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ABSTRACT

This paper uses a 2004 provincial social accounting matrix (SAM) to conduct a multiplier
analysis that simulates the impact on the Northern Cape economy of an exogenous shock to
the agricultural sector (such as a drought). By analysing the ripple effects of agricultural
drought, this exercise highlights the multiplier effects (direct, indirect and induced effects) that
manifest through the backward and forward linkages between agriculture and other related
economic sectors. Through analysis of the multiplier effects on various sectors and the
provincial economy as a whole, the study finds that the negative 10 percent exogenous shock
to agricultural commaodities exerts significant indirect effects throughout the Northern Cape
economy. Sectors involved in the production of intermediate goods and consumer goods were
found to experience the largest decline in response to the agricultural shock. In line with
expectations, unskilled labourers and their dependent communities were found to experience
the bulk of the distributional impact. However, impacts to the income of skilled labourers as
well as services sectors were found to be particularly sensitive to the inclusion of enterprises
as an endogenous account. Furthermore, the results suggest that expanding farmers’ and
households’ access to credit can be a helpful short-term tool to limit the induced effects of the

shock.
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1) Introduction

“Our communities are under severe stress. All of the local economies in
Northern Cape are based on agriculture. When agriculture suffers,

everybody suffers.”

— Willem Symington, Vice-president — Agri Northern Cape

Source: Quoted directly from Qukula (2019)

The impacts of extreme weather events are far reaching, exerting effects on both the natural
and built environments, as well as their points of intersection. Climate constraints are often
primary drivers of performance in industries that rely on environmental inputs for their
production processes. While the impacts of climate on production and output are visible in
many sectors, one of the most obvious is the agricultural sector, which in the Northern Cape
includes activities as diverse as irrigation farming, extensive livestock rearing, intensive feed-
lot operations, and fisheries. These depend on conditions ranging from temperature, rainfall, to

atmospheric pressure and oceanic upwelling.

There is a growing belief that climate change affects not only mean temperatures, but also
increases the coefficient of variation in climatic phenomena, including rainfall patterns
(Thornton et al., 2014). However, significant uncertainty exists over how the effects of
anthropogenic climate change will manifest — in terms of its nature and timing — and therefore
over its implications for human civilisation at large. Although civilisations have demonstrated
their propensity to adapt — and perhaps thrive — in a diverse range of climatic regions,
forecasting and alleviating the negative short-term economic impacts of anthropogenic climate
change remains a subject that is crucial for policymakers to understand in order to devise
effective responses. As a result, there is an ever-stronger mandate for the data-driven

management of inherent risks within economic sectors.

The bulk of existing research has focused on estimating climate change’s direct impacts on
agricultural output (Jones & Thornton, 2003; Funk et al., 2008; Lobell et al., 2008); for
example, as estimates of likely changes in crop yields. While useful, such studies offer only a
limited understanding of its likely impacts.



The aim of this project is to better understand the relationship between climatological variables
— such as temperature, rainfall, and oceanic upwelling — and the spectrum of socioeconomic
activities in the Northern Cape. This sort of approach could contribute to a better regional
adaptation strategy for the Northern Cape in the face of escalating climatological variability.
Specifically, this paper simulates the impact of drought — the most frequent and visible

environmental shock in the province — as an exogenous shock to the agricultural sector.

The impacts of environmental shocks extend through multiple sectors, and therefore require a
multi-sectoral approach in their assessment and response. As a result, this project will employ
a social accounting matrix (SAM)-based multiplier approach to conduct an impact assessment
of the economy-wide ripple effects the modelled shock. In light of the growing level of
awareness and urgency around water scarcity in South Africa — and water scarce regions such
as the Northern Cape — this assessment highlights key socio-economic linkages between

society and the climate, as well as their policy relevance.

At its core, the estimation of a shock’s economic impact is simple. One compares two
situations: the baseline scenario is the state of the economy without (before) the shock; and the
counterfactual is the state of the economy after it. Multiplier effects of key economic indicators
— specifically output, gross regional product’ (GRP) and income — serve as the primary
measures of the economy-wide impact. Four scenarios are used to test the sensitivity of the
shock’s results to the inclusion of endogenous institutional accounts — households, enterprises
and government — where multiplier effects increase as we incorporate their income-expenditure

loops.
1) Background

The Northern Cape

The Northern Cape is the largest of South Africa’s nine provinces. While its 372 882 sg. km of
land accounts for approximately 30.5 percent of the country’s total land area, it is the most
sparsely populated, holding a little more than two percent of the country’s total population.

Vast arid and semi-arid plains characterize most of the landscape, covered by grass in the

1 GRP (Gross Regional Product) is simply the gross domestic product (GDP) for the specific region of the study,
the Northern Cape province in South Africa.



Kalahari and low shrub land in most of the rest of the province (Jordaan, Sakulski & Jordaan,

2013).

Figure 1. Geographic regions within the Northern Cape
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Source: Image adapted from Jordaan et al. (2013)

Economy of the Northern Cape

Despite being home to South Africa’s renowned diamond fields, the Northern Cape’s
contribution to GDP is the least amongst the country’s provinces. This can be ascribed to a
variety of factors, amongst which are its extreme geographic and climatological features.
However, it is not merely the extremity of the province’s climate that drives a relative lack of
economic development — many regions across the world have thrived in conditions of extreme
temperature and rainfall; and in the Northern Cape, years of drought are often followed by
years of good rainfall. Rather, it is the uncertainty that compromises the ability of certain

industries to invest with a promise of a consistent rate of return. Following the broader trend



of rural-urban migration, the province has experienced substantial outwards migration in recent
decades (Trade & Industry Policy Strategies [TIPS], 2016).

As illustrated in Figure 2, the largest economic sector in the province is mining, followed by
agriculture?, mining and construction. In 2015, of the 102 500 people employed in the
province’s real economy, 39 500 were in mining, 36 000 were in agriculture, 29 000 were in

construction, and 11 000 were in manufacturing (TIPS, 2016).

The real economy of the Northern Cape is dominated by industries related to iron ore and ferro
alloys, with significant investments in rail transport linking mines to the coast (TIPS, 2016).
Manufacturing and services tend to be linked to mining, and to a lesser extent, linked to
agriculture. The shocks which tend to be felt in the mining sector tend to be initially price-
based (demand is inextricably tied to changes in global commodity prices and exchange rate

fluctuations), while shocks to agriculture and fishing, by contrast, tend to affect output directly.

When looking at those sectors outside of the four major sectoral contributors depicted in Figure
2, there remains approximately 65 percent of the province’s economy made up by sectors
including electricity, gas and water; trade, catering and accommodation; finance, real estate
and business services; personal services; and general government services (Northern Cape
Provincial Government, 2021). Some of these sectors, such as financial services, are
functionally climate-independent. Others, such as those activities related to tourism, are heavily

reliant on climatic conditions.

2 Agriculture involves various activities that encompass several key sub-sectors, including livestock, fishing and
aquaculture (Food and Agriculture Organization [FAQ], n.d.).



Figure 2. Percentage shares of the real economy sectors in
the Northern Cape (2004 - 2014)

22 25 32 24 2 21 27
- e B3 &

Construction
= Manufacturing
= Mining
m Agriculture

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year

Percentage share
P R NN W oW S N
o O o1 O o1 O U1 o O

o

Source: adapted from TIPS (2016)

Corridors of fertile land support the province’s agricultural industry, particularly in the Orange
River Valley where the Orange River serves as an invaluable source of irrigation to local
cultivators. Around the towns of Upington, Kakamas, and Keimoes, the cultivation of grapes
and fruits is a major source of economic activity, and the Orange River Valley is home to the
bulk of South Africa’s sultana vineyards (Burger, 2008). The production of several other crops
is supported by the Vaalharts Irrigation Scheme near the town of Warrenton, including wheat,

fruits, peanuts, maize and cotton (Burger, 2008).

With approximately 1.2 million residents, the province contributed just over 2 percent to South
Africa’s GDP in 2014/2015 (TIPS, 2016). Just as the percentage shares of the major
contributing sectors of the province’s real economy remained relatively stable between 2004
and 2014, Figure 3 illustrates that the percentage contribution of the provincial economy to
national GDP has remained relatively stable over the same period, peaking somewhat during
the commodity price boom around 2008/2009, but returning to approximately 2.1 percent in
2014.



Figure 3. Northern Cape economy as a
percentage of national GDP (2004 - 2014)
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Problem Statement

Extreme weather events typically affect the Northern Cape in the form of strong winds,
rainstorms and drought — or the persistence of poor rainfall over a number of years in a cycle
(Harmse, Du Toit, Swanepoel & Gerber, 2021). Some of these occurrences are seasonal and
some are more persistent. As is the case with most extreme climatological phenomena, their

determinants are imperfectly understood.

A variety of socio-economic problems exist in the Northern Cape. Like most of South Africa,
the Northern Cape is subject to a trinity of developmental challenges — poverty, inequality and
unemployment. The literature and empirical data confirm the correlation between these
economic challenges and a range of corrosive social issues, including high levels of crime,
violence, alcoholism, and rural poverty, which further amplify distress in local communities
(Burger, 2008). Naturally, many of these challenges stem from the structure of the provincial
(and national) economy. Walker et al. (2018) highlights the need for politically and
economically marginalised regions, such as the semi-desert Karoo region which covers a
significant portion of the Northern Cape, to have natural scientists and social scientists work
collaboratively with government to address its needs in a holistic way. This is particularly
important when considering how to better manage the region for present and future generations,

and to counter the perception of it as a vast landscape whose resources are primarily used to



benefit external constituencies (Walker et al., 2018). Naturally, such collaboration requires
taking stock of the impact of extreme weather events, their socio-economic effects, as well as
driving policy towards supporting adaptation and mitigation measures that will aid local

constituents in absorbing climate shocks.

In the context of economic activity in the rural and smaller urban centres of the province,
however, many of the socio-economic problems stem from extreme and recurring droughts.
These are not a new problem. The province’s extremely low rainfall levels have long hindered
economic development. Average annual rainfall over the province is 202 mm, with few areas
receiving in excess of 400 mm of annual rainfall (Dent, Lynch & Schulze, 1989). As a result,
production conditions are challenging in many sectors, particularly in those that heavily rely

on water as a key production input.

Annual variability and the relative scarcity of rainfall affect many of the province’s economic
sectors and water security, in general. Due to the cascading nature of a drought’s impact over
time, and with respect to inter-industry linkages, lasting impacts are likely to be felt across
multiple sectors, including public water supply, energy production and agriculture (Dilley et
al,, 2005; United Nations Office for Disaster Risk Reduction [UNDRR], 2009).

However, their impact on the agricultural sector is particularly pronounced (Kuwayama et al.,
2019). Diminished surface water and ground water, coupled with below average precipitation,
can cause lower crop yields and reduced livestock carrying capacity in the agricultural sector
(Kuwayama et al., 2019). Naturally, these impacts are more profound in regions where
agriculture holds a relatively large share of GDP; or where the sector is a major employer of
workers — this is most often the case in more rural, agrarian economies, resulting in these
populations experiencing significant socio-economic hardship as a result (Carrdo, Naumann &
Barbosa, 2016). These effects demonstrate that there are a variety of variables which determine
the impact of a drought: not only frequency, severity and duration, but also the degree of
exposure, susceptibility and coping capacity of a socio-ecological system. Meza et al. (2020)
consider all of these factors when conducting a drought risk assessment for a given agricultural

system.

Communal farmers often experience normal dry periods as droughts, with the Department of
Agriculture and district municipalities reporting that requests for external support, or drought
relief, are received from communal farmers nearly every second year (Jordaan et al., 2013).



Where government has not been able to provide relief, private sector agents have had to lead

emergency relief operations.

While support is often required in normal dry period, the need for relief is even greater in
periods of drought extended over several years. In July 2019, at the height of a drought that
remains of the worst in more than a century and affecting all of the province’s districts, the
Shoprite group made a delivery of five trucks worth of fodder to supports farmers where the
lack of rainfall had been exerting a devastating effect on livestock and the livelihoods of those
in the industry (“Drought in Northern Cape”, 2019). The quote below offers an account from a
local farmer that illustrates the impact of the drought on farmers struggling to nourish their
animals and, importantly, the linkage relationships that transmit these effects into the lives of

local service providers and communities:

“Farmers are so indebted that they cannot secure loans to buy feed to
keep their animals alive. More and more farm workers are at risk of
losing their jobs. Businesses, like abattoirs, are battling to keep their

doors open and are downscaling working days from five-day weeks to
four-day weeks. Farming communities are bearing the brunt of the

drought, as children are being taken out of school because their
parents cannot afford transport costs, while the sick are foregoing
health care because they cannot afford to get to the nearest clinic.”

— Kobus Cornelia, a farmer in Springbok, Northern Cape

Quoted directly from “Drought in Northern Cape” (2019).

The direct impact to the agricultural sector is the most visible effect of drought, but the effects
extend beyond the exogenous shock to output. Those working in the sector, either as employers
or employees, feel a tangible impact in their everyday lives. Ultimately, the impact ripples
throughout the network of income-expenditure relationships in the province and corrodes

overall societal welfare in the absence of effective adaptation and mitigation measures.
Climatological Patterns in the Northern Cape
Du Toit and O’Connor (2014) highlight the importance of rainfall as a fundamental driver of

ecosystem dynamics in semi-arid regions — understanding its patterns and determinants is

particularly salient when considering the underlying dynamics of vegetation cover. When



taking a more long-term view of rainfall and drought patterns in the province, historical records
suggest the presence of cycles of between 20 and 50 years during the past 124 years (Webster,
2020). As a result, it is difficult to ascertain whether periods of prolonged drought, as have
been witnessed in the last decade, are the manifestation of a long-term oscillation in

temperature and rainfall patterns, or the consequence of anthropogenic climate change.

Regardless, the drivers of extreme weather events are clearly varied. Recent research has
provided some insight into the effects of phenomena referred to as Benguela Nifios. Like their
namesake Pacific EI Nifios, Benguela Nifios are thought to be the result of abnormal
atmospheric conditions — in this case in the western tropical Atlantic (Boyer, Cole &
Bartholome, 2000). Like the Pacific El Nifio, they affect both onshore rainfall — and therefore

agriculture — and offshore sea temperatures and upwelling conditions — and therefore fisheries.

A typical dynamic of the Benguela Current system is the annual southward intrusion of warmer
water off the Angolan coast into the northern Benguela. Driven by the prevailing south-easterly
trade winds?, coastal upwelling inshore of the Benguela Current forms the Benguela Upwelling
System (BUS). The upwelling of cold water from around 200-300 meters is rich in nutrients,
energises the reproductive rates of phytoplankton and sustains the productivity of the Benguela
ecosystem. Waldron and Probyn (1992) estimate that annual biomass production in the BUS is
30 to 65 times more productive per unit area than the global average. Regions with high
plankton biomass have been found to hold high fish stocks. The success or failure of fisheries
— especially small pelagic species — is highly dependent on the availability of plankton as a
food source.

During a Benguela Nifio, however, the normally limited intrusion of warm Angolan water into
the northern Benguela is strengthened; the Angola-Benguela front shifts further south, causing
the advection of warm, highly saline water as far south as 25°S, extending up to 150 km
offshore at depths of 50 meters (Shannon et al., 1968; Boyer et al., 2000). While the causes and
effects of the Benguela Nifio are not well understood, observations of certain epiphenomena
have led to comparisons with the Pacific El Nifio. Heavy rains, changes in fisheries stocks and
temperatures proximal to the Pacific El Nifio have been recorded (Mann & Lazier, 2006).

3 Wind strength is a significant determinant of the intensity of an upwelling event in the BUS, with variations in
wind strength causing pulses of upwelling propagating southwards along the coast (Nelson, 1992).



Economic Impact of Environmental Changes

Regardless of the mechanism, extreme weather events typically have consequences for the
communities in which they occur. In some instances, such as those regions which experience
above average precipitation and bountiful harvests during the manifestation of a La Nifia event
— the oscillatory response to El Nifio — atypical climatic conditions can have positive impacts
on local economic sectors where the event increases the availability of a key production input
such as rainwater for crops and grazing. However, as will be discussed in the proceeding
literature review, extreme weather events often manifest through some form of disruption to

existing socio-economic activity.

In the economic literature, a distinction is made between various forms of negative impacts. In
particular, the term ‘damages’ has come to refer to the direct physical destruction of factors of
production, while ‘losses’ denote any proceeds lost by affected firms or sectors as a result of
the damages (Okuyama, 2003). ‘Indirect losses’ — a metric that is fundamental to interpreting
the results of an impact assessment using the SAM-based multiplier approach, where insights
garnered through intra-industry linkages are of fundamental value to the research — are the
losses incurred by other economic agents through their relationships with the impacted sector
or firm (Jahn, 2015). Indirect losses could manifest through disruptions to demand or supply-
side relationships, with an example of the latter being the reduced supply of animal feed
available for a livestock farmer when a drought reduces grass cover and brings a poor harvest
of fodder crops. Animal feed processing is a linked industry that purchases raw agricultural
products and processes them into stock feed. Maintaining normal economic activity in this
industry is dependent on the supply of agricultural inputs, as well as the demand for stock feed

from the agricultural industry.

Drought can have a significant impact on a variety of sectors. In terms of the direct impact, the
losses incurred by a sector will be a function of the water needed for its operations — i.e. the
size of its technical production coefficient with respect to water supply —and its short and long-
term elasticities of substitution for water in production. For agriculture, the direct effects are
particularly stark, as the sector uses approximately 60 percent of water resources for irrigation
at the national level; and the secondary and tertiary agricultural sectors, too, require significant
amounts of water for operation (Maluleke, 2020). Where irrigation is practiced, the problem of
drought-induced water shortages can be mitigated to some extent, as much of the Northern

Cape’s irrigation water actually rises in the country’s better watered eastern regions, benefitting

10



towns and rural farmlands located within the Orange River Valley, and before that, the farmers
of the Vaalharts Irrigation Scheme. However, dryland and livestock farms that do not enjoy the

benefits of irrigation and are at severe risk.

The longer a drought has run, the more severe the consequences of another year’s poor rainfall.
Should the drought persist over consecutive seasons, supply shortages are a likely consequence.
However, the implications of such shortages will depend on several factors, including the
proportion of a country’s non-irrigated agricultural output produced in the drought-affected

area.

Nevertheless, the result of supply shortages, both in terms of economic theory and empirically
verifiable case studies, is twofold. The inability of domestic producers to satisfy the demand
for commaodities — where few substitutes exist, such for key food products — is likely to lead to
an increase in imports; and ultimately, higher prices for produce (Maluleke, 2020). Higher
prices will tend to erode the purchasing power of consumers, meaning that consumers can

afford to purchase fewer goods for the same amount of income.

The impact of drought on producers can be even more devastating and could conceivably lead
to the closure of a dependent business or enterprise. Without reliable irrigation, crop farmers
suffer diminished or non-existent harvest yields. Livestock experience poorer nutrition, causing
loss of condition, reduced fecundity, more frequent natural deaths, and a need to destock. This
is particularly important in the Northern Cape, where farmers in the Namaqualand region have
struggled to adapt to periods of drought due to spatial constraints, resulting in the death of many
animals (Samuels, Allsop & Knight, 2007).

The economic cost of these, in the short-term at least, is reduced farm profit margins. However,
the reduced level of output and profit is likely to catalyse a variety of negative externalities as
the production process is re-calibrated to optimise profit (or minimise economic loss) at this
lower level of output, including reducing the number of labourers employed in the business. In
addition, farmers may struggle to meet loan repayments, and credit may become more difficult
to obtain.

When looking at how the indirect and induced effects of agricultural drought manifest
throughout the rest of the economy, one needs to consider the structure of the agricultural value
chain and thus the linkages between economic agents. Effects are transmitted to downstream
input suppliers, whose sales are negatively affected; while the limited supply of produce creates

shortages and increased production costs for upstream agri-processors (Maluleke, 2020).

11



1)  Review of Literature

The anticipated findings of this paper are that, according to the fixed-price multiplier analysis
resulting from the SAM modelling approach, an exogenous negative environmental shock will
have significant adverse economy-wide impacts in the Northern Cape. To contextualise this
hypothesis, and the rationale for its development, a variety of sources have been consulted from
within the literature on the socio-economic impact assessment of environmental shocks. It is
through this type of evaluation that societies can be assisted in understanding the strengths and
weaknesses of the economic system with respect to incubating the effects of negative shocks,

as well as maximising the absorption of positive shocks.

Extreme Weather Shocks

The broader impacts of extreme weather events have been studied extensively within the
literature. Attempts to quantify the total cost of exogenous environmental shocks — factoring
direct, indirect, and induced effects — have arisen from the continual imperative to optimise the
relationship between society and the natural world, such that its inhabitants are able to augment

their welfare with respect to the propensity for variability in the surrounding environment.

Extreme weather events can be distinguished by ‘occurrence’ extremity — which is based on
values of meteorological variables which are used to identify the weather event — and ‘impact’
extremity — which is based on the magnitude measurement of the event’s impact (Jahn, 2015).
This paper will, for the most part, rely on ‘impact’ extremity in its conceptualisation of extreme
weather events. Analysing the effects of extreme weather events along the impact dimension
requires the use of the concept of ‘absolute’ extremity, which necessitates that a certain
characteristic number — e.g. — exceeds or falls below a predefined absolute threshold in order
for it to be considered ‘extreme’ (Jahn, 2015). An example of a characteristic number could be
annual levels of precipitation, where exceeding the predefined absolute threshold by a certain
degree over a period of time would lead to the declaration of a flood, while precipitation falling
below the predefined absolute threshold would lead to the declaration of a drought. Absolutes,
nevertheless, can be deceptive. Rainfall that would be considered a drought in one region may
be seen as a good rainfall season in another. The point is that agriculture, the broader economy
and society develop with an expectation of rainfall at some level. When this expectation is not
met, they tend to experience short-term disruptions — i.e. it is relative, rather than absolute,

12



levels that matter (for example, one standard deviation below the mean level of rainfall in a

particular region).

Using a methodology that exploits the annual variation in temperature and precipitation to
estimate causal effects on short and long-run economic activity in a range of sub-sectors,
Acevedo et al. (2020) found that climate shocks, such as global temperature increases, tend to
exert uneven macroeconomic effects. The consequences of their effects are disproportionately
concentrated in countries with hot climates, where most low-income countries are positioned
—and crucially, in which the proportion of the population dependent on agriculture tends to be
high. Based on a conservative set of assumptions, a long-run simulation suggests that under a
scenario of unmitigated climate change, the projected temperature increase over time would
result in a loss of approximately nine percent of output for a representative low-income country
by 2100 (Acevedo et al., 2020).

These projections, however, are not universally accepted. Some, such as Lomborg (2021), hold
that the narrative around climate-alarmist reporting is contradicted by empirical data, and that
studies focusing exclusively on estimates of the destructive impacts of temperature increases
do not account for the benefits incurred through the loss of extremely cold temperatures. For
example, Burkart et al. (2021) found that temperature rises in the US and Canada over the past
two decades have resulted in approximately 7 200 additional heat deaths annually. However,
the study also showed that the same increase in temperature means that the countries avoid 21
000 cold-related deaths each year. This demonstrates the importance of understanding the full
nature of the trade-offs involved when estimating the impacts of climate change — something
that was not fully explored by Acevedo et al. (2020). In this sense, the estimates of economic
losses from temperature increases should also account for the trade-offs — some of which may

be beneficial — incurred through the absence of previous temperature lows.

Various reasons have been identified for the different severity of temperature change impacts
between countries across regions. As most advanced economies are located in countries with
relatively cooler climates®, marginal temperature increases do not materially affect
contemporaneous growth (Acevedo et al., 2020). On the other hand, they suggest that most
emerging market economies and low-income countries tend to be located in regions with

significantly hotter climates, meaning that an equivalent increase in temperature at the margin,

4 Most advanced economies are located in regions with annual average temperatures proximal to the 13°C —
15°C threshold (Acevedo et al., 2020).

13



ceteris paribus, will have a stronger effect on output and more significantly lower their per
capita GDP. Moreover, the disproportionately high reliance on agriculture — and therefore
climatological predictability — as a contributor to GDP compounds the climate change impact
on low-income countries. By illustration, overlaying the marginal effect of a 1°C increase in
temperature on contemporaneous per capita GDP by initial temperature, the median emerging
market economy with an initial average annual temperature of 22°C will experience 0.9 percent
lower growth in the same year (Acevedo et al., 2020). The same temperature shock imposed
on the median low-income country with an average annual temperature of 25°C will see an
even larger economic effect, with growth falling by 1.2 percentage points in the same year
(Acevedo et al.,, 2020). Food security also becomes less of an existential threat when a
wealthier country can afford to import and has a strong infrastructure base that easily facilitates
food distribution. In a poor country, even a mild, localised drought can have severe impacts on

the local economy.

Factors that help countries mitigate the negative impact of climate shocks have been found to
be inextricably linked to levels of economic development. Acevedo et al. (2020) found that, on
average, less economic damage is sustained from the effects of rising temperatures by high-
income countries in hot regions than by low-income countries in hot regions. This is an
important differential given the finding that the economic impact of temperature shocks is more
extreme in countries concentrated in hot regions (Acevedo et al., 2020). Despite some
potentially problematic assumptions, such as overlooking the extent to which countries’ GDP
may grow through access to new industries, the study helps to shine a light on the relative
vulnerability of poorer countries to climate change.

Input-Output Tables and Social Accounting Matrices as a Framework for Impact
Assessment

Regional input-output (1-O) tables are scarce in South Africa. This is due, in large part, to the
national mandate for economic development that has resulted in the centralisation of power,
particularly in terms of data collection and analysis (Janse van Vuuren, 2015). Due to the large
amount of data and effort required to construct them, 1-O tables are typically developed over
long periods of time, with a gap of several years between each publication. This challenge is

particularly pronounced in developing countries and less-developed countries, where resources
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limit the availability of experts and advanced tools for data collection and manipulation
(Siddig, 2011).

When examining the total impact of an extreme weather event, one can distinguish between
three categories of effects that together constitute the full picture. As discussed by Jafri and
Buland (2016), the immediate effects experienced in the short-term are known as direct effects
and are the result of a specific activity. These direct effects proceed to act as catalysts for
subsequent effects over iterative rounds of income and expenditure. The effects experienced
over proceeding iterations are indirect and induced effects. Indirect effects refer to changes in
production, employment, and income as a consequence of the initial direct effect on sectors
that share a linkage, directly or indirectly, with the sector that housed the initial impact
(Taljaard, 2007). Any resulting changes to household income and expenditure behaviour are
referred to as induced effects. Leakages, as defined by Jafri and Buland (2016) refer to
expenditures which exit the area considered in the model via income or expenditure without

returning.

The linkages shown in a SAM can be backward (from an industry to other sectors that supply
its inputs) and forward (to sectors for which it is a supplier of inputs) (Taljaard, 2007). Effects
resulting from backward linkages can be viewed as demand derived for the provision of inputs
needed to sustain production for a non-primary economic activity (Jones, 1973). On the other
hand, forward linkages represent the output utilisation induced by economic activities that do

not solely serve final demand as inputs in activities (Jones, 1973).

The nature of the economy-wide transmission of the shock’s impact through inter-industry
linkages is further highlighted by Roberts (1990), who asserts that observers of agricultural
production will find that that the sector operates through direct interfaces with other industries
in the value chain, both ‘upstream’ and ‘downstream’. When considering the impact of changes
in agricultural production, Roberts’s (1990) hypothesis implies that the effects of any shock to
agriculture will not be incubated to this sector, but will reverberate throughout the economy

through various channels in the value chain, and both backward and forward linkages.

Analysis of the economy-wide impact of a shock requires consideration of the multiplier effect
of the change. The multiplier process is well described by Taljaard (2007:21): “a unit increment
of autonomous investment causing an initial increase in income, which generates successive
rounds of consumer spending and incomes — each round producing numerically smaller

increments until the process has worked itself out, i.e. has reached equilibrium”. Typically, the
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findings of this type of conceptual analysis of a stimulus are that, in the first response, savings
equal initial investment, and subsequent consumer spending is observed that is significantly
greater than the initial unit change in investment (Taljaard, 2007). Such economic multipliers
can help explain how the impact of a negative shock, such as an exogenous shock to the final
demand or supply for a particular commodity, may end up being larger than the size of the

initial direct effect to the particular sector.

As defined by Jafri and Buland (2016) a multiplier is a numeric measurement that is expressed
as a ratio of its total effects — i.e. the sum of its direct, indirect, and induced effects — to the
direct effects of the impact. For example, given a multiplier of 1.2, one could conclude that for
every R1 spent through direct expenditure, there will be an additional R0.2 generated in the
economy. Using multiplier analysis, one can estimate the likely total effects of a unit change
in an output of a particular industry. These effects are typically on key indicators such as input,
output, employment, income or value added (United Nations, 1999). In this sense, multipliers
can be used to draw conclusions which highlight the importance of a particular sector or activity
to the economy as a whole (Taljaard, 2007). For example, a simulation that reveals a
significantly larger multiplier for sector A in comparison to sector B can be used to argue for
increased subsidisation or a tax decrease in sector A over sector B. Note, however, that
multipliers only demonstrate how an economy operates within certain parametric assumptions
and should thus be interpreted in the context of these conditions (Pyatt, 1988). Pyatt (1988)
also cautions that any inferences drawn from multipliers ought only to be understood as results

from counterfactual experiments run under specific conditions.

The size of the multiplier is dependent on a range of idiosyncratic factors. Van Leeuwen,
Nijkamp and Rietveld (2005) highlight the overall size and diversity of the regional economy
as an important determinant, arguing that larger economies with a high degree of diversification
(meaning that the economy produces many different types of goods and services) will have
higher multipliers as consumers will tend to purchase from firms within the economy. Another
factor is the geographic scale of the regional economy, suggesting that transportation costs will
tend to inhibit leakages (such as imports) due to the associated transport costs. Likewise,
regions that act as a central hub within a broader region will also tend to have higher multipliers
than isolated economies (Van Leeuwen et al., 2005). With respect to their varying usage of
production inputs, the nature of the particular industry or economic sector is also said to exert
a significant effect on the size of the multiplier. For example, industries that are more labour-

intensive (such as tourism) will tend to have larger induced effects than indirect effects because
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of their role in supporting household income, and therefore household consumption (Van
Leeuwen et al., 2005). These factors serve as important considerations in the discussion and

interpretation of results derived through multiplier analyses.

Building on Roberts’s (1990) hypothesis regarding the ‘upstream’ and ‘downstream’ linkages
that characterise the interconnectedness of agricultural production to other economic sectors, a
variety of relationships have been proposed to explain the link between farming and the broader
economy. Investigating the linkage, Josling (1985) proposes three links between farming and
the rest of the economy. First, the savings and consumption of farming households are
important determinants of supply and demand in non-agricultural markets in the real economy.
Second, the procurement of factors of production in farming — particularly labour — is
frequently influenced by the integration of rural and urban markets, In the third linkage, which
concerns the relationship between farming and the financial sector, farm asset and debt
valuations are reflective of non-farm valuations, as well as the prosperity of the agricultural

sector.

Sectoral linkages mean that droughts often instigate a variety of knock-on effects that create
significant problems in affected communities whose socio-economic circumstances may
already be precarious. Agricultural communities, in particular, tend to rely disproportionately
on the earnings of seasonal workers whose services are procured during periods of high

demand.

By definition, the variable impacts of extreme climate events on particular sectors — those
pertaining to the supply of food and water, for example — depend on changes in the
characteristics of climate-related variables, such as temperature and precipitation. However,
these impacts are also dependent on sector-specific non-climatic pressures, management
characteristics pertaining to organizational and institutional arrangements, as well as adaptive

capacity (Kundzewicz, 2003).

Through their ability to coalesce the aforementioned considerations, I1-O tables underpinning
SAM-based multiplier models have been a useful tool for impact analysis — and, specifically,
disaster impact analysis. Examples include the use of an adaptive regional 1-O model by
Hallegatte (2008) to assess the economic cost of Hurricane Katrina (2005, USA); a regional
indirect economic impact evaluation by Wu et al. (2012) of the Wenchuan Earthquake (2008,
China); and modelling the demand reduction following the 9/11 attacks (2001, USA) by Santos

and Haimes (2004). Each of these investigations demonstrated the capacity for researchers to
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utilise 1-O economic models in disaster impact assessment (Galbusera & Giannopoulos, 2018).
In disaster loss analysis, 1-O economic models confer certain idiosyncratic advantages to
researchers, especially the strong possibility that indirect and induced losses may outweigh
direct losses, with a SAM-based multiplier analysis well-positioned to illustrate the
economywide impact of a disaster. This is particularly true when considering the short-run
impact of a disaster as it disseminates through an economy under the assumption of constant
prices and fixed technologies. Depending on the parameters of the model and comparison of
its results to the empirically verifiable data on the impact of a shock, this feature may represent

either an advantage or a misrepresentation.

Within the same class of impact assessment methodologies, the greater degree of price
flexibility conferred by computable general equilibrium (CGE) models should make them
better assessors of impacts over multiple rounds. Both SAM-based and CGE models are
commonly used and well-documented approaches to disaster impact analysis (Koks & Thissen,
2016), and both are deemed acceptable methods of assessing propagation of an initial
exogenous shock as it moves the economy’s complex system of linkages (Okuyama & Santos,
2014). Their advantages also point to their respective limitations which can produce different
economic outcomes. The flexibility of CGE models arises from its inclusion of substitution
effects following relative price changes — this also leaves open the possibility for
underestimating impacts due to extreme, potentially unrealistic substitution effects and relative
price changes. In contrast, I-O models, such as those underpinning the SAM-based multiplier
model, have the potential to overestimate impacts due to their linearity and lack of substitution
effects (Rose, 2004).

On a regional (provincial) level of analysis, Ziolkowska (2016) employed an I-O and SAM-
based model to retrospectively analyse the economy-wide ripple effects of the 2011 drought in
Texas’s agriculture sector. The paper focuses on the socio-economic drought that is the result
of meteorological, agricultural, and hydrological droughts, tracing its impact throughout the
state economy. Losses from the 2011 Texas drought represented approximately 43 percent of
the average value of agricultural receipts over the preceding four years (Fannin, 2012). Direct
effects were felt in livestock, cotton, sorghum, wheat, corn, hay, and timber production.
Indirect effects were felt in a range of related sectors, in addition to induced effects from
behavioural changes in consumers. While the largest effect was found in those agricultural sub-
sectors with a high demand for water as a production input — such as animal production and

cotton farming — indirect effects were also felt in agricultural sub-sectors that had a relatively
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smaller technical production coefficient with respect to water; and in sectors outside of
agriculture, such as real estate. The proliferation of losses beyond the agricultural sector — and
agricultural sub-sectors with a high demand for water, in particular — is ascribed to the
backward and forward linkages from those sub-sectors to others in the agricultural sector, and
in the state economy as a whole. Overall, the paper found that the $7.62 billion loss in the
agricultural sector caused economic losses of $16.9 billion in the state economy, dramatically

increasing unemployment by approximately 166 895 people in a range of sectors.

Unless a local product is globally traded, decreased local production means falls in market
supply; they therefore affect market prices for the affected products. This suggests that
additional spillover effects are likely to influence volumes and values of exports and imports.
However, due to the assumption of fixed prices in the SAM framework, these spillovers are

not factored into the model — a significant limitation of this methodological approach.

Despite the caveat above, this type of study demonstrates the usefulness of SAM-based
modelling in examining the economy-wide impact of a shock to a specific sector — agricultural
drought, in this case. With its methodological approach that focuses on the estimating the
multiplier effect of the initial shock, Ziolkowska’s (2016) paper serves as a strong empirical
case study that demonstrates the application of SAM-based modelling at the state or provincial

level, with some methodological limitations, such as the assumption of fixed prices.

Taljaard (2007) adopted a similar approach to quantify the economy-wide impact of certain
regional shocks and structural changes in the Northern Cape — a region where irrigation
agriculture underpins much socio-economic activity. The focus of the investigation was the
impacts of changing efficiency in the use of irrigation water along the banks of the middle and

lower Orange River (which traverses the province).

Jordaan et al. (2013) found that communal small-scale farmers in Northern Cape were highly
exposed to the economic impact of drought due to high levels of vulnerability and low coping
capacity. Even during seasonal dry periods — i.e. those occurring under typical climatic
conditions — these farmers experienced effects akin to disaster droughts (Jordaan et al., 2013).
An investigation into this relationship led the rejection of the hypothesis that climate change is
the main driver of increased drought in the Northern Cape. Interestingly, analyses of the mean
trend in precipitation based on available historical meteorological data from 1920 reveals an
increase in mean annual precipitation of 0.51mm (Jordaan et al., 2013). Counterintuitively, the

implication of this is that the perception of more frequent droughts is not entirely due to lower
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levels of precipitation. Instead, the authors highlight several non-meteorological reasons for
the economic impact of droughts amongst small-scale farmers in the Northern Cape, centred
around low levels of adaptation and coping vulnerability, echoing the conclusions of
Kundzewicz (2003) who outlines the relationship between the economic impact and sector-
specific non-climatic pressures. These include mitigating factors such as adaptive capacity and

management characteristics pertaining to organizational and institutional arrangements.

Economic Cost of Environmental Shocks

On the vulnerability of the South African agricultural sector to climate change, Gbetibouo and
Ringler (2009) highlight the lack of vulnerability assessments at the regional level, identifying
this as a significant deficiency in the country’s climate risk assessments. This sentiment echoes
that of Jordaan et al. (2013), who had pointed to inadequate funding, and authorities under-
estimating the importance of detailed risk assessments, as significant impediments that would
be compounded by the lack of a defined and consistently implemented methodology for
Disaster Risk Assessments (DRA) in South Africa. The National Disaster Management
Framework (NDMF) clearly outlines the need for disaster risk assessments as a key

performance area for a successful disaster risk reduction strategy (Jordaan et al., 2013).

IV)  Research Methodology

The objective of this paper is to examine the socio-economic impact of an exogenous shock
(e.g. a drought) that first reduces the Northern Cape’s agricultural output by 10 percent. The
impacts of extreme weather events are often far reaching, exerting effects on both the natural
and built environments, as well as their points of intersection. These impacts often extend
throughout multiple sectors, thus requiring a multi-sectoral approach in their assessment and

in development of responses to future shocks.

To conduct this impact assessment with a view to capturing the economy-wide impact of the
shock, the employed methodological tool will be a multiplier analysis based on the existing

provincial SAM.
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Social Accounting Matrices

SAM-based multiplier analysis is an important analytical tool. A SAM is a static depiction of
an economy at a specific point in time, typically one year in duration. It represents the macro
and meso-economic accounts of an economy whose system is characterised by transactions
and transfers between its participating economic agents (Pyatt & Round, 1985; Reinert &
Roland-Holst, 1997). These flows are captured within the SAM as incomes and expenditures

between agents; SAMs have three main features (Round, 2003:1):

1) The accounts take the form of a square matrix — where each account’s incomes and
expenditures (incomings and outgoings) are shown explicitly through a corresponding
row and column whose respective totals are equal.

2) They offer a comprehensive portrayal of all economic activities in the system (i.e.
consumption, production, accumulation, and distribution), although the level of detail
may not necessarily be equivalent across these activities.

3) They offer the researcher a large degree of flexibility; their standard, basic framework
can be utilised with different degrees of disaggregation and emphasis on different

aspects of the economic system.

The development of these matrices as a tool for impact assessment can be underlined by three

principal motivations (Round, 2003:2):

1) The construction of a SAM assists in merging data from a variety of sources towards a
description of an economy’s structural characteristics, where it can also be used to
identify key gaps in the data that contributes to the improvement of the range and
quality of the available data.

2) The SAM holds the advantage of being a relatively simplistic method of displaying
information of structural interdependence in an economy, offering a clear illustration
of complex linkages between income distribution and economic structure.

3) The SAM represents a useful analytical framework for modelling the impacts of
exogenous shocks and policy interventions. They form a direct input into a range of
models, such as a fixed-price multiplier models and are integral to the benchmark
dataset used in the calibration of computable general equilibrium (CGE) models (Pyatt,
1988).
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In summary, the SAM framework holds value in two primary ways: first, by serving as a
standard database for most modellers of economy-wide phenomena (both in terms of multi-
sectoral linear models or more complex CGE models); and secondly, by offering a complete
intuitive snapshot of the economy at a particular point in time (Mainar Causapé, Ferrari &
McDonald, 2018).

Relative to other tools of impact assessment, the main advantage of SAM-based multiplier
models is their simplicity and transparency. They provide a simple framework for investigating
the potential impacts of exogenous shocks — such as policy interventions or, in this case, the
economic impact of an extreme weather event — on incomes and expenditures of different
sectoral accounts and household groups (Round, 2003:13). Moreover, the SAM-based
modelling approach ‘attempts to classify various institutions to their socioeconomic
backgrounds instead of their economic or functional activities’ (Chowdhury & Kirkpatrick,
1993). As a result, the methodology allows for a holistic appraisal of specific changes to the

economy by modelling the linkage between income and expenditure (Golan et al., 2000).

Figure 4. Transmission of the exogenous shock through the provincial economic system
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Source: adapted from Breisinger et al. (2009:13)

Limitations

While the SAM-based multiplier analysis is a useful tool, the validity of the resulting
multipliers is constrained by a few important limitations. Firstly, the framework is set flexibly
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around a standardised structure, meaning that there is no single, universal SAM. Another
significant limitation of SAM-based multipliers is in its treatment of household expenditure,
taxation and saving rates as fixed with respect to any change in income (Taljaard, 2007). This
assumption runs counter to theoretical and empirical economic literature which confirms the
sensitivity of household expenditure patterns to changes in the availability of income and
wealth levels (Jappelli & Pistaferri, 2010). With household consumption constituting the bulk
of GDP in most countries, the knowledge of how consumers respond to income changes is
important for evaluating impacts (Jappelli & Pistaferri, 2010), rendering the SAM’s constant
expenditure coefficients a significant short-coming. Moreover, it is essential to note that
multipliers are only useful for examining real effects of quantity shocks — they are not

appropriate for assessing the effects of price-based shocks (Round, 2003:14).

Application

Following the SAM-based modelling approach, the direct impact of a drought, modelled as an
exogenous shock to the agricultural sector, is estimated by comparing a measure of economic
output for the sector in the year of the shock with a measure of economic output for the sector
in a previous non-drought year. In essence, one is using basic data taken to represent an average
year and comparing two synthetic situations: one without the shock; and another, contrived,
with it. While this approach allows for the estimation of a direct impact in a relatively
straightforward manner to the extent that is able to observe the behavioural responses of
economic agents, it holds some important limitations. Firstly, the direct impact observed may
be inaccurate if time trends are not considered; and secondly, the intensity of the shock may
not, in reality, be felt equally across all geographic regions of the economy, meaning that an
average size of the direct impact cannot be inferred for the whole of the Northern Cape
(Schreiner, Mungatana & Baleta, 2018).

Operationalising the SAM-based multiplier model requires two major decisions according to

the objectives of the study:

1) The process of extending the 1-O model to the SAM framework requires the partitioning
of accounts into either endogenous or exogenous accounts. Accounts where changes in
expenditure levels directly follow changes in income are classified as endogenous.
Alternatively, those accounts for which expenditure is independent of income are

classified as exogenous. Exogenous accounts are set in accordance with the objectives
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2)

of the research, although the standard practise typically entails choosing a selection of

government, capital, and rest of world accounts.

In this study, the shock scenarios will all consider the impact of a negative 10 percent
shock to final demand of agricultural output. However, the scenarios are differentiated
according to the accounts which are endogenised. In each of the four scenarios, capital
and the rest of world accounts will be treated as exogenous. Those which will be used
to test the sensitivity of the results to endogeneity are households, enterprises and

government.

Setting the assumption that the supply capacity of certain sectors is either able to
respond according to changes in demand, or whether supply capacity is constrained
with respect to the available resources. The most basic form of the SAM involves the
development of an unconstrained multiplier model, which assumes that supply capacity
is infinite. Put simply, the basic unconstrained SAM model would assume that a change
in demand would be matched by a corresponding change in supply — this is based on
the assumption of excess capacity for production in a particular sector. In this case,
resources can be commanded as needed in response to a change in demand, and that

prices will remain constant during the resource reallocation (Breisinger et al., 2009).

In reality, however, the production processes in many economic sectors are not able to
keep pace with increasing demand — at least in the short term. Various factors contribute
to supply constraints, including inadequate infrastructure, difficulties in obtaining
credit, a lack of labour supply (whether due to a shortage of labourers or skills that are
not easily transferrable), and a lack of technology. When developing a SAM-based
model to estimate the impact of a shock, these restrictions should be accounted for by

introducing supply constraints into the modelling assumptions for the affected sectors.

If these are not accounted for, ignoring supply constraints can lead to unconstrained
multiplier models overstating the impacts of the linkage effects (Breisinger, Thomas &
Thurlow, 2010). Importantly, in the context of the shock considered in this paper, an
investigation by Haggblade, Hammer, and Hazell (1991) found that unconstrained
multiplier models tend to overestimate multipliers of agricultural growth by a factor

between two and ten.
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However, in the context of this paper, which investigates the impacts of a negative
shock, designed to model the effects of a drought or a bad rainy reason, supply
constraints are not relevant. If the paper were considering the impact of a positive
exogenous shock — a 10 percent increase in the export demand for agricultural output,
for example — it would be important to consider the extent to which linked sectors can

cope with an increase in demand, and therefore ascertain appropriate multiplier sizes.

An additional caveat is that the SAM-based multiplier model is demand-driven (Breisinger et
al., 2009). This means that the catalyst of the shock scenarios is a change in exogenous final
demand. However, this paper seeks to analyse the impact of supply-driven shock in the
agricultural sector (e.g. crop failures; livestock losses). In modelling this shock, the results
would then, according to the demand-driven model, be caused by a decline in the demand for
agricultural output. In this simulation, it will be assumed that the effects of a drought in the
agricultural sector — which reduces agricultural output — are the same as the decline in demand
for output itself. This follows the same approach as Betho et al. (2021) in modelling the
macroeconomic impact of COVID-19 in Mozambique using a SAM-based multiplier analysis.
Lockdown measures impacted the economy in two ways: the first, a demand-driven shock, was
through the prevention of expenditure by restricting the activity of households; and the second,
a supply-driven shock, arose through mandating the closure of economic activities in non-
essential industries. To capture the impact of the second supply-driven shock, Betho et al.
(2021) adapted the methodological approach of Arndt et al. (2020), which evaluated the
economy-wide impact of COVID-19 in a similar manner, using a SAM-based multiplier
analysis to model the effects of both supply and demand-driven shocks.

Given these assumptions, the unconstrained multiplier formula is derived using the algebraic
process given in Appendix B (Breisinger et al., 2009:18-19). Ultimately, conclusions will be
drawn from the model results derived from the multiplier analysis of several scenarios with
different sets of assumptions to test the sensitivity of the model to the inclusion of endogenous

institutional accounts.

Contextualising the shock
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This paper draws on estimates of historical drought impacts to devise and contextualise the size
of the shock. With respect to the Southern African drought of 2019, Agri SA® found that South
Africa’s real agricultural output had declined by 9.2 percent in the first half of 2019 when
compared to the same period in 2018 (Mkentane, 2019). This followed the release of Agri SA’s
(2019) Agricultural Drought Report 2019/2020, which detailed the transmission of a
meteorological drought® that lands first, although not exclusively, in the agricultural sector, and
ultimately disseminates into a financial drought. Of course, drought impacts vary significantly
from one instance to another. Moreover, the estimated impacts of drought can also vary
between groups of researchers. Nevertheless, to contextualise the simulation in a manner that
is relevant to the type of drought impacts that are seen in the region, this paper draws upon the
9.2 percent decline in national agricultural output provided by Agri SA (2019:3) for the first
half of 2019 compared with the same period in 2018, abstracting it to a provincial level — in
absence of estimates of the effect on real agricultural output at the provincial level —and utilises
an approximated 10 percent value for the size of the exogenous shock to agricultural activities

in the simulations.

However, due to the nature of the SAM-based multiplier analysis as the chosen methodological
approach, the central quantitative measure of interest is not the initial shock size, which is
exogenously given. Nor is it the currency denominated values of the total economy-wide
effects of the initial shock, or its effects on related sectors. Rather, this paper is primarily
concerned with the multiplier effects of the shock, which are solely a function of the technical
production coefficients of the accounts within the SAM. For an exogenous shock of any size
to a given account, multipliers will only vary in scenarios where the endogeneity of institutional
accounts is adjusted to account for whether these agents — households, enterprises, and
government in this case — adjust their expenditure patterns in response to revenue fluctuations.
We would expect to see larger multipliers as we endogenise each of these accounts, with
institutions reducing expenditures in line with their fixed technical production coefficients to
satisfy a new budget constraint with lower income levels. Hence, the scenarios outlined in the
following simulation will be presented in an ascending order with respect to the anticipated

multiplier effect sizes: first, a simple Leontief model set-up where all final demand accounts

5> «“Agri SA, a federation of agricultural organisations, was established in 1904 as the South African Agricultural
Union and consists of nine provincial and 26 commodity organisations as well as 49 corporate members” (Agri
SA, 2019:3).

6 “Meteorological drought is defined based on the degree of dryness in comparison to ‘normal’ or average
amounts of rainfall for an area or place and the duration of the dry period” (Agri SA, 2019:5).
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are exogenous, meaning that there will be no induced effects from the demand by institutional
accounts; second, we adjust the first scenario with households becoming endogenous; third, we
adjust the second scenario with enterprises becoming endogenous; and fourth, we adjust the
third with government becoming endogenous. In each of these scenarios, we expect to see
larger multiplier effects than the previous. While each of these scenarios offer some value, they
are not all equal in terms of their propensity to reflect the real-world transmission of the
exogenous shock through the provincial economy. Consequently, the results of each scenario,
and their respective strengths and weaknesses, will be considered in the subsequent

discussions.

V) Data Description

To quantify the economy-wide effects of a drought in the Northern Cape, one requires the use
of a macroeconomic database — in this case, a provincial SAM based on 1-O tables for the

Northern Cape province

As tools of policy and impact analysis, SAMs have been used in South Africa since the 1970s
(Eckert, Liebenberg & Troskie, 1997). Several SAMs exist in the South African context, most
of these databases have been developed to aid in macroeconomic modelling at the national
level. As described by Van Seventer et al. (2019), the most recent 2015 national SAM offers a
detailed representation of the economy encompassing 62 activities and 104 commodities; with
labour categories disaggregated by level of educational attainment; and households by per
capita expenditure deciles. This database would be ideal for conducting an analysis of a
climate-shock at the national level; however, the 2015 national SAM does not account for
disaggregation at the provincial level, i.e. one cannot conduct an analysis of impact of a
climate-based shock as it pertains to the Northern Cape economy. One then needs to turn to a
SAM that includes disaggregated data for the income and expenditure flows between economic
accounts at the provincial level, such as that utilised by Eckert et al. (1997) which emphasised
the agricultural sector in the Western Cape province. These, however, tend to be fewer in

number and less up-to-date.
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As a result, this paper utilises data based on an unpublished adjusted national and regional
SAM’ that incorporates disaggregated information for the transactional relationships between
various economic activities, households, and production factors in the Northern Cape. The
SAM is based on I-O tables that used 2004 as its base year (Conningarth Economists, 2005).

As highlighted in previous discussions, it is difficult to obtain up-to-date I-O tables to build a
SAM-based model of an economy. This is particularly true for smaller regional economies;
and is even more difficult in emerging-market economies where statistical resources may be
relatively scarce. The 2004 SAM originally used 2004 prices, in units of Rands (millions). To
illustrate a picture of the province’s economy that is more accurate to the contemporary
landscape, the values in each cell were then inflated to 2021 prices®, but the structural
relationships have not been amended. As a result, the values stated in the results of the study
are given in 2021 prices (Rands, millions). Clearly, the inflated SAM still reflects the provincial
economy as it existed in 2004; fortunately, the fundamental structure of the Northern Cape’s
economy has remained relatively stable over the intervening period — analysis of the graph
shown in Figure 2 (Percentage shares of the real economy sectors in the Northern Cape (2004—
- 2014) reveals relatively little change in the structure of the real economy between 2004 and
2014.

" The SAM was obtained from Dr Cecilia Punt of the Faculty of AgriSciences, Stellenbosch University. The
reduced SAM is provided in Appendix C. The full reference for the original dataset is given as:

Conningarth Economists. 2005. Provincial Social Accounting Matrix for the Northern Cape Province for 2004
[Dataset]. Unpublished Social Accounting Matrix. Pretoria.

8 Values were calculated using the formula:

Value = Value (CP12021,]anuary) where ( CPI3021,jJanuary 128
2021 2004 CP12004,]anuary ' CP12004,]anua‘ry 55.3

*Consumer Price Index (CPI) data was obtained at Organization for Economic Co-operation and Development (OECD,
2010).
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Figure 2. Percentage shares of the real economy sectors in the
Northern Cape (2004 - 2014)
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The complete, disaggregated Northern Cape SAM is made up of 202 column and row accounts,
respectively, and a corresponding residual to account for any discrepancy, though none are
present in the SAM. The matrix comprises 46 activities (7 informal sector activities in addition
to 39 formal activities), 39 commodities, factor payments to labour (disaggregated by racial
demographic), factor payments to capital, enterprises (disaggregated according to type of
enterprise), households (disaggregated by income decile within each demographic category),
government (disaggregated into various departments and local government), capital account,
the ‘rest of the world’ (flows between the Northern Cape and the broader South African
economy), and the ‘rest of the world” (flows between the Northern Cape and international

markets).
Within the SAM framework, six main categories of accounts are considered:

1) Activity accounts reflect economic transactions made to produce one or more
commodities, recording data on value addition by factor services and intermediate
inputs within the economy.
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2)

3)

4)

5)

6)

Commodity accounts reflect economic transactions through supply linkages from
activities, as well as imports; and are demanded for final and intermediate use within
the domestic economy, as well as exports.

Factor accounts reflect the flow of income to, and expenditure made by factors of
production. This category accounts for the services provided agents in the production
process.

Institutional accounts record information on the way in which institutional
arrangements interact to influence final demand for goods and services, both between
productive accounts and institutions, and between institutions themselves (Taljaard,
2007:16). These institutions are entities that own factors of production, consume their
resulting commodities, invest, pay or receive taxes and transfers. The main types of
institutional accounts represented in the I-O framework are households, enterprises,
government and rest of world.

Capital accounts contain income derived through savings from institutional accounts
such as households, firms, and government, in addition to transfers from the rest of
world. This income is then spent as the primary component of investment in the
economy.

Rest of World accounts consist of economic transactions between accounts within the

Northern Cape and those outside of the province, such as the balance of trade.

In theory, a SAM framework is always required to ‘balance’ — meaning that each column total

is equal to the corresponding row total for each account. In practise, however, it is often the

case that empirically estimated SAMs fail to balance at the first attempt of collation. While the

original SAM has been aggregated according to various categories of account to allow for a

more targeted analysis®, some additional steps® have been taken to create a balanced SAM to

facilitate the execution of the multiplier analysis. These include:

1)

Households were originally displayed according to income decile within four race
groups. These were:

e ‘Blacks — P1°, ‘Blacks — P2’,..., ‘Blacks — P12’

e ‘Coloureds —P1°, ‘Coloureds — P2’, ..., ‘Coloureds — P12’

e ‘Asians/Indians — P1°, ‘Asians/Indians — P2, ..., ‘Asians/Indians — P12’

® A summary of the author’s SAM aggregation is provided in Appendix A.
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2)

3)

4)

Vi)

e ‘Whites — P1°, “Whites — P2’, ..., “Whites — P12’

An effort was made to aggregate these accounts to enable an assessment of the
distributional effects of the shock: first, by income decile (Total P1, Total P2, ..., Total
P12); and second, by the given race groups (Blacks, Coloureds, Asians/Indians, and
Whites). Although each of the accounts in the original SAM do balance individually
(meaning that their respective row and column totals are equal), the categories by which
an aggregation was iteratively attempted did not produce a balanced outcome (i.e. the
row and column totals of each race group were not equal, and then the row and column
totals of each income decile were not equal). Consequently, households had to be
aggregated into one account. The partial loss of explanatory power that results from
this aggregation is acknowledged as being less than ideal; however, the distributional
impact of the shock is instead assessed through an analysis of the relative impacts on
categories of labour (i.e. skilled labourers, semi-skilled labourers, and unskilled

labourers).

In order to balance the government account, R0.2 million (2004 values) was subtracted
from government’s income receipts from the rest of world (SA).

The residual on the capital account was pre-balanced by rendering the account’s income
receipt from rest of world (international) negative R44.90 million.

The residual on the rest of world (SA) account was pre-balanced by rendering the
account’s income receipt from the rest of world (international) negative R11 412.63

million.

Preliminary Analysis

With reference to the regional SAM, the purpose of the exercise is to gain insight into the
economy-wide impact of an environmental shock, such as a drought, with a particular focus on
its indirect and induced effects in the regional economy. The multipliers which will be
presented in the next section are predicated on the relationships between agriculture and other

economic accounts, through backward and forward linkages.

Central to the preliminary data analysis of the economy-wide impact of agricultural drought,
we conduct an initial review of SAM account coefficients which offer a quantitative metric for

the degree of interrelatedness — or closeness — of sectors within the economy. The technical
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coefficients provided in Table 1 represent the proportion of expenditure allocated by the
column account — agricultural activities and agricultural commodities, respectively — to the
corresponding row accounts. Subsequent explanations are therefore based on a standard
understanding of the nature of marginal effects, or the impact that an instantaneous change in
one variable will have on another, ceteris paribus All values are rounded to two decimal places

unless otherwise specified.

The first coefficient of note is the expenditure relationship between agricultural commodities
and agricultural activities, with the coefficient of 0.98 indicating that approximately 98 percent
of the total expenditures of agricultural commodities are allocated to agricultural activities. A
further one percent is allocated to government in the form of taxes, and one percent of
expenditures are allocated to the exogenous rest of world (South Africa) account, thereby

exiting the model as a leakage.

The coefficients of the agricultural activities account that records the transactions made in order
to produce the corresponding commodities illustrates the proportional allocation of
expenditures by the sector on various production inputs. In terms of its relationships with other
sectors, agricultural activities purchase production inputs in the form of commodities from
private services (16 percent), consumer goods (10 percent), agriculture (6 percent), capital
goods (5 percent), metal products (1 percent), and electricity (1 percent). Agricultural activities
also purchase a further 14 percent of their inputs as intermediate goods. Many of these inputs,
which one would expect to take the form of certain types of pesticide, fertiliser, and machine
components amongst others, are not likely to be produced at any significant scale in the
provincial economy and would thus be imported from other South African provinces (RoW —
SA) or sourced in international markets (RoW). To trace this linkage, one needs to look beyond
the technical production coefficients of agricultural activities presented in Table 1, where no
significant linkage between the account and the external economy is apparent. Instead, these
imports are captured in the technical production coefficients of the intermediate goods
commaodities account, where 56 percent of the input bundle is imported from RoW — SA, and
a further 15 percent is sourced from RoW. This linkage is further consolidated in the SAM as
14 percent of expenditure in the agricultural activities account is allocated to purchasing
intermediate goods. Along with private services and consumer goods, we would expect to see
significant indirect effects of an exogenous climate-based shock to agriculture disseminate to

producers of intermediate goods.
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Factor payments are made to capital (35 percent) and labour (12 percent) — distributed amongst
unskilled labourers (5 percent), semi-skilled labourers (5 percent), and skilled labourers (2
percent). Intuitively, one would expect that land rent would also feature as a technical
production coefficient if people were leasing their farms, but this is not displayed in the SAM.
One possible explanation is that land and capital may have been aggregated as a single item of

capital expenditure in the original SAM.
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Table 1. Agricultural Account Technical Production Coefficients

Agricultural activities

Agricultural commodities

Agriculture 0.00 0.98

Mining 0.00 0.00

Consumer Goods 0.00 0.00
Intermediate Goods 0.00 0.00

2 Metal Products 0.00 0.00
2 Capital Goods 0.00 0.00
< Electricity 0.00 0.00
Water 0.00 0.00
Construction 0.00 0.00

Private Services 0.00 0.00
Government Services 0.00 0.00

Agriculture 0.06 0.00

Mining 0.00 0.00

Consumer Goods 0.10 0.00

@ Intermediate Goods 0.14 0.00
5 Metal Products 0.01 0.00
g Capital Goods 0.05 0.00
§ Electricity 0.01 0.00
Water 0.00 0.00
Construction 0.00 0.00

Private Services 0.16 0.00
Government Services 0.00 0.00

%) Skilled Labourers 0.02 0.00
g é Semi-skilled Labourers 0.05 0.00
g 2 Unskilled Labourers 0.05 0.00
o Capital 0.35 0.00
§ Enterprises 0.00 0.00
E Households 0.00 0.00
E Government 0.00 0.01
Capital Account 0.00 0.00

RoW-- SA 0.00 0.01

RoW 0.00 0.00

Total 1.00 1.00

Source: author’s own calculations
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Behind the percentage of total factor payments allocated to unskilled labourers employed in
buildings (15.55 percent), the expenditure allocation of agricultural activities to unskilled
labourers (as a percentage of total factor payments) is the largest of all the aggregated activity
accounts, as depicted in Table 3. This relatively large share for unskilled labour can be
explained by the nature of the processes involved in the activity, with construction and
building-related maintenance typically requiring a skillset that requires fewer years of formal
education. Unskilled labour in the Northern Cape may, nonetheless, involve considerable skills
in terms of horticultural expertise in irrigation farms, or stock-handling skills in extensive

livestock raising.

Table 2. Percentage distribution to factor payments by activity accounts

Factor Payments
Skilled Semi-skilled Unskilled
Labourers | Labourers Labourers Capital
Agriculture 3.42 10.26 10.69 75.63
Mining 9.10 23.54 5.39 61.97
Consumer Goods 15.58 22.70 7.01 54.71
Intermediate Goods 13.08 18.60 4.60 63.71
Metal Products 23.66 38.59 5.02 32.73
Activities | Capital Goods 25.19 30.75 4.90 39.16
Electricity 15.33 22.90 1.90 59.86
Water 11.95 15.01 5.42 67.62
Buildings 11.08 29.10 15.55 44.27
Private Services 25.60 17.69 3.54 53.17
Government Services 25.18 54.77 7.71 12.35

Source: author’s own calculations

Similarly, the share of factor payments allocated to capital by agricultural activities (75.63
percent) is the largest of all activity accounts by a considerable distance. Since the advent and
widespread adoption of irrigation technologies and harvesting machinery, an increasing share
of agricultural income has been won by capital over labour. This mirrors the long-term trend

seen in most sectors since the industrial revolution, as the advent and adoption of labour-
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enhancing technologies enabled firms to increase productivity without hiring additional
employees. As a result, labourers in the agricultural sector see smaller and smaller shares of
total output. In the context of the negative 10 percent shock to agricultural commodities, we
would expect capital to experience the largest percentage decline amongst all the factor
accounts. In reality, we might expect this to manifest through farm owners postponing or
cancelling purchases of new machinery; however, debt repayments to financial institutions are
prescribed, meaning that debts will remain fixed or refinanced unless insolvencies increase,
although this will not be considered in the analysis. Empirically, various scenarios are capable
of manifesting, where farmers and agricultural unions could approach both the state and
financial institutions to engage regarding soft loans, loan renewal, bridging finance, or the
extension of repayment periods. However, overcoming these financing uncertainties will guide
one dimension of the paper’s recommendations for improving the adaptive capacity of farmers

in the face of a drought-induced shock.

Amongst factor payments to labour however, the largest decline in income would be
experienced by unskilled labourers. This is expected to manifest as a decline in household
income — and therefore the revenues of those sectors to which households proportionately

allocate their expenditure.
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Table 3. Factor and Institutional Account Technical Production Coefficients

Source: author’s own calculations

Factor Payments Institutions
Skilled Semi-skilled Unskilled
Labourers Labourers Labourers Capital Enterprises Households Government
Agriculture 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mining 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Consumer Goods 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Intermediate Goods 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 Metal Products 0.00 0.00 0.00 0.00 0.00 0.00 0.00

% Capital Goods 0.00 0.00 0.00 0.00 0.00 0.00 0.00

<
Electricity 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Construction 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Private Services 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Government
Services 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agriculture 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Mining 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Consumer Goods 0.00 0.00 0.00 0.00 0.00 0.12 0.01
Intermediate Goods 0.00 0.00 0.00 0.00 0.00 0.02 0.02

(%]

E Metal Products 0.00 0.00 0.00 0.00 0.00 0.00 0.00

e]

o

E Capital Goods 0.00 0.00 0.00 0.00 0.00 0.02 0.02

[«

O | Electricity 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Water 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Construction 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Private Services 0.00 0.00 0.00 0.00 0.00 0.59 0.06
Government
Services 0.00 0.00 0.00 0.00 0.00 0.04 0.00

E Skilled Labourers 0.00 0.00 0.00 0.00 0.00 0.00 0.17

g | Semi-skilled

& | Labourers 0.00 0.00 0.00 0.00 0.00 0.00 0.07

& | Unskilled

g Labourers 0.00 0.00 0.00 0.00 0.00 0.00 0.01

©

= Capital 0.00 0.00 0.00 0.00 0.00 0.00 0.00

é Enterprises 0.00 0.00 0.00 0.64 0.00 0.00 0.01

.E Households 0.96 0.96 0.96 0.00 0.63 0.02 0.10

c

B Government 0.00 0.00 0.00 0.01 0.28 0.12 0.38
Capital Account 0.00 0.00 0.00 0.27 0.04 0.05 0.10
RoW-- SA 0.03 0.03 0.03 0.07 0.04 0.00 0.00
RoW 0.02 0.02 0.02 0.01 0.01 0.00 0.00
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The multiplier effect is expected to differ with the extent to which institutional accounts are
assumed to be endogenous or exogenous. As revenue changes logically follow any changes in
economic activity when accounts are endogenised with the model, endogenizing the income-
expenditure loop of households and government is expected to result in higher multipliers. This
effect is expected to be even greater when both households and government are endogenised
simultaneously. Intuitively, this means that a decrease in household income — as a result of
decreased labour income — would have the effect of reducing household consumption, as
household income is the key variable in a household consumption function that allows for
budgetary flexibility, depending on the extent to which households can access credit and
whether they prefer to smooth consumption. Assuming that household accounts are
endogenous allows us to capture the induced economy-wide effects arising from a change in
labour income (in directly and indirectly affected sectors) that trickles through to household
budgets and inspires them to change their expenditure behaviour, albeit in the fixed proportions
given as technical coefficients within the SAM. Governments, too, are subject to budgetary
constraints and hence depend on income in order to fuel consumption. At the level of provincial
government, however, annual budgets are centrally allocated by the national government, and

would hence be relatively insulated against an income shock in the Northern Cape.

VII) Results

This section serves as a presentation of the results of the shock scenarios in the form of a SAM-
based multiplier analysis. The justification for the use of SAM-based modelling as a
methodological approach for impact analysis is predicated on the appropriate interpretation of
the results (Cloete & Roussouw, 2014). As such, the specific set of assumptions which underpin

the methodology must be kept in mind when interpreting its results.

Specifically, the assumption of fixed relative price levels needs to be kept in mind when
conducting the multiplier analysis. This proviso is particularly important because droughts
have been shown to change relative prices, particularly the prices of livestock. In reality, the
trajectory of these changes is difficult to predict, and various intertemporal pricing scenarios
are feasible. What is clear, though, is that droughts at the regional or national level tend to

result in substantial increases in the price of hay, which is usually locally sourced (Schaub &
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Finger, 2020). Feed grain, on the other hand, is often traded transnationally, and is less
responsive to regional climate shocks. Thus, for example, while a local drought is likely to
drive up prices of stock feed, it tends to raise the price of non-tradables like lucerne hay, more
than the price of globally traded feeds such as maize, whose prices are internationally
determined and therefore less responsive to local conditions. Overall, this divergence can be
ascribed to the important fact that prices in markets with relatively low levels of market
integration — for example, due to high transport and transaction costs — are more sensitive to
drought-induced shocks (Schaub & Finger, 2020).

When considering how relative prices would change in this simulation — if the fixed price
assumption were dropped — one needs to consider the decision-making process of individual
economic agents as they adjust strategies in the face of changing resource endowments.
Droughts tend to force livestock farmers into making a series of critical decisions that will
influence relative prices, and the choices made are subject to various factors, including the
extent to which farmers are able to draw upon savings or access credit in order to absorb the
shock of increased feed prices caused by reduced harvest yields. To minimise the probability
of animals perishing due to malnutrition and illness, farmers may decide to destock in the early
stages of a drought — for example, culling via abattoirs; or by sale to other farmers. This may
result in an influx of animal products to the market, temporarily decreasing the prices of meat
and hides. Over time, however, meat prices would increase, eventually rising above pre-
drought levels as the yield from diminished herds, combined with a need to restock, lead to a
supply shortage. However, the size of the price increase would depend on several factors,
including the extent to which consumers are able to substitute their consumption by sourcing

meat from external markets at a comparable price.

Likewise, the SAM assumes a perfectly elastic supply of economic multipliers — a feature to
be recognised alongside the results of the multiplier analysis. As this study considers the ripple
effect of a negative shock to agricultural production, rather than a positive shock or injection,
the commonly cited caveat that SAM analyses ignore supply constraints is not a concern for

any of the four shock scenarios.

Instead, the nuanced comparison across the four scenarios focuses on the regional economy’s
sensitivity to the shock and to the inclusion of endogenous accounts, specifically households,

enterprises and government. In essence, the sensitivity analysis is testing the extent to which
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the economy-wide impact of the shock changes when we assume that a change in the accounts’

income induces a change in the accounts’ expenditures.

A summary of the four shock scenarios and their respective assumptions is given in Table 4.

below.

Table 4. Summary of shock scenarios

Shock (1)

Shock size: negative 10 percent (-R953.06 million) shock to
agricultural commodities

All final demand accounts are exogenous

Shock (2)

Shock size: negative 10 percent (-R953.06 million) shock to
agricultural commodities

Shock (1) + households are endogenous

Shock (3)

Shock size: negative 10 percent (-R953.06 million) shock to
agricultural commodities

Shock (2) + enterprises are endogenous

Shock (4)

Shock size: negative 10 percent (-R953.06 million) shock to
agricultural commodities

Shock (3) + government is endogenous
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Table 5. Multiplier effects of shock to individual economic accounts

Shock (1) Shock (2)  Shock (3) Shock (4)
aAgriculture 1.05 1.06 1.07 1.08
aMining 0.01 0.01 0.02 0.03
aConsumerGoods 0.05 0.08 0.10 0.11
alntermediateGoods 0.03 0.03 0.04 0.04
aMetalProducts 0.00 0.00 0.00 0.00
Activities  aCapitalGoods 0.00 0.01 0.01 0.02
aElectricity 0.00 0.01 0.01 0.02
aWater 0.00 0.01 0.01 0.01
aConstruction 0.00 0.00 0.01 0.06
aPrivateServices 0.20 0.49 0.68 0.73
aGovernmentServices 0.00 0.02 0.03 0.03
cAgriculture 1.08 1.09 1.10 1.10
cMining 0.01 0.01 0.01 0.02
cConsumerGoods 0.13 0.21 0.26 0.27
cIntermediateGoods 0.18 0.21 0.25 0.27
cMetalProducts 0.01 0.01 0.02 0.03
Commodities cCapitalGoods 0.07 0.11 0.14 0.28
cElectricity 0.01 0.02 0.03 0.04
cWater 0.00 0.01 0.01 0.01
cConstruction 0.01 0.01 0.02 0.17
cPrivateServices 0.25 0.63 0.87 0.94
cGovernmentServices 0.00 0.02 0.03 0.04
Skilled Labourers 0.04 0.08 0.19 0.21
Factors Semijskilled Labourers 0.07 0.10 0.16 0.17
Unskilled Labourers 0.06 0.06 0.07 0.08
Capital 0.43 0.51 0.57 0.60
Enterprises 0.27 0.33 0.37 0.39
Households 0.34 0.45 0.69 0.75
Institutions Gov_ernment 0.14 0.24 0.48 0.54
Capital Account 0.13 0.17 0.25 0.26
RoW-SA 0.31 0.47 0.59 0.79
RowW 0.08 0.12 0.16 0.21
Table 6. Multiplier effects by type of multiplier
Shock (1) Shock (2)  Shock (3)  Shock (4)
Output 1.35 1.72 1.98 2.12
GRP/Value added 0.60 0.76 0.99 1.06
Income 0.34 0.45 0.69 0.75
Income/GRP 0.56 0.59 0.70 0.71
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The results of the model tend to echo the conclusions of several sources within the existing
base of literature (such as Ziolkowska (2016), Roberts (1990), Taljaard (2007), Jafri and
Buland (2016)), with the initial shock resulting in a large direct effect that is exacerbated by
backward linkages and induced effects as the shock spreads throughout the economy, resulting

in a total effect that is greater than the size of the initial shock.

The values in Table 5 indicate the multiplier effects for each account in the SAM. They are
interpreted as the change in the financial value — as a fraction of the initial shock size — of the
economic transactions for each account in each shock scenario. In shock (1), for example, the
initial shock of negative R953.06 million in agricultural commodities ultimately results in a
total effect of 1.08 times the size of the initial shock (R1 029.31 million) to the economic
transactions of the same account. As the total effect size is greater than the size of the initial
direct effect (or the shock size), we identify the presence of a multiplier that increases the
magnitude of the shock as it moves through the matrix of economic linkages. For the
commodity accounts, the effects specifically relate to the economic transactions through supply
linkages from activities, as well as imports; and are demanded for final and intermediate use
within the domestic economy, as well as exports. Activity accounts, on the other hand, reflect
economic transactions made to produce one or more commaodities, recording data on value

addition by factor services and intermediate inputs within the economy.

Output multiplier

The output multiplier measures the extent to which the initial shock —whose direct effect results
in a decline in agricultural commodities — causes a decline in the output of the activity accounts.
In essence, it is expressed as the ratio of the sum of change in the output of all economic
activities to the financial value of the initial shock to agricultural commodities. When looking
at the economy-wide impact across the four scenarios, we see that the provincial gross output
effect of the shock houses the largest multiplier effect when compared to GRP/value-added and
income, as summarised in Table 6. This confirms that the direct effect of the shock is likely to

be most visibly felt through the reduction in economic activities, measured by output.

In shock (1), where all final demand accounts are exogenous, the output multiplier of 1.35
indicates that the total output effect from the initial shock of negative R953.06 million is
negative R1 286.63 million. In shock (2), where the household income-expenditure loop is
endogenised, the output multiplier increased to 1.72. In shock (3), where the income-

expenditure loops of both households and enterprises are endogenised, the output multiplier
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increased to 1.98, meaning that the total output effect from the initial shock of negative R953.06
million is negative R1887.06 million. In shock (4), where households, enterprises and
government are endogenous, the output multiplier increased again to 2.12, indicating that the
total output effect from the initial shock of negative R953.06 million is negative R2 020.48

million.

GRP/Value-added multiplier

The GRP multiplier is expressed as the ratio of the sum of the change in factor payments —
where the factor accounts (i.e. those agents who add value in the production process — are
skilled labourers, semi-skilled labourers, unskilled labourers, capital, and enterprises — to the
financial value of the initial shock to agricultural commodities. When looking at the economy-
wide impact across the four scenarios, we see that that the GRP/Value-added effect of the final
demand shock is the second largest contributor to the total multiplier of each shock, as

summarised in Table 6.

In shock (1), where all final demand accounts are exogenous, the GRP multiplier of 0.60
indicates that the GRP effect from the initial shock of negative R953.06 million is negative
R571.84 million. In shock (2), where the household income-expenditure loop is endogenised,
the GRP multiplier increased to 0.76. In shock (3), where the household income-expenditure
loops of both households and enterprises are endogenised, the GRP multiplier increased to
0.99, meaning that the GRP effect from the initial shock of negative R953.06 million is
negative R943.53 million. In shock (4), where government income-expenditure is endogenised
in addition to households and enterprises, the GRP multiplier is 1.06, indicating that the total
GRP effect from the initial shock of negative R953.06 million is negative R1 010.24 million.

Income multiplier

The income multiplier is expressed as the ratio of the sum of the change in income to all
households within the province to the financial value of the initial shock to agricultural output.
When looking at the economy-wide impact across the four scenarios, we see that that the
income effect of the initial shock is the smallest of the contributors to the overall multiplier of
each shock, as summarised in Table 6.

In shock (1), where all final demand accounts remain exogenous, the income multiplier of 0.34

indicates that the income effect from the initial shock of negative R953.06 million is negative
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R324.04 million. In shock (2), where the household income-expenditure loop is endogenised,
the income multiplier increased to 0.45. In shock (3), where the income-expenditure loops of
both households and enterprises are endogenised, the income multiplier increased to 0.69,
meaning that the income effect from the initial shock of negative R953.06 million is negative
R657.61 million. In shock (4), where government income-expenditure is endogenised in
addition to households and enterprises, the income multiplier is 0.75, indicating that the income

effect from the initial shock of negative R953.06 million is negative R714.80 million.

As the negative shock to income reverberates throughout the domestic economy as households,
enterprises and government reduce consumption in line with their fixed expenditure profiles,

the indirect effects of the shocks increase and are represented by a greater multiplier overall.

Distributional Impacts

For its relevance to policy determination, one of the most important considerations to factor
into an examination of the effect of a shock is the impact it is likely have on the welfare of
local communities. To this end, income serves as an effective, though not perfect, proxy for
welfare. Labourers serve as primary breadwinners for their families and dependent
communities, with a significant portion of their income transferred to household budgets. Each
of the labour accounts (unskilled, semi-skilled and skilled labourers) holds a technical
coefficient of 0.96 with respect to households — indicating that labourers transfer approximately
96 percent of their income to households — we would expect to see a shock to labour income
reverberate to household income, given that the labour accounts are endogenised within the

model.
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Figure 5. Percentage change in labour income

Shock (1) Shock (2) Shock (3) Shock (4)
0.00
-0.50 -0.26 I I
-0.46 -0.50
-0.67
-1.00
117 -1.12
-1.50 -1.29
-1.60
-2.00 -1.79
-2.00 211

-2.50

m Skilled = Semi-skilled Unskilled

Source: author’s own calculations

When looking at the results illustrated in Figure 5, we see that labour income is negatively
affected across each of the four simulated shock scenarios. As hypothesised in the preliminary
analysis of the agricultural sector’s technical production coefficients with respect to labour,
unskilled labourers bear the brunt of the negative shock amongst each of the categories of
labour, in relative terms. In shock (1), the impact of a negative 10 percent shock to agricultural
commaodities results in a 1.60 percent decline in the income of unskilled labourers. In shock
(2), where the household income-expenditure loop is endogenised, unskilled labour income
declined by 1.79 percent. In shock (3), where the income-expenditure loops of both households
and enterprises are endogenised, the impact on unskilled labour increases to 2 percent. Finally,
in shock (4), where government income-expenditure is endogenised in addition to households

and enterprises, the impact on unskilled labour income is negative 2.11 percent.

The impact on skilled and semi-skilled labourers, while less than that experienced by unskilled
labourers, is negative across each of the four shock scenarios. In shock (1), the impact of a
negative 10 percent shock to agricultural commaodities results in a 0.46 percent decline in semi-
skilled labour income, and a 0.26 percent decline in skilled labour income. As the household
income-expenditure loop is endogenised in shock (2), we see that the impact on all labour
categories increases, with semi-skilled labour income declining by 0.67 percent, and skilled

labour income declining by 0.50 percent.
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In shock (3), however, we observe a marked changed in the relative impacts experienced by
each labour category, where unskilled labour still experiences the largest change, but the
percentage change in skilled labour income — which experienced a comparatively small impact
in shocks (1) and (2) — now exceeds the percentage change in semi-skilled labour income. The
addition of enterprises as an endogenous account, in addition to households, has a marked
effect on the size of the multipliers — and the income multiplier in particular, as demonstrated
in Table 6, where we see that the ratio of the income multiplier to the GRP/Value added
multiplier increases from 0.56 and 0.59 in shocks (1) and (2), respectively, to 0.70 in shock (3).
In shock (3), when we endogenise the income-expenditure loops of both households and
enterprises, semi-skilled labour income declines by 1.02 percent, while skilled labour income
declines by 1.17 percent. With enterprises earning most of their income from the capital factor
account — i.e. returns to investment — the shock’s impact on capital has a significant negative
impact on returns to investment. When enterprises are endogenous, this income shock results
in a proportional decline in the account’s expenditures, of which approximately 63 percent is
paid to households. As households are also endogenous, the reduction in household revenue
results in a reduction in the account’s expenditures, of which approximately 59 percent is spent
on private services commodities. In terms of their fixed expenditure profiles, services activities
are the largest proportional contributors to skilled labour income of all productive sectors, with
government services activities and private services activities allocating approximately 11
percent and 15 percent to skilled labour income, respectively. In fact, private services activities
is the only activity account where skilled labour income is the largest recipient of labour
expenditure. Thus, the decline in private services’ revenues as a result of reduced household
income — caused by the diminished returns on investment reducing income in the enterprises
account — can help explain why the endogeneity of enterprises in shock (3) results in a greater

proportional impact to skilled labourers.

Shock (4) continues this trend, with government now included as an endogenous account in
addition to households and enterprises. As expected, the impact on all labour categories is
greater than all preceding scenarios, with reduced government revenues now translating into
reduced government expenditures resulting in high multipliers overall. Unskilled labour
income, like the previous three scenarios, experiences the largest percentage change. In contrast
to shocks (1) and (2), but in keeping with the results of shock (3), skilled labour income
experiences a greater percentage change — a 1.29 percent decline — compared to semi-skilled

labour income, which experiences a 1.12 percent decline.
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Sectoral Impacts

While the impact originates in the agricultural sector, the purpose of the paper is to understand

how the initial decline in agricultural commodities affects agents throughout the economy.

When looking at the aggregated sectors outside of agriculture, it is evident that the shock has

an impact on all commaodity sectors in each of the four shock scenarios. As expected, the most

profound impacts were felt in consumer goods and, in particular, intermediate goods. As

illustrated in Figure 6, the negative 10 percent shock to agricultural commodities resulted in a

1.44 percent decline in the financial value of income earned through the sale of intermediate

goods commodities in shock (1). Shock (2) results in a 1.75 percent decline in the income of

sectors producing intermediate goods. In shock (3), however, the impact is a marginally

stronger 2.02 percent decline. In shock (4), we witness an even greater 2.18 percent decline.

Percentage change

Figure 6. Total Impact by Commodity Sector
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Significant negative impacts are also seen in consumer goods across the four shock scenarios.

The negative 10 percent shock to agriculture resulted in a 0.95 percent decline in the financial

value of commodity income by consumer goods in shock (1). Shock (2) results in a
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substantially greater 1.52 percent decline in consumer goods. In shock (3), the impact again

increases to a 1.89 percent decline. In shock (4), we witness a 1.99 percent decline.

Furthermore, significant impacts proliferate across a range of other economic sectors in
response to the agricultural shock. A decline in income is experienced by commodity sectors
including metal products, capital goods, private services, electricity, and water, while a
relatively modest decline is seen in government services. Mining, while not entirely immune
to the impact of the shock, appears to be relatively well insulated, with effects ranging from a

0.02 percent decline in shock (1) to a 0.04 percent decline in shock (4).

The manifestation of larger percentage impacts in these sectors where institutional accounts
are endogenised is consistent with the trend seen in the analysis of the multiplier effects and

the distributional impact.

Direct, Indirect and Induced Effects

The only sector directly affected by the initial shock is agriculture. Impacts which ripple
throughout the economy, outside of the direct effect on agriculture, are experienced as indirect
or induced effects. Across each of the four shock scenarios, the direct impact is negative 10
percent. However, because of the endogeneity of the various accounts in the SAM, the total
multiplier effect to agricultural output is greater than one — i.e. the total impact of a negative

10 percent shock to agricultural commodities will be greater than 10 percent.

As illustrated in Figure 7, the total impact to agricultural commodities is negative 10.76 percent
in shock (1), meaning that the indirect impact is 0.76 percent (the difference between the total
impact and the direct impact). While the direct impact remains constant, the indirect effect —
and therefore the total effect — increases as we begin to endogenise institutional accounts. This
is seen in shock (2), where households are endogenous, generating a total impact of negative
10.89 percent. In shock (3), the total impact increased to negative 10.98 percent, with an
indirect impact of negative 0.98 percent. This is also the case in the results of shock (4), with

a total impact of negative 11 percent indicating an indirect impact of negative 1 percent.
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Figure 7. Impact on Agricultural Commodities
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Overall, the results indicate the manifestation of impacts across a multitude of sectors
throughout the provincial economy as a result of agricultural drought. In line with theoretical
expectations, the multiplier effects become more and more pronounced as additional
institutional accounts are endogenised. These results, their implications and their potential

remedies, will be unpacked in the following discussion.

VIII) Discussion

This aim of this project has been to better understand the relationship between climatological
variables — such as temperature, rainfall, and oceanic upwelling — and the spectrum of socio-
economic activities in the Northern Cape. A SAM-based multiplier analysis models the impact
of an exogenous negative shock (such as a drought) to the agricultural sector, highlighting the

process of the shock’s dissemination throughout the provincial economy.

By using a SAM-based multiplier approach, this analysis has identified a range of channels
through which an exogenous shock to the agricultural sector affects the broader provincial
economy. Unlike the classic Leontief 1-O model, which only focuses on inter-industry
production linkages, a SAM-based model incorporates consumption linkages by assuming the
endogeneity of institutional accounts — households, enterprises and government, respectively
— under four shock scenarios which test the sensitivity of the results to the inclusion of their
income-expenditure loops (Breisinger et al., 2009). While this analysis does not ignore inter-

industry linkages — they remain a crucial component of the multiplier analysis — using the
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SAM-based model allows us to incorporate consumption linkages as an additional dimension

of analysis.

If we compare these results to those of previous studies, we see similar outcomes in terms of
the manifestation of economy-wide effects. The proliferation of losses beyond the agricultural
sector, was found in Ziolkowska’s (2016) assessment of the economy-wide effects of the 2011
Texas drought, can be ascribed to the backward and forward linkages from those sub-sectors
to others in the agricultural sector, and in the state economy as a whole. In this paper, we see
that the economy-wide impact is increased by the induced income-expenditure effects brought
about through consumption linkages in the province. When compared to the simple Leontief
model used in shock (1), allowing the direct and indirect impacts of the initial shock to induce
additional effects — by enabling institutional accounts to respond to a reduction in revenue with
a proportionate change in expenditure — shocks (2), (3) and (4) each result in greater economy-

wide impacts than the previous shock.

The results reported output multipliers for the shock scenarios — the sum of all direct and
indirect effects across several rounds, reporting the change in output of all production activities
(Breisinger et al., 2009). It was found that a drought-induced 10 percent decline (negative
R953.06 million) in agricultural commodities, would result in a decline in provincial output of
between R1 286.63 million (in the simple Leontief model, where neither households,
enterprises nor government is assumed to be endogenous) and R2 020.49 million (where
households, enterprises government are all assumed to be endogenous). These results indicate
that linked sectors are likely to experience a decline in output, measured through backward
linkages as sectors producing agricultural inputs — pesticides and animal feed, for example —
reduce their output in response to the lower demand from the agricultural sector. As agricultural
industries purchase non-agricultural products with income generated within the sector, those
sectors producing non-agricultural products will naturally experience diminished revenues.
Forward linkages also play a part in contributing to the total effect, and particularly the output
effect, as sectors relying on agricultural output as production inputs —such as industries focused
on agri-processing and distribution of agricultural products, such as transport — may be forced
to scale down their production, and therefore experience reduced output, given the assumption
of fixed relative prices and constant technical production coefficients. In this study, the most
profound indirect effects were felt in consumer goods, a sector that relies on agricultural
commodities as inputs, and, in particular, intermediate goods, which supplies key inputs to the

agricultural sector.
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The results reported GRP/Value-added multipliers for the shock scenarios, measuring the total
change in factor incomes (or value-added) in response to the direct or indirect effects of the
shock (Breisinger et al., 2009). It was found that a 10 percent decline in agricultural
commodities would result in a decline of between R571.84 million (where households,
enterprises and government are exogenous) and R1010.24 million (where households,
enterprises and government are endogenous) in total factor income throughout the provincial

economy.

The results reported income multipliers for the shock scenarios, measuring the total change in
household income in response to the shock. It was found that a 10 percent decline in agricultural
commodities would result in a decline of between R324.04 million (where households,
enterprises and government are assumed to be exogenous) and R714.80 million (where
households, enterprises and government are assumed to be endogenous) in total household
income. Amongst factor payments to labour however, the largest relative decline in income is
experienced by unskilled labourers. Ultimately, this is expected to manifest as a decline in
household income — and therefore reduce the revenues of those sectors to which households
proportionately allocate their expenditure. This is an important finding of the study,
highlighting the vulnerability of low-income labourers — and therefore more economically

precarious communities — to climate-based shocks in the agricultural sector.

The results suggest that the impact of the shock is sensitive to the endogeneity of institutional
accounts. Once households and government are assumed to be endogenous, the size of the
multiplier increases, although by a relatively small margin. When these accounts are
endogenous, their expenditures change in response to changes in income. As households and
governments experience decreased income through either direct or indirect effects, we observe
new induced effects as new budgetary constraints present themselves through reduced
expenditures which, in turn, reduces the income of those accounts from which institutions
purchase commodities and hence provide factor income. In reality, however, governments are
subject to complex internal income-generating and expenditure-allocating processes. These are
unlikely to be highly responsive to changing revenues in the short run at the provincial level
since the provincial government obtains most of its funding from the national fiscus. When
‘enterprises’ is treated as an endogenous account, however, the relative size of impacts to the
income of the three labour categories changes significantly, with skilled labourers suffering a
greater percentage income loss than semi-skilled labourers. This is another important finding

with respect to the fact that a certain proportion of income earned by enterprises will be
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distributed, as a return on investment, to their owners. Many of these owners will be households
within the province, meaning that a negative shock to the income of enterprises is, in contrast
to government, likely to result in some adjustment in expenditures. As households are also
endogenous in shock (3), the reduced returns on investment will result in reduced household
income that cause a change in the account’s expenditures. As a significant portion of revenues
accruing to the services sector is derived from households, and services are major employers
of skilled labourers, the indirect effect on enterprises induces additional income and
expenditure effects throughout several accounts that ultimately results in reduced skilled labour
income. This demonstrates the capacity for a climate-shock, after first landing in the
agricultural sector, to continue imposing negative impacts on sectors — such as private services
— and their workers, whose core functions are substantially less climate-dependent than

agriculture.

Various reasons can be used to explain the relatively small size of the multipliers. As outlined
by van Leeuwen et al. (2005), the size of the multiplier depends on several variables concerning
the nature of the specific economy. In the Northern Cape, we are considering a provincial
economy that produces a relatively small number and volume of goods and services. This can
imply a small multiplier as firms and households need to look outside the region to purchase
goods and services (including many agricultural inputs). Imports to the region act as a leakage
within the SAM framework, and hence exert a negative effect on the multiplier (van Leeuwen
et al., 2005). The province’s low population density and large rural demographic mean that
effects will tend to isolate sub-regions within the province, also resulting in a smaller
multiplier. In effect, the small multiplier reflects the idiosyncratic structural dynamics of the
Northern Cape economy, with significant leakages and a tendency to incubate the impact of

shocks within isolated rural regions.

The results show that the impacts of a shock to agriculture depend critically on the extent to
which households, enterprises and government must balance their budgets in the short run. If
these institutional accounts have flexible access to credit — or a larger centralised funding base,
as is the case for government — then the short-run systemic shock is almost insignificant, and
reduced income is unlikely to result in a significant decline in spending. If they are unable to
access credit, however, then the effects of the shock can be profound. When the impact sustains
over multiple seasonal cycles — as in the case of a prolonged drought — then the provision of
short-term credit to farms and households may not be a viable solution, and the implications

for regional income are likely to be more grave. Since the provincial government receives most
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of its funding from the national fiscus, its expenditure is more independent of regional income,
meaning that government accounts are effectively exogenous. However, as previously
discussed, a large segment of both households and, to a certain extent enterprises, is likely to
be endogenous within the model, meaning that shocks (2) and (3) offer the most plausible set

of results for the simulation of economy-wide effects.

If this is the case, then the multiplier effect of shock (4) is likely to offer the least accurate
representation of the economy-wide impact. The implication of this is that the impact of a shock
to the agriculture can, in the short run, be significantly mitigated by expanding farms’ and
households’ access to credit. If the shock persists over a longer period of time, local
communities and policymakers may be forced to improve drought resilience by adopting
alternative farm risk management and adaptation strategies that reduce their vulnerability to
climate-based shocks. For example, Aslam (2015) suggests that alternative adaptation
strategies are more likely to be adopted by farmers with more experience, higher levels of
educational attainment, secure tenure rights, better access to electricity and institutional
facilities, and greater awareness of climatic variability. Given the prevalence of prolonged
drought in the Northern Cape, policymakers could assist by furthering the propagation of these

factors amongst local farming communities in order to increase drought resilience.

This paper has outlined a SAM-based multiplier analysis that has produced several results,
although these are subject to the constraining methodological assumption of fixed relative
prices. This approach has been useful, to a certain extent, in demonstrating how the economy
would respond to a shock in a situation where, for example, prices are held constant by a
centralised authority. Empirically, however, the decline in agricultural output is likely to have
price effects for several reasons, and dealing with this requires a slightly different
methodological approach that accounts for behavioural changes. Despite overlooking the price
effects, the SAM-based multiplier analysis can be used by stakeholders and policymakers to
understand the urgency of devising mitigation measures as decreased production yields are
bound to impact market supply for agricultural commodities and those produced in linked

sectors, ceteris paribus.

Given that scarcity is a theoretical and empirically verifiable determinant of market prices, the
short-term effect of a negative supply shock is likely to be accompanied by an increase in price
levels, depending on the price elasticity of demand of the commodities traded by various
agricultural sub-sectors. As economic agents react to changing relative prices, these effects
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could also change the account’s technical production coefficients, undermining a key

assumption of the model.

However, the nature of the price effect is likely to be more complex and may not manifest as
one of an outright increase in price levels, although the short-term scarcity-induced price effect
is more likely to occur in agricultural crop commodities. Droughts have been shown to change
relative prices, particularly the prices of livestock. Intuitively, one would expect prices to fall
at the start of a drought when farmers are destocking (in anticipation of continued sub-optimal
conditions that would likely increase animal mortality); and rise towards the end of a drought
when they hold back sales and try to rebuild herd numbers (in anticipation of a return to
‘normal’ conditions). The resulting oscillation in price levels across the different phases of
drought is likely to determine how the shock’s impact affects agricultural income, the income

of linked accounts, and hence the welfare of local communities.

These reasons serve as a justification for future research into the economy-wide impact of a
climate-based shocks using more complex SAM-based methods. More complex approaches,
such as CGE models, also consider quantity effects but do not hold the assumption of fixed
prices. Future analyses using these methods can enable policymakers to understand the
situation in a more dynamic way, with fewer ceteris paribus conditions that do not ignore the

impact of price effects and structural behavioural changes.

An additional limitation concerns the extent to which the SAM is able to accurately represent
the structure of the provincial economy at present. As outlined in the data description, the
original SAM is reflective of the structure and price level of the Northern Cape economy as it
stood in 2004. While provisions were to overcome this by inflating each cell’s financial values
to 2021 prices, and a brief analysis was conducted to confirm that the structure of the Northern
Cape’s economy has remained relatively stable over the intervening period, this approach is

nonetheless an imperfect substitute for working with an up-to-date dataset.

Another short-coming of the study is the use of a SAM dataset that does not disaggregate
accounts into sub-sectors would prove useful for examining intra-industry relationships. For
this paper, having accounts which are disaggregated into agricultural sub-sectors — such as
crops, livestock, fisheries and aquaculture, and forestry —would allow for more specific climate
shocks to be assessed. This paper has considered the impact of a blanket negative 10 percent
shock to agriculture (which, in the SAM dataset, incorporates all of the previously outlined

sub-sectors), but it could be improved by examining the impact on specific sub-sectors, for the
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effect of a climate shock (a drought, in this case) is likely to differ depending on the extent to
which its production process is reliant on water obtained through rainfall. For example, the
impact of a drought is likely to be felt more starkly in dryland farming regions than in irrigation

crop farming.

Developing a disaggregated regional SAM could prove an invaluable step that allows
multiplier analyses to shed light on the economy-wide impact on a range of other climate
shocks. Another example of this type of impact assessment in agriculture could be conducted
in fisheries. In the Northern Cape, specifically, the effects of the Benguela Nifio are of interest
to local communities and policymakers alike. The abnormal atmospheric conditions in the
western tropical Atlantic which influences the Benguela Upwelling System (BUS) can exert
effects on both onshore rainfall — and therefore agriculture —and offshore sea temperatures and
upwelling conditions — and therefore fisheries (Boyer et al., 2000). If one could obtain estimates
of sea temperature changes during a Benguela Nifio and correlate these to changes in catches,
then a SAM-based multiplier analysis could be used to assess the economy-wide impact of the
phenomenon, as pertains shock to fisheries.

IX)  Conclusion

Drought has been a perennial cause of distress to local communities in South Africa’s Northern
Cape province. Water shortages affect livelihoods through a variety of mechanisms, causing
disruptions to certain economic sectors that heavily rely on water as a production input.
However, recent droughts have demonstrated the potential for prolonged climatological shifts
to exert devastating effects on local communities. Agriculture is a sector that has shown an
acute vulnerability to water shortages, for its use in crucial production processes including crop
irrigation and the maintenance of livestock. Furthermore, linkages between agriculture and
other economic sectors are likely to exacerbate the initial impact of a negative shock to

agricultural commodities, suggesting the presence of a significant multiplier effect.

To contribute to the literature that seeks to address this issue, this study has used a SAM-based
multiplier approach to investigate the economic impacts of climate shocks (such as a drought)

in South Africa’s Northern Cape province — a low rainfall area prone to regular droughts.

In an effort to trace the economy-wide impact, the methodological choice of a SAM-based

multiplier analysis has produced several results, although these are subject to the constraining
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assumption of fixed relative prices. They suggest that the negative 10 percent exogenous shock
to agricultural commodities exerts significant indirect and induced effects throughout the
Northern Cape economy. Sectors involved in the production of intermediate goods and
consumer goods were found to experience the largest decline in response to the agricultural
shock. In line with expectations, unskilled labourers and their dependent communities were
found to experience the bulk of the distributional impact — an important consideration for
policymakers. However, the simulation also demonstrated that skilled labour incomes were
more sensitive when the income-expenditure loop was incorporated. This can be primarily
ascribed to the fact that services industries, which allocate the largest share of labour
expenditure to skilled labourers, suffer reduced revenues due to lower levels of household
income. A significant proportion of this income is obtained from returns to investment in the

enterprises account — and hence proportionately reduce their expenditure on production inputs.

Despite overlooking the price effects, the SAM-based multiplier analysis can prove a useful
tool for stakeholders and policymakers to understand the urgency of devising appropriate
mitigation measures, as decreased production yields are bound to impact market supply for
agricultural commodities and those produced in linked sectors, ceteris paribus. In terms of
offsetting the local impact of the initial shock to the agricultural sector and its stakeholders —
both farm-owners and labourers — the results suggest that expanding access to credit can be a
helpful tool in the short-run to limit the induced effects. When the shock is long lasting (as
occurs with prolonged droughts) then short-term farm and household credit is no solution, and
the implications are likely to be more severe, pointing to the need for more direct adaptation

measures.
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XI1)  Appendices

Appendix A. Summary of author’s SAM aggregations

Author’s aggregation of activities and commodities accounts:

Agriculture - Commercial

Other mining

5 X Agriculture
Agriculture - Subsistence
Diamond mining
Iron ore mining Mining

Meat, Fish, Fruit, Vegetables, Oils and Fat
Products

Dairy products

Grain Mill, Bakery and Animal Feed Products

Other food products

Beverages and tobacco products

Textiles, Clothing, Leather Products and
Footwear

Wood and Wood Products

Furniture

Paper and Paper Products

Publishing and Printing

Consumer Goods

Chemicals & Chemical Products (incl. Plastic
Products)

Rubber Products

Non-Metallic Mineral Products

Intermediate Goods

Basic Metal Products

Structural Metal Products

Other Fabricated Metal Products

Metal Products

Machinery & Equipment

Electrical Machinery & Apparatus

Communication, Medical and other Electronic
Equipment

Manufacturing of Transport Equipment

Handcrafts & curios - Informal

Other Manufacturing & Recycling

Other manufacturing - Informal

Capital Goods

Other construction

Construction - Informal

Electricity Electricity
Water Water
Buildings

Construction

Trade

Accommodation

Trade, accommodation & entertainment -
Informal

Transport services

Private Services
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Transport - Combi-taxi

Communications

Insurance

Real estate

Business activities

Other services - Informal

Health and social work

Activities/services

General Government

Government Services

Author’s aggregation of factor accounts:

Legislators, senior officials and managers

Professionals

Technical & associate professionals

Skilled Labourers

Clerks

Service workers, shop & market sales workers

Skilled agricultural and fishery workers

Craft and related traders workers

Plant and machine operators & assemblers

Semi-skilled Labourers

Elementary occupations

Domestic workers

Occupation unspecified?

Unskilled Labourers

All capital accounts Capital
Aggregation of Institutional Accounts:
All household accounts Households
Government
All government accounts
Capital

All capital accounts

All Rest of World (SA) accounts

Rest of World (SA)

All Rest of World (International) accounts

Rest of World (International)

All enterprise accounts

Enterprises

11 No entries are recorded for ‘Occupation unspecified’
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Appendix B. Derivation for the unconstrained multiplier formula:

The formulae given below are adapted from equations (4.1) through to (4.11) in Breisinger et
al. (2009:18-19) and serve as the basis for the derivation of the unconstrained multiplier
formula in the methodology of this study.

We can express the SAM entries as letters or symbols, where:
X is the gross output of each activity (i.e. X;, X3)
Z is total demand for each commodity (i.e. Z;,Z,)
V is total factor income
Y is total household income

E is exogenous components of demand

Each column cell in the SAM is divided by its column total to derive the coefficients matrix,
known as the M-matrix, that excludes the exogenous demand components, where:

a is technical coefficients (input/intermediate shares in production)

b is the share of domestic output in total demand

v is the share of factor income (or value-added) in gross output

| is the share of the value of total demand from exports or commodity taxes
c is the expenditure shares of household consumption

s is household savings as a share of total household income (i.e. the household savings
rate)

Using the representative symbols in the SAM, total demand (Z) in each sector is the sum of
intermediate input demand, household consumption demand, and other exogenous sources of
demand (E).

(4.1)
Z1 = a11X1 + a12X2 + C1Y + El

Zy = a21X1 + a22X2 + C2Y + EZ

Gross output (X) is only a part of total demand (Z), as shown in Equations (4.2).
4.2)
X, =bZ,
X, = b,Z,
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Household income depends on the share of factors’ earning in each sector, as shown in
Equation (4.3).

(4.3
Y = 7.71X1 + 7.72X2

We find the following identity for total income Y by substituting Equation (4.2) into (4.3).
(4.4)
Y = vlblzl + vzbzzz

We replace the X and Y terms in Equations (4.1) using Equations (4.2) and (4.4).
(4.5)
Z1 = ay1b1Zy + ay3b,Zy + ¢ (v1b1Zy + v,byZ,) + Ey

We arrange Equations (4.5) to move all terms, except for exogenous demand E, onto the left-
hand side.

(4.6)
Zy — ay1b1Zy — c1v1b1Zy — ay;b,Z, — ¢ vybyZ, = Ey

—Qp1b1Z1 — CuU1b1Zy + Zy — ayb,Z, — cvb,Z, = E,

We group together the Z terms.
4.7
(1= ay1by — c1v1by) 27 + (—agz2b; — Vb)) 2, = E;

(—az1by — cav1b1)Z; + (1 — ayyby — cyv3by)Z, = E,

We then use matrix algebra to convert Equations (4.7) into matrix format.
(4.8)

( 1 — ay by — cqviby —agby — cvyb, )<21> _ <El>
—a21b1 — szlbl 1- azzbz - CZUZbZ ZZ EZ

The first term in Equation (4.8) is the identity matrix (I) minus the coefficient matrix (M).
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(4.9)

(1 — ay1by — cv1bq —Qaq2b; — ¢V b,
—Qaz1b1 — cav1bg 1— ay;b; — cyv3b,

>=I—M
Renaming the other two vectors Z and E, we express Equation (4.8) as Equation (4.10).
(4.10)
(I - M)Z=E

By rearranging the terms in Equation (4.10), we find the multiplier formula given as Equation
(4.12).

(4.11)
Z=( - M)'E
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Appendix C. Reduced 2004 Northern Cape SAM adapted from Conningarth Economists (2005).

Reduced SAM (from Left to Right)
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Reduced SAM continued.
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