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Abstract

A Leontief-type economic-impact model for 2012 is used to estimate the potential impacts, in percentage
terms, of the 2012 platinum-sector strike on the South African economy. Although it is impossible to
incorporate and calculate all the potential impacts, such a model can provide an estimation based on sound
statistics and methodologies. Understanding the potential, wider economic impacts of strike action can lead
to valuable insights for policymakers, businesses and workers. This will hopefully result in improved policies,
as well as enriched negotiations to find solutions to deadlocks in wage negotiations before such deadlocks
progress to strike action. Data from the Department of Labour (DoL) shows that 103,155 workers
participated in the strike in the metal-ores sector during 2012, and company annual reports indicate that this
strike action lasted seven weeks on average. Estimates show that the monetary value of ounces lost by the
platinum-related mining industry as a result of lost production during the strike periods amounted to R10.6
billion. Two scenarios are estimated that result in a gross domestic product (GDP) loss for 2012 of 0.53 per
cent or R16.5 billion (Scenario 1), and of 0.49 per cent or R15.5 billion (Scenario 2). This implies that GDP
growth could have been 3 per cent for Scenario 1 and 2.97 per cent for Scenario 2, instead of the actual
GDP growth of 2.47 per cent. Exports could have been R9.05 billion higher for Scenario 1 and R8.4 billion
higher for Scenario 2. The current-account deficit for 2012 could have been reduced to 4.93 per cent of
GDP for Scenario 1 and to 4.9 per cent for Scenario 2, as against the actual deficit of 5.23 per cent. Tax
income could have been R3.8 billion higher for Scenario 1 and R3.6 billion higher for Scenario 2. As a
result, the government’s budget deficit could have been reduced to 5.13 per cent instead of 5.26 per cent.
Expressing employment opportunities lost in terms of annual employment opportunities lost as a result of
lost activity shows that this represents almost 25,000 employment opportunities for Scenario 1 and almost
23,300 such opportunities for Scenario 2.
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1 Introduction

Given South Africa’s high unemployment rate of around 25 per cent, according to the narrow
definition of “unemployment” (Statistics South Africa, 2014), there is a desperate need for the
South African economy to create and grow employment opportunities. This implies that close to
five million active job seekers are not being utilised in the economy. With such a high
unemployment rate, strikes by workers are even more worrying, especially if such strikes also
impact on the rest of the economy. The South African Constitution as well as labour legislation
protect the right to form unions and to strike. However, strike action reduces not only striking
workers’ income and production or service delivery, but also has a negative impact on the
economy as a whole and on general confidence. Understanding the potential, wider economic
impacts of strike action can provide valuable insights for policymakers, businesses, workers and
trade unions to resort to strike action only as the very last resort. The present research will
hopefully result in improved policies, as well as enriched negotiations regarding the adverse
impacts of strikes so that solutions to deadlocks in wage negotiations can be pursued before such
deadlocks progress to strike action. The research question, therefore, is whether the 2012
platinum-sector strike had a significant impact on the South Africa economy.

The next section of this paper provides the background to the research, followed by the
statement of the problem and a discussion of the economic-impact model used. This is followed by
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a literature review and the background to strike-related data in South Africa. The importance of the
mining industry is highlighted in Section 6, and the estimated results are given and discussed in
Section 7. Policy implications are discussed in Section 8, which section is followed by the
conclusion.

2 Background

According to the World Economic Forum’s (WEF) Global competitiveness report 2013-2014,
South Africa was rated among the worst with regard to labour-related factors. These ratings are
produced from surveys that include 148 countries. Although South Africa received an overall
rating of 53, labour-related factors received very poor ratings. For instance, cooperation in labour—
employer relations received a rating of 148, flexibility of wage determination a rating of 144,
hiring-and-firing practices a rating of 147, pay and productivity a rating of 142, and overall labour
market efficiency a rating of 116. These ratings have also been confirmed by other organisations.
According to the IMD World Competitiveness Center, worker motivation in companies in South
Africa was the fifth-lowest out of 60 countries measured, and availability of skilled labour was
ranked last. South Africa was ranked third-last in respect of the implementation of apprenticeships,
and the education system was ranked last in meeting the needs of a competitive economy (IMD
World Competitiveness Center, 2014).

South Africa also performed poorly with respect to a number of fundamental supply-side
factors that are needed to create a quality workforce. These included quality of mathematics and
science education (148th), quality of the education system (146th), and quality of primary
education (133rd). Similar trends are also presented in other international surveys. For example,
the overall level of statistical capacity of South Africa, as indicated by data from the World Bank’s
development indicators, shows that South Africa dropped from 91.1 in 2007 to 74.4 in 2014 (in
terms of an index rating of 100).

To further emphasise this, as part of the WEF’s Executive Survey conducted in 2014,
respondents were asked to indicate the most problematic factors with regard to doing business (the
list had a total of 16 factors that had to be ranked from most to least problematic). In the case of
South Africa, an inadequately educated workforce (19.7 per cent of responses) was ranked the
most problematic, followed by restrictive labour relations (18.5 per cent), inefficient government
bureaucracy (16.4 per cent), corruption (9 per cent), policy instability (6.1 per cent), and poor
work ethics of the national labour force (3.7 per cent).

One of the factors contributing to these poor labour-related rankings was strike action.
Wilkinson and Chiumia (2013) mention, for example, that the South African spring is also
sometimes called “strike season” owing to the regular occurrence of strikes during this period.
However, according to Bhorat, Naidoo and Yu (2014), strike action in South Africa is not
remarkably different from similar activity in other comparable emerging countries.

South Africa experienced a significant public-sector strike in 2010 in which, according to data
from the Department of Labour (DoL, 2011), 1,071,003 public, administration and defence
employees were involved, with 18,866,531 work hours lost. However, it does not seem as if this
strike had as big a negative impact on economic growth when compared with strike action in the
mining, manufacturing and transport sectors. Frequent strike action since 2012, particularly in the
mining sector, has given rise to the perception that the actions of the country’s labour unions have the
potential to lead to wider social unrest. This has led some to argue that strike action may be an
indicator of greater challenges with regard to South Africa’s macroeconomic policy framework and
broader institutions. This has also been reflected in the downgrading of South Africa’s long-term
foreign and local currency credit ratings by Fitch and by Standard & Poor’s (Bhorat et al., 2014).

According to the African Rainbow Minerals (ARM) mining company, investors have also
voiced concerns about the security of their investments in the mining industry. This was especially
the case after reports about nationalisation, excessive taxes, labour unrest, and the tragic events at
Marikana in 2012 (ARM, 2013; DoL, 2012). It should be noted that recurring industrial disputes
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are an indication of the failure of social dialogue between the parties involved. However, persistent
inequalities remain at the root of labour problems, and government policies seem ineffective in
meaningfully improving education and skills levels needed to benefit the poor socio-economically.

Even if there are sound reasons for strike action and even if strikes in South Africa are not
remarkably different from that in similar emerging markets, as claimed by Bhorat et al. (2014),
such action still impacts negatively on the economy. Without any intervention with respect to the
unresolved and underlying factors, it is also envisaged that protected and unprotected industrial
action will continue to occur and that, as a result of this, the economy will continue to be
negatively affected. This, in itself, creates a vicious circle where the economic growth, investment,
confidence and tax income needed to uplift communities are not fully realised as a result of strike
action. Consequently, there is a need to better understand the impact of strike action on the
economy so that measures can be taken before such action takes place.

3 Statement of the problem

Strike action can have a devastating impact on an economy and its people. It is not only the
striking sector that is impacted, but also other connected sectors in the economy. However,
calculating the full economic impact of strike action is very difficult, if not impossible. Apart from
the direct losses in terms of production or services, lower dividends for shareholders, and less
labour income for workers, the economy is negatively affected by a number of other indirect
impacts that are not easily quantifiable. These include impacts due to exchange-rate fluctuations
and depreciation as a result of strike action and lost production, impacts on inflation due to
increasing unit labour costs (and exchange-rate depreciations), potentially higher interest rates due
to the higher inflation, etc. Such impacts can also result in a loss of confidence that may lead to
lower consumption, lower investment, lower production and lower future growth. Other indirect
impacts include higher indebtedness of workers, as they cannot service their debt if they do not
earn an income, loss of assets due to sequestration or blacklisting as a result of workers not being
able to service their commitments, and, in the end, a lower standard of living.

Although it is impossible to incorporate all the potential impacts when calculating economic
impacts, estimation techniques can provide a “best-guess” calculation based on sound statistics
and methodologies. Such estimated impacts of labour strikes are also important for policymakers,
labour unions and businesses, for they allow such bodies to understand the potential impacts,
thereby informing their decisions or enabling them to make policy adjustments. Estimated impacts
can also assist economists and analysts to better understand the potential impacts and advise their
clients accordingly or assist, for example, in arriving at more accurate annual GDP forecasts.

4 Economic-impact modelling and the selection of models

Typical economic models that can be used to perform economic-impact assessments include
econometric systems based on supply-side or demand-side (Keynesian) equations. Other models
include dynamic stochastic general equilibrium (DSGE) models, computable general equilibrium
(CGE) models, dynamic computable general equilibrium (DCGE) models or Leontief-type
models. The latter three models are all based on social accounting matrices (SAMs).

An SAM provides the underlying data that shows the inter-industry relationships that exist
within an economy for a specific year. Such a model utilises the accounting relationships to
measure the economic activity generated by a change in expenditure, investment or industry output
(see the Appendix hereto). Economic-impact analysis is not a precise type of analysis, in that it
reflects (amalgamated) industry relationships and not individual or firm-specific relationships.

Although the results produced by CGE and DCGE models can be more precise, the Leontief-
type model can be seen as a limiting case of a CGE model in view of the assumption of constant
returns to scale. A Leontief-type model is therefore essentially a resource-allocation model which
responds to shocks through quantity adjustments and not through price adjustments, as is the case,
for example, with CGE models themselves. As a result, the latter models do not incorporate
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market behaviour and there are no relative prices in these models. The estimation of indirect and
induced effects with the aid of the Leontief-type model is also more appropriate in the short run,
given the fixed structure of the model. Consequently, only short-term impacts will be analysed in
this study. However, according to Poole (1999), the model still manages to provide a surprisingly
useful and reliable portrait of the anatomy of production relationships in the economy.

The constant returns to scale Leontief model used in this study is based on a 2012 SAM that was
constructed using the 2012 supply and use tables obtained from Statistics South Africa. The National
Accounting Matrix (NAM) format and SAM structure have been obtained from a 2009 SAM
developed by Davies and Thurlow (2011). Reserve Bank data was also used to populate the NAM.

5 Strike-related data for South Africa

Workers’ propensity to strike is obtained from a country’s strike intensity, which is measured by
the number of strikes per 1,000 workers. This is an easy measurable indicator across countries and
sectors. According to Bhorat et al. (2014), striking workers in South Africa constituted 1.1 per cent
of all workers in 2003, 7 per cent in 2007, and only 2 per cent in 2011. When comparing strike
intensity internationally, only 2.8 per cent of South African workers were involved in strike action
in the period 1998 to 2008, a strike intensity similar to that of countries such as Australia,
Denmark and Iceland. South Africa has a lesser strike intensity than economies such as those of
Italy (6.6 per cent of workers), Spain (7.3 per cent of workers) and Argentina (30.7 per cent of
workers). The researchers also found that the average percentage of workdays lost per year in
South Africa owing to strikes (3.77 per cent) was lower (during the period 1999-2008) when
compared with Brazil (46.4 per cent), India (8 per cent), Nigeria (10.9 per cent), Turkey (19.77 per
cent) and the Unites States of America (9.5 per cent) — that is, when considering a selected group
of countries. They concluded that their data would seem to suggest that strike action in South
Africa was not remarkably different from similar activity in other similar emerging countries.
However, Toyota South Africa’s chief executive officer argues, for example, that it is important to
break the cycle of protracted strike action that results in South Africa’s automotive industry being
known as an unreliable industry with the world economy. He mentions that, while strike action
occurs worldwide, labour action lasting four to eight weeks that brings an entire industry to a
standstill is “unheard of” (Venter, 2014).

Although the strike intensity and the average percentage of workdays lost due to strikes may not
be remarkably different, strike activity seems to have increased since 2008 and has also become
more violent. Strike intensity is also not necessarily a good indicator of potential impact on the
economy. A strike in the production-related sectors (agriculture, mining and manufacturing) may
potentially have a much larger impact on GDP, compared with a strike in the services industry,
given the linkages to other sectors and the export earnings lost during the strike.

The DoL is responsible for compiling and releasing annual strike data, and does so by way of
the annual industrial action (AIA) reports. Such data includes, among others, trends in the number
of work stoppages in South Africa, trends in workdays and work hours lost in South Africa due to
strikes, workdays lost per 1,000 employees due to strikes, wages lost due to work stoppages, and
sectors impacted by strikes. Using this data, the average strike intensity from 2010 to 2012
increased to 3.54 per cent, and the average percentage of workdays lost per year due to strikes
increased to 5.76 per cent.

Table 1 shows the strike statistics for South Africa from 2007 to 2012 as given by the DoL.
What these statistics reveal is that a total of 3.3 million workdays, 24.5 million work hours and
R6.67 billion in wages were lost in 2012. However, although these reports contain valuable
information, when examining the data more closely, certain inconsistencies become apparent (e.g.
when calculating average hours lost per day, the average wage per day and the average wage per
hour). For example, according to the data, striking workers worked 18.73 hours per day on average
in 2011, while striking workers earned only R2.52 per hour (R19.69 per day) in 2010 compared
with striking workers who earned R271.69 per hour (R2,014 per day) in 2012. When enquiring about
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the results, the present researcher was informed by the DoL that caution should be exercised when
considering wages lost due to work stoppages, and that the LRA 9.2 forms require employers to
estimate and indicate the wages lost due to company strikes. Given the inconsistencies, these figures
are questionable and information must therefore be carefully selected.

In view of the inconsistencies indicated, statistics need to be cross-checked with other data
sources in order to test the validity. Average wages per sector can, for example, be calculated
using data from Statistics South Africa. Using, for instance, the December 2012 quarterly
employment statistics (QES) from Statistics South Africa (2013b), workers in South Africa earn
R14,386 per month on average. Multiplying this by the 3.3 million workdays lost in 2012, and an
annual number of 260 workdays, results in a total amount lost due to stoppages of R2.2 billion,
R4.47 billion lower compared with the R6.66 billion estimated by the DoL. Given that miners
earned only R5,656.6 per month' on average, this implies that either the number of days or the
number of employees is incorrect.

Table 1
Strikes statistics for South Africa for the period 2007 to 2012

Trends in Workdays Trends in  Derived Wages lost due

Trends in Derived | Derived = Number of
number of lost per work hours average to work
workdays N . average average @employees
work q 1,000 lost in hours stoppage in A :
. lost in South .~ . wage per wage per involved in
stoppages in Africa employees South lost per = South Africa (in T da strike
South Africa due to strike Africa day rand) Y
2007 75 9,528,945 753 52,570,736 5.52 R316,659,385 R6.02 R33.23
2008 57 497,436 36 3,429,171 6.89 R47,705,846 R13.91 R95.90
2009 51 1,526,796 119 11,5628,815| 7.55 R235,458,414 R20.42| R154.22| 172,772
2010 74 20,674,737 1,593 161,852,721 7.83 R407,082,302 R2.52 R19.69| 1,191,813
2011 67 2,806,656 208 52,570,736 18.73 R1,073,109,003 R20.41| R382.34| 203,139
2012 99 3,309,884 244 24,535,813 7.41 R6,666,103,906 | R271.69| R2,014.0, 241,391

Source: DoL, AlA report (2011, 2012, 2013) (various issues) and own derived calculations

Table 2 shows the strike statistics per industry for 2012, with a disaggregation of the mining
industry. Metal ores, mainly platinum, accounted for 74.6 per cent of the strikes in 2012 — if
measured according to workdays lost. According to these statistics, an estimated total of 2.47
million workdays were lost in the metal ores (mainly platinum) mining industry, involving
103,155 employees.

Table 2
Strike statistics per industry for 2012
Distribution Distribution of Distribution of Distribution of Average
Distribution of workdays lost employees number of
of workdays work hours
lost. b workdays % per 1,000 lost. b involved in work workdays per
Jost, by per industry = employees, by Jost, by stoppages, by employee, by
industry industry
industry industry sector
Agriculture 123,369 3.7% 180.1 1,106,550 11,078 11.01
Mining 2,728,359 82.4% 7,642.4 19,789,694 138,993 19.6
Coal and lignite 8,454 0.3% 76,087 1,254 6.7
LG L0 T 2,469,272 74.6% 17,745,179 103,155 23.9
and uranium
Gold and uranium ore 250,633 7.6% 1,968,418 34,584 7.2
Manufacturing 188,804 5.7% 109.1 1,391,357 56,324 3.4
Electricity 1,484 0.0% 15.1 10,634 1,078 1.4
Construction 10,124 0.3% 9.54 88,495 2,793 3.6
Wholesale and retail trade 13,210 0.4% 4.52 115,032 4,170 3.2
Transport 135,186 4.1% 165.6 1,135,922 12,900 10.5
Financial services 964 0.0% 0.5 7,687 160 6.0
Community services 108,384 3.3% 35.7 890,441 13,877 7.8
3,309,884 100.0% 24,535,812 241,373

Source: DoL, AlA report 2013
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6 Importance of the mining industry in South Africa

Mining is a very important sector for South Africa, and although its share was only 8.6 per cent of
GDP in 2012 (at current prices) and 7.06 per cent with respect to total compensation of employees,
it accounted for 33.9 per cent of total exports (Stats SA, 2014a). Gold accounted for the largest
share of exports at 8.7 per cent (R71.05 billion), with platinum’s share being 7.9 per cent (R65.05
billion) during 2012 (DTI: Trade data). Prolonged strikes in any of these sectors will thus have a
significant impact on the economy.

Monthly export sales and volume of mining production are shown in Figure 1. Sales and
exports reveal a very close correlation that points to a large percentage of mined ounces being
exported. Sales and export data show a clear collapse during the international financial crisis in
2009 after monthly sales had reached a peak of R10.3 billion in June 2008. The reduction in
volumes mined and in sales of platinum-group metals (PGMs) due to the strike action in 2012 is
clearly visible from the data.

Figure 1
PGMs, monthly exports, sales and volume of mining production
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Source: Stats SA (2014b), DTI (2014)

Platinum prices per ounce in rand and United States dollar (USD) terms are shown in Figure 2.
These prices reached a height in rand terms of R16,385 per ounce in March 2008, but almost
halved to R8,438 per ounce in December 2008 as a result of lower demand due to the international
financial crisis. Platinum prices showed a volatile recovery during 2009 and 2010, with prices in
rand terms revealing a steady increase owing to currency depreciation and almost reaching the
heights of early 2008.

Data from the Chamber of Mines shows that the production of PGMs was 12 per cent lower in
2012 compared with 2011 (Table 3). This is a reduction of 34.6 metric tons or 1,112,415.8 troy
ounces. Sales of PGMs amounted to R69.2 billion in 2012 compared with R84.2 billion in 2013
and R83.9 billion in 2011. This indicates the lower revenue for 2012, which, on average, was
about R14.5 billion lower compared with 2011 and 2013, or about R10.9 billion lower if adjusted
by the platinum price increases in 2013. Exports were 18.5 per cent lower in 2012 compared with
2011. A total of R65.1 billion in PGM was exported in 2012 compared with R81.3 billion in 2013
and R79.8 billion in 2011. The price of platinum in rand terms was only 2.3 per cent higher in
2012 compared with 2011 (an average of R12,745 per ounce in 2012 compared with R12,458 an
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ounce in 2011). Platinum prices in rand terms were 12.4 per cent higher in 2013, mainly as a result
of the depreciation of the rand.

Figure 2
Platinum prices per ounce in rand and US dollar terms
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Table 3
Production, sales and export figures in respect of PGMs for 2010 to 2013
2010 2011 2012 2013
PGM volume of mining production index 100 101 89 92
Y-on-y % change 5.9% 0.53% -11.95% 3.89%
PGM production (metric tons) 287.3 288.9 254.3 264.2
Y-on-y % change 5% 0.6% -12% 3.9%
Platinum production (metric tons) 147.8 148 128.6 137.0
Y-on-y % change 0.1% -13.1% 6.53%
PGM mineral sales (R million) 73,787 83,853 69,204 84,235
Y-on-y % change 13.64% -17.47% 21.72%
PGM exported value (R million) 68,482 79,808 65,053 81,261
Y-on-y % change 16.54% -18.49% 24.92%
Average platinum price (USD per ounce) 1,615 1,723 1,555 1,490
Y-on-y % change 6.7% -9.8% -4.1%
Average platinum price (rand per ounce) 11,798 12,458 12,745 14,329
Y-on-y % change 5.6% 2.3% 12.4%

Source: Stats SA (2014b), DTI (2014) and Chamber of Mines (2012/13).

Estimates of the amount of PGM ounces lost during the strike activity of 2012 differ. According to
the annual report of the Chamber of Mines (2012/13), about 750,000 ounces of platinum output
were lost in 2012 due to legal and illegal strike action, safety stoppages and mine closures.
However, Sucden Financial (2014) states that data from the Chamber of Mines shows that 544,121
ounces of platinum output were lost during the 2012 strikes.

Estimates from the platinum-mining companies affected by the strikes in 2012, and which
reported on the impact of the strikes, are shown in Table 4. According to the annual reports of
Anglo American Platinum (Amplats), Lonmin and Impala Platinum, estimated losses with regard
to platinum production amounted to 602,000 ounces. The companies did not report on losses in
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respect of other PGMs, but, by using data from their annual reports (see Appendix hereto), it is
estimated that almost 469,300 ounces of output of other PGMs were lost. This results in a total
estimated amount of R10.6 billion of ounces lost as a result of the strikes. Such amount is less
when compared with the R10.9 billion calculated on the basis of the adjusted production statistics,
but it can be regarded as more accurate in that it is reflected in the annual reports. As a result, this
amount is used in the economic-impact model to estimate the potential direct impact.”

Table 4
Estimated loss in respect of PGMs during the 2012 strikes
Estimated loss Estimated loss
Estimated loss in respect of Estimated loss in respect of
in platinum other PGMs Total in platinum other PGMs Total
Company production (excluding production (excluding
platinum) platinum)
Ounces R million
Amplats 306,000 242,826 548,826 R3,857.3 R1,617.9 R5,475.2
Lonmin 146,000 124,986 270,986 R1,816.8 R672.3 R2,489.1
Impala 150,000 101,486 251,486 R1,985.97 R720.2 R2,706.2
Total 602,000 469,298 1,071,298 R7,660.08 R3,010.33 R10,670.4

Note: The Amplats total includes 82,000 ounces lost during the start-up period following the strike, and 278,000 ounces lost in
its own mines. Lonmin, in its 2012 annual report (for the year ending 30 September), indicates that 110,000 ounces of output
were lost, but, in the 2013 annual report, it is stated that 146,000 ounces of output were lost in 2012. Nickel and copper, which
are also produced, have been left out of the calculations. The strike at Amplats lasted 66 days, that is, from 18 September to 15
November, and 30,568 employees were directly involved. The strike at Lonmin lasted seven weeks, occurring mainly during
August and September, and the strike at Impala lasted six weeks (occurring in February and March).

Although the mineworkers’ strike was mainly an attempt to obtain higher real wages, mineworkers
do not earn the lowest wages in South Africa. According to the 2012 Labour market dynamics
survey (Stats SA, 2013a), the largest percentage of non-ferrous metal ore mineworkers (22.5 per
cent of these workers) earned a monthly wage of between R6,001 and R8,000. This can be
compared with the average monthly wage for the largest percentage of employees in South Africa
who earned between R1,001 and R1,500 (17.8 per cent of all workers).

Research by Bohlmann, Dixon, Rimmer and Van Heerden (2014) estimates that the 2014
platinum strike (which continued for five months) decreased real GDP growth by at least 0.7 per
cent. The authors used a dynamic CGE model for their research which shows that the strike could
have long-lasting negative impacts on the South African economy, especially as a result of lower
investment.

7 Estimated economic impact of the 2012 strike in the platinum sector

The results are based on the estimated R10.6 billion® lost production of equivalent refined ounces
during the seven-week strike in 2012. The economic-impact model is “shocked” with the
estimated loss in production in respect of “other mining”*. Two scenarios are generated: the first
scenario shows the unadjusted results, while, in the second scenario, an adjustment has been made
in the remuneration of employees in view of the fact that not all employees participated in the
strikes and, as a result, a portion of the wages still had to be paid even though the mines were
closed. The model shows the following impacts:

7.1 GDP and industry impact
The GDP for the first scenario shows an estimated reduction as a result of the strike action of
0.525 per cent or R16.495 billion (the GDP in 2012 was R3.138 trillion). Such impact is calculated
using the value-added approach. This implies that the GDP growth for 2012 could have been 3.0
per cent instead of the 2.47 per cent following the 3.6 per cent GDP growth in 2011.

Scenario 2 shows a reduction in GDP of R15.505 billion (0.494 per cent of the 2012 GDP).
This scenario implies that the GDP growth for 2012 could have been 2.97 per cent instead of the
actual 2.47 per cent.
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Table 5
Estimated impact on GDP
Scenario 1 Scenario 2
GDP -R16.5 billion —-R15.5 billion
Percentage impact on 2012 GDP -0.525% -0.494%

Apart from the mining sector that was directly impacted, all other sectors in the economy were
also impacted as a result of interdependencies in the economy. The wholesale and retail trade
showed the biggest rand value loss (R2.25 billion in Scenario 1 and R2.02 billion in Scenario 2),
followed by financial services (R1.80 billion in Scenario 1 and R1.64 billion in Scenario 2),
transport (R1.61 billion for Scenario 1 and R1.50 billion for Scenario 2), other services (R1.55
billion for Scenario 1 and R1.40 billion for Scenario 2), and real-estate activities (R1.15 billion for
Scenario 1 and R1.0 billion for Scenario 2).

The largest percentage decrease in the sectors (excluding the mining sector) occurred with
respect to water distribution (0.62 per cent for Scenario 1 and 0.56 per cent for Scenario 2),
electricity and gas (0.6 per cent for Scenario 1 and 0.56 per cent for Scenario 2), rubber products
(0.55 per cent for Scenario 1 and 0.51 per cent for Scenario 2), and wood products (0.55 per cent
for Scenario 1 and 0.52 per cent for Scenario 2). The smallest estimated percentage impact was on
public administration (0.03 per cent for Scenario 1 and 0.02 per cent for Scenario 2).

Table 6
Impact on total output per sector (R million and percentage impact)
Scenario 1 Scenario 2
Impact of activity Impact of activity
Sector per sector, in R Percentage impact per sector, in R Percentage impact
million (direct, on total output per million (direct, on total output per
indirect and sector indirect and sector
induced) induced)

Agriculture -579.17 -0.39% -489.38 -0.33%
Forestry -91.52 -0.43% -79.62 -0.38%
Fisheries -16.60 -0.43% -14.06 -0.36%
Coal mining -373.18 -0.36% -354.26 -0.34%
Other mining -11,240.43 -3.23% -11,195.22 -3.21%
Food processing -994.64 -0.42% -826.18 -0.35%
Beverages & tobacco -350.64 -0.43% -302.20 -0.37%
Textiles -108.24 -0.42% -95.30 -0.37%
Wearing apparel -96.23 -0.47% -82.18 -0.40%
Leather products -21.88 -0.38% -19.41 -0.34%
Footwear -43.33 -0.52% -37.68 -0.45%
Wood products -185.61 -0.55% -175.09 -0.52%
Paper products -233.66 -0.37% -209.13 -0.33%
Printing & publishing -201.36 -0.52% -182.13 -0.47%
Petroleum products -499.32 -0.42% -453.62 -0.38%
Basic chemicals -403.02 -0.43% -374.33 -0.40%
Other chemicals -544.69 -0.51% -497.87 -0.47%
Rubber products -91.07 -0.55% -84.88 -0.51%
Plastics -119.83 -0.39% -108.20 -0.35%
Glass products -34.15 -0.37% -30.12 -0.33%
Other non-metallic minerals -106.34 -0.27% -99.75 -0.25%
Basic iron & steel -297.01 -0.22% -280.98 -0.21%
Non-ferrous metals -60.60 -0.15% -56.97 -0.14%
Metal products -370.16 -0.46% -352.72 -0.44%

continued/
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Scenario 1 Scenario 2
Impact of activity Impact of activity
Sector per sector, in R Percentage impact per sector, in R Percentage impact
million (direct, on total output per million (direct, on total output per
indirect and sector indirect and sector
induced) induced)

General-purpose machinery -226.50 -0.30% -212.49 -0.28%
Electrical machinery -137.80 -0.30% -128.61 -0.28%
Radio & television equipment -49.27 -0.44% -44.32 -0.40%
Medical equipment -12.90 -0.18% -11.55 -0.16%
Vehicles & parts -453.42 -0.26% -414.68 -0.24%
Other transport equipment -38.72 -0.25% -35.15 -0.23%
Furniture -55.62 -0.30% -48.30 -0.26%
Other manufacturing -137.32 -0.32% -120.75 -0.28%
Electricity & gas distribution -710.46 -0.60% -660.85 -0.56%
Water distribution -271.02 -0.62% -245.87 -0.56%
Construction -385.27 -0.12% -359.89 -0.11%
Wholesale & retail trade -2,245.56 -0.37% -2,022.63 -0.34%
Hotels & catering -208.54 -0.33% -184.37 -0.29%
Transport 1,613.05 -0.50% -1,497.37 -0.47%
Post & communications -584.10 -0.32% -523.13 -0.29%
Financial services -1,778.60 -0.50% -1,643.32 -0.46%
Insurance & pensions -526.44 -0.42% -470.17 -0.38%
Real-estate activities -1,148.84 -0.40% -1,018.54 -0.36%
Research & development -21.90 -0.38% -19.62 -0.34%
Rental services -63.51 -0.39% -57.22 -0.35%
Other business activities -890.72 -0.33% -813.62 -0.30%
Public administration -228.28 -0.03% -199.29 -0.02%
Education -221.63 -0.47% -191.94 -0.40%
Health -607.28 -0.41% -534.63 -0.37%
Other services -1,545.15 -0.40% -1,397.67 -0.36%

7.2 Compensation of employees, and private-sector consumption expenditure

Compensation of employees in Scenario 1 shows a decrease of R6.6 billion that is very close to
the estimate of the DoL. Scenario 2 shows a decrease of R4.5 billion after a reduction of the direct
impact. Scenario 2 has been adjusted, given that the modelled results for Scenario 1 are potentially
overstating the impact on compensation of employees, as the structure of the model “assumes” that
all wages are not being paid (i.e. are not being paid to mine management, to any other non-striking
workers, or to any of the direct or indirect suppliers given the multiplier impact in the economy).
In reality, the mines still have to pay the salaries of non-striking workers/management, even
though production is not taking place. The wage bill of the multiplier effect will depend on a
number of factors, including the duration of the strikes and whether suppliers have other sources
of income or access to finance so that they can still pay their workers during times of strike action
(further adjustments have not been made, apart from the adjustment in respect of direct wages that
the mines will still pay).’

Final consumption expenditure by households shows an estimated decrease of R7.97 billion for
Scenario 1 and R7.02 billion for Scenario 2. This implies that growth in consumption expenditure
in 2012, following the 4.9 per cent growth in 2011, could have been 4.2 per cent for Scenario 1 or
4.1 per cent for Scenario 2 instead of the actual 3.6 per cent.
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Table 7
Compensation of employees
Scenario 1 Scenario 2
Labour per aggregated education group '"I?STe P;’;ec'g;ie Inl?srtne P;’;ec'g;ie
(R million) lost (R million) lost

Labour with primary-school education (Grades 1-7) -550.67 -0.82% -394.34 -0.45%
Labour with middle-school education (Grades 8-11) -1,501.51 -0.82% -1,028.48 -0.42%
Labour with completed secondary-school education (Grade 12) -2,037.98 -0.59% -1,553.22 -0.34%
Labour with tertiary education (certificates, diplomas or

degrees) -2,553.71 -0.52% -1,519.08 -0.23%
Total -R6,643.9 -R4,495.1

7.3 Gross fixed capital formation (GFCF)
GFCF shows a reduction of R2.79 billion for Scenario 1 and R3.18 billion for Scenario 2. The
GFCF for Scenario 2 is lower owing to the lower gross operating surplus in Scenario 2.

This implies that the total 2012 GFCF of R593.39 billion, as reported by the Reserve Bank,
could have been 0.47 per cent higher for Scenario 1 and 0.54 per cent higher for Scenario 2.
Furthermore, future capital investments in mining and other sectors could potentially be impacted
by strike action that will result in lower economic growth and lower employment creation in future
periods. This impact on future investment has not been estimated in this study.

7.4 Balance of trade

If the strike-related production had not been lost, PGM companies could have decided to increase
their stock, sell the ounces domestically or export the ounces produced. If we assume that all PGM
inventories are exported and we add inventories to exports, the total additional export earnings
could have been R9.05 billion for Scenario 1 and R8.41 billion for Scenario 2. The modelled
imports as a result of the strike are reduced by R463.3 million for Scenario 1 and by R426 million
for Scenario 2. This implies that the current-account deficit for 2012 could have been reduced to a
deficit of 4.93 per cent of GDP, compared with the actual 5.23 per cent, for Scenario 1 (a deficit of
R154.9 billion instead of R164.4 billion, taking the potential increase in GDP into consideration
when calculating the percentage impact) and to a deficit of 4.94 per cent for Scenario 2. This could
have resulted in a stronger exchange rate and lower inflation, while interest rates could have been
kept lower for longer — all factors that would have impacted the economy and which are not
included in this estimation.

7.5 Impact on the government budget deficit, and tax impacts

While the modelled results show that government consumption expenditure is only reduced by
R545.7 million, government income is reduced by R3.8 billion. This is calculated on the basis of a
reduction in direct taxes (corporate and personal income taxes) of R2.4 billion, in activity taxes
(taxes less subsidies in respect of production) of R194.4 million, and in sales tax (taxes less
subsidies on products) of just over R1 billion. This implies that the budget deficit could have been
5.13 per cent instead of 5.26 per cent (using Reserve Bank data). What this essentially means is
that the cost of government borrowing is higher, which will place a further burden on taxpayers.

Government income is reduced by R3.6 billion in Scenario 2 (the government budget could
have been 5.14 per cent instead of 5.26 per cent).

7.6 Employment impact

Employment impact can be estimated in a number of ways. For example, average employment
multipliers per sector (the number of employees per R1 million of output) can be used based on
the total output per sector and the total number of employees. However, employment elasticities
can be sticky, and, if sufficient time series data are available, coefficients can be estimated per
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sector or per skills group. The employment coefficient with respect to total output estimated from
2002 to 2013 is shown in the Appendix hereto. This regression analysis shows that, for every 1 per
cent increase in the total output, employment only increases by 0.52 per cent. This coefficient was
used to adjust the overall indirect employment impact.

A total of 24,989 full-time equivalent jobs per year are estimated to be lost in Scenario 1 due to
the impact of the strike action, and 23,277 for Scenario 2. This simulated impact shows just over
8,900 jobs in the “other-mining” sector for Scenario 1 and just under 8,900 for Scenario 2 (on the
basis of the 103,155 employees involved in strikes in the “Metal ores, except gold and uranium”
sector that lasted for about seven months). Although this number of jobs is not lost, the work that
could have been done is lost to the economy. This provides a strong warning of the danger of
strike action and of the potential impact on other non-related workers.

Table 8
Modelled employment impact
Scenario 1 Scenario 2
° °
T s - &
T 5 £ E3 § ¥ & = E3 &
P T » # 5 £ P = » #5 £
Agriculture -899 -25 -41 -685 -147 -759 -21 -35 -579 | -124
Forestry -172 -6 -9 -156 -149 -5 -8 -136
Fisheries -31 -1 -2 -28 -26 -1 -1 -24
Coal mining -113 -9 -36 -68 -107 -9 -34 -65
Other mining -8,912 -400 | -1,465 | -7,046 -8,876 -398 | -1,460 | -7,018
Food processing -610 -43 -246 -281 -41 -507 -36 -204 -233 -34
Beverages & tobacco -121 -12 -25 -36 -47 -104 -10 -22 -31 -41
Textiles -156 -6 -17 -81 -51 -137 -6 -15 -72 -45
Wearing apparel -273 -8 -21 -137 -106 -233 -7 -18 -117 -91
Leather products -10 -2 -7 -1 -9 -2 -6 -1
Footwear -35 -1 -2 -26 -6 -30 -1 -2 -23 -5
Wood products -187 -5 -56 =79 -48 -176 -4 -53 -74 -45
Paper products -65 -6 -20 -39 -58 -5 -18 -35
Printing & publishing -200 -38 -112 -42 -8 -181 -35 -101 -38 -7
Petroleum products -58 -15 -23 -21 -53 -13 -21 -19
Basic chemicals -43 -7 -15 -22 -40 -7 -14 -20
Other chemicals -151 -28 -62 -61 -138 -25 -57 -56
Rubber products -47 -5 -1 -31 -44 -5 -10 -29
Plastics -85 -9 -20 -55 -2 =77 -8 -18 -50 -2
Glass products -28 -2 -5 -19 -1 -24 -2 -5 -16 -1
Other non—-metallic
minerals -123 -8 -18 -64 -33 -116 -7 -17 -60 -31
Basic iron & steel -65 -9 =22 -33 -62 -9 -21 -31
Non-ferrous metals -20 -3 -6 -10 -1 -18 -3 -6 -9 -1
Metal products -348 -24 =79 -167 =79 -332 -22 -75 -159 =75
General-purpose
machinery -223 -34 -83 -99 -7 -209 -32 -78 -93 -6
Electrical machinery -62 -9 -23 =27 -2 -58 -9 -21 -26 -2
Radio & television
equipment -19 -4 -4 -11 -1 -17 -3 -4 -9 -1

continued/
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Scenario 1 Scenario 2
° °
c c
° GJ - ]
() el (7} T
= 2 = 2
X =T = =T
[ 3 © [} 3 ©
= b ¢ g > 3 o= g
= = = E$ S s = = Ev S
— = — =
P = » # 5 £ L = » &5 E
Medical equipment -1 -2 -2 -6 -10 -2 -2 -5
Vehicles & parts -116 -24 -36 -56 -106 -22 -33 -51
Other transport
equipment -26 -5 -8 -13 -24 -5 -7 -12
Furniture -59 -3 -13 -36 -8 -51 -2 -11 -31 -7
Other manufacturing -102 -5 -28 -29 -39 -90 -5 -25 -26 -35
Electricity & gas
distribution -280 -88 -97 -83 -12 -261 -82 -90 =77 -1
Water distribution -78 -24 =27 -23 -3 -70 -22 -24 -21 -3
Construction -124 -5 -15 -56 -49 -116 -4 -14 -52 -46
Wholesale & retail trade -463 -48 -250 -69 -96 -417 -43 -225 -62 -86
Hotels & catering -607 -44 -310 -108 -146 -537 -39 -274 -96 | -129
Transport -541 -33 -212 -93 -202 -502 -31 -197 -87 | -188
Post & communications -196 -25 -82 -36 -52 -176 -23 -73 -33 -47
Financial services -582 -186 -373 -23 -537 -172 -345 -21
Insurance & pensions -172 -55 -110 -7 -154 -49 -99 -6
Real-estate activities -2,290 -412 | -1,335 -344 -198 | -2,030 -366 | -1,184 -305 | -176
Research &
development -44 -8 -25 -7 -4 -39 -7 -23 -6 -3
Rental services -127 -23 -74 -19 -11 -114 -21 -67 -17 -10
Other business
activities -1,776 -320 | -1,035 -267 -154 | -1,622 -292 -946 -244 | -140
Public administration -407 -151 -193 -63 -355 -132 -168 -55
Education -395 -191 -166 -39 -342 -165 -143 -34
Health -783 -367 -357 -59 -690 -323 -314 -52
Other services -2,755 |-1,245 | -1,292 -42 -176 | -2,492 | -1,126 | -1,169 -38 | -159
Total -24,989 |-3,982 | -8,467 |-10,810 | -1,729 |-23,277  -3,616 | -7,752 |-10,359 |-1,550

8 Policy and policy implications

Strike action does not only limit production in strike-related sectors, but also results in unwanted
impacts on the rest of the economy. Although the causes of strike action constitute a research topic
on its own and will therefore not be addressed in the present research, low wages, harsh working
conditions, poor living conditions, overindebtedness, consumer price increases, and unions are at
the core of such action. Given this, it is no surprise that labour-related factors in South Africa are
among the worst-ranked factors in surveys, including the WEF’s Global competitiveness report.
To achieve inclusive growth, it is imperative that these aspects are addressed.

Improvements in the general level of education and skills are needed to create long-term
sustainable growth that will enable higher wages and a higher probability of employment.
However, short-term labour problems also need to be addressed. A worrying factor is also that the
next generation of workers is being failed by the education and skills development systems in
place. Consequently, they are being deprived of opportunities to improve themselves through
human-capital development. Babson (2014), for example, notes that, from 2008 to 2012, about
two-thirds of the unemployed lacked a matric qualification, while about one-third had such a
qualification, but no more. During the fourth quarter of 2012, a total of 71.1 per cent, or 3.2
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million of the unemployed, were between the ages of 15 and 34.°

Although there is little evidence by way of research to show that labour legislation creates
rigidities which prevent firms from hiring or firing workers (Kerr, Wittenberg & Arrow, 2014),
some researchers argue that restrictive labour laws make it too expensive to employ large numbers
of unskilled workers (Bernstein, 2011). Banerjee et al. (2007) found a persistent union wage
differential, suggesting that unions are propping up wages for union members, thereby posing
additional challenges for the unemployed. Bernstein (2014) argues that the most urgent policy
challenges revolve round high levels of unemployment, the regulation of the labour market, the
role of unions, the shortage of skills, and the education system. In view of this, and the recent
impacts of strike action in South Africa, drastic measures are needed. Bernstein (2014) proposes
that the solutions include the relaxation of labour laws — which hinder entry into the labour market,
especially for young people — and the introduction of an open-migration regime for skilled
migrants (among others). The current role of labour unions also needs to be re-evaluated. Although
labour unions are important in looking after the interests of employees, it is time that government
takes a stand and demonstrates that it is serious about creating the millions of jobs needed. Unions’
demands for higher wages have resulted in job losses. Moreover their infighting for “market
share” indicates that they only serve themselves and the interests of their own members, instead of
supporting the country’s goal of higher economic growth and employment creation.

Management is also responsible for the employee—employer relationships, given that it is in
control of running the business. Although many factors, including economic conditions and
policies, are beyond management’s control, a number of factors are within their control, for
example how remuneration is paid so as to provide incentives for workers to enable them to
receive higher levels of income, produce at higher productivity levels, and to share in profits. Why
must a mineworker, for instance, only receive a fixed monthly salary and not a share in the profits
if commodity prices increase or if production targets are met? Better incentives for workers can
lead to improved commitment and improved production. Such incentives can, for example, entail
all workers being given share options if they have worked for a certain period of time, where
certain conditions such as profit targets are met, or if they are not striking (in the case of listed or
larger companies). Bonuses and performance-driven targets can also account for a much larger
share of workers’ potential income — if workers work hard and the company makes good profits,
workers should be able to share in the profits. However, if workers do not perform or they neglect
their responsibilities, they should not share in any bonuses or profits and there need to be
consequences such as dismissal.

9 Concluding remarks

In this paper it has been shown how a SAM-based Leontief economic-impact model can be used to

estimate the potential impacts of strikes in the platinum-mining industry during 2012. Two

scenarios were developed, one based on the structure of the model and a second in which
adjustments were made to the compensation of employees and to gross operating surplus. The
research question was whether the 2012 platinum-sector strike had a significant impact on the

South African economy.

The main results are as follows:

* The estimated number of ounces of PGMs lost as a result of strike activity was 1.07 million,
made up of 602,000 ounces of platinum and 469,298 ounces of other PGMs, with a total value
of R10.6 billion.

* The GDP shows a reduction of 0.525 per cent or R16.495 billion for Scenario 1 and a
reduction of 0.494 per cent for Scenario 2, implying that the GDP growth for 2012 could have
been 3 per cent, instead of the 2.47 per cent, based on Scenario 1 and 2.97 per cent based on
Scenario 2. The magnitude of these impacts is similar to the estimated impacts for the 2014
platinum-mining strike calculated by Bohlmann et al. (2014).
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* In value terms, the connected sectors that show the biggest impact include the wholesale and
retail trade, financial services, transport, and other services. Water, electricity and rubber
products show the biggest impact in percentage terms.

* Compensation of employees shows a reduction of R6.6 billion for Scenario 1 and R4.5 billion
for Scenario 2.

* Gross operating surplus shows a reduction of R8.4 billion in Scenario 1 and R9.8 billion for
Scenario 2.

* Final consumption expenditure is estimated to be R7.97 billion lower for Scenario 1 and R7.02
billion lower for Scenario 2.

* GFCF shows a reduction of R2.8 billion for Scenario 1 and R3.2 billion for Scenario 2.

* The current-account deficit could have been reduced to 4.93 per cent of GDP, instead of the
realised 5.23 per cent for 2012, under Scenario 1 and to 4.94 per cent for Scenario 2.

* The government budget deficit could have been reduced to 5.13 per cent, instead of the actual
5.26 per cent for 2012, given the additional tax income (Scenario 1), or could have been
reduced to 5.14 per cent (Scenario 2).

* Employment, if expressed over a year, and given the lost production, represents a modelled
loss of almost 25,000 full-time equivalent opportunities for Scenario 1 and almost 23,300 for
Scenario 2. This implies that, for every worker who went on strike, his/her own job and that of
at least one other person were put in jeopardy.

Given the unintended consequences of strike action that results in lower GDP, lower consumption,
lower tax income, larger trade deficits, a loss in income, and potential job losses, it is time to re-
evaluate the benefits of strike action, given the direct and indirect costs. Understanding the
potential, wider economic impacts of strike action can provide valuable insights for policymakers,
businesses, workers, and trade unions so that they pursue strike action only as the very last resort.
This research will hopefully result in improved policies, as well as enriched negotiations that take
into account the adverse impacts of strikes so that solutions to deadlocks in wage negotiations can
be pursued before deadlocks progress to strike action.

Endnotes

1 See endnote 6.

The annual reports of other large platinum mines were researched, but no strikes took place during the period under
review, or no references to the impact of strikes were made. These include the annual reports of Royal Bafokeng, Wesizwe
Platinum, Northam Platinum, Aquarius Platinum Limited, and African Rainbow Minerals (ARM).

3 Average platinum inflation in rand terms for 2012 was 2.3 per cent higher, but that for both palladium and rhodium were
lower. Part of the strike took place in February and March 2012, with the other part occurring from August to November
2012. As a result, no inflationary adjustments have been made to the data.

4 This includes platinum-group metals (PGMs) (Standard industrial classification code 2424).

5 An adjustment has been made based on an estimated number of 103,155 mineworkers (as given by the Department of
Labour (DoL)), as well as on a weighted average mineworker’s salary calculated at R5,656.6 per month which results in a
total direct amount of salary income lost during the seven-week strike of R1.02 billion (using data from the Labour market
dynamics survey (Stats SA, 2013a)). The net difference between this figure and the estimated wage bill in order to mine
R10.7 billion ounces of PGMs has been used to increase the compensation of employees in Scenario 2 and to decrease
the gross operating surplus.

6 Based on data from the Labour market dynamics survey (Stats SA, 2013a).
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Appendix

1.1 The model

A SAM for 2012 was constructed that contains a combination of Statistics South Africa data (2012
supply and use tables (SUT) and household data) and Reserve Bank national accounts data.

The 1993 United Nations system of national accounts (SNA) defines a SAM as a means of
presenting the SNA in a matrix format that elaborates on the linkages between supply and use
tables and institutional sector accounts. In this respect, a SAM contains data on production
activities, intermediate inputs, primary factors, commodities, households, and institutions such as
enterprises, the government and the rest of the world. It also has the advantage that it links data for
economic and social fields together in one matrix and that data from various sources can be
collected, incorporated, reconciled and “linked” in one matrix or in satellite accounts (Stats SA,
2005).

An economic-impact model is built based on the 2012 SAM, and a fixed-structure, Leontief
inverse matrix is used. The basic Leontief methodology (SNA, 2008:512; Jensen 2001) shows
that:

D=X-AX (1)
where demand is equal to total production minus the production needed by other industries as
inputs. In this equation, D = Demand vector (how much in, for example, rand terms of each type
of output is demanded by consumers and the rest of the world), X = Production vector (for internal
and external demand), and 4X = Production needed by other industries as inputs (total amount of
products needed in production), with 4 being the technology matrix or technical coefficient matrix
(which shows how much output from each industry a given industry requires to produce R1 of its
own output). The goal of a Leontief-based economic-impact model is to solve X for this equation,
that is, find the total production for each of several type of goods and services needed to satisfy a
certain demand.

A matrix that is multiplied by an identity matrix is equal to itself, that is, LX = X. This results in:

D=IX-A4AX (2)
Factoring out an X in both terms on the right-hand side results in:

D=(I-A)X (3)
To solve X, both sides are multiplied by (/ — A)™:

(U-A'D=I-A)'U-AX @)

A matrix multiplied by its inverse is equal to an identity matrix (I — A)" (I — A) = I, and
substituting 7 with (I — 4)" (I — A) results in:

(I-A)'D=1Ix (5)
And since IX = X as stated above, X can be substituted for:
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IX,(I-4)'D =X, (6)
This provides the equation to solve the total production needed to satisfy an economy with a
known demand vector D and a known technology matrix 4 in:

X=(U-A)"'D @)
1.2 Operating statistics and estimated ounces loss

Table 9
Operating statistics and estimated ounces lost by the platinum industry in 2012
Operating statistics for 2012

Amplats Lonmin Impala Total
Platinum 1,773,300 646,393 750,100 3,169,793
Palladium 1,080,500 298,409 408,600 1,787,509
Gold 86,400 16,925 103,325
Rhodium 240,300 83,144 98,900 422,344
Ruthenium 127,269 127,269
Iridium 27,610 27,610
Total 3,180,500 1,199,750 1,257,600 5,637,850
Average price per ounce reported by companies (USD)
Platinum 1,532 1,517 1,614 1,548.35
Palladium 640 630 687 649.07
Gold 1,669 1,597 1,657.21
Rhodium 1,264 1,274 1,601 1,344.88
Ruthenium 103 103.00
Iridium 1,042 1,042.00
Estimated ounces lost
Platinum 306,000.0 146,000.0 150,000.0 602,000
Palladium 186,450.7 67,401.3 81,709.1 335,561
Gold 14,909.2 3,822.8 18,732
Rhodium 41,466.1 18,779.6 19,7774 80,023
Ruthenium 28,7461 28,746
Iridium 6,236.2 6,236
Total 548,826 270,986 251,486 1,071,298
Estimated value of lost ounces (USD)
Platinum 468,792,000 221,482,000 242,100,000 932,374,000
Palladium 119,328,439 42,462,805 56,134,155 217,925,399
Gold 24,883,375 6,105,058 30,988,434
Rhodium 52,413,125 23,925,254 31,663,558 108,001,937
Ruthenium 2,960,848 2,960,848
Iridium 6,498,159 6,498,159
Total 665,416,939 303,434,124 329,897,714 1,298,748,776
Estimated value of lost ounces (in rand)
Platinum 3,857,279,175 1,816,838,994 1,985,970,510 7,660,088,679
Palladium 981,849,308 348,326,635 460,474,091 1,790,650,033
Gold 204,743,523 50,080,402 254,823,926
Rhodium 431,261,747 196,261,249 259,739,334 887,262,331
Ruthenium 24,288,130 24,288,130
Iridium 53,305,048 53,305,048
Total 5,475,133,753 2,489,100,459 2,706,183,935 10,670,418,147

Notes: Operating statistics, average price per ounce in USD, and estimated platinum ounces lost have been taken from
company reports. Average price per ounce in rand terms for Amplats has been taken from the company’s annual report. An
average rand per dollar exchange rate of 8.203 for 2012 was used for Lonmin and Impala. Estimated ounces lost in respect of
palladium, gold, rhodium, ruthenium and iridium are calculated on the basis of a fixed ratio of actual ounces produced (relative
to platinum ounces produced) and company estimates of platinum ounces lost during the strike.
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1.3 Regression analysis, total employment and total output

Table 10
Regression analysis, total employment and total output

LOG(Total output) 0.517 0.048 10.860 0.00
C 8.930 0.690 12.950 0.00
R-squared 0.922 F-statistic 117.95
Adjusted R-squared 0.914 Prob. (F-statistic) 0.00
SE of regression 0.021 Durbin—Watson statistic 1.321
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