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Historical land requirements for food in South Africa

Dynamics of arable land requirements for food in
South Africa: From 1961 to 2007

Food consumption puts pressure on natural resources and arable land. In the present study, we examined the
dynamics of land requirements for food in South Africa from 1961 to 2007 and investigated the relationships
between dietary patterns, yield, cropping intensity, population and the area of required land using the thought
experiment method. Strong population growth and the development of agricultural technology (indicated by
yield) accounted for more than a 2.5-fold increase in the total land requirements for food from 1961 to 2007.
Before the 1990s, the increase in crop yields enabled constant land requirements, whereas, after the 1990s,
the combined effect of agricultural technology and population growth, together with a small contribution from
dietary changes, led to an increase in the land requirements for food. Our findings confirm that the variation in
land requirements for food is a complex, non-linear function of agricultural production techniques, population
growth and dietary patterns and show that the complex relationship between dietary pattern changes, and
economic development challenges future predictions of land requirements for food in South Africa.

Introduction

Despite being the wealthiest country on the African continent, as evidenced by its striking growth in gross domestic
production (GDP) from 1961 to 2007 (Figure 1), the Republic of South Africa ranks as one of the most socially
unbalanced developing countries, with a Gini coefficient' of 63.1 in 2009 (Figure 1a). Food self-sufficiency (defined
as total production divided by total consumption) in South Africa decreased significantly from above 2 in 1961 to
approximately 1 in 2007, indicating that the future of food security in South Africa in terms of self-sufficiency is
not optimistic.? The evaluation of the food security situation in South Africa has been the subject of considerable
attention in the scientific community, with a particular focus on exogenous factors affecting food systems. For
example, studies have shown how climate change (mainly in terms of precipitation and temperature variations)
affects agriculture,®* particularly crop yields, which are an indicator of productivity.5® Other investigations have
been conducted from the perspective of government policy and society”?; possible solutions to mitigate food
insecurity in some regions have been suggested but few studies have focused on consumption issues.®'"
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Figure 1:  Corresponding information about South Africa: (a) trend of the Gini index of South Africa and (b) trends of

GDP and self-sufficiency in South Africa compared with the GDP world average.

The extent of suitable land for agriculture is limited by several internal and external factors, including physical
conditions and competition with other types of land use. Climate variability also plays a major role in the decrease
in agriculturally suitable land area." Given the restrictions on land resources, determining the amount of land
required for food production is essential. Productivity is determined by techniques focusing on factors such as
yield and cropping intensity. Population size and consumption per capita also indirectly influence land requirements
via the total food consumption of a country. It is therefore necessary to investigate the relationship between land
requirements and all of these factors to determine the area of land required for food. Apart from the effects of
environmental changes and natural hazards on crop yield and land resources, it is crucial to explore the possible
pressure exerted on land resources by food consumption and population growth to provide a comprehensive
evaluation of future trends in food security in South Africa.

Studies on the land requirements for food (LRF) have been conducted in other regions (e.g. the Netherlands), %1
and have revealed that wherever economic growth occurs, people turn to more nutrient-rich food, which requires
more arable land."' However, the development pattern of LRF varies from region to region, and its drivers play
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different roles. A study focused on South Africa is necessary to help
understand the food security situation and frame future government
policy in this nation.

We aimed to analyse LRF in South Africa by investigating the individual
effects of population, technology and dietary pattern on the development
of LRF. We back-calculated the arable land requirements of each food
item consumed per capita, conversion factors, yield and cropping
intensity. In this process, we focused only on arable land requirements
to meet the physical health demand without considering other uses such
as export, seed, feed and fuel use.'* We hope that this work will inspire
other studies on the projection of future agricultural land use in South
Africa by analysing the historical development of LRF in South Africa.

Methods

Study area

The Republic of South Africa is located at the southern tip of Africa. It is
the 25th largest country in the world by area and the 24th most populous
country with a population of approximately 50 million. South Africa is
ranked as an upper-middle income economy and is the largest economy
in Africa. However, approximately one-quarter of the population is
unemployed and lives on less than USD1.25 a day, making South Africa
one of the top 10 countries in the world with income inequality.' The Gini
index is a measure of the inequality of a distribution."'® South Africa’s
Gini index has been over 40 (the internationally recognised warning
line) throughout most of the past 50 years (Figure 1a), which indicates
the instability of South Africa’s economy at the household level, as
confirmed by other surveys.'"13

Population growth has been very rapid in South Africa, with a
2.7-fold increase from 1961 to 2007 (Table 1), including the influx of
approximately 5 million illegal immigrants (pooled estimated number). %!
The agricultural industry has contributed approximately 10% to formal
employment over the past 10 years® and contributes approximately 2%
currently to the GDP of the nation®. The shares of trade in the GDP have
increased markedly since the opening of the economy in 1994,

Only 13.5% of the land in South Africa can be used for crop production,
and only 3% is considered high-potential land because of the restriction
on limited natural resources.?® Over the past 50 years, cultivated land
has increased by only one-third, resulting in a reduction of half of the
arable land per capita in 2007 compared with that in 1961.26 Although
productivity is improving (as demonstrated by the yield of cereals), South
Africa’s self-sufficiency in cereals has dropped from approximately 2.5
to below 1 (Figure 1b).

Table 1: Overview of South Africa

Historical land requirements for food in South Africa

Data sources and methods

The data used in this work are from the FAOSTAT data set and include
information regarding food supply, food consumption, yield, import
and production from 1961 to 2007.2¢ A detailed description of the data
source and the calculation methodology is presented below.

Linking food consumption to LRF

Our approach was based on the methodology described by Kastner and
Nonhebel ¥ who calculated the historical arable land requirements for
food of the Philippines from 1910 to 2003. We used food supply data as
an indication of food consumption and obtained land requirements for
that consumption. The calculation of LRF is separated into two parts: the
vegetal part (LRF and the animal-based part (LRF

vegelal) animal) :

Calculating the vegetal part
The vegetal LRF was computed as follows:

consumption, *convertionfactor,

yield, *croppingintensity Equation 1
where / stands for a crop item, conversionFactor; is the index for each
food item converted to its primary crop equivalent, and yield. is the crop
yield for each crop. Croppingintensity was obtained from the ratio of
the total harvested area to the total area of arable land and permanent
cropland. Consumption; is defined as the total consumption of each food
item by the entire population in 1 year.

The details of each data set and the steps of the calculation
are as follows:

(1) Consumption to primary crop equivalents

Food consumption, reflecting average dietary patterns, is translated to
primary crop equivalents by the respective conversion factors for each
food item. The food consumption data supplied by the food balance
sheets of FAOSTAT? ‘are constructed for primary crops, livestock, and
fish commodities up to the first stage of processing in the case of crops
and to the second (and sometimes the third) stage of processing in the
case of livestock and fish products’?. Because this study was limited
to arable land, we calculated food consumption only for 18 categories
covering 80 types of food items, excluding aquatic food items. Referring
to the study conducted by Kastner and Nonhebel*, the original 18
categories were aggregated into six broad groups: (1) cereals, (2) fruits
and vegetables, (3) sugar and sugar crops, (4) vegetable oil and oil
crops, (5) other vegetal food items and (6) animal products.

1961 1970 1980 1990 2000 2007
Population (millions) 17.85 22.50 29.08 36.79 44.76 48.84
Population density (person/ha) 0.15 0.19 0.24 0.30 0.37 0.40
Arable land and permanent crops (million ha) 12.88 13.21 13.25 14.30 15.71 15.45
Per capita (ha/person) 0.72 0.59 0.46 0.39 0.35 0.32
Permanent meadows and pastures (million ha) 89.15 82.97 81.42 82.50 83.93 83.93
Per capita (ha/person) 4.99 3.69 2.80 2.24 1.88 1.72
Per capita GDP (current USD /person) 432.53 793.45 2775.93 3048.41 2961.26 5819.64
Share of agriculture in GDP (%) 11.54 7.16 6.20 4.63 3.27 3.37
Note: Population and land use from FAQ FAOSTAT data sets; GDP from http://data.worldbank.
org/data-catalog/world-development-indicators.
South African qurnal of Science 2 Volume 110 | Number 1/2
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Generally, there are two methods used to calculate crop equivalents. One
method is based on caloric equivalents and the other on the extraction
rate. The conversion factors we used in this paper were based on caloric
equivalents and were derived from the data supplied by Kastner and
Nonhebel?”. The value for food items used in this paper refers to supply
at the household level.?® The processing of food products creates losses
and rest streams. For instance, using the extraction rate of cane sugar in
South Africa (11%2°), 9.1 tons of sugarcane are needed to obtain 1 ton of
cane sugar. However, the losses and rest stream created in this process
usually have other functions, such as animal feed. Thus, in calculating
this figure, duplicate calculation occurs and the calculated primary crop
equivalents are not reasonable. A conversion factor based on caloric
equivalents was therefore used in the present study. For example, to
produce 100 g of sugar containing 373 kcal, 1243.3 g of sugarcane
per 100 g containing 30 kcal is needed. This method avoids duplicate
calculations and excludes waste.

(2) Primary crop equivalents to total LRF and LRF per capita

The total harvested area is the sum of the harvested areas of each food
item. The area that can maintain one person’s average food demand was
thus calculated by dividing the harvested area by the cropping intensity
and population.

The following formula for calculating cropping intensity was derived
from Siebert et al.®;

o= CE Equation 2

where C/ is the cropping intensity, AH is the area harvested and CE is the
extent of cropland that is left temporarily fallow.

Calculating animal-based foods
The situation is more complex in calculating livestock products. In this

work, we simplify the computation of LRF__  as follows:
LRF — Consump tionanimal (kcal) *LRFvegetal * 3
el Consumption Equation 3

vegetal (kcal)

where Consumption,,, ..., is the total animal-based food items
consumed in a year, Consumption,, ... ., 1s the total vegetal food items
consumed in a year, and LRF,____is the total land requirement for vegetal
food items as calculated above.

Based on a number of studies associated with LRF for animal
products,®143031 we assumed that one calorie of food of animal origin
requires three times the amount of arable land needed for an average
calorie of food of plant origin. This assumption is relatively low for beef,
which represents the main production livestock system in South Africa.
However, crude assumption is sufficient for our purpose, which focuses
on the trend of total LRF and the individual effects of different factors
rather than exact numbers. Given this aim, the method of calculating land
requirements for animal products is therefore less important. Unifying
the methods used to calculate the land requirements for vegetal products
and animal products will be helpful in performing further analyses.

Assumptions and conditions

The methodology outlined above is suitable for the purpose of our study
but requires that several assumptions be made and conditions satisfied:

1. Food consumption excludes aquatic food that is not directly related
to land resources.

2. With a large proportion of pasture and meadows, the livestock
industry, as the backbone of South African agriculture,® is not
intensively managed.

3. Although the systems of crop plantation and animal husbandry
are different, we unify crop products and animal products into the
same land-use types.

South African Journal of Science
http://www.sajs.co.za

Historical land requirements for food in South Africa

Individual effects of LRF factors

To study the individual effects of population, average dietary pattern,
yield and cropping intensity on total LRF, we used the thought experiment
method.? 323 |n this experiment, total LRF is a function of population, diet
and technology. To visualise the impacts of these three drivers on LRF,
we initially assumed constant population, diet and cropping intensity at
the 1961 levels to qualify the impact of changes in yield only. The effect
of cropping intensity was subsequently added. Then, the LRF induced by
actual population development was taken into account, still assuming
a constant 1961 diet. Finally, the impact of changes in the average diet
was incorporated into the calculation to arrive at the total national LRF in
South Africa throughout the entire period analysed. Through this method,
the individual contribution of each driver can be assessed.

Results

Change in dietary pattern from 1961 to 2007

The food consumption per capita in South Africa from 1961 to 2007
for the listed categories is shown in Figure 2. Cereals, being the
main dietary source, accounted for 58% or more of the total food
consumption throughout the study period. Among all six categories,
the most noticeable changes occurred in sugar and sugar crops and
vegetable oils and oil crops. Whereas the proportion of sugar and sugar
crops gradually decreased from over 14% in 1961 to below 10% in
2007, that of vegetable oils increased over the same period from 5.7%
in 1961 to 12.3% in 2007. However, from 1961 to 2002, the share of
animal products decreased from approximately 15% to 11.7% and then
increased to 13.5% in 2007.
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Daily food consumption per capita (kcal/capita/day)

manimal products
mfruits and vegetables

sugar and sugarcrops = vegetable oils and oil crops
m other vegetal items cereals

Source: FAO?
Figure 2:  Changes in food consumption in South Africa from 1961 to
2007 divided into six main categories.

The total daily food consumption showed a slightly increasing trend
from approximately 2670 kcal per capita per day to approximately
3000 kcal/cap per day. The increased consumption of vegetable oils
and oil crops contributed most to this development with approximately
216 kcal/cap per day from this source. Cereals, as the second largest
contributor with 148 kcal/cap per day, remained almost constant
throughout. The only negative variation observed was the decrease in
the share of sugar and sugar crops of approximately 92 kcal/cap per day
over the 46-year period.

Overall, the dietary pattern in South Africa did not exhibit a significant
change over the study period. The total consumption increased by
only 12.3%, but that of food categories representing more nutrient-rich
food items decreased. When standards of living are low, an increase
in income favours the consumption of foods of animal origin and
reduces the consumption of cereals and roots.** In terms of the absolute
consumption per capita, the living standards in South Africa are not
lagging far behind the world average.?® However, the dietary pattern has
not converted to the consumption of more nutrient-rich food items, as
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indicated by the decreasing trends observed for animal products and
sugar and sugar crops.'336 We interpret the underlying driving factors
to be income inequality” and unstable social development in South Africa
(Figure 1b). The fourth migration wave, that is, the rural-urban migration
(from the mid-1970s to the late 1980s) of Black populations, provided
people with opportunities to live a more affluent lifestyle. The changes
in population composition, as a result of more illegal immigrants and
fewer White individuals, and the net emigration rate influenced dietary
patterns at the country level.> The rapid growth in the GDP per capita
and the higher levels of per capita food consumption overshadow the
fact that large fractions of the population in South Africa are still living
below the poverty line.”% Poverty, lack of education, social instability
and the long commuting distances of employed city dwellers have led
many in South Africa to acquire an unhealthy dietary pattern.® Thus, the
change in diet is the result of a synergy of changes in South Africa’s low
and high standards of living.3*#° Moreover, although the dietary pattern
did not change significantly over time, yield and population growth have
significantly impacted the total LRF in South Africa.

Total LRF in South Africa from 1961 to 2007

The evolution of the total LRF in South Africa from 1961 to 2007 is
shown in Figure 3a. The total LRF increased from 11.5 million ha to
29.2 million ha; cereals comprised the largest share, followed by animal
products. Cereals, particularly maize, accounted for approximately half
of the total LRF in 1961, a proportion that gradually decreased to below
40% in 2007 as a result of the increase in yields. For animal products,
although the LRF increased significantly after 1990, the proportion
remained almost constant over the 46-year period. However, LRF for
vegetable oils and oil crops grew the most, almost 10-fold, accounting
for 4.6% in 1961 and growing to 18.3% in 2007.

Another notable feature is that the change in LRF in South Africa appears
to be highly unstable, with extreme peak values (Figure 3a). South Africa
is unusually vulnerable to climate variability, and thus to a reduction in
surface waters.® Maize, as the country’s most important crop, accounts
for 36% of South Africa’s total field crop production. A serious decline
in the productivity of maize and some other crops occurred because of
a regional drought, resulting in a significant increase in the required land
area, shown as peaks in Figure 3a. For example, as a consequence of the
drought in 1992, maize yield declined from 2257.3 kg/ha to 785.3 kg/ha,
causing this single crop’s LRF to increase 5.4-fold (without considering
changes in cropping intensity).

The changes in LRF per capita (Figure 3b) seem to follow a trend
different from that of the total LRF itself. At the outset, LRF per capita first
decreased from 0.65 ha/person per year in 1961 to 0.34 ha/person per
year in 1989 because of increasing crop yields. The subsequentincrease
in LRF, which reached 0.59 ha/person per year in 2007, was the result
of a reduction in cropping intensity and changes in dietary structure.

Looking at the contribution of different food items, the yield increase
benefitting from the Green Revolution*! contributed to a distinct decrease
in LRF per capita for cereals from nearly 0.35 ha/person per year to
approximately 0.2 ha/person per year, whereas for vegetable oils and
oil crops, the LRF per capita increased from 0.03 ha/person per year to
1.11 ha/person per year over the study period — an increase which can

Historical land requirements for food in South Africa

be attributed to the combined impact of increasing consumption and
increasing yield. For sugar and sugar crops, decreasing yield combined
with declining cropping intensity led to an increase in land requirements.

LRF cannot reflect the actual amount of land required; nonetheless, the
upward trend of LRF indicates a probable future increase in the amount
of land needed to feed people, especially considering the growth in the
population (Table 1).

Individual effects of population, diet and yield on LRF

The combined effects of population development, dietary change,
cropping intensity and productivity on LRF were discussed above.
The available data are sufficient to assess the individual effects of
these drivers.

Based on the thought experiment method,* it is possible to quantify the
effect of individual drivers on total LRF by keeping certain input factors
constant (Figure 4). With solo-crop yield improvements, LRF decreased
from over 11 million ha in 1961 to 6.6 million ha in 1980. However,
LRF became relatively stable after 1980, mainly because of the decline
in cropping intensity. The extremely high values of LRF coincided with
extremely low yields, indicating the influence of the latter. Considering
population growth, LRF showed a decreasing trend from 1961 to 1980
but at a much flatter rate than before. This behaviour clearly indicates that
the increase induced by constant population growth was counteracted
by the increase in yield. After 1980, LRF greatly increased from 10.9
million ha/year to 23.9 million ha/year, implying a greater impact of
population growth over this period.

35
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Land requirement for food (Mha)
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0
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actual LRF m diet constant

W pop&diet constant W pop&diet&cropping intensity constant

Note: The upper boundary of the black area represents the hypothetical LRF if population,
cropping intensity and diet are constant at the 1961 levels, thus accounting only for changes
in yield; the top of the darker grey area shows the effects of cropping intensity development
and the changes in agricultural technology development with yield; the top of the lighter grey
area shows the effect of population development;and the top of the lightest grey area shows
the effect of dietary change.

Figure 4:  Effect of changes in yield, cropping intensity, population and
diet on the land requirements for food (LRF) in South Africa,
1961-2007.
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The effect of dietary pattern on LRF clearly changed after 1990.
However, the underlying reason is much more complex than this trend
suggests. During the apartheid era (e.g. 1961 to 1990), the populations
categorised as ‘non-Whites’ in South Africa were severely restricted
within major cities and metropolises in accordance with the ‘dense
settlement’ patterns. Internal migration led to situations in which non-
Whites and Whites worked under the same conditions, improving,
to some extent, the standard of living of non-Whites; the peak of this
phenomenon was reached in 1986.%? After 1990, as discrimination was
gradually abolished, a notable increase in the contribution of dietary
pattern to LRF was observed.

Our thought experiment method revealed that different drivers are
responsible for the calculated trajectory in LRF at different periods
of time. Technology and population, being the crucial factors in the
calculation of LRF, developed in two different directions. Agriculture
intensification led to the decline of LRF at the outset; however, over
the last three decades of the study period, the LRF stabilised. As a
consequence of the demographic factor, LRF rapidly increased after
1980. Although dietary pattern seems to have played a minor role in
determining the total LRF, the increasing trend over the last two decades
of the study period characterises the importance of dietary pattern in
future changes in LRF. The development of each driving factor is a result
of complex systems that complicate further analyses. The uncertainties
in technological development, the demographic transition caused by
unforeseen policies and the influence of AIDS and the global economic
and trade network make forecasting future LRF more difficult.

Historical land requirements for food in South Africa

Differences between crops

The overall pattern of LRF is the sum of the LRF of various food items
produced from different primary crops. However, the development of
LRF for different crops varies. The available data for individual crop
area, crop Yield and cropping intensity allowed us to conduct a second
thought experiment. In this section, we choose maize and sugarcane as
case studies. Maize is the country’s most important crop: it is a dietary
staple, a source of livestock feed and an export crop. It accounts for 36%
of the gross value of South Africa’s field crops but has experienced the
negative effects of climate variability. Although overall maize productivity
increased, the harvested area declined over the 46-year period (from
4.1 million ha to 2.6 million ha). South Africa is the world’s 10th largest
producer of sugarcane, an important commercial crop. However, the
yield of sugarcane continuously decreased over the 46-year study
period. Assuming that production is a function of both yield and
harvested area, we calculated the individual effects of these two drivers
on maize and sugarcane. Based on Figure 5a and 5b, the increase in
maize yield was counteracted by the decrease in maize harvest area.
Changes in yield had a dramatic influence on the total production of
maize, reflecting the instability of South Africa’s maize production. The
combination of the decrease in yield of sugarcane and the expansion
of the harvested area led to relatively stable production of sugarcane,
especially from 1985 onwards.

To examine the individual effects of population growth, yield and dietary
pattern on the LRF for each crop, the thought experiment method was
used once again.
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Figure 5:

Development of indexed dry matter and the land requirements of maize and sugarcane in South Africa from 1961 to 2007: (a) indexed development

of dry matter maize production (1961=1); (b) indexed development of dry matter sugarcane production (1961=1); (c) relevance of changes
in yield, population and diet in land requirements for maize; and (d) relevance of changes in yield, population and diet in land requirements

for sugarcane.
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The consumption of both maize and sugarcane decreased because of
changes in dietary pattern (Figure 5¢ and 5d) — a finding which appears
to be inconsistent with the development of total LRF for all food items. A
reduction in maize consumption can be observed throughout the entire
study period, whereas sugarcane consumption declined from 1990
onwards. Thus, the drivers of the changes in LRF have affected the LRF
for individual crops and for the whole country in different ways.

Share of imports in total LRF

The procedure for calculating the LRF considers production from inside
(produced locally) or outside (by importing) a nation’s territory; thus,
it is possible for us to assess the share of LRF from imports. We have
already excluded production destined for export. In the calculation, net
import production is also assigned to South African yield values because
the underlying goal of our work is to determine how much domestic land
is needed to meet domestic consumption.

The share of imports in LRF exhibited a significantly increasing trend
(Figure 6). In the first three decades, imports contributed negatively to
the LRF of the country, indicating that South Africa was mainly an export-
based country. During this period, the combination of the development
of technology and population growth led to only a slight increase in total
LRF. However, from 1990 onwards, the share of imports increased from
approximately 0 in 1990 to over 0.33 in 2007, indicating the nation’s
increasing dependence on imports. In other words, the increases in
total LRF in recent decades required more land outside of South Africa’s
territory. Relevant studies indicate that South Africa’s regional economic
growth (Figure 1a) is clearly related to the shares of imports.”® The
nation’s World Trade Organization membership and the opening of its
economy in 19942 might have played a crucial role in this development.

0.5
0.4
03 -+
0.2 +
0

NI

-0.2

Share of imports in LRF

03 |

04 |

-0.5

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 6:  Share of the total national land requirements for food (LRF) met

by net imports in South Africa from 1961 to 2007.

The variation in import shares is significantly associated with the
fluctuation in total LRF. Imports accounted for a significantly higher
proportion at peak points in some years more than in others. These
peak years possibly correspond with the years of low production during
droughts or social unrest, for example.* For instance, because of a
regional drought in the early 1990s, maize production dropped to just
over 3 million tons in 1992. Therefore, approximately 5 million tons of
maize was imported during that year.

The trend of import share is negatively correlated with South Africa’s
self-sufficiency (-0.72), indicating that the nation increasingly depended
on imports to meet LRF and that increases in total LRF in recent
decades were mainly met by land outside South Africa’s territory.
Moreover, during years of drought, imports dramatically increased and
accounted for a high share of total LRF. These two findings imply that
South Africa has become more vulnerable to world economic and trade
market fluctuations and that it has a weak climate disaster response
capability. Under the scenarios of projected population growth in the
future or the poor’s living standards improving, the issue of South
Africa’s food self-sufficiency will become more serious. Based on
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previous research, the situation can be improved in two possible ways:
importation and agricultural intensification. The former depends on
internal and outer economic circumstances, and the latter would cause
a series of environmental problems. Considering the negative impact
of climate variability*>*, land degradation*®', imbalanced domestic
economic development and the wide disparity between the rich and the
poor in this country, the consequences of both these solutions require
further investigation.

Conclusions

In this study, we first analysed the dietary structure in South Africa from
1961 to 2007, based on FAO data, and found that the dietary pattern
did not change towards more nutrient-rich food items as expected
from the increase in GDP per capita. This phenomenon may be a result
of the significant income gap in South Africa and the continuation of
demographic transition. We then analysed the historical trend of South
Africa’s LRF, the contribution of different crops and the impact of
individual factors on LRF. The results indicate that the total LRF in South
Africa from 1961 to 2007 increased, whereas LRF per capita decreased
before 1990 and increased thereafter. These trends indicate that in the
near future the country may need more land to achieve self-sufficiency.
The contribution of LRF differs for different crops. The arable land
requirements for animal products as well as vegetable oil and oil crop
consumption are the two main factors that contributed to the increase
in total LRF.

Our historical assessment of LRF in South Africa reveals that LRF is
driven by different factors at different times. Before 1980, increases in
yield led to a slight decrease in LRF, reflecting the impacts of population
growth. After 1980, the striking increase in population, combined with
the decrease in cropping intensity, led to a continuing increase in LRF. In
more recent decades, dietary pattern changes again led to an increase
in LRF. These factors acted together to induce non-linear changes in LRF
over the past 50 years. Thus, forecasting the relationship between the
drivers of change and LRF will not be easy because it is not a simple
linear relation. Finally, imports accounted for the increasing proportion
of total LRF, especially since 1990. This result implies that the nation
has increasingly depended on imports to meet LRF and that increases in
total LRF in recent decades have been met mainly by land outside South
Africa’s territory, notably during disaster years. Such dependence makes
South Africa vulnerable to the variation in global food price.

In this work, the calculated LRF is lower than the actual arable land
needed in South Africa because it does not account for losses during
food processing or seed need and assumes that the land will produce
three calories of vegetal food to produce one calorie of animal food.
Moreover, we employed a single cropping intensity for all crops. Given
these limitations, caution is required in considering the calculated LRF to
be reflective of the actual arable land area needed.
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