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ABSTRACT
Africa’s contribution to global output sits at best at 3% of global GDP. It is thus not surprising that
much of the continent is lagging behind the rest of the world in development indicators most notably
the human development index and the millenium development goals. Trade has been proposed as a
potential enhancer of economic growth. The outcomes have been somewhat ambiguos with mixed
econometric results. Indeed Southeast Asian economies have had significant gains whilst Sub-Saharan
African countries have had limited growth. To further complicate the argument the determination of
trade policy is more often than not determined through political discourse as opposed to econometric
analysis which probably contributes to the lack of acquiescence on the benefits of trade amongst many
economists. This study looks at the impact of trade liberalisation on economic growth in Sub-Saharan
African countries in an attempt to quantify whether there is justification for further liberalisation based
on the performance over the last 32 years. Using the Bounds Testing Autoregressive Distributed Lag
(ARDL) Approach to Cointegration we empirically estimate the effect of adjusted trade ratios, (trade
liberalisation measure) on economic growth. Study data is derived from the World Bank, Bruegel, and
Penn World Tables national accounts data. Study results reflect that trade openness has a positive
impact on GDP per capita in the long run and thus policy makers should look to implement policies
that will encourage further trade to occur.
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Keywords: Trade Liberalisation, Economic Growth, Bounds Testing Autoregressive Distributed Lag
(ARDL) Approach to Cointegration
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EXTENDED ABSTRACT
1.

INTRODUCTION

South Africa has experienced a relatively stable economic environment since its
transition to a democratic government in 1994. Job creation remains its major
challenge with unemployment and frequent strikes continuing to plague the country.
According to reports by the African Development Bank (AfDB et al., 2013) 24.1% of
the overall population was unemployed and 64.8% of youth were unemployed.
Labour unrest has also continued to affect productivity in key sectors of mining,
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agriculture and manufacturing. In addition to unemployment, extreme poverty
continues to persist and hamper growth in South Africa with 31% of the population
living below the poverty datum line as measured in 2009 (WorldBank, 2014). The
productivity of the labour force continues to be disrupted by the HIV/AIDS pandemic
whilst the high crime rate has added to the country’s social problems.
Trade with its numerous benefits of increased competition, product variety,
economies of scale and technology transfer has been proposed as a potential stimulant
and enhancer of economic growth so desperately needed in South Africa. In reality,
the outcomes of trade have been somewhat ambiguos with mixed econometric results.
Indeed Southeast Asian economies have had significant gains whilst Sub-Saharan
African countries have had limited growth.
This study looks at the impact of trade liberalisation on economic growth in South
Africa over the last 32 years. Using the Bounds Testing Autoregressive Distributed
Lag (ARDL) Approach to Cointegration the study empirically estimates the effect of
adjusted trade ratios on economic growth. Study data is derived from the World Bank,
Bruegel and Penn World Tables national accounts data.
The subsequent sections overview South Africa’s trade and economic performance,
trade liberalisation and the concept of adjusted trade ratios (ATR). This is followed by
an overview of the Bounds Testing Autoregressive Distributed Lag (ARDL)
Approach to Cointegration that is employed in the empirical methods followed by a
presentation of the results and analysis. The paper concludes noting the effect that
adjusted trade ratios have had on economic growth in South Africa.
2.

BACKGROUND ON SOUTH AFRICA

The Republic of South Africa is a country located at the southern tip of the African
continent. According to Worldbank data it is clasified as an upper-middle income
economy (Ozturk et al., 2010). As of 2011, South Africa’s Gross Domestic Product
(GDP) per capita adjusted for Purchasing Power Parity (PPP) was recorded at
US$7900 (Feenstra et al., 2013). The World Trade Organisation (WTO) views South
Africa as one of the most important economies in Africa (WTO, 2009b) and until
March 2014 was classified as the largest economy in the continent. Following the rebasing of Nigeria’s GDP it is now the second largest economy in Africa (Adibe,
2014).
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Figure 1. South African GDP per capita

Under apartheid rule, the South African economy grew at 1.7% between 1980 and
1993 as compared to 3.7% immediately post-apartheid and 2.3% over the period 1980
to 2011. Real growth of the economy was strongest between 2000-2008 where
average rates were above 5% peaking at 5.4%. However, in the aftermath of the
global financial crisis there was a decline in global demand which led to a slow down
of the South African economy (WTO, 2009b). Growth of the economy thereafter was
recorded at 1.9% in 2013 (AfDB et al., 2013).
Trade Policy
Prior to 1990, it is widely acknowledged that South Africa like many other
developing economies pursued an Import Substitution Industrialisation (ISI)
development strategy which was marked by barriers to industrial imports (quantitative
restrictions and tariffs) in an attempt to encourage domestic production of industrial
goods and reduce the reliance on foreign production (Holden, 1992, Bell, 1997,
Edwards, 2005). In the aftermath of the debt-crisis in the 1980s coupled by conditions
set out by the IMF structural adjustment programmes, there was increasing pressure
for a switch towards a more liberalised trade policy (Edwards, 2005).
Post-apartheid, the literature on the extent of trade liberalisation in South Africa
portrays incongruent messages. Fedderke and Vaze (2001) investigated the level and
impact of trade liberalisation in South Africa over the period 1988-1998. They found
that whilst liberalisation occurred across certain sectors it did not occur uniformly
across all sectors in the country. More interestingly they found that whilst
3

liberalisation in the form of tariff reduction did occur, the effective rate of protection
in many sectors remained unchanged and in certain instances increased alluding to
only partial liberalisation of the South African economy. Rangasamy and Harmse
(2003) in stark contrast, conclude that South Africa did undergo liberalisation during
the 1990s at a rate which was significantly faster than the guidelines set out by the
WTO.
The liberalisation debate is further complicated with the Department of Trade and
Industry acknowledge that the past speed of liberalisation may have hurt smaller
industries in the country by increased competition from more established counterparts
(ITED, 2010) thus signalling a return to more restrictive policies. However,
government actions seem to point towards increased liberalisation evidenced from the
signature of bilateral trade agreements between South Africa and the EU (Trade and
Development Cooperation Agreement); South Africa and the United States of
America; the implementation of the Southern African Development Community
(SADC) trade protocol; and the continued membership in the Southern African
Customs Union (SACU) which has trade agreements in place with MERCOSUR and
EFTA (Edwards, 2005, WTO, 2009a). Policy figures also seem to suggest the pursuit
of a largely liberalised tariff setting agenda with the reduction of simple average most
favoured nation (MFN) tariff rates from around 24% at the start of 1994 to an average
MFN rate of 8% in 2006 (ITED, 2010). However, with agriculture contributing 8% to
formal employment and supporting about 4 million households in the country, a
strategic approach to tariff liberalisation has been adopted within this sector (WTO,
2009b). Ironically, WTO reports suggest that this intervention in strategic industries
has led to their inefficiency characterised by poor investment, low productivity and
employment levels (WTO, 2009b).
Edwards (2005) summarises the debate by concluding that the direction of
liberalisation in South Africa has been progressively downwards from the early 1990s
to present, but that there is still room for further reduction of barriers and
simplification of tariff bands, especially within the clothing, textiles and tobacco
industries (Edwards, 2005).
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3.

LITERATURE REVIEW

Trade liberalisation remains a contentious concept without a universally accepted
definition. At best one can set boundaries within which trade liberalisation lies. The
extant literature suggests that trade liberalisation falls somewhere within the realms of
the removal of tariffs and non-tariff barriers; the use of a market determined exchange
rate system; the move towards neutrality of incentives for exports and imports; the
establishment of transparent institutions and supporting policies; the absence of
government intervention; and ultimately the move towards a free trade system
(Atkinson, 1998, Baldwin, 2004, Bhagwati and Srinivasan, 2002, Bhattacharyya,
2012, Collier, 1993, Dean et al., 1994, Dollar, 1992, Dornbusch, 1992, Edwards,
1998, Feenstra, 2004, Greenaway et al., 2002, Harrison, 1996, Hoekman and Nicita,
2011, Kneller et al., 2008).
The most widely used liberalisation indicator in the trade literature is the trade ratio. It
is defined as the ratio of total exports and imports of goods and services to a country’s
gross domestic product (WorldBank, 2014). It has been used as a proxy for trade
liberalisation due to the availability of data, the belief that it encompasses underlying
trade policies and that it is a good indicator of a country’s exposure to international
markets (Kneller et al., 2008). Economic growth is supposed to benefit from greater
trade through increased competition, product variety, economies of scale and
technology transfer. Thus countries that engage in more international trade are
expected to exhibit higher economic growth rates (Dowrick and Golley, 2004), i.e. a
positive relationship exists between the growth in trade ratios and GDP growth. This
measure has been used by numerous authors in different studies with positive results
on its impact on economic growth (Harrison, 1996, Yanikkaya, 2003, Dollar and
Kraay, 2004).
Trade ratios however do have certain limitations that have been acknowledged in the
academic literature. Pritchett (1996) argues that trade ratios are a poor indicator of a
country’s trade policy because they tend to vary across countries for reasons unrelated
to trade policy. He gives the example of the USA having a lower trade ratio than the
Philippines which whilst it could be an indicator of restrictive trade policy is more
likely to be an indicator of the size of the internal market. Trade ratios are also likely
to capture the distance to markets especially with regard to small nations, transport
costs and global demand (Aitken, 1973). For example, Singapore’s higher trade ratio
5

compared to New Zealand (WorldBank, 2014) is likely to be more a reflection of its
close proximity to the Asian market than a reflection of a more liberal trade policy.
Using a theoretical underpinning similar to that employed by Lee (1993); Pritchett
(1996) and Spilimbergo et al. (1999) this research develops an adjusted trade ratio
measure that attempts to control for these additional factors that are inherent in and
shape trade ratios. The viewpoint used in developing this variable is that trade is
determined by the geographical characteristics, of a country i.e. the area and
population size of the country. Transport costs are included as they are thought to
impede trade (Spilimbergo et al., 1999) and according to Heckschler Ohlin Model
predictions, trade should also occur due to differences in country factor endowments
which are proxied by GDP (Hiscox and Kastner, 2002). The proposed model is
augmented further to include domestic policy actions such as the interest, inflation
and exchange rate which may inhibit or promote trade activity with the residuals from
the model used as an indicator of the distortion of actual trade flows.
The following adjusted trade ratio equation is measured using ordinary least squares
(OLS):
𝒍𝒐𝒈 𝑻𝑹 =    𝜷𝟎 + 𝜷𝟏 𝒍𝒐𝒈 𝑫𝒊𝒔 + 𝜷𝟐 𝒍𝒐𝒈 𝒀 + 𝜷𝟑 𝒍𝒐𝒈 𝑰𝑹 + 𝜷𝟒 𝒍𝒐𝒈 𝑹𝑬𝑹 + 𝜷𝟓 𝒍𝒐𝒈 𝑪𝑷𝑰 + 𝜺𝒕     
where TR is (exports and imports)/GDP, Dis is the distance to major trading markets,
Y is GDP which is reflective of the size of the internal market and thus a proxy for its
factor endowments, IR is the domestic real interest rate, RER is the real effective
exchange rate, CPI is the consumer price index, log is the natural log, εt is a random
stochastic independent and identically distributed (IID) error term.
Following a similar framework to the one employed by Pritchett (1996), the residuals
from this estimation are then taken to reveal the percentage of over or underestimation
of trade ratios. Thus in the second part of the estimation, the actual trade ratios are
multiplied by the residuals as predicted by the model to provide an adjusted trade
ratio used as an indicator of trade liberalisation to be tested in the South African case.
Figure 2 shows a comparison of stated trade ratios and adjusted trade ratios.
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Figure 2. South African Trade Ratio and Adjusted Trade Ratio comparison

4.

EMPIRICAL SPECIFICATION

This study draws its theoretical basis from the endogenous growth literature and uses
an augmented aggregate production function. This approach is not unique to this
study and has been employed by numerous scholars in previous research (Harrison,
1996, Oladipo, 2011, Rivera-Batiz and Romer, 1991). Time series analysis is selected
in this study as opposed to Cross Country Panel Data or computable general
equilibrium (CGE) methods. Time-series is preferred to CGE methodologies due to
its ability to observe actual outcomes as opposed to hypothetical scenario predictions
(Greenaway et al., 2002). It is selected ahead of panel data cross-country comparisons
due to the analysis of a single country South Africa. Study data is derived from the
World Bank, Bruegel, and Penn World Tables national accounts data. The test sample
is measured over a time frame ranging from 1980 to 2011.
The core specification is in essence a Pesaran et al. (2001) Bounds Test centred on the
Wald or joint F-statistic in a generalised Dickey-Fuller regression, used to examine
the significance of the lagged levels of the test variables in a conditional unrestricted
vector error correction model (VECM). Unlike earlier approaches applied by
Johansen and Juselius (1990) such as the system based reduced rank regression or the
two-step residual based approach of Engle & Granger (1987), bounds testing does not
require that the variables to be tested all be integrated of order 1. This method gives
the flexibility of being able to test the relationships of variables that are I(0); I(1) or
7

mutually cointegrated (De Vita & Abbott, 2002). However the test has been found to
be unstable in the presence of I(2) variables (Fosu & Magnus, 2006) and thus for the
purpose of this study unit root testing on all variables prior to estimation was
necessary. The testing procedure has also been found to be robust when testing small
and large sample sizes unlike earlier cointegration tests which are sensitive to small
samples (Odhiambo, 2009). The testing procedure is a relatively simple procedure
first proposed by Pesaran and Shin (1999) and then again in Pesaran, Shin, and Smith
(2001). It allows for the estimation of cointegration using ordinary least squares
(OLS) once the appropriate lag length has been selected.
This application of the bounds test is particularly useful as empirical studies show
incongruity on the effects of trade liberalisation on economic growth. Furthermore, to
the best of the author’s knowledge, no studies have examined the impact of trade
liberalisation in South Africa using newer empirical approaches or using the adjusted
trade ratio approach. In an effort to partially remedy this neglect, the dynamic causal
relationship between economic growth and trade liberalisation is empirically
estimated, whilst controlling for growth factors. The base specification is:
𝒑𝟏

∆𝒍𝒏𝒀𝒕 = 𝜶𝟎 +

𝒑𝟐

𝜶𝟏,𝒋 ∆𝒍𝒏𝒀𝒕!𝒋 +
𝒋!𝟏

𝒑𝟑

𝜶𝟐,𝒋 ∆𝒍𝒏𝑳𝒕!𝒋 +
𝒋!𝟏

𝒑𝟒

𝜶𝟑,𝒋 ∆𝒍𝒏𝑲𝒕!𝒋 +
𝒋!𝟏

𝜶𝟒,𝒋 ∆𝒍𝒏𝑯𝑪𝒕!𝒋 +
𝒋!𝟏

𝒑𝟓

𝜶𝟓,𝒋 ∆𝑳𝑰𝑩𝒕!𝒋 + 𝜶𝟔 𝒍𝒏𝒀𝒕!𝟏 + 𝜶𝟕 𝒍𝒏𝑳𝒕!𝟏 + 𝜶𝟖 𝒍𝒏𝑲𝒕!𝟏 + 𝜶𝟗 𝒍𝒏𝑯𝑪𝒕!𝟏 + 𝜶𝟏𝟎 𝒍𝒏𝑨𝑻𝑹𝒕!𝟏 + 𝝁𝒕   
𝒋!𝟏

where Y is GDP per capita, L is labour, K is physical capital, HC is human capital,
and ATR is an adjusted trade liberalisation proxy. α0 is an intercept term, trend terms
have been left out as the trend characteristics are eliminated through differencing, Δ is
the difference operator, (p1-p5) are the number of lagged difference terms in the
system selected based on the lag numbers most commonly selected by the lag
selection (HQ, AIC, SC, FPE and LR) criteria, and (µt) represents an uncorrelated
disturbance/innovation term that has zero mean and finite variance.
It is expected that the coefficients of lnY; lnL; and lnK will all be positive. This is
inline with growth theory, which states that labour and capital are positively
correlated with economic growth. Endogenous growth theory suggests that total factor
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productivity is transmitted through human capital (lnHC) and with this being the
driving force of growth human capital is expected to have a positive impact
(Grossman and Helpman, 1993, Young, 1993). The impact of exports and imports
and (lnATR) on economic growth is a little less clear with (Harrison, 1996) and
(Dollar, 1992) finding a positive relationship whilst (Levine and Renelt, 1992) and
(Sala-i-Martin, 1997) find no robust relationship.
Using OLS, the base equation is tested for a long-run relationship between the
coefficients of the lagged levels of variables (Yt, Lt, Kt, HCt, and ATRt) using a F-test,
where H0 : α6 = α7 = α8 = α9 = α10 =0; is tested against the alternative: H1 : α6 ≠ α7 ≠ α8
≠ α9 ≠ α10 ≠ 0. Pesaran et al. (2001) develop asymptotic critical value bounds whereby
if the F-statistic is found to lie below the lower bounds then the null hypothesis of no
cointegration cannot be rejected. If the computed F-statistic is found to lie above the
upper bounds of the critical values this would confirm the presence of cointegration
amongst the variables in the model. In instances where the F-statistic falls between
these bounds, inference is inconclusive and prior knowledge of the cointegration rank
(r) of the forcing variable is required. Following the estimation of long-run
relationships (cointegration) between variables, the short and long run elasticities
between variables are estimated.
5.

RESULTS AND ANALYSIS

Prior to ARDL specification, unit root tests were conducted on all key variables using
KPSS tests. This test was chosen over more common Augmented Dickey Fuller and
Phillips-Perron tests as it has been found to have greater power against persistent
alternatives Kwiatkowski et al. (1992). Based on the findings of the unit root tests, the
model variables were all confirmed to be integrated of order zero I(0) or integrated of
order one I(1).
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Table 1: Results of KPSS, ADF and PP Unit Root Tests
KPSS (P-values)
Variable

Level

LnY

ADF (P-values)

Difference

Level

Difference

PP (P-values)
Level

Difference

0.194105

0.073498* 0.8414

0.0031*

0.9711

0.0026*

LnK without 0.739263

0.284212* 1.0000

0.3394

0.9980

0.4595

trend
LnL

0.13577*

1.0000

0.3859

0.9975

0.4196

LnHC

0.163375

0.086312* 0.3907

0.5799

0.9219

0.5799

LnATR

0.24579*

0.0495*

0.0533*

*Indicates significance at 5% level; **Indicates significance at 10% level.

Next the lag length of (1) was determined based on the lag numbers most commonly
selected by the lag selection (HQ, AIC, SC, FPE and LR) criteria. An AR Root Test
(not presented) confirmed that all roots from the VAR model used in the study were
found to lie within the unit root circle indicating the stability of the model. Following
lag selection and model stability, the ARDL framework developed by Pesaran et al.
(2001), was used to estimate the relationship between adjusted trade ratios and
economic growth. The calculated F-statistic results are presented in Table 2. In model
1 representative of GDP per capita the F-Statistic is above the upper limit at the 5%
significance level indicating a cointegration relationship.

Table 2: Critical Value Bounds of the F-Statistic (South Africa)
Unrestricted Intercept and no Trend Critical Value Bounds taken from Pesaran et al 2001.

Relationship

Lags

Pesaran et al. Critical Values (2001)
10%

lnY

1

5%

Calculated
F-Statistic

I(0)

I(1)

I(0)

I(1)

4.04

4.78

4.94

5.73

8.0184**

*no long run relationship; **Indicates a cointegration relationship; *10Indicates a cointegration relationship at 10%
significance level.
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Following cointegration, the next step in the bounds test is the estimation of long run
elasticities. These results are presented in Table 3. The relationship between the
labour force and GDP per capita is significant at the 5% level. However, unexpectedly
there is a negative relationship between the two variables. This would lead one to
believe that a 1% increase in GDP per capita leads to a 0.23% drop in the labour
force. This could be explained by South Africa being a major exporter of
commodities, which are capital intensive, implying that investment into this sector
would reduce the labour composition in the workforce whilst simultaneously
increasing GDP. The relationship between human capital and GDP per capita is also
statistically significant at the 5% level. However, similar to labour, human capital has
an unexpected sign suggesting that a 1% increase in GDP per capita leads to a 0.4%
decrease in human capital. This would appear to be a spurious result that goes against
endogenous growth theory.
A more plausible interpretation is that as South Africa’s wealth has increased there
has been an exodus of skilled labour. Suggested reasons for the exodus are numerous
ranging from better economic conditions abroad, health and safety issues. However,
as this is not the main focus of this paper this issue is left for future research to
address. Current government policies in South Africa recognise this shortage and are
actively trying to attract skilled labour to fill this void. Capital formation is as
expected with a highly significant and positive (0.68%) relationship being portrayed.
This is inline with the investment that has taken place in South Africa in the mining
and infrastructure sectors particularly during the recent commodities resource boom
as well as the upgrade in infrastructure for the 1995 Rugby and 2010 FIFA world
cups. The adjusted trade ratios index also displays a positive and significant
relationship with GDP per capita indicating that a 0.21 % increase in trade intensity
leads to a 1% increase in GDP per capita.
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Table 3: Long Run Model for South African Adjusted Trade Ratios (HAC adjusted)
Model 1 -Dependent Variable lnY (GDP per capita)
Variable

Exp. Sign

C

Coefficient

Robust S.E.

t-Stat

Prob

3.071840

0.876633

3.504136

0.0016*

LNL

(+)

-0.232970

0.107327

-2.170653

0.0389*

LNHC

(+)

-0.409309

0.164439

-2.489124

0.0193*

LNK

(+)

0.677004

0.080146

8.447183

0.0000*

LN(ATR)

(+)

0.218325

0.058519

3.730870

0.0009*

R

2

0.878086

Adjusted R

2

S.E. of regression

0.860024
0.035875

F-Stat

48.61682*

D-W Stat

0.793092

Akaike info criterion

-3.674954

*Indicates significance at 5% level; **Indicates significance at 10% level.

Table 4: Long Run Model for South African Adjusted Trade Ratios
(HAC; AR(1); MA(1) adjusted)
Model 1b - Dependent Variable lnY (GDP per capita)
Variable

Exp. Sign

C

Coefficient

Robust S.E.

t-Stat

Prob

2.650542

1.795899

1.475886

0.1530

LNL

(+)

-0.108260

0.195498

-0.553765

0.5849

LNHC

(+)

-0.222737

0.320995

-0.693894

0.4944

LNK

(+)

0.591022

0.169230

3.492409

0.0019*

LN(ATR)

(+)

0.051310

0.012277

4.179337

0.0003*

AR(1)

0.793065

0.145522

5.449801

0.0000*

MA(1)

0.383851

0.200300

1.916381

0.0673**

R

2

Adjusted R

0.963069
2

S.E. of regression

0.953837
0.020870
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F-Stat

104.3108*

D-W Stat

2.134900

Akaike info criterion

-4.705307

*Indicates significance at 5% level; **Indicates significance at 10% level.

The last stage in the Pesaran et al. (2001) Bounds Test is the development and
estimation using OLS of an Error Correction Model (ECM) to determine the short run
elasticities of the model variables. The ECM is developed using the underlying ARDL
model developed earlier and replacing the lagged log terms in the initial ARDL model
with an error correction term (ECT) that is comprised of the residuals from the long
run model estimation. In the short run none of the variables are statistically significant
as seen in Table 6 and hence no further conclusions can be accurately drawn about
short-run behaviour.

Table 6: Error Correction Model for South African Adjusted Trade Ratios
Model 1 - Dependent Variable lnY (GDP per capita)
Variable

Coefficient

Robust S.E.

t-Stat

C

0.034715

0.024883

1.395115

0.1763

D(LNY(-1))

1.055902

0.417465

2.529321

0.0187*

D(LNL(-1))

-0.569151

0.454546

-1.252132

0.2231

D(LNHC(-1))

-0.015643

0.384157

-0.040721

0.9679

D(LNK(-1))

-0.644085

0.433497

-1.485791

0.1509

D(LNATR(-1))

-0.046818

0.046261

-1.012045

0.3220

ECT(-1)

-0.803306

0.496643

-1.617470

0.1194

R

2

Adjusted R

0.348319
2

0.178315

S.E. of regression

0.024127

Akaike info criterion

-4.410043

F-Stat*

2.04889**

White Heteroskedasticity

0.4587

Test:
D-W Stat

1.956453

Prob. F(27,2)
LM Test
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0.4963

Prob

6.

CONCLUSION

This paper investigated the relationship between trade openness and economic growth
using the Pesaran et al. (2001) Bounds Test approach to cointegration. Research
results reflect that trade openness has a positive impact on GDP per capita in the long
run and thus policy makers should look to implement policies that will encourage
further trade to occur. Other outcomes from the research show that capital investment
has also had a positive impact on GDP per capita in the long run, whilst labour and
human capital have been negatively affected. These empirical findings have several
implications for policy makers. Trade liberalisation should be a part of the country’s
growth promotion strategies, however with a decline in labour input policy makers
need to promote labour intensive strategies to reduce the high unemployment rate and
find novel ways to reduce the exodus of skilled workers as shown in the results.
7.
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