Province dummy reference: Western Cape. Land type dummy reference: household owned.
aLivestock extension services include vet services, pesticides and dips.
bCrop extension services include manure, fertilizers and pesticides.
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difference in the size of the coefficients between panel A and panel B. That
is, the Ricardian models in panel B have smaller coefficients (for example,
the precipitation in winter coefficient among livestock farmers is −991.6 in
panel A, but this same coefficient is −667.5 in panel B) which indicates that,
although climate conditions have a significant effect on net farm revenue,
various household characteristics (employing labour; using fertilizers,
manure or pesticides) play a critical role in mitigating these effects. Also
worth noting is that the R-squared statistics are higher among the models
in panel B than in panel A, indicating that the additional variables in panel
B do belong in the model. Additionally, the F-test on these variables rejects
the hypothesis of the additional coefficients in panel B being zero.

Interestingly, panel B shows that the use of livestock extension services
such as vet services, pesticides and dips increases revenue. This is rep-
resented by the livestock extension services dummy coefficient which is
positive and significant. This suggests that livestock farming households
who use these services are likely to have higher net revenues. However,
the use of crop extension services such as manure, fertilizers and pesti-
cides is not significant among crop farming households, as shown by the
dummy coefficient. Another household characteristic that panel B consid-
ers is whether agriculture revenue is the main source of household income
(that is, 30 per cent or more of total household income). This household
characteristic improves net revenue as shown by the positive and signif-
icant coefficient of the dummy variable. The type of land used by the
household for farming is another characteristic included in panel B. The
significant dummy coefficient shows that specialized crop farming house-
holds earn more revenue when the land is owned by the household. On
the other hand, specialized livestock farming households earn higher rev-
enue when the land is communal, an indication that increasing marginal
net benefit is derived by communal access to large tracts of grazing lands.

Table 2 examines the marginal effects and elasticity using panel A in
table 1. Consistent with current literature, these marginal effects are eval-
uated at the mean to enable the interpretation of the overall effect of
the climatic variables on net revenue (Nhemachena et al., 2010). Accord-
ingly, the marginal effect of the precipitation coefficient shows that a
marginal decrease in precipitation has the effect of increasing net farm-
ing revenue for all households, except for households who practise mixed
crop-livestock farming. The precipitation elasticity is negative for both
seasons, except for mixed crop-livestock farmers during the winter sea-
son. On the other hand, a marginal increase in temperature decreases net
farming revenue in summer; however, this increases revenue in winter,
suggesting that increase in winter temperature is beneficial to farming.
The elasticity is positive for winter and negative for summer temperature,
indicating that an increase in temperature has detrimental effects on net
farming revenue in summer. When we compare the types of farming sys-
tems, we observe that a marginal increase in summer temperature reduces
net revenue for specialized livestock farmers, showing that livestock farm-
ing is sensitive to an increment of summer temperatures. This is consistent
with current literature which shows that livestock farming performs poorly
under high temperatures (for example, Seo and Mendelsohn, 2008). Among
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Table 2. Marginal effects and elasticity

Winter Summer
Marginal effects Elasticity Marginal effects Elasticity

All farmers Precipitation −114.41 −8.7130 −33.80 −8.5921
(44.73807) (14.65023)

Temperature 1016.17 39.6997 −713.56 −39.7334
(310.5052) (357.4547)

Mixed crop-livestock farmers Precipitation 31.13 2.2047 −24.83 −5.7115
(79.04899) (32.95091)

Temperature 486.58 17.0565 395.94 19.6175
(641.5055) (830.5744)

Crop farmers Precipitation −5.04 −1.4274 −5.39 −5.2610
(19.83918) (5.960523)

Temperature 64.21 9.6089 120.78 25.6539
(123.8368) (159.3299)

Livestock farmers Precipitation −494.781 −19.4347 −79.714 −10.5647
(161.2729) (43.57942)

Temperature 2061.024 42.3337 −8.71 −54.6974
(893.1736) (1044.325)

Notes: These are calculated at the mean using the OLS coefficient of models 1–4 in table 1. The standard errors are in parentheses.
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specialized crop farming, Benhin (2008) found that an increase in tempera-
ture leads to an increase in net revenue, which is consistent with our results
pertaining to specialized crop farming households.

3.2.2. Projected impact of climate change
Table 3 shows the impact of future climate change scenarios on the net rev-
enue of poor subsistence farming households. We examine three climate
scenarios: the first scenario analyzes an increase in temperature alone, the
second scenario assesses a decrease in precipitation alone, while the final
scenario looks at a simultaneous decrease in precipitation and increase in
temperature. The future projections use the estimated coefficients in panel
A of table 1 and the HadCM3 model predictions for 2020, 2050 and 2080.
We observe that a simultaneous decrease in precipitation and increase
in temperature will have adverse effects on both specialized crop farm-
ing households and specialized livestock keeping households. The effects

Table 3. Climate change impact by type of farmer

2020 2050 2080

� in � in � in
revenue % � revenue % � revenue % �

Change in temperature & precipitation
All farmers 16000.68 43.7 −16200.02 −44.1 −55300.89 −150.7
Mixed crop-

livestock
farmers

6000.75 14.7 7500.85 18.3 12500.81 30.4

Crop farmers −5500.93 −57.6 −6000.99 −62.8 −13900.94 −144.0
Livestock

farmers
47600.02 70.2 −31100.17 −45.9 −86500.47 −127.7

Change in temperature
All farmers −3000.81 −8.4 −20000.15 −54.5 −65100.42 −177.2
Mixed crop-

livestock
farmers

6100.93 15.0 9900.32 24.0 18500.82 44.9

Crop farmers −100.57 −1.6 −6800.67 −70.7 −13500.76 −139.7
Livestock

farmers
800.20 1.2 −25200.87 −37.3 −98500.24 −145.4

Change in precipitation
All farmers 19100.49 52.1 3800.13 10.4 9700.52 26.5
Mixed crop-

livestock
farmers

−100.18 −0.3 −2300.47 −5.7 −6000.01 −14.5

Crop farmers −5400.36 −55.9 700.68 7.9 −400.18 −4.3
Livestock

farmers
46700.82 69.0 −5800.30 −8.6 11900.77 17.7

Notes: Considers an increase in temperature and a decrease in precipitation. The
predictions use the regression models 1–4 of table 1.
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will be stronger among specialized crop farming households (144 per cent
decrease in net revenue by the year 2080) than specialized livestock farmers
(127.7 per cent decrease by 2080). However, mixed crop-livestock farmers
are less likely to feel the concurrent effects. This is observed in the net rev-
enue which remains positive (30.4 per cent) by the year 2080, suggesting
that participation in crop production and owning livestock is a potential
adaptation strategy.

The results also reveal that an increase in temperature alone negatively
affects net revenue more than a decrease in precipitation alone, highlight-
ing the brutal and pivotal role of global warming on subsistence farming.
This is evident from the large percentage deceases in net revenue caused by
temperature (the range is between 145 and 177 per cent) compared to the
smaller decreases caused by precipitation (4.3 to 14.5 per cent). The future
impact of climate change on net revenue (table 3) is also depicted in graph-
ical form in figures A1 and A2 of the online appendix. The net revenue
curves are downward sloping indicating that a simultaneous decrease in
precipitation and increase in temperature has severe effects on the net
revenue of subsistence farming households. Additionally, while a simul-
taneous change in both precipitation and temperature will have a negative
impact, the effects are also likely to be more severe when climate changes
as a result of an increase in temperature rather than as a result of a
decrease in precipitation alone. This is consistent with current African liter-
ature on climate change and farming in, for example, Kurukulasuriya et al.
(2008), Seo et al. (2009) and Nhemachena et al. (2010). As we previously
observed, households that practise crop and livestock farming are less
likely to be affected by climate change. This is depicted by the net revenue
curve for mixed crop-livestock farming households, which is increasing
at a decreasing rate, while the specialized crop farmers and specialized
livestock farmers’ net revenue curves are decreasing.

Furthermore, the distinction between the effects that temperature will
likely have on farming and the effects that a decrease in precipitation will
have, as indicated earlier, is shown by the net revenue curves in figures A1
and A2. Specifically, whereas the net revenue curves are relatively steeper
and downward sloping (except for the net revenue curves belonging to
mixed crop-livestock farmers), indicating a gradual decrease in net rev-
enue, the net revenue curves in figure A2 are relatively flatter, indicating
that net revenue is likely to remain constant over time.

3.3. The Ricardian results using household food adequacy as the outcome variable
As indicated earlier, the households in this sample mainly engage in agri-
culture to supplement their household income and meet household dietary
requirements. Hence a question worth investigating is the direct effect of
climate change on household food availability. This is especially because in
table A2 of the online appendix we show that the majority of the agriculture
output was retained for households’ own dietary requirements. Therefore
the pivotal question is whether there is a relationship between house-
hold food and agriculture revenue. We test this relationship by comparing
self-reported household food adequacy and agriculture revenue using a
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simple correlation test. We use the polychoric correlation test since the self-
reported food adequacy variable is categorical in nature. This implies that
the agriculture revenue needs to be converted to a categorical variable as
well. We do this by constructing agriculture revenue quartiles. Table A3 in
the online appendix shows the correlation between the self-reported food
adequacy and household farming revenue. We find a positive and signifi-
cant sign between agriculture revenue and self-reported food adequacy in
general. This suggests that higher agriculture revenue implies higher self-
reported food adequacy. This is especially more significant with agriculture
revenue from crop farming.

We extend the above analysis to the Ricardian framework where the self-
reported food adequacy becomes our response variable and we use similar
regressors from table 1. The objective here is to assess the direct impact
of climate change on household food. The Ricardian results are shown in
table 4. Unlike the ordinary least square (OLS) regressions in table 1, in
table 4 we use ordered probit regressions to accommodate the categorical
nature of the outcome variable self-reported food adequacy. The Ricardian
output in table 4 reveals that climate variables are significant determinants
of household food adequacy. These regression models are more significant
for specialized crop farming households than for specialized livestock and
mixed crop-livestock farmers. This is consistent with our early findings in
table A2 which revealed that most of the agriculture output from crop pro-
duction is retained for household consumption, and also in the polychoric
correlation in table A3 that showed crop revenue to be significantly corre-
lated with self-reported food adequacy. Hence one would expect the crop
farming regression model to be more significant than the other models. In
addition, table 4 also depicts evidence of a quadratic relationship between
climate and the response variable. Summer precipitation and winter tem-
perature have a ‘U-shaped’ quadratic relationship and this is significant
for specialized livestock farming households and specialized crop farm-
ers, respectively. Winter temperature is significant and has a ‘hill-shaped’
quadratic relationship for crop farmers and is ‘U-shaped’ and significant
for mixed crop-livestock farmers.

The marginal effects in online appendix table A5 show that a decrease
in summer precipitation decreases food adequacy for all types of farmers,
while a decrease in winter precipitation increases food adequacy. We also
find that an increase in winter temperature increases food adequacy, while
an increase in summer temperature decreases food adequacy for all farm-
ers except for mixed crop-livestock farmers. It is important to note that,
although our outcome variable is categorical in nature, the marginal effects
are based on linear regressions (OLS) in online appendix table A4 and not
the probit models in table 4. This approach follows Angrist and Pischke
(2008), who established that similar estimates are produced under linear
models even when the outcome is a limited dependent variable (LDV).11

11 The motivation for using this approach is because of the limited capability of
STATA nlcom in that it does not allow one to calculate the marginal effect in LDV
models with interaction terms.
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Table 4. Ricardian regressions of food adequacy

Panel A Panel B
Without household and farm characteristics With household and farm characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: All Mixed Crop Livestock All Mixed Crop Livestock
food adequacy farmers farmers farmers farmers farmers farmers farmers farmers

Precipitation –
winter

−0.0118 −0.155 0.00468 −0.0922 −0.0171 −0.150 0.00529 −0.0907
(0.0492) (0.0959) (0.105) (0.130) (0.0493) (0.0969) (0.105) (0.131)

Precipitation –
winter∧2

−0.000449 0.00236 −0.000234 0.000339 −0.000373 0.00229 −0.000299 0.000395
(0.000700) (0.00148) (0.00150) (0.00186) (0.000702) (0.00149) (0.00150) (0.00187)

Precipitation –
summer

−0.0636∗∗ 0.0848 0.00733 −0.134∗∗ −0.0600∗∗ 0.0802 0.00550 −0.130∗∗
(0.0286) (0.0735) (0.0671) (0.0552) (0.0287) (0.0740) (0.0670) (0.0563)

Precipitation –
summer∧2

0.000433∗∗∗ −0.000340 −2.03e-05 0.00092∗∗∗ 0.000412∗∗∗ −0.00032 −1.19e-05 0.00088∗∗∗
(0.000159) (0.000396) (0.000378) (0.000322) (0.000160) (0.00039) (0.000377) (0.00033)

Temperature –
winter

−0.262 2.560 −5.109∗∗∗ 3.263 −0.230 2.535 −5.013∗∗∗ 3.187
(1.051) (2.332) (1.900) (3.032) (1.056) (2.351) (1.918) (3.052)

Temperature –
winter∧2

0.0101 −0.100 0.187∗∗∗ −0.113 0.00932 −0.0992 0.184∗∗∗ −0.110
(0.0380) (0.0819) (0.0678) (0.110) (0.0381) (0.0826) (0.0685) (0.111)

Temperature –
summer

−0.624 −16.81∗∗ 30.14∗∗∗ 7.356 −0.634 −17.88∗∗ 29.70∗∗∗ 6.279
(3.464) (7.639) (7.600) (14.67) (3.483) (7.741) (7.571) (14.74)

Temperature –
summer∧2

0.0137 0.425∗∗ −0.737∗∗∗ −0.196 0.0137 0.452∗∗ −0.727∗∗∗ −0.169
(0.0861) (0.189) (0.186) (0.369) (0.0865) (0.192) (0.185) (0.371)

Soil 2. A4
– lixisols,
cambisols,
luvisols

−0.503∗∗ −0.317 −1.483∗∗∗ −1.140∗ −0.498∗∗ −0.313 −1.395∗∗∗ −1.104
(0.241) (0.460) (0.524) (0.689) (0.241) (0.460) (0.524) (0.694)

(continued)
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Table 4. Continued.

Panel A Panel B
Without household and farm characteristics With household and farm characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: All Mixed Crop Livestock All Mixed Crop Livestock
food adequacy farmers farmers farmers farmers farmers farmers farmers farmers

Soil 3. AR –
arenosols

−0.584 −2.524∗∗∗ 0.149 2.258 −0.537 −2.657∗∗∗ 0.333 2.084
(0.396) (0.932) (0.762) (1.833) (0.398) (0.945) (0.770) (1.838)

Soil 4. B1 –
ferralsols,
acrisols, lixisols

−0.471 −0.991 −8.866 −0.436 −0.879 −8.689
(0.549) (0.662) (773.2) (0.550) (0.665) (681.3)

Soil 6. C1 –
luvisols,
planosols,
solonetz

0.0282 −0.365 −0.0511 −0.0515 0.0607 −0.337 0.0874 −0.0153
(0.156) (0.285) (0.359) (0.311) (0.157) (0.286) (0.372) (0.313)

Soil 7. E1 –
leptosols,
regosols,
calcisols

−0.288∗ −0.673∗∗ −0.782∗ −0.330 −0.272∗ −0.721∗∗ −0.671 −0.326
(0.148) (0.318) (0.414) (0.248) (0.149) (0.321) (0.421) (0.249)

Livestock
extension
servicesa

−0.220 −0.481 0.270
(0.359) (0.448) (0.895)

Crop extension
servicesb

0.599 0.498 0.784
(0.366) (0.600) (0.541)

Main household
income from
farming

−0.0759 −0.750 −0.164 0.565
(0.279) (0.496) (0.919) (0.429)
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Employed
labour

0.194 −0.109 0.265 0.902∗

(0.151) (0.229) (0.256) (0.491)
Land type,

rented
0.760∗∗ 0.360 −0.0735 1.447∗∗∗ 0.776∗∗ 0.288 −0.110 1.473∗∗∗

(0.308) (0.608) (0.661) (0.538) (0.308) (0.612) (0.664) (0.540)
Land type, land

reform project
−0.594 −4.669 −4.684 −0.695 −4.747 −4.881
(0.743) (285.5) (200.0) (0.757) (285.5) (198.7)

Land type,
equity share
scheme

0.819 1.418∗ 0.847 1.325∗

(0.603) (0.782) (0.603) (0.791)

Land type,
communal
area

0.00223 −0.327 −0.526 0.593∗ 0.0298 −0.402 −0.472 0.579∗

(0.202) (0.372) (0.417) (0.344) (0.204) (0.385) (0.419) (0.345)

Land type, land
near dwelling

0.114 −0.100 −0.596∗ 0.737∗∗ 0.129 −0.191 −0.568∗ 0.713∗∗

(0.181) (0.337) (0.338) (0.330) (0.182) (0.348) (0.338) (0.333)
Land type, other 0.215 −0.325 −0.411 1.120∗∗∗ 0.241 −0.405 −0.378 1.132∗∗∗

(0.195) (0.380) (0.355) (0.349) (0.196) (0.394) (0.356) (0.350)
Eastern Cape −1.619∗∗∗ −8.157 −2.129∗∗ −1.904∗ −1.647∗∗∗ −8.134 −2.130∗∗ −1.897∗

(0.506) (242.7) (1.086) (1.007) (0.506) (242.7) (1.086) (1.010)
Northern Cape −1.254∗∗ −1.656 −7.320 −0.881 −1.230∗ −1.557 −7.333 −0.931

(0.633) (374.7) (200.2) (1.128) (0.634) (374.7) (200.2) (1.131)

(continued)
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Table 4. Continued

Panel A Panel B

Without household and farm characteristics With household and farm characteristics

(1) (2) (3) (4) (5) (6) (7) (8)
Dependent variable: All Mixed Crop Livestock All Mixed Crop Livestock
food adequacy farmers farmers farmers farmers farmers farmers farmers farmers

Free State −1.612∗∗∗ −8.476 −2.300∗ −1.014 −1.623∗∗∗ −8.522 −2.332∗ −0.996
(0.602) (242.7) (1.260) (1.299) (0.602) (242.7) (1.258) (1.305)

KwaZulu-Natal −2.102∗∗∗ −8.413 −2.876∗∗∗ −2.721∗∗ −2.118∗∗∗ −8.412 −2.856∗∗∗ −2.658∗∗
(0.502) (242.7) (1.048) (1.059) (0.502) (242.7) (1.045) (1.065)

North West −1.401∗∗ −7.768 −1.829 −1.552 −1.409∗∗ −7.753 −1.823 −1.515
(0.563) (242.7) (1.251) (1.173) (0.563) (242.7) (1.249) (1.177)

Gauteng −1.726∗∗∗ −13.70 −1.746 −1.763∗∗∗ −13.71 −1.793
(0.649) (374.7) (1.261) (0.649) (374.7) (1.259)

Mpumalanga 0.737 −5.549 0.885 0.0572 0.709 −5.510 0.838 0.0918
(0.510) (242.7) (1.158) (1.040) (0.510) (242.7) (1.154) (1.042)

Limpopo −1.711∗∗∗ −9.095 −1.556 −1.849 −1.730∗∗∗ −9.117 −1.571 −1.759
(0.582) (242.7) (1.250) (1.360) (0.583) (242.7) (1.247) (1.364)

cut1 Constant −13.32 −156.5 270.1∗∗∗ 83.59 −12.80 −167.5 266.7∗∗∗ 72.98
(32.21) (253.5) (72.36) (151.7) (32.39) (253.7) (72.00) (152.4)

cut2 Constant −11.80 −154.8 271.5∗∗∗ 85.28 −11.29 −165.8 268.2∗∗∗ 74.70
(32.21) (253.5) (72.37) (151.7) (32.39) (253.7) (72.01) (152.4)

Observations 1,127 408 397 305 1,127 408 397 305

Notes: Standard errors in parentheses. ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
aLivestock extension services include vet services, pesticides and dips.
bCrop extension services include manure, fertilizers and pesticides.
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See also Ferrer-i-Carbonell and Frijters (2004) for a similar view. In online
Appendix table A4 we compare the OLS regression coefficients (used to
compute the marginal effects in table A5) and OPROBIT regression coeffi-
cients (table 4). We observe the signs and the qualitative tradeoff to be simi-
lar between the OLS and OPROBIT regressions, implying that the marginal
effects in table A5 are unlikely to be biased by our choice of model.

4. Conclusion and policy implication
The main aim of this study was to determine the impact of climate change
on agricultural productivity among poor households. In order to achieve
this objective we utilize the Ricardian framework which is a cross-sectional
analysis of actual farm performance given varying climatic regions or
agro-climatic zones. The Ricardian analysis was based on 1,221 subsis-
tence farming households from the 2008 NIDS. These subsistence farming
households are distributed throughout the nine different provinces of
South Africa. In addition, the farmers are classified into specialized crop,
specialized livestock and mixed crop-livestock farming in order to cap-
ture the fact that climate change is likely to affect various farming systems
differently. The climate change predictions use the HadCM3 model. The
predicted climate data indicate that on average temperature is expected to
increase by 1.2◦C in 2020, 2.4◦C in 2050 and 4.2◦C by the year 2080, while
average precipitation is expected to decrease by 5.4 per cent in 2020, 6.3 per
cent in 2050 and 9.5 per cent in 2080. In general, the results show that the
predicted impact of a simultaneous decrease in precipitation and increase
in temperature has an adverse effect on subsistence farming households
(151 per cent in lost net revenue by the year 2080). Furthermore, and as
expected, the results do show that climate change will indeed affect farm-
ing systems differently, as we observe that decreases in precipitation and
increases in temperature are likely to be more severe among the specialized
crop farmers who are likely to lose approximately 144 per cent of their net
revenue by 2080. Our results also indicate that, although climate conditions
have a significant effect on net farm revenue, various strategies undertaken
at the farm level may play a critical role in adaptation to climate change.
We find that the use of strategies such as accessing dips among specialized
livestock farmers strengthens the resilience of farmers. Our result for spe-
cialized crop farmers yields less clear results with fertilizers and pesticide
use not being significant for subsistence farmers.

In order to enhance our understanding of the impact of climate change
on food security further, we also analyzed the effect of change in temper-
ature and precipitation on self-reported food adequacy in the households
of subsistence farmers. Our findings show a strong and positive correla-
tion between self-reported food adequacy and net farming revenue among
the subsistence farming households. That is, an increase in farming rev-
enue increases the likelihood of a household having adequate household
food supply. We also find that 58 per cent of the total crop production
and 26.7 per cent of total livestock products are retained for household
dietary needs. Therefore, climate change will not only affect net farming
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revenue but food adequacy as well for households who mainly participate
in subsistence agriculture. The results in this study therefore offer support
to the current literature on food security and climate change. Our analysis
of poor subsistence farming households yielded further interesting results
related to property rights and land reform. We find that while controlling
for the effect of changes in temperature and precipitation on net revenues,
specialized crop farmers are better off when the farm is owned as opposed
to land that is part of a land reform project, rendering efforts by the gov-
ernment to redress land inequality in South Africa particularly vulnerable
to the effects of climate change. In the case of specialized livestock farm-
ing, more revenue is earned when the land accessed is communal than
when the land is privately owned, implying that increasing marginal net
benefit is derived by communal access to large tracts of grazing lands for
subsistence farmers. This certainly deserves further probing, and hence we
highlight this as an important area of future research.

It is worth noting that this study is not without caveats. In general, some
of the weakness of the Ricardian model is that the model assumes con-
stant prices; the model does not incorporate carbon fertilization or external
policies. In addition to this, similar to the studies by Kabubo-Mariara and
Karanja (2007), Seo and Mendelsohn (2008) and Nhemachena et al. (2010),
our response variable is net revenue instead of net revenue per hectare due
to data limitations. Additionally, unlike the current Ricardian models, the
current study does not include hydrological variables in the model due to
data limitations. However, we take comfort in the fact that Mendelsohn and
Dinar (2003) observed that omitting this information from the Ricardian
model underestimates the effects of warming, although these effects are
small and do not qualitatively change the results. Lastly and most impor-
tantly, we acknowledge the uncertainty of climate change projections in the
current literature that remain as limitations in the current study in the fol-
lowing ways. Firstly, it is likely that future climates will not resemble the
current predicted climates; one needs to use several models to obtain the
range of plausible climate scenarios which only improves but does not pro-
vide the actual predictions (Kurukulasuriya et al., 2006; Wang et al., 2009). In
the current study, however, future projections are only based on one model
(HadCM3); using different models such as the Oceanic Canadian Climate
Centre (CCC) or Parallel Climate Model (PCM) will likely vary the magni-
tude of future projections and provide a possible range of expected climate
change outcomes (Kurukulasuriya et al., 2006; Hassan, 2010). Secondly, the
projections do not take into account the likely adaptation changes in tech-
nology or land use or prices or other capital investments which are likely to
affect agriculture production and earnings over time (Kurukulasuriya et al.,
2006; Seo et al., 2009; Hassan, 2010). That is, the future projections assume
constant prices, land use, capital investments and technology over time.
Mendelsohn et al. (1994) were concerned about the effects of changes in
weather and economic factors over time, and compares the marginal effects
between 1978 and 1982 data. The authors observe the climatic variables
to be similar in both years, showing that the climate effects on agricul-
ture do in fact appear to be stable over time; whether their findings are
representative in other settings is perhaps questionable. Notwithstanding
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these caveats, the current study does, however, provide evidence on the
impact of climate change on small-scale subsistence farming households
as observed through net farm revenue (mainly used for household dietary
requirements) and food adequacy. The predictions, however, provide only
an indicative effect and it is important that future research incorporates
hydrological data, includes farm size information and also tests alterna-
tive models to predict the impact of climate change on South African
small-scale subsistence farming households.

One of the major concerns of the South African government is to address
food security in the era of climate change. Our results indicate that climate
change will affect the food availability of poor households who depend on
small-scale agriculture to supplement their livelihoods and diet. Diversi-
fication is frequently mentioned in the adaptation literature as a potential
strategy for climate change. One of the most notable results to emerge from
this study is the difference in climate change impact across different farm-
ing systems, where we observe that specialized crop farmers are the most
vulnerable while mixed crop-livestock farmers appear to be the least vul-
nerable. Mixed crop-livestock farming is the second most prevalent form
of farming in our sample after specialized livestock farming and on aver-
age more lucrative than specialized crop farming. Speculatively, it is not
unlikely that mixed crop-livestock farming strategies will become more
prevalent as farmers begin to respond to changes in climate over time.
This is because our results show that mixed farmers are less affected by cli-
mate change; thus, as farmers become more aware of this, they are likely to
switch to mixed farming. Since the effects of climate change and variability
are likely to continue, these subsistence farming households need a solu-
tion as to how to shield themselves from these unavoidable changes. There
is therefore a need to emphasize the role of mixed crop-livestock farming to
these poor farming households in cushioning the effects of climate change.
Such crop-livestock diversification strategies are an important policy tool
to ensure that adaptive responses of poor households lead to more resilient
communities.

Supplementary materials and methods
The supplementary material referred to in this paper can be found online
at journals.cambridge.org/EDE.
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