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ABSTRACT 

This study analyses the relationship between remuneration (real wage) and labour 

productivity in South Africa at the macroeconomic level, using time series and econometric 

techniques. The results depict that there is a significant evidence of a structural break in 1990. 

The break appears to have affected the employment level and subsequently fed through into 

employees' remuneration (real wage) and productivity. A long run cointegrating relationship 

was found between remuneration and labour productivity for the period 1990 to 2011. In the 

long run, 1% increase in labour productivity is linked with an approximately 1.98% rise in 

remuneration. The coefficient of the error correction term in the labour productivity is large, 

indicating a rapid adjustment of labour productivity to equilibrium. However, remuneration 

does not Granger cause labour productivity and vice versa. 

Keywords: Remuneration, Labour Productivity, Unemployment, Employment, Cointegration, 

Error Correction Model. 
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CIIAI"FER I 

()RIENI'AT1ON OFT11E ST(JI)Y 

1.1 	LNTROI)UCTION 

Remuneration (real wage), rate of uuetiiploymcnt and productivity are important economic 

indicators or measures in an economy. Productivity titeasures the output produced by workers 

in various sectors of the economy while remuneration is the cost of producing that output in 

the form of salaries and wages. Unenl)loyineilt is a iiieasure of the number Of  people in the 

workiorce who are out of' work or ate without jobs. Numerous economic theories have been 

pill !orwai'd jU5ti lying a relationship between the aboVe mentioned vai'iibles, including 

bargaining, efficiency wage, search and contract theories (Wakelbrd, 2004). 

'there has been an increasing volume of empirical studies regarding the association between 

labour productivity and remuneration ((iou. 2009). Most ol these empirical studies lniiid 

positive long run relationships between labour productivity and reinutieratioll, although the 

relationship between labour productivity and teniutieration has not been one to one. The 

studies by 1-lall (1986), Wakelord (2004), Alexander (1993). Strauss and Wohar (2004) hIr 

instance, found j)OSilive long run ielahiOflsliil)S between labour productivity and 

remunerations in the respective countries which they studied, and the increases in labour 

productivity are linked with a less than unit increase in reinuiierations (MacKinnoii. 1991  ). 

The marginal productivity theory proposes that exceedingly productive employees are highly 

remunerated, and less productive employees are less remunerated. At the maeroeeonoi)lic 

level, ill increase in reinutieratiout is expected to increase the cost of vorkioice and therefore 

cause lactoi' substitution Iroin labour to capital. This could increase marginal producti 'i1y 

and, hence, average labour productivity output. ilierelore, it is hypotliesi/ed that teal wages 

are )ositively afl'ected by productivity ((ioli, 2009). lniployees that are highly remunerated 

are less likely to move from one company to the other. 'Fhus employers can keep more 

productive and experienced employees than newly employed employees who may not be as 

productive as experienced employees. For instance, it has been debated that increasing 

remuneration can stiniulale dnll)Ioyecs  deteriniiiation aiid reiiilorce long terni eniployui'ieuit 

relationships. Akerlol' (1982)   also proposed that when companies increase employees' 

remuneration, they put forth greater efforts out of a sense of loyalty to those employers. 
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These relationships can be investigated using various procedures developed by various 

researchers in the literature discussed in the next section. 

1.2 	IIACK(ROUI'lJ) L1'FERATURE 

The discovery of cointegratioli. like several scientific discoveries, is a !iiscinating talc 

involving incorrect avenues, lvii I-understood solutions, persistent anomalies and partial 

iw 	 oug 	 mi ayi lins 	 i 	 i 	' 	hr   

time series dates hack to the foundations of statistics. The study by Klein (1997)   records the 

1662 contribution by John of Graunt on time series of London s childbirths and deaths, and 

the invention by the Bank of lnglaiid ill 1 797 of moving averages to conceal the accurately 

hazardous state of its bullion reserves are an initial eXaliil)le of creative accounting. In the 

year 1862, succeeding up work by Charles hiabbage, the computer inventor, Jevons (1 884) 

studied a variety of weekly financial time series over the period of 1 825 	1 860, as well as 

currency circulation, discount rates and bankruptcies: implying that 'high Ii'eqtiencv' 

monetary econometrics is not new. 

The real action started towards tl ie end of the in neteenth century, iii an endeavour to 

understand why 'peculiar' correlations often turned up surprisingly frequently, as well as (he 

lictional infamous high correlation among Stockholm's number of storks nesting and the 

iiumber of children born there. The first step was pioneered by I-looker (1901), hut first 

analytical results were provided by Yule (1926), displaying the risks inherent in regressions 

between nonstationary variables, or what he nanied noiiseiise correlations. The work by Yule 

(1926) was based on a statistical model recommended by the expCi'ilfleJitS of a biologist 

Brown (1 828) to describe the randoiii movetnetits ol pollen grains floating on water, which is 

currently called lhowiiiaii iiiotion. 'lhis has been I'requently USCCI for equity price inoveinetits 

as suggested by Bachelier (1900). iii the iippcaiaiice of a random walk, the basic integrated 

process. Yule (1 926) indicated that any Iwo integrated series \volild he signi licantly 

correlated, althOLIgIl their initial positions and shocks were not related. 
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(Iranger (1969) was originally critical of a class ol econonietric models introduced by Saigan 

(1964)7  and since called equilibrium correction, lollowing an least Square estimator 

traditional approach whelm Bill Phillips had imitrodueed using proportional, derivative and 

integral control niechanisins (Phillips. 1954. 1956). The Sargau (1964)   formulation added the 

(hisequilibria suggested by economics in lust (lilicrenced models. Sargan (1964) in his stud 

of prices and wages assumed that the deviation flow its mean of the log of real wages 

adjusted for productivity progress would have an i limpact iii luture wage iiillatiomi. (3rangcr 

(1 969) argued that the statiomlarily of that cotiibiimation was not established, but was SiIlll)IV 

assumed. More signiiicantly, the properties of integrated data were taken as given, as in 

Davidson, Hendry, Srba and Yco (1978, mather than entailed by the niodel. 

(iranger, in Lcwioniic Iheor),  I;ile,i'iew by Phillips (1997), set out to prove that linear 

conibi nations of integrated variables would actually ren main integrated, so equi libmi urn 

correction was not a !èasible model class. In the way, (iranger alternatively established the 

conditions under which 'cointegratioli' could occur Ilierelome sonic linear combinations were 

of a lower order of imilegratiomi than time original variables. TIme theorem by Grangcr (1969) 

representation is the main result, and is the centrepiece of current econometric amialvses o f 

integrated processes, the condition that there arc less levels or response than variables 

generates a condensed rank in the dvmmauncs of the long run matrix and leads to the 

inultivariate cointegration methodology devclopcd by ,loiiaiisen (1988,   19951 It complete 

Be coiitegration discovery. Emmgle and Granger (1987)   proposed a way of estiinati mg 

equations containing potentially coimulegratcd relutioimslmips. [imgle and (iranger (1 987) two-

step estimation imiethod established a plal ioimn lhr nummierous new applications and theories. 

Since Be original levels of series are integrated, but several conmbinaiions are not. 

coinlegration must cancel any 'conimmiomi trends' that drive all the correlated variables in the 

long run ( lIendry. 2010). 

Cointegration is basically a lii tear cot mcci  mt and the classical assumption ill emimpirical work has 

been that the drift towards the steadiness (cquilihriuiii), assumed by models with cointegrated 

variables, is symmetric, iinj)lyiiig that the stmengtlm of attraction is a linear function of the 

distance of the system from the equilihi'ium. (imanger (1969) has also established non-linear 

cointegration, loosening the synlmlictry assuimmptiomm, as is tamely necessary in Iliacroec000mics. 
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tVlacroeconolllists build lime seres models [or testing theories of CCOUOW1CS. br policy 

analysis and for forecasting. Stich models are constructed and applied by economists at 

universities, banks and economic icseai'cli institutes. etc. lucre is a long tradition of building 

large macroeconomic models with itiany equations and variables but more recently the use of 

smaller models with only few equations and variables have become more eonmOn. It must he 

noted that since many of the economic and t)usiness time series models are nonstatioliary, 

analysing them requires it modelling approach and statistical inference di ffereiit from the one 

used in stationary series. The concept of cointegration has beconie usclul iii practice because 

of the availability of theory of statistics for testing and estimating paranieters of cointegrated 

linear systems. 

Engie and (iranger (1987) together furniulaled the necessary methods iii their classical and 

remarkably influential paper, where the theory ot cointegrated variables is POPO1  They 

considered the problemii of testing the inil I hypothesis of mio coitilegration between a set of 1(l) 

economic variables. 'Flmey estimated the coefficients of a stationary relationship between these 

variables by ordinary least squares (OLS ) and applied the well-known unit root tests to time 

residuals. Rejecting the null hypothesis of a unit root is evidence iii favour of stationarity. 

The two common trend removal or dc-trending procedures are lust di t't'erencing and tinie 

trend regression. First di f'l'eremmci ng is appropriate lot' 1(1) Ii inc series and time-ti'eimd 

regression is appropriate lot' trend stationary 1(0) time series. Unit root tests cati he used to 

determine whether trending data should be lirst di Threnced or regressed on detenuinistic 

functions of time to render the data stationary. Moreovci', economic and finance theory often 

suggests the existence 0! long iwi equilibrium relationships among nonstationary time series 

variables. If these variables are 1(1). then Coll Itegl'ation techniques can be used to nmodel these 

long run relations (Zivol & Wang. 2003). 

Nelson and l'lossei' (1982)   argued that iii'actictl ly all niacroecommomimic Ii inc series data that ate 

normally used have a unit root. 'II ie absence or presence of unit roots helps to identify certain 

features of the underlying data generating process of a series, lit case the series does not have 

a unit root, it fluctuates aroummd a constant long 11111 immean and indicates that the series has a 

finite variance which is independent on time. It' the original series is not stationary and the 

first order dilieremice of the series is stationary, then the series contains a unit root. The iiiost 

li'equently used methods to test for the presence of' mimi i'oots are time i\ugnieimted Dickey-

Fuller (ADF) tests ( l)ickey & l'ul let. 1979   and 198 I ). l'ai lute to reject the null hypothesis 
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implies that the series is not stationary; vliereas the rejectioli 01 the iiiil I hypothesis indicates 

that the time series is stationary. The Akaike Ii'iloriìiaiioii Criterion (J\IC) and the Schwarz 

Bayesian Criterion (SBC) are used to determine the optimal lag length denoted by letter "k". 

Following the influential approach by Box and Jenkins (1970), most statisticians have 

advocated transRwniing integrated time series into stationary ones by successive dil'fti'enciiig 

of the series before modelling. I here foic. I iOn their j)Oillt of \'iCW, elinitnating unit loots 

through dilferencitig should to be a requirement br regression analysis. 

However, Some authors, particularly Smgaii (1964), 1 lendry and Mizuii (1 978) and Davidson 

ci at. (1978), among others, started to criticise the approach on a number of grounds 

especially the specifications of' models' dynamics in terms of only dilterenced variables amid 

because of the difficulties in infei'ring the long run equilibrium from the estimated model. in 

view of this. if deviations Irommi that equilibrium association affect future changes in a set o 

variables, omitting the previous, i.e. estimating a di lircnced model, should result iii a 

iniSsl)eCilication eiToi'. 1 lowever, ibm' some tiimic it was difficult to understand how 1)0th 

variables in difIercmiccd data and original could coexist iii regression models. Fnglc and 

(_iranger (1987) !'ormahi'ied time idea of' integrated variables sharing an cqui I ihriumn relation 

which turned out to be ci thcr stationary or have a lower degree of integration than the original 

series. '['hey indicated this plopemly 1w eoimitegralioml, sigmim fymg co-niovemnents between 

trending variables which could be exploited to test fbi' the presence of equi Ii briumi 

relationships within a fully dynamic specification framework. 

Since the I 990s. a mnaxinium likelihood estimation procedure proposed by Johanscim (1988, 

1 995) has been frequently used in estimliating long run equilibrium relationships. In contrast to 

single-equation methods, such as the Engle and (iranger cointegration, the pm'ocedure 

cliicicmitly includes the short run dynummncs ill the estiniation of' the long run model structum'e. 

The main advantage of' the .iol mam msemm's vector autoregressive estimation pm'ocedure is the 

testing and estimation of the multiple long run cqui hibriumn relationships. Also. the testing of 

various economic hypotheses via linear restrictions in cointegratioii space is possible when 

using Johausen's estimation mdl mod ('I oppiliemi. 1998). 



1.3 	RESEARCIIII PIJRI()SE 

'The purpose of this study is to USC econometrics and statistical methods described above to 

determine the relationship between emnployee-reiiiUneratiOli, labour productivity amid 

unemployment and to determine [lie directions of' causality between the set ies. 'l'his study 

aims to contribute to this debate by analysing statistically the relationship between 

remuneration, labour productivity and uneniployiiient in the context of the South African 

sectors. As such, it builds on similar studies by other researchers who analysed similar 

variables in the t'ormnal. non-agricultural sector of the economy. 

1.4 	1)EFINIING REI'1tiNERA'FlO1', Pl{()DU(t'lVli'Y AND UNEMI'L()VMENT 

Remuneration is delined either as the teal conSUnhl)ti011 wages, wheme consumption wages 

consist of the wage rate measured iii terms of consumption of goods (the miomnimial wage 

divided by the price of goods) or as real product wages, where product wage is the wage rate 

in terms of' output (the nominal wage divided by the output price). l'roiii the employee's 

point of view it is the consumption wage that matters, whereas firms will be concerned with 

the ijroc!uct \vagc. If the researcher is concerned with classical unemployment, timerelore, the 

product wage must be used, not the consumption wages. The suitable choice of remuneration 

measure depends on the precise ielationsliip being investigated. 'lhere!bre, the study uses real 

product wages, where the Gross Domestic Product (GI)P) deflator is used to deflate the 

nominal wage rate, because real l)woltictioim wages are most closely related with the measure 

of productivity used, which is based ott real value added (Godsell ci al., 1990). 

In theory, an appropriate concept of' labour productivity in economics is mar'jnah 

productivity, i.e.. the contribution to production of the previous employee employed, though 

this cannot be readily measured. it may be useful to measure output per hour of' labour 

contribution, but again, such a immeasure is not easily obtainable. In practice, practitioners 

resort to the use of average labour productivity. 'I his may be computed in numerous ways. 

For instance, total production (either iii inoiletary or physical terms) divided by total 

employment. The value added per employee measure is adopted in this study. 'ibis tollovs 

the model in South Africa set by Fahlomi and 1>ereira cia Silva. (1994). in which the logurilhni 

of non-government (iDP expressed as a ratio of formal, non-government occupation is taken 

as an index of productivity. I vi(lently. the 'productivity series is affected positively by value 
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added and negatively by employment levels ( l'alloii 	Pereiia da Silva. 1994; Wakebrd. 

2004) 

The unemployment data used iii this study ale based on the broad definition, ii recogilition of 

the arguments put forward by Nattrass (2000) where uneinployiìieiit incorporates those 

actively seeking jobs but still unemployed, the net\vork-searchiflg UflCi)1j)lOyed and 

discouraged workers. 'l'hc narrow de Iiuilioii excludes both the network-searching 

unemployed and discouraged workers, and so does not permit passive job search methods 

(Nattrass, 2002). For instance, given (lie low likelihood ol getting employed, low 111coliles 

and high transport costs, one would anticipate a labour surplus economy like South A (rica to 

manifest a high level Of discouraged job seekers. 'limis is contradictory to the governmiiemit' s 

stance, namely that the 'olticial rate' ol uimei1m)loyiuent is defined as the strict measure 

(Gocisell ci (ii., 19901). 

	

1.5 	I'ROIILEI\'I STATEI'si EN'l' 

As nientioned beibre, reinuneratioim, the uuemiiplovmemil rate and labour productivity are 

signilicant economic measures iii any economy. A rise iii remuneration may increase 

workers' l)roducti\'ity and could lead to all increase in umiemimploymeut rate. 'I'liis implies that 

there is a Ii uk between ieinuneialiun, the unemnployineiit iate and labour productivity and 

there is a need to confirm whether the variables are at an cquili briuni point. 'thus, this study 

will look at the behaviour of cacti ol' these using trend analyses and then determine if' they are 

related by looking at the cointegratiomi between them (long and short term relatiomisli p) and 

also to confi rumi whether the three variables are at an ciiuil  ibriuni p01111. 

	

1.6 	AIl\1S AND 0BJEC11VE OF TIlE STUDY 

To model the data and dcterimmi me the gem eral trend of' each variable, 

. 	To deteinmi ne the melationsh ij) ( col ntcgration ) among remuneratioum, labour 

productivity and unemployment iii South Africa. 

TO check whether there is a long or short tcrnm cummncction among variables, 

To check the directions ol' causality between the variables. 

VA 



	

1.7 	RESEARCH QUESTIONS 

What are the trends of each of the variables? 

is there a long terni relationship (coiiitcgralioii) between remuneration, labour 

productivity and unemployment? 

What are the short term associations between these variables'? 

Can econometric and/or statistical techlli(IuL'S shed SOII1C light oii the directions of 

causality between these variables? 

What models are obtained for these relationships? 

	

1.8 	SIGNIFICANCE OF TILE STUDY 

The importance of this study lies iii the attempt to analyse the short or long term relationship 

(cointegration) among remuneration. labour piod uctivity and unemployment and to test 

whether there is a structural break in the variables. Another importance of this study is to 

contribute to the body of knowledge which could also assist future researchers in the same 

leld of the study. The lndings of the study will iulorni the policy-makers on these 

relationships ii they exist and the general behaviour of the variables for use in forecasting. 

1.9 	DATA SOURCE 

'I his study exa;iines the relationship i existing ammiom ig reiiiuiieralion, labour l)rodrletivitY and 

unemployment in South Atlica. I xisting sources of literature on this study are used mis 

reference materials. hiftrmnation has been extracted from prolcssional publications, books, 

articles, South Ali'icmni Reserve Bank publications and Statistics South Ali'ica pul)lications. 

Time series data consisting ol' 42 observations for the years 1970 to 2011 are used in this 

study. this data were obtained lioni the World Bank. Statistics South Ali'iea (StatSA) and the 

South African Reserve Bank (SARU). The maui series used in this study consists of an index 

0! remunerations per worker and the average labour prodtictivity index. Reniumiemation and 

labour prodrmcti'i1y series pertain to the !'ornial, non-agricultural sector of the economy and 

they both have year 2000 as the base year. The third variable is the total, eeonomny-\Vide rate 

ol' uneniployment, calculated according to (lie broad definition is the number ol unemployed 

U 
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persons who are eligible to work. l'liis study makes no adjustment to these data and the 

results should thereibre be treated with caution. 

1.10 RESEARCIII LIMITA'l'IONS 

Liniitations of this study are that data are scarce and can niostly be found at Statistics South 

Africa, the World Bank and the South African Reserve Bank. No interviews or surveys using 

(IuestioII1aires were conducted in this study, the study is limited to remuneration and labour 

productivity in the non-agricullurul sectors only. the results of the study may not be 

generalized as they only apply to the said series. Very Fe\v related studies have been 

conducted in the world and this liniitcd availability of relevant literature. 

1.11 l)EFINITION OFT ERI\IS 

. Cointegration 	is a reiatonship between two variables which exists if there is a 

stationary lineai' comt)ination of nonstationaly raiidoni variables. 

' The Lugle-Ciraiiger test - Ruic; a static regression suggested by [ngle and (3raiigci 

(1987) and it is sonicti nes called the [Ci test. 

The Johiansen ML estimator - A technique of' testing for will roots by using the system 

Maximum Likelihood estimator of Johansen (1988,   1991). 	It is a test For 

comtegration restrictions in a VAR representation. This estimator also gives 

asymptotically efficient estimates of the coititegratilig vectors (the /3's) and of the 

adj ustinent parameters (11 ie (x 's). 

. 	Vector error correction model ( VLCI\'l) - is Li representation of' the dynamic systetii 

governing the jowl behaviour of 	and )'2, over tine. 

. 	Unit Root/stationary - A series is re1ried to as (weakly or covariance) stationary if its 

ineati and variance are constant over tune and "the value of the covarianec between 

the two time periods depends only on the distance or lag between the two time 

periods, not on the time at wh cli the covariance is calculated" (G ujarati, 2003). 

Causality - this is the relationship i)ct\veel) cause and effect. 

Granger causality methodology - Is used to investigate lead-lag ielationsliips between 

construction activity and aggregate economy. 
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Dickey-Futler test - It tests the residual sequence () to determine whether it has a 

unit root or not. 

Vector autoregressive (VAR) - is a flexible, and easy to use niodels to analyse 

multivariate time series. It is an extension of the uiiivariatc autoregressive model to 

dynamic inultivariate time series. The Vi\R model has proven to be useful l'or 

describing the dynamic 1)ehaViou1-  of economic and financial time series and for 

lorecasting. 

(iretl - is an acronym for Gnu Regression, Econometrics and Time-series I ibrary. is 

an easy to use, icasonably powerful software package For doing econometrics (1 liii ci 

at., 2011). 

1.12 RESEARCII LAYOUT 

The research consists of live chapters whose contents are detailed below. 

Chapter one outlines the introduc(ion, background literature, research I)urpOSC prObICIII  

statement of the study, ai ni and objectives of the study. It also explains the research questions 

of (lie study, significance of' the study, research methodology, limitations ol the study and 

delimtion of' terms. 

('Rapier two discusses the relevant literature and gives a theoretical background as well as (lie 

econometric approach used in (lie study. It discusses the variables used iii the study and 

reviews some relevant local and other studies Iiir comparative purposes. It also discusses (lie 

evidence of structural breaks and the miunierous possible causal relations between 

reniuneration, lal)otn' productivity and umietimploynient. 

arch methodology. It looks at the 	eeononieti me Chapter three outlines the rese  

methods employed to study the relationship between remuneration and labour productivity on 

the case study of South Africa. It also iiieludes how AD!' and PP unit root tests and oilier 

tests are conducted to determimie (lie type of trend, whether the series is stationary or 

nonstationary and the type of data used as well the dii f'crent steps in econometric data 

analysis rcqured in this study. 
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('hapler jour provides the statistical analysis and interpretation of results and Chapter live 

identifies key conclusions and recommendations and areas lbr l'urtlier studies. 
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CIIAP'I'ER 2 

LI'rERATURE REVI EW' AND I'L I EORET LCAL BACK(,R()UN1) 

2.1 INTRODUCTR)N 

This chal)ter discusses the variables used in the study and reviews some relevant local and 

other studies for comparative put-poses. It also discusses the evidence Of structural break. A 

structural break appeals when there is an unexpected shill in a (macroeconomic) time series. 

In conclusion, the numerous possible causal relations between remuneration, labour 

productivity and uneniploymeut are discussed. 

Reniuncration. labour productivity and euiplovment arc very essential variables hi labour 

economics and have received signilicani atteii( ion in literature oii ccolloniicS. I CO1tOii)IC 

theories have explained the inter-relationships among the above-mentioned variables. 

Examples are the classical, neoclassical and keynesian theories of employment \vhicli 

assume a close relationship between employment level and remuneration and it is 

hypotliesised that there is a long run inverse relationship between employment levels and 

remuneration. (i)n the other hand, the theories di !b.r in terms of the direction ol causal I low. 

Neoclassical and classical models deduce that the causal nmcchanismn runs Ii'oni wages to 

employment while in the Keynesian theories, the causality runs more the other way 

(Mazunidar, 2003). 

2.2 INTERNATIONAL. PERSPICTlVE 

l'he relationship between remuneration. uticniploynient and labour prodticti vitv has received 

ample attention iii the South A li'ican and international literature, although a number oh 

di IThrent methods have been prop sed . '1 he l)mrpose  ol this rcvicw is to provide a briel 

overview ol some of these methods/approaches muidertaken by di I'ferent mesearclters. 

lIyI)othelically a positive i elationship between reimmiteration and labour productivity is ulten 

billowed by higher reniuneratiomi which inipl ics an increase in the opportunity cost of' job loss 

and it stimulates greater work e l'Rirt to avoid i'edundancv. 'l'his positive relationship is 

because the higher remuneration exerts upward pm'essurc on labour costs and causes lirnis to 
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substitute capital for labour, thereby increasing the marginal productivity of' labour 

(Wakeford. 2004). 

Blanchtlower and Oswald (1993. 1 994, and 1995) establ islied an international body of' wage 

curve literature where a negative relationship between remunerations aiid Uflenlj)lOymellt was 

hypothesiscd and substantiated eiiipirically. That approach represented a departuie li'oin 

prece(ing views on the subject (I larris & lodaro. 1970). lheii' argutl)Cnt is baSed oii 

compensatiiig di ITerentials which say that the connection among reinuncratiolls and 

unemployment is likely to be 1)ositive across space. The technique taken ill this study is 

dilTerent from that of' Blancliflower and Oswald (1994) in two significant respects. Firstly, 

the main focus is on the relationship between reiiiuiieration and labour productivity, which is 

difbrcnt fi-oin the one by Blanchilower and Oswald (1994). Secondly, in contrast to tliei 

spatial methodology, an econometric miieiliodology is app! ied to macroeconotilic data: in 

contrast to the panel data they used. 1 Io\vever. their micro evidence provides a testable 

hypotliesis, which states that there is a negative relationship between wages and 

unemployment. 

Frciiburg (1 998) investigated the long run connection between labour productivity and real 

wages in the United States (US) fl'utn I 948 to 1990 and identi lied a long run, counter-eye! ical 

relationship between real wages and labour productivity once the empirical stance had 

controlled for capital stocks. The main findings of Frenbuig's study suggest that if' the public 

capital stock had remained constant then both labour productivity and real wages 'would have 

increased. On the other hand. Alexander (1993) examined the relationship between labour 

productivity, unemployment and wages in the United Kingdom (UK) for the years 1955 to 

1991 at a macroeconomic level. She found evidence of' a structural break in 1979 and as a 

result split her sample into two sub perils and ilieti app! ied the cointegrating vector 

autoregression (VAR) approach develupcd by Johansen (1988), to test for long tertim 

relatioflShil)s between the variables of' interest, and then applied the Grange!' causality concept 

in an attempt to establish empirically lIme causal relations between the three variables. 

I londroylannis and Papapetrou (1 997) and (illcczy and Rustichini (2000) found that the 

relationship bCt\VeCl1 labour productivity and real wages is not monotonic and that ollcriiig 

higher remuneration does not always encourage labour productivity (Browim e'l Lii. 1976). 
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Ho and Yal)  (2001) studicd wage lörniation iii the Malaysian inauuliictriring industry Ironi 

the year 1975 to 1997 and they lound a very significant relationship between labour 

productivity and wages for the Malaysian manufhcturing iiidustry where in the long run the 

rise in real wage exceeded the increase in labour productivity. Using the Eiigle and Granger 

(1987) Iwo-step procedure. I lath (1986)   hound that ieinuiieralioii. unemployment and labour 

productivity formed a coiiitcgrated system iii the UK. Lindbcck (1983), and Giersch and 

Wohter 	983) studied the negative bearing of iiitiat ion on labour productivity. The rise in 

inflation 1)tiS1IC(l CilIl)loyeeS ilIi() higher tax brackets and it may have iflhl)aiIC(l employee 

incentives. Since higher rates ol inflation cami misrepresent the price illecliallisill they can also 

reduce the economic efficiency. resulting in a negative impact on technological progress and 

capital accumulation. 

In another study. Strauss and Wolnir (2004) Rund the long run association between real 

wages and labour productivity at the industry level br a group ol US mnanulacturing 

industries from 1956 to 1996, and the rises in labour productivity were linked with a less than 

unity increase in real wages. Meglian (2002) used Geweke's linear feedback technique to 

estimate the relationship between wages and labour productivity br numerous industrialized 

countries to di lThremmtiate between commventommal amid effin 	 M ciecy wage behaviours. 	eghan's 

results suggested that efficiency wages were being conipensated in Italy. Canada and the UK. 

In contrast, Sweden, France and the US pi'eseiitcd no efficiency wage setting, with very 

negligible wages and productivity hedback measures. the study by Meghan (2002) also 

bound that economic institutions such as workers unions played a significant role on the 

wage-productivity settiligS for this group oh industrialized countries (Goh. 2009). 

Gordon (1 997) in his study Ibund a connection between uiiemphoviiiemmt and labour 

productivity which presumes a time lianic especially when it is observed at flow the long run 

perspective. Gordon's ( 1997) study was carried out iii the Europe and US hioni 1979 to 

994where he identified categorically that a greater productivity development was 

experienced in Europe which is measured by output per hour. The researcher also detected 

that there appeared to be a correlation between productivity and a higher unemployment  rate 

in Europe as pmesuiiied. The researcher 1mrthier reinforced the Rict that. the change in wages 

and the wage share resulting l'roiim shocks imi wage settimmg, though accompanied by a high 

output growth rate couhd also cause decay in the demand fOr labour as observed by I vami 

(1992). Sumner and Silver (1 989) also investigated the rehatiommshuip between enmployimmemil and 
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real wages by estimating simple regressions ovcr several sample periods and found that the 

results difier depending oii the chosen sample period. hfl1)lOy1flCi1t changes due to aggregate 

supply shocks result in pro-cyclical movement iii real wages, while during periods dominated 

by aggregate demand changes, real wages were extremely counter-cyclical. 

Millea (2002) obtained empirical evidence about the hi-directional relationship between 

labour productivity and wages, in particular bearing in mind the nature of the wage setting 

process in dii lerent countries. This empirical evidence as well as the more detailed study by 

l2uess and Millea (2006) Ihi Germany, caii be interpreted iii the light of efficiency wages, i.e. 

elucidating labour productivity as resulting Ironi particular wage levels, for given labour 

market, characteristics (e.g. the total unemployment level). It depicts that the effects of labour 

productivity on wages (litter substantially among the six countries of the analysis, but there is 

evidence of conventional wage bargaining fol lo\villg labour productivity in most countries 

with the exception of' the U S. The author's interpret this in lire light of labour union coverage. 

with the US having the least share of employees covered by collective bargaining. 'i'his study 

also displays the evidence of efficiency wages \vhiclr is strongest iii the Canada, Italy and 1)5, 

the countries with the shortest duration ol' unemployment benefits. 

Accordiig to Bender and lhieodossiou (1999). there is evidence of cointegration between 

wages and labour productivity for Dciii miurk, Norway. Sweden, the Netherlands and I lie Ii 1K 

Cointegration also exists between j)roductivitv and erirploynient for Canada and the US, 

while both cointegrating relations apply to Italy. Nevertheless, there is no relationship 

between employment and wages for tire tell ()rganisations for hconoiiiic Co-operation and 

Development (OECD) countries wider study. The study by I luhi and Treliami (1995)   also 

found the coilitegration relationship between labour productivity and real wages. Using (he 

implicit price deflator for business sector output. and analysing the US data, they showed that 

i)l'oductivit' and real wages were cointegnited . 'l'l mere are numerous explanati( ILlS \vhiv I ahoti r 

productivity or effort may (Iepend on wages. In the shirking niodel of Shapiro and Stigl I 

(1984), ii' workers receive higher wage, the cost Of losing their occupation becomes higher. 

and this acts as an incentive for workers not to shirk and risk being fired. I fence, labour 

productivity rises. 

/\.ccordimlg to J\lortensen arid l'issarides (1998). an increase iii output increases the vai ire ut an 

employee to the firm by means of geari rg tire creatioiis oh job vacancies which in turn, causes 
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decline in unemployment and this is kiiowu as the capitalization etlect. Oil the oilier hand, 

they also concluded that higher productivity grow' ii has the potential to be accoinpaiiied by 

structural change. This is bccause old Jobs are desti'oyed and replaced by new ones; hence 

these are referred to as the "creative destruction ehtect". ihis then results in accelerated 

labour productivity which would shot tcii the duration oh eiiiplovnient and in the end increase 

natural unemployment rate. Strauss and Wohar (20() 1) investigated the long run relationship 

between wage-adjusted productivity and irices as well as between average labour 

productivity and real wages at the industry level fbr 459 U S tiianufhctuting industries !br the 

years 1956 to 1996. iheir panel coinlegratioll test results strongly reject the null hypothesis 

of no cointegration in the panel between both wage-adj usted productivity and price, and 

between real wages and labour productivity. 

Pigou (1952) argued that increasing the income of the less \vcll-to-do, serves to improve their 

productivity by improving their iiutritioiial levels and health. Also, labour productivity is 

increased as one invests in the education and skills upgrading of labour through the transfti 

of,  income from the well-to-do to the less-well-to-do. Pigou (1952) argued against Ilìc 

dominant woridview that an individual s capabilities were 1)iedetel'nhitied biologically. For 

him, increasing wages is not the ideal means of' improving the capabilities of' the Poor, 

although he notes that iniprovetilents ill wages might encourage employers to increase 

productivity through organizational and technological change and that increasilig wages per 

se can enhance procltmctnity by improving workers' nutritional levels (Altman, 2001). 

Neftci (1978) used a distributed-lag method to capture the lagged effect of remunerations on 

employment and Ibund that the relationship between employment and real wages is negative 

but nomi-couteniporamleous lou the mat iii lhcluri ug industry in the hiS. A similar result was also 

Ibund by Sargent (1978) who employed the partial-adjustment, rational-expectation model of 

the competitive firms' ewplovmneimt behaviour using the hIS data. I lowevem. (Jeary and 

Kennan (1982) argued that the significant relationship between employment and wages fbund 

by NeIlci (1978) and Sargent (1978) was valid since the consumer price index (('P1) was 

used as the deflator to measure real wages. I [owever, in their study they utilized the 

wholesale price index which is assumiied to j)rovidc a better measure of the firm's detnimid 

price of labour than the alteinati ye ('P1 'I heir results showed that employment and real 

wages are statistically independent for the imiaumulmcturiumg sector of 12 OECD countries. 
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Bewley (1 999) was Puzzled by the questioti "why wages did not fall during the 1990 to 1991 

recession", and it occurred to him that lie might learn somnetluitig by simply asking the people 

whose behaviour was so puzzling why they behaved the way they did. i)uriiig 1992 and 

1993, he intcrviewcd 336 ilianagem etiiploynient  counsellors and labour leaders, mostly in 

Connecticut but some in other nearby states, asking them not only why they thought nominal 

wage cuts were so rare but also a variety or other questions designed to bring about their 

views on nearly every known theory or wage adjustiiiciii and uiIelfll)lOyllieii1. Bewley (1999) 

found that according to intelligent and knowledgeable participants in labour itiarkets, the 

most important lactor constraining wage cuts is one that has nothing to do with any 

conventional economic theory, namely the psychological factor of morale. According to his 

findings, good morale among a firm's employees has a positive efiect on the firm's profits, 

by increasing the employees productivity. Creativity, effort and cooperativeness, and by 

reducing absenteeism and turnover; \vell-niotivated employees also tend to provide good 

customer service, giving the An a good reputation. Ilowever. morale is fiagile, and will 

deteriorate quickly if eniployees feel they are being slighted or treated unfairly or ii for 

whatever reason, they cease to identiFy \vitli the goals of (heir organization. 

In Canada, a nwnher of analysts have explored We relationship between real wages and 

labour productivity. The study by lislier and I lostland (2002) lout id that xvIii Ic the 

relationship was stable for 1956 - 20() I . labour productivity developnieimt had signi ficati(l y 

outperformed real wage developnient (tout 1994 to 2001. l'luesc recent growths could 

potentially call into question the stability Or the association going forward. 'l'hey concluded 

that the divergence in current years was little cause fhr concern since labour and non-labour 

earnings shares tend to revert to their respective uneatis over the long term. In contrast with 

Fisher and lIostland (2002), Russel and I)ulour ( 2P07) argued that the development of real 

wages has not kept up with the development or labour productivity in the long term. and that 

the divergence between real wages and labour productivity is thus a legitimate cause for 

coiicern. l-lowever, they used a narrow measure of' labour reiiiubursemcnt as a proxy for real 

wages (Sharpe el al.. 200). 
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2.3 	SOUTH AFRICAN PERSI'EC'FIVL 

In the South i-\Iriean literature, the relatiOiiSlIil) between remuneration, Unemj)loynlent and 

labour productivity has been addressed ll'cquently in terms ol a real wage equation, in which 

wages are determined by a diversity or  lactors. I imese deternitmiamits iiicl ride utleiIll)loyment, 

productivity, number of strikes, extent ol mmiiioiiisatioii, intensity ol apartheid and (in pooled 

time series cross-section regressions) legislated numiiniwii wages and year and industr 

dummy variables (l'al Ion, 1992, lallon & Lucas. 1()98. lalloim & Perei ia da Silva. 1994). 

The study by Wakelord (2004) löund that there exists long 1.1111 cquilibri1mm bet\VeeII real 

wages and labour productivity in South Airica but uiicimiploymnent "as appareiitly not linked 

to the two variables. In the short run. real wages had a negative impact on labour productivity 

but not !br the reverse case (Flail, 1986: Alexander. 1993 and 'vVakelbrd. 2004). In NO stud),  

of 48 South African economic sectors l'cdderke and Mariolti (2002) loutid that wliere the 

real wage is less closely related to real labour productivity. the gmwth in eniployiiient also 

tends to be lower". in addition, when reinuneratioi'ts grow lister thami productivity, 

employment dccl ines from which may he iiif'ened that unemployment will increase, ce/ens 

panibus. Another finding or icdderke and Mariotti 's (2002) analysis is that "lbr all the 

sectors with a strong miprovenicnt in real labour pro luctivily. there is a strong imuprovemnctit 

in the real per labour remuneration , sigiii lying that produc1i'ity may drive remuiieratir)ils. 

I)u loit and Kockemoer (2003) developed a neoclassical model or the labour market and 

estiniated its equations separately usi tig a single equation residual based procedure. 

presumably applying the Engle and (iiamiger (1987) approach. 'liteir model consist or separate 

labour demand and wage dctcrmninutioii equatiomis 1dm ski lied and unskilled labour, as well as 

equations explaming total and ski I lcd labour supply i3oth ski lied and unski lied (real 

consumption) wages are specified as a function or aggregate labour productivity and the 

economy-wide unemployment rate. In both cases the)' lbund a negative bug run relatiotishi p 

between the unemployment rate and real wages, and a l)oSiti'e connection with labour 

prorl ucli vi ty. 

Wakelord (2004) also argued that icclmmiological cliaiige had been a key driver in recent 

structural changes in the labour market and associated variables (in addition to overall 

economic gro\vth). Increasing imutemnatioiial comnpctitiutl ml lowing South Allica's integration 
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into the global OCOUOmY horn 1994 appears to have l)IOIiipterl  firms concurrently to becoitie 

more capital-intensive, adopt more advaiiced technologies, employ more skilled eiiiployees, 

and 	retrench unski lied eniployces. Uoin)arnIg the perlonnaiice of"South African 

manufacturing to that of the US and other selected countries, Van i)i.jk (2003) !ouiicl that 

South Africa's labour productivity dropped relative to that of the US between 1970 and 1999. 

Furthermore, Van 1)ijk (2003) argued that the high wage level iii South Africa imiakes us 

uncompetitive relative to certain other developing countries, which could be another reason 

why SA organisations have continued to invest in capital and technology while decreasing 

their use of unskilled labour in particular. 

Fedderke and Mariotti (2002) alludes that during 1990 there was evidence of a structural 

break in their analysis at seetorial level. This phenoimietmon accrued fi'oiii changes iii 

employment and an accumulating skills intensity of l)roduction. Nunierous factors may 

elucidate a structural break iii or around 1990 Firstly, in 1990 the South African econoniy 

experienced a rigid recession until 1994 when the democratic election stimulated the 

economy. This recession was the stiniulated lactors such as drought, sanctions against South 

African economy and global recession. Recession had a crucial effect oii the labour market 

and on employment levels in )recisely. Secondly, since 1989, the SARI3 was governed by Dr 

Chris Stals, who came up with a policy to decrease inflation through contra-dictionary 

monetary policy. This policy possibly icduced the rate of production growth and 

consequently stilled job creation. 'l'hirdly, the 1990s   was a periol in which many firms 

gradually began to substitute capital machinery and relatively scarce high-skilled labour br 

relatively abundant unskilled labour (Fcdderkc & Mariotti, 2002'). 

From 1994 onwards it can be claimed that growing eoiiipetition resulting ironm South i\ frica' s 

reintroduction to the world economy stimulated this factor substitution. Fedderke and 

Mariotti (2002) state that techuologica1 change has ehicctivcly been capital, rather than 

labour-augmenting over time, thus decreasing the capacity of South African industry to 

expand employment". Finally, the break has been driven by cumulating labour market 

intervention by the governmemit, which elevated the wage and non-wage costs of' labour 

(Barker, 1999). Fedderke and Mariotti (2002) pointed out that the structural shill as a result 

of policy changes was unlimited to the labour market. On the basis of this reasoning and the 

above evidence, the possible presence ol' a structural break will be tested in the econometric 

model I ing. 
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2.4 	CAUSALITY ISSUES 

l3ased on theory and preceding empirical evideiice, a iiumber ol causal rclatioiis between 

remuneration, labour productivity and tinemployriiciit may be liypothesisecl for the South 

African economy. 

Changes in labour prodticti'ity may cause changes III reiiltiiieialloiIs for at least two reasons. 

Firstly, it may hapj)en when individual's pay is perloiinaiicc-based; and secondly, it may 

happen when labour unions bargain for ieniuncration increase 01) the basis of previous 

improvements in productivity (Wakelbrd, 2003). 1 hglicr output means that more goods and 

services can be derived from the same factor inputs. A rise in labour l)rodUctiVity is always a 

ground for employees to press their claims for higher remunerations. If the rise in labour 

PrO(ILlCtlVlty is due to the hard work of workforce or their improved efliciency, theii it will 

J)Ositively cause rcmuneratioii. The improvement in productivity will lead to higher earnings 

and better standard of living of the employees. 'thus, 1)etter standards of living will lead to 

long run economic growth. 1-ccoidiiig to efficiency wage theory, an increase in real wages 

may encourage higher eniployee produeti 'ity by raising the costs of occupation loss. 

Productivity of an industry may be i ilereasilig, hut if it suffers a fall iii the prices ol its 

product it would not be possible for it to adequate increase in money wage rates. So, an 

increase in l)rodtict wages brings the wage burden on the industry. The consequence ol an 

increase in average labour productivity on employment is not clear. It could reduce the 

demand for labour, as employees are more efficient. i\lternatively, an increase iii productivity 

could have a significant impact oii occupation through an "output ef'1ct'', which shi its the 

demand for labour curve outwards (Wakeford, 2004). 

The performance-based pay scheme predicts higher remuneration for higher productivity. hi 

addition, changes iii productivity niay affect emiiployiiìeiit in two Opposite ways. hven though 

the impact of a rise in productivity is to reduce the demand for labour as employees are more 

efficient, it also leads to greater einploynient tl)iotlgll a rise in production due to Illgh output. 

The efficiency wage theory also hypothesises the relationship l)etween real wages and 

productivity, but hypothesises that the causal relationship runs from wages to productivity 

(Akerlof& Yehlen, 1986). The level of employees' productivity is directly related to the wage 

they received since a higher wage/salary allows employees to improve their l)hYSical ability 
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to work through unproved tiutritioti and health, and a wage increase is likely to stimulate 

better work effort and higher sd l-conlidcnce aiiioiig workers. l'urtliermore, the increase in 

remuneration niay have a negative e1'li.ct on eniploymnent through higher cost of labour that in 

turn may result in capital being substituted for labour (Yusof, 2008). 

If the rate of unemployment increases as a result of foctors other than renluiteralion or labour 

productivity increases, it litay deteriorate union bargaining power and as a result dampen 

remunerations. Also, an increase in joblessness may imicenhi vise employees to increase ef!ort 

and hence improve output to secure their jobs. In addition, as less productive emiiployees are 

mostly the lIrst to be retm'enched. ii icreased unemployment may be I inked with higher average 

productivity aiiiong the renlailling employees (Arker1oi 1982). An understanding of' the 

causal relationship between labour l)roductivity and teal wages is of greatest iinpomtance For 

decision-makers to improve labour productivity, long term economic growth niainlaimming and 

international competitiveness. For instance, if the linding is in favour of wages Granger 

causes labour )roduetivity; hence a rise in wages may enhance labour productivity and this in 

due course generates economic development. On the oilier hand, policy to increase wages 

may 	ailèct internal monal eomllpcti ti vcncss; economic growth and ultimately deteriorate 

development ('Fang. 20 12). 

'Ilie causality between labour product vilv and remuneration has vast policy implications for 

the distribution of South i\ fiican i neumne. If' an increase in wages (e.g. due to strong 

bargaining council) are driving l)oduct vi by improvements through the replacement of capital 

and technology for labour, tlicmi it can he concluded that employees/un ions are at least 

partially responsible Or increasing iii tenmploymiieiit rate, poverty and ineqimal ity. I 

productivity is increasing fister than wages. then business/capital is captumi rg an ever larger 

share at the expense 01 work(orce, both the cnm1)hoyed and the umiemnployed (i\lexaiider. 1993). 

The Granger causality tests are employed to csfabHsh the dii'ecliomt of short FUI) relationships 

between variables. Granger causality says 	A causes 13, then changes in A should lead to 

changes in B. In particular, to say that A causes B. two conditions should be met. First, A 

should help to forecast i; i.e. in a regression of B against p1st values of 13. the addition of' 

Previous values or A as immdependemii variables should contribute significantly to tIme 

explanatory power of' the regression. Second. 13 should not help to predict A. it is Ii kelv that 
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one or more other variables are in actual I'aCt causing the observed changes in both A and B" 

(Pindyck & Rubint'eld. 1998). 

2.5 	LABOUR MARKETT II !ORLES 

According to dificreni wage deterinination theories, the evolution of wages is not only 

iniluenced by labour productivity but also inhluenced by unetiiployiiieiit (Ulanchiard & Katz, 

1999, I3lanchflower & Oswald, 1994. Bell ci ul., 2002). Remuneration, labour productivity 

and unemployment represent a signilicant link within labour markets. Blanchard and Katz 

(1999) suggest the following Spec! hiealion: 

- 	= a + /Jprod, + (11'1 1 - p, ) ± 	i 	 (2.1) 

where ii', is the nominal wage rate, p, is the expected price level in ii ne 1, pi'od, is the level 

ol productivity, JA I  is the unelnl)lo\'i tietit tale, ( 111  1  -- p, I  ) is the lagged term of the real wage 

which acts as a proxy For reservatiot i wage. 

The coeliicient on the product vity and ttncniplovuieiit term is expected to be positi\'e and 

negative respectively. Fvcn though the sigh of the coehlicient oh productivity and 

unemployment on wages is üiirly clear in theory. A number of' causal relations between i'eal 

wages, )roductivity and unetnphoyiiteiit ate suggested based on theory and previous empirical 

evidence (Gob & Wong, 2010). 

The marginal productivity theory rccon'tntciids that highly productive employees are highly 

compensated, and less l)roducive employees are less highly coinpeitsaled. I higher 

productivity in turn could cause i'ciintiieratious to rise. 'I'herefore, it is hypothesized that 

labour productivity has a positive i hipact ott rcniuncratioii. 1 lowevcr, the effect oh' an increase 

in labour productivity on uiiciiiph yiiien(is at)ihiguous. As labour productivity rises, 

employees are more efficient (which mph ics lower demand for labour), hence, the mate of 

uiiemployinent could increase. Al termiati ely. an  increase iii labour productivity could have a 

positive impact on employment via its contri butioti to higher output (which iniplies high('r 

deinatid For labour), thereby decreasing the m'ate ol tmneu iploymnent. cc/el/s  parihiis 

(Alexander, 1993 and WakeFord. 201)4). i\ rise in labour productivity is a basic source oF 

improvement in reniuiieration amid tInts I iviiig standards (Du Plooy, 1988). 
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11 wages should increase rapidly, but productivity increases more even more rapidly, then the 

net impact on the economy would iiorinal ly he j)OSitiVe. Ihis is because the costi licreasing 

impact of wages would be neutraliscd by the productivity increases. The sliarji increases in 

labour productivity were achieved by reducing the work lbrce, which in turn might have been 

caused by the sharp increases in real wages that took place iii earlier yeats. There might titus 

be a link between the increases iii the real wages iii earlier years and the Shari) increases in 

l)rocluctivily iii later years. It should also be taken into accouiit that a wage increase could 

under certain circuinstaitces lead to an equivalent productivity increase, which is called the 

efficient wage hypothesis ( l3arker. 2002.). 

The efficiency wage theory suggests that wages alThct both labour productivity and 

unemployment. Firms remunerate their personnel more than the market clearing wages itt 

order to increase their workers' el'ticiency or productivity. The theory also pioposes that the 

higher the wage level of an employee, the higher the effort level of' his employee. This 

implies that raising the wage level ()F employees enables them to increase productivity. 

because employees make a great Mort to respond to high incentives Provided by eilil)lOyCrS. 

Akerlof (1982) argued that increasing vagcs can stijitulate ciii j)loyec exertion and strengthen 

long term employment relationshti i 	II igli wage employees are less likely to resign. 'lhus 

firms can retain more skilled and productive employees titan newly-lifted workers who may 

not 	be as productive as experienced workers. Ibis could also have an i milpact Oil 

unemployment late. I hence. it is hiypotliesizcd that wages positively alfeet built productivity 

and unemployment (Akerlol', 1982). 

A lust model of' efficiency wages assumes that firms pay remunerations in order to minimize 

turnover costs. Ii' firms must bear part ol' the costs ol turnover, and it' turnover is a decreasing 

flinctioti of,  the wages firms pay, there may be ill iticeuitive to raise wages in order to 

niininhize turnover costs. A second possibility is that increasing wages raises \\!(jIkers' level of 

ci tort. Workers who are pwd only their opportunity costs have little incentive to periouin well 

since losing their jobs would not be costly. Uv raising wages. hunts may make the cost of job 

loss largci' and thereby increase productivity. Alternatively, a third model assumes that 

workers' i'eel ings of' loyalty to their firm increase with the extent to which the finn shares its 

Profits with them. 'l'hese feelings of' loyalty may have a direct effect oil 1moducti'ity As 

explained by Akenlo I' (I 984) such a model relics on utolions about gift relationships that ate 
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not well captured by traditional utility Iuiictions. A linal model is based on selection rather 

than incentive efforts. liiiiis vhic1i pay higher wages will bud that they attract a higher 

quality pool of applicants. Ii quality is not directly observable, this will be desirable (Krueger 

& Summers, 1988). 

The gift-exchange model of Akerlol (1982. 1984) argued that a higher wage is seen by 

workers as a gift hum the employer, and 11mev \viI I return this gift in the forum of' higher effort 

(being more productive). The fair wage-ellort model of Akerlot' and Ycllen (1990)   

documented that if workers were coinpeimsated a wage below what they perceived as amir. 

they would not put as niucli ellort as they would ii they get a "fur'' wage. 'llierefre, the 

efficiency wages theory proposes that real wages induce labour productivity rather than the 

reversal. 

lithe 11mm continues em ploving as long as the value producel by each additional worker is 

greater than the add itioiial labour cost then increases in productivity will increase the lirni 's 

demand for labour as eniployimig more labour is proliLible [hr the tirium: and celeils par/mis, 

an increase in the demand lbr labour will ciid to push up the wage rate. Therefore, an 

increase in labour productivity increases labour income. ( )nce the firm again reaches the 

inflection point at which additional labour cost is more than value of the incremental goods 

produced, it will stop employing additional labour (Casliel I, 2004), 

2.6 CONCLUSIoN 

The locus of this study is to use ecoi moilietric techniques to analyse the relationship betveen 

remuneration, labour productivity and tineniploymeut is Soudi Africa, as they have been used 

in international literature (1 renburg, 1 998: Alexander, 1993;  1 lo & Yap. 2001 : I lal I. 1986,   

Strauss & Wohar, 2004: Mcghan, 2002: ( oi'don. 1997; Sumner & Silver. 1 989; M ii lea. 2002; 

Fuess & Mi I lea, 2006 and I IS to Trelman, 1995 ). Several studies revealed that there is a Ii iL/ 

relationship between wages and labour productivity, 11he study adopts econometric approach 

than those adopted by Fedderke and Marioti i (2002), IS Ibit and Koekeniocr (2003) and 

Van 1)ijk (2003). it does not i timpose pre-deteimin tied assumptions about causal directions 

between key variables, but rather tests for them using time above-mentioned technique. 
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CIlAt'l'ER 3 

RESEARCI t l\i F7FI R)l)OLOGY 

	

3.1 	IIN'FROJ)UCTLON 

This chapter looks at the econometric titetliods eiiiployed to study (he relal ionshlJ) between 

remuneration and labour pioductivi Iv on the case study of South i\ Inca. 'I'hcse range flow a 

general description or the data to uliivaria(e and uullivariate data-liandliiig procedures. The 

univariate procedures consist of tinic series plots to determine trends, tests for the stationai'ily 

of remuneration, labour productivity, unemplo)'ment and employment series using the 

graphical plots and forJiial tests for itint toots like the Augmented [)ickey•--l'uller (Al)F) and 

the Phillips-Perron (Pl) tests. Multi variate procedures consist of coimitegration tests using the 

Joliansen 111axillu.1111 likelihood procedure and eslimnatR)1I ol eitot' correction models including 

diagnostic tests. All the data analyses are done using I -Views. .Jmulli and (Jrctl 

	

3.2 	l)A'I'A SOURCI 

The study uses a yearly secom dary data set consisting o I' 42 observations front 1970 to 201 

obtained from the Work! Batik and the South African Reserve Bank (SAR13 ). The t)asic 

source or the SARI 's data is Statisi ics South Airica (Sta(sSA), which in turn collects its data 

via yearly surveys. The study initially ai timed to use quat lerly data, unfortunately these were 

not available. The principal series used in the investigation ate: 

An index o! total remnunera( ion per worker iii the tion-agricultural sector. 

An index of total labour pto(lrtclivity l)cl worker in (lie non-agricultural sector. 

'ftc series rclir to the formal sector of the South Ali'icami economy, and have year 2000 as the 

base nate. The SAR 13 (2(03) is not itil lv transparent about how these two indexes are 

calculated, but i)resulnably they involve ratios between total eniployntent and the wage li II. 

and between total elIll)loylnemIl and value-added. respectively. Rcnmumicratiomis were de!latcd 

by the non-agricultural gross domestic l)loducl dellator. 

Ill. 	'I'he thuid variable is the totan cconomiiv wide late of' uncnll)loyment, calculated 

according to the broad definition. 
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3.3 	UINIVARIA1E DATA AINALYSIS 

Several niacroecononuc tine series contain unit roots donìiiiated by stochastic trends as 

developed by Nelsoii and Plosser (1982). tiiiit roots are significant iii examining the 

stationarity ol a time series because a iioiistatioiiarv regressor i ivalidates numerous enipirical 

results. The existence of a stochastic trend is detemiiiied by testing the presence of unit roots 

iii time series data. In this study. the unit root test is tested using Augmented I)ickey Fuller 

(1979, 1 981) and Phillips and Perron (1988). Ii the series is nonstationary and its first 

dilference is stationary. thcii the series contains a unit root. The commoiltv used methods to 

test for the presence of' unit roots are (lie i\ugtneiited Dickey Fuller (A1)F) tests (I)ickey & 

Fuller, 1979.   1 981). A ftameworlc for test i tig niB t root is represented by tlic following i nodel: 

X t  = qX_ 1  + ct 	 (2.2) 

where E1  denotes a serially uncorrected white noise error tcriii with a iiienii of zero and a 

constant variance. If 9 = 1, equation 2.2 becoiiies a random walk without drift model, that is. 

a nonstationary process. When this happens, the researcher Fices what is ktiowu as (lie unit 

root problem. 'I'his means the series is nonstationary. I lowever, if (f) 	1, then the X t  series is 

stationary. The stationarity of the series is significant because correlation could continue iii 

nonstationary Ii inc series even it' the su ii pIe is very large and may efle( iii what is cal led 

spurious or nonsense regression (Yule, 1989). The unit root problem can be solved, or 

stationarity can be achieved. by di fThrenc ilig the datasct (Wci. 2006). It is essential at the start 

of cuititegration analysis, that the  probleni  Of  optimal lag length is solved because 

mnultivariate cointegralion analysis which HIC study is going to conduct is very sensitive to lag 

length selection. The cotiiiiionly used lag lciigtli selection criteria are the A IC and (lie SI ('. 

The likelihood ratio ( LR) test is also used to select the number of lags required iii (lie 

cointegration. 

3.3.1 Augiiieiilcd Dickey-Fuller 

The ADF tests use the existence of a umii t toot as the null hypothesis. Before the relationsti if) 

between the two variables can be tested. time classical regression model requires that all (lie 

variables involved must be stationary. this iiieans that their means and variances remain the 

same (are constant) over tune. '1 'he t i inc series is then flrst tested with the use of a unit toot 

test developed by Dickev-Fuller (I 979. 
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ilie AD1' (1979)   test ieflrs to the t-statislies of ö coelhcieiit on the following regression 

equation: 

AX = o0  + O'1 t ± öX 1  ± = a AXL _ l  + lit 	 (2.3) 

The ADF regression tests br the existence ol wiil root ol X1 , iiaiiiely iii ihe logatitlini of all 

model variables at time 1. The variable L\X11  expresses the first dilicrences with k lags and 

final li t  is the variable that adjsts te cuors oitoorelto. Te coecients o.  öi , 

and ai  are estimated. The null and the alternative hypotheses for the existence of miii root in 

variable AX1  is: 

Il : 

Versus 

< 1 

The ADI! test is a k)wer-tailed test, so if i. is not greater than the critical value, then the itull 

hypothesis of unit root is icjected and it cait be concluded is that the variable of the series 

does not coittai n a unit root and is nonstationary. The Akaike In formation Criterion ('Al(-') 

and the Schwarz Bayesian Criterion (lC) ate used to determine the optimal length (k). Non-

rejection of the null hypothesis iiuiplies that the series is Jioiistationary, whereas the rejection 

oh the null hypothesis indicates that the series is stationary. 

3.3.2 Phillips and PelTon 

Ihe Phil lips Perron (PP ) unit root test is employed to test the integration level and the 

possible cointegralion aniotig the variables (Phil lips & Perroti, 1988). 'I]ie PP test procedures, 

which coflipute a residual \'ariaiice that is robust to au(o-correlation is eiiiployed to test for 

unit root as all alternative to bite /\ 1)1' itni I toot test. It might scent reasonable to test the 

existence ol a null i'oot iii the series using the niost general of the model of the form: 

AXI  = aO + yZt - i 1- a2t + > 	13 AX1  - + ct 	 (2.4) 

Where X is the series, / = time (trend liclor), a = constant terni (drill), 1 = Gaussian white 

floiSe and p = ntnnher of lag order (Sotikhiakiat t. 2007). The null and the alternative 

hypothesis for the existence of ui it root in variable AX1  is: 
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Versus 

Il :y<l 

Ilie unit loot characlerislics of the variables have important iinplieat ions whcii testing for 

coilitegration C)1 the variables in a specified cinliirical  model. Ilowever. a necessary condition 

to Iiiidiig a Cointegrating rclationSliij) aniuiig iionstatioilary variables is that only two of the 

variables have to be integrated of the order one (I Jatisemi & Juselius. 1995). 

3.4 	MULTi VARIATE DATA ANALYSIS 

3.4.1 €oimitcgralion J-naIsis 

flie cointegration analysis is the ccoiionietnc technique that tests for the correction between 

ilonstationary variables. Ii two or more series are themselves iion-stationarv, but a linear 

combination of them is stationary, then the series is cal led cointegrated. 

l'hc study employs the cointegratiol) tests based on the Joliansen (I 991) Maximuni likelihood 

tests that provides a test for the rank of II, namely the trace test (A e) and (lie maxiniuni 

eigcnvalue test (A17j. The test is based on the following hypothesis: 

110  lucre are most r cointegration vectors. 

Versus 

Ii i : There are i'+ 1 cointegrating vectors. 

The dynamic interactions between the variables can be studied using a VAR representation 

where all variables in their level forms arc allowed to be cndogenous. Then depending on the 

order of integratioii of end i series, the idea that certain or all variables may have inut ual 

stochastic trends can be tested and exploited to iiiodel their dynamics within an Error 

Correction Model (ECM), which is usefi1 for investigating the direction of temporal causality 

among the variables under study. Suppose for the inoiiieiit that the variables in Xi are 1(1) 

after applying the first di lThreiici jig (KImali fa, 199)). 

.Johansen (1 988b) argued the likelihood-based cointegratiomi theory for SLICII a model without 

a seasonal dummies and constant term. It turns out. iicvcrthielcss, that the constant 1)klys a 
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vital role in the statistical analysis and for the interpretation of' the model. Particularly. 

Johansen (1991. 1994)   proved that the asymptotic distributioiis of the statistical tests and 

estimators in the LCJVI are not invariant to the assutiiptioii iiiade about the constant term. In 

addition, lie provided a proob ol (Irangers representation theorem which explains the role of 

the constant term and shows that, tinder certain conditions, the ECM would be an 1(I) 

process. In particular, Johansen (1 99 I . 1994)   also showed that the constant enters either the 

ECM (as an unrestricted intercept) or the cointegratiug vector as a restricted intercept 

depending respectively on whether or not some of the ilonslaliollary variables contain a linear 

time trend. In this respect he distinguishes between two nmili eases: 

1. 	11.  the nonstationarv variablc: \, do not contain a lii tear tit ne trend, then a restricted 

constant term 1? appears only as part of the enintegrating vector. 

II. If sonic of' the variables iii X contain a Illicar time trend, 'Ii,  then the constant term 

appears only outside the cointegratiug vector. 

A simple explanation of' the distinction that Johansen ( 1991 - 1994) makes between "a irend 

related intercept" (that is, unrestricted in(ercept) and ''the cointegrating vector related 

intercept" (that is, restricted intercept) can be Rund when considering the VAR model horn 

which the ECM is derived. 'l'lte eointegraiioil methodology established by (iranger (I 986). 

Hendry (1 986) and hngle and ( ranger (1987) proposed a new way toward testing Rr 

(iranger causality. Gramiger (1986, 19(S8) suggested that if two or mimore variables are 

cointegrated. then Granger causal it)' must exist iii at least one direction. 'ihis result is a 

consequence of the relationships described by the ECM model (Khahi!h. 1999). 

On the basis of' time theory that i ntcgrated variables of' first di f'ferenee, 1(1), may have ii 

cointegration relationship, it is iinI)ortant to test for tIme Iffesence  OF such a relationship. If' a 

group of variables are separately integrated of' the same order and there is at least one lineam' 

combination of,  these variables that is stationary, thmemi the variables are said to be 

cointegrated. The cointegiaied variables will certainly not move far apart, and will be 

attracted to their long run relationship. 'l'esting for cointegration iimIl)I ics testing fbr time 

presence of such a long run relatiollshmil) between economic variables. 

If two or timore series are thcinsel yes i ionstationai y, but a linear comnbi nation of them is 

stationary. then the series is cal lcd comtegrated. 'I lie variable makes it stationary by 
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difference and theti it means it is integrated by dillerence one. The Concept of Cointegratft)!1 is 

based on the principle that the linear combination of two nonstalionary series results in a 

stationary series. Using series of the same order of' integration, the relationship spec i tied in 

the model is estimated With the use ol the OLS method. 

.Johansen's technique builds cointegrated variables directly on maximum likelihood 

estimations instead of relying on OLS estimation. This teclnmique relies heavily on the 

relationship between the iank of a miatri x and its characteristic roots. Johansen (1 99 1 1994) 

derived the maximum likelihood estimation by iiieamis of sequential tests for delermmnning the 

number of cointegrating vectors. I 'his technique can be seen as a secondary generatiol 

method in the sense that it builds d imectly on imiaxnnumn likelihood instead of partially relying 

on least squares. hi actual hid. .Jolmansemm's procedure is not liiimg more than a rutmitivariate 

generalisatiomi of- the Dickcy-1'u11er test. 

'l'hie LR tests are performed to deter nime the lag length of the vector autoregressive systenm. 

prior to testing for the nuniber of signi licamit cmii iitegratiiig vectors. lii the .Johamiscmi technique, 

lollowing a VAR model, it involves the idemmtiiicatioii of rank of the ii x ii matrix fl iii the 

specification give!! by: 

Axt  = +l AX_ 	flX 1, -F 
	

(2.5) 

where X t  is a column vector of the ii variables. A is the difference operator, I' and j] are the 

coefficient matrices, k denotes the lag length and O' is a constant. In the absence of 

cointegrating vector, fl is a singular matrix, winch means that the cointegrating vector rank is 

equal to zero. 'ihen again, In a cointegrated scemmaimo, the rank of fl could he anywhere 

between zero and ii. In other words. (lie .Joliajmsemi cointegration test can determine the number 

of cointegrating equation and this i mitniber is naimied (lie cointegrating rank. Ii' (3 	r< ii thicmm 

there are n X r matrices of a a and /1 such that: 

LI = cr/I' 
	

(2.6) 

where /1 is cointegrating vector hciice. /J'X is 1(t)) although X are 1(1) and the strength of 

coiltegration relalionslmij) is inermstmietl by a's. In limi s hammicwork, (A0. A1..... A0, fl, 2) aic 
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estinmted through maximum likelihood pioceluies, SLICII that "fl' can be written as in (2.6). 

to estimate these 1)arallleters,  the two step Procedures must be ibhiowed. In the first step, 

regress AXt  on AX_ 	 and obtain the residuals 	. lii the second step. regress 

X_1  on AX_1  AX 2  ..., AXt 	and obtain the residuals e. from the obtained residuals 

and "ê'', hnd the variance-covariance matrices as Idliows: 

	

14,  - 	 ( 2.7) 

(,c (2.8) 

	

= 	 (2.9) 

The Johansen Maximum likelihood test provides a test tbi the rank of ft namely the trace 

test Atrace  and the maximum eigenvaluc test AMOX,  Firstly, the Atruce statistic tests whether 

the number of coiutegrating vectoi is zero or one. then, the 	statistic tests whether a MIX 

single cointegratioii equation is sufficient. l'lie lllIXIIIILIIII likelihood estimator ol "[3" can be 

obtained by solving the following e(Iuation: 

	

ee 	cii JNV(), 	0 	 (2.10) 

With the eigenvalues A> A,>> hi. 

The normalized coilitegrating vectors are: 

[3 = (fr' [, ... , Al), such that fi '  k'., f 	I 

Now the null hypothesis can test that I. = Ii. 0< ii < n against the alternative of r 	n by 

obtaining the lollowing statistics: 

A F(lce 	1 A 	I 

Where 
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L0  = 
- () 

ln(2  

and 

LA  = - (Tn)I(2 
H) - (") - ()1ii  Ii,,,' - () 	1ii(1 - i) 	 (2.12) 

Hence, LA - L0= - () 
	ln(i 

2(1,A 	L0) = 	'i=r+1 ln(i - A1) 

1liere1bre, 

trace(T) = — T 	111(1 - 	 1= 0, 1, 2, ...ii-2, ii-] 	 (2.13) 

where Ar+i, A are the estimated ii - r smaller eigeuvaiues. Equation (2.13) follows x2  
distribution and called as trace statistics. Furthermore, the null hypothesis to be tested is that 

there are at most r cointegratirig vectors. Thai is, the iiwnber of cointegrating vectors is less 

than or equal to r, where r is 0, 1, 2,.. and so forth. lii each ease, the iiull hypothesis is tested 

against the alternative. 

Alternatively, the L-inax statistic is: 

1.  + 1) = —'l'lii(l -- 	 = 0, 1, 2, ...u-2, 11-1 	(2.14) 

In this test, the null hypothesis o[ P  cointeguating vectors is tested against the alternative 

hypothesis, r-1- I cointegrating vectors. I'hus, the hypothesis r = 0 is tested against the 

alternative that r = 1, r = I against alternative f' 	2 and so k)rth. 

This Procedure is called a vector cointegration test technique. It has the advantage over the 

Engle-Granger two-step a)proachI and the Phihhips-Ouliaris methods in that it can estiniate 

more than one cointegratioii relationship, if the data set contains two or more time series 

(Ssekuma, 2011). 
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3.5 	ERRoR CORRECTION MOi)EL 

A COflUT1011 practIce prior to )crforming conitegiatioii test is to determine the degree of 

integration of series, 1(J). ADI' and I'P tests were then apl)hied to all series to deteriiiiiic their 

order of integration, no presence of structural breaks is assumed by these tests. The 

subsequent step is to apply the iohaiiseii inultivariate cointegratiull technique to test whether 

there is a cointegratilig vector(s) between the iiunstatioiiary series (Johanseii & JUSCHUS, 

1990). The hypothesis imposed oii the cointegratioii equations is a linear deterministic trend 

with an intercept iii data. If the econoiiiic tiiiie series is found to be cointegrated, an 

econometric Iramework for an FCM representation can be stated. The LCM I)rOcedure can 

reconcile the long run equil ibriuni \vitll discquilil)riunl behaviour in the short run, which 

allows testing for short terni or dynamic causality. 

The ECIvI specilication can be written as lollows: 

AL - REMLIN, = a0  -- a1 EC7 1  i- a AL LA/3PR01J, / + 	31 	REMUN,, + 

(2.15) 

AL LAB] ROD, = bo  -- b EC"J + b,, A/, - LA13PROD, , + lb  L\L REAIUN,, ± 

(2.16) 

where LREMIJN, is logged total remuneration. L LAI3I'ROD, is logged total labour 

productivity, A is the lirst-order di ikiencing operator and FCTt- 1  stands for the preceding 

period's error correlation term generated Ironi a cointegrati ig equation using ordinary least 

squares (Oh S) estimator. Given this study has only 42 observations, and to save degree of 

&cedom, a maximum lag length of four can be i inposed on the ECM (as a general rule, an 

optimal lag length of four quarters is adequate iii an empirical study when annual data is 

being used). 

	

3.6 	D1A(1NOSi'1C 'tEST 

A number of diagnostic tests arc perlorined such as White's heteroscedasticity tests, Serial 

correlation tests alld a test For 110111MIltV using the Jarque-Bcra test. The test for 



heteroseedasticity is done to ensure that the variances are lioinosccdastic and the resulting 

estimators are best linear unbiased eslititators. 

3.6.1 	Ileteroscedasticity tests 

the heteroscedasticity test concentrates on the Lagrange Multiplier (LM) test in order to test 

for the presence or absence ol lieteroseedasticity in the residuals. The LM test is applicable 

whether lagged dependent variables are included or not. The test procedure is as lbllovs: 

J1. There is no lietcroscedasticitv. 

Versus 

JIj: There is heterosccdasticiiy. 

I'he test statistic is: 

LME 	 (2.17) 

where ii is the number of observations, and I? is the coefficient of deternunation ol the 

augmented residual regression. The wit hypothesis is reccted if the probability in the serial 

correlation test table is less than the critical probability value p = 0.05 and conclude that there 

is hicteroscedaslicity. 

3.6.2 Serial coriclatiomi tests 

Fhie serial correlation test concentrates on the 131'cuseli-CiodlIey LM test iii order to test ir 

the presence or absence of,  serial correlation iii the residuals. The Breusch-Gochfrey test is 

applicable whether lagged dependent variables are included or not. The hypothesis to be 

tested is 

IJ. There is no serial correlation. 

Versus 

lij.' There is serial correlation. 
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The l3rcusch-Goduley Lvi test allows exannimlion of the relationship between f1, and the 

several of its lagged values at the same lime. The test is a mole general test for serial 

correlation up to the rU1  order. The iiiodel for El ic errors under this test is as lol lows: 

PiRt-i + PZRt-2 ± ± PrRt_r ± i, 	U N(0, ö)  

The null hypothesis is rejected ii tile probability i) the serial correlation test table is less than 

the critical probability value p = 0.05. 

3.6.3 Normality lest 

The study uses the .lacque--F3era test to determine whether the LCM is normally clistnbuted. 

This test measures the di flereilce in kurtosis and skewness of a variable coiiìpaied to those of 

the normal distribution (Jarque & Bern, 1980). 

In the Jacque-Bera test, the null and alternative hypotheses arc as follows: 

Ho: The variable is iiorniallv distributed. 

Vers is 

II j : The variable is not normally distributed. 

The test statistic is: 

JI] = 	 ('-3)J 	
(2.19) 

where N is a number of observations, k is the number of estimated parameters, S is the 

skewness of a variable, and k is the kurtosis of it variable. The null hypothesis is rejected it' 

the p-value 'I level of' signi fcai it. 

11' there is especially conditional hetei'oscedasticitv literature suggests the use of generahised 

autoregressive conditional heteroscedastic (GARCII) or ARCI-1 models. The model here is 

selected using the i\kaike Information Criterion (J\IC) or Bayesian Information Criterion 

(BIC) thcii the model is estimated in the E-Views package. 
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3.7 	C;RANGER CAUSALYIY TESTS 

IN cointegralion tcchiuque pioneered by [tigle and (ilauger (I 987), (iranger (1 986), and 

1Iendry (1 986) made a sigiiiflcaiit contribution towards testing (Iranger causality. (Iraiiger 

causality is a technique for detenii ning whether one time series is useful in lorecastitig 

another. The (iranger causality tests are pertori tied to cstablish the direction or directions of 

short run dynamics among the variables. "Granger causality" is a statistical termil, which is 

interpreted thus: "in and 13 are two jointly covatiajice stationary processes, then i\ is said to 

Granger cause 13 if past B and past A better predicts current B than past 13 alone" (Alexander, 

19931 Hence, the ISSUe 15 theoretical ly UI IC of lmkel iliood involving lead—lag relationships 

rather than "causality" in the strict some or an endogenous/exogeumous relationship. Ihere 

may be a unidirectional causal relationslmili  between two variables, a bi-directionai 

relationship, or independence. One or the practical issues faced when applying Graiiger 

causality tests is the choice of lag length. The generally recognised wisdom is to make a 

mistake on the side of including mote lags i'ather than fewer, since omitted variable Was is 

more serious than inadequacy resulting !i'oui (lie inclusion of irrelevant variables. I lowever, 

testing for sujiable lag length in a VA 1< using various statistical i niorutation criteria assists iii 

selecting an appropriate lag length. The I CNl sf)ecilication is tl ten used for the causality tests 

as it ensures stationarity of the variables (Alexander. 1993 and Wakeh)rd, 2004). 'l'hie mail I 

hypothesis to be verilied here is that there is no (iramiger causality between two variables. 'l'hie 

(iranger causality test is as follows: 

Xi = 	aX + 	[3Y + 	 (2.20) 

Yi = 	 -1- 	1,iYt-i + R,t 	 (2.21) 

where X is the log of the first vaiiable at lithe I and Y, is the log of the second variable at 

time I. fix, t  and jty, t  are the white noise errom terms at time I. a 1  is the parameter ot the past 

value of X. which tells us how tiiuchi past value of X explains the current value of X and 

is the parameter of the past value of Y. which tells us how munch past value of Y explains the 

current value of X. Similar explanations apply to (tj and Q. 
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3.8 CONCLUSION 

This chapter describes all the steps of econometric procedure that is planned to be lohlowed 

when analysing the relationship between retiiuneralion and labour h)rOducti vity in South 

Africa. The dual approach (graphical plots and formal tests for testing any serial correlation) 

are used to check whether the data are stationary or not. ADF and PP are used to test the unit 

toot. Johansen's (1991 ) cointegiation test is used to deteriiine whether the linear combination 

o! the series POSSCS5C5 a long ititi cijiiihibriuiii ielaliOilShif). Fiiiahly. the Grangcr causality tests 

are perlornied to establish the direction or directions of short run relationships among the 

variables. 
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CI:1AL'FEI( 4 

DATA ANALYSIS AND IIN1'ERI'RETiVIiON OF1' HE RESULTS 

4.1 	INTRO1)UC'FJON 

This chapter focuses on data analysis and the interpretation of the results for tile study. A lot 

can be learned from a preliiiiinarv analysis of the data beibre econometric modelling is 

conducted. The following section therelore presents several graphs, correlation coefficients 

and tests for integration. Ihese are prelinlinaly tO subsequent cointegratioii and Grangei 

causality tests. 

The iest of,  the chapter is organized as follows: section 4.2 preiiiniiiary data analysis. section 

4.3 is the pairwise correlation. section 4.4 is  the order of integiatioii. section 4.5 is the 

structural stability test, section 4.6 is the unit loot test, section 4.7 cointegration test. section 

4.8 is error correction models, section 4.9 (iranger causality test, section 4.10 the diagitoslic 

test and section 4. 11 is the summary. 

4.2 	l'RELIM INARY DATA ANALYSIS 

4.2.1 	Uiiivariate Data A.iialysjs 

A useful starting pot o a tie  	s fi 	m 	 y 	sexaminaionotimepot  

remuneration (real wage), productivity and the unemployment rate, along with total 

employment. All variables used iii this study were transibrined in logarithmic form SO that 

coefficients can be interpreted as elasticities and they are unit free. The data were 

trans!ornied to try to liiiearise any expoiienlial trends \vllicll may be present in the series. The 

following notations are used fur the thur variables: l REM t J N = hog(renluneraiion index); 

LLAI3PROD = log(productiviiv iiidex) LUNUv1P = log(total ullelnploylneiil late 

(percentage) and L EMPLOY = log(employnient in(lex). 'Fhie visual Plots are displayed on 

the figures below. 
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Figure 4.1.1 depicts the reality that relnuijerat ion Iluctuated considerably around a horizontal 

upwards trend throughout. In other words, lot the period 1970 - 1989, remuneration appears 

to have lolloweci the business cycle quite closely. Since about 1990. however, the 

remuneration index has ii icteased considerably, With Iluctuations around a rotiglilv hiticar 

trend. Figure 4. 1 .2 shows that the lust di Ifticitced series might he stationary. 
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Figure 4.2 Labour productivity 

Figure 4.2.1 L LABPRO!) at level 
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Figure 4.2.1 shows that the productivity series displays a pattern that is ol a roughly similar 

pattern to that of remuneration, although it is not as smooth. During the 1970s   and 1980s   

labour productivity showed a slight positive trend, iiiterrupied by a number ol shocks. From 

1987 the labour productivity curve appeared to he exponential, rising somewhat iiiore steeply 

than remuneration and there was a i'apid drop around 2001. The labour productivity series 

started to increase again around year 2006. 1 he visual iiispectioii oil the 1)101 ol the variable at 
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level suggests that the series is lionstationary. Figure 4.2.2 depicts the idea that the First 

differenced series is stationary, which means that the series' iiiean and variance are constant 

over time. 

Figure 4.3 Uncuiployinen( 

Figure 4.3. 1 L UNEMI' at level 

Figure 4.3.11 UNLMI' at First dil'lerencc 
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Figure 4.3. 1 shows that the uneiuployiiient series consists ol uregular fluctuations. Iius is 

evidenced by (Jie upward tiend iii the uiieniployuient series Iroiii 1983 to 2001 which. 
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however, declines horn 2003 to 2009 but rises again after 2010 making this series 

nonstationary. Figure 4.3.2 shows that the flrst di!Threnced series might be stationary, \vhlclI 

mcaiis that the series' mean and variance are constant over time. 

Figure 4.4 Employment 

Figure 4.4.1 L EMPLOY at level 
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Figure 4.4.2 L EMPLOY at flrst difference 
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Figure 4.4. 1 depicts the idea that the emmiphovimiemit series rose consistently fromim 1970 to 1990   

oilier than it drop from 1976 to 1977, alter \VIIiCI1 it declines as flouii I 990 to 2001.   with a 
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short term setback afler the democratic election in 1994. The employment series then started 

to rise sharply from 2002 to 2008 with a slight drop al'terwards making it nonstationary. 

Figure 4.4.2, its first difference, indicates that the series might be stationary. A more foriiial 

testing procedure is employed to examine cack of the above-mentioned variables. 

4.3 	DETERMINAtION OF ill E INTEc; RATiON STATUS 

Prior to examining time integration status or orders of integration of the variables, a visual 

exailunation of the data is performed. Visual inspection of the data suggests the following: 

LRUvIIJN reveals a clear upward trend. suggesting time existence of a linear time 

trend. 

ILABPROI) also shows an upward trend and a break suggesting the existence of a 

linear time trend and a struct riral break. 

L1JNEJv1PLOY also shows an upward trend and a break suggesting the existence of 

a linear time trend and a structural break. 

ftc next stel) is to test whether or not a linear trend should be included in the model. 

4.3.1 	Inclusion of Linear 'I'ini e in l&emuujmeratjun 

In order to include a linear trend term iii 1. R1MLJ N. a regression of' L REIVIUN was R111 oil 

time point, 1, and the results are reported in Fable 4. I . I below: 



table 4.1.1 Regression of 1(eiiiuiieration 

	

Variable 	Coefficient SILLiror 1-Slalistic Pro!,. 

	

C 	5.048902 	0.357783 	14.11 165 	0.0000 

-45.661 10 	8.623969 	-5.294673 	0.0000 

Consiant= C 

'Fieiid= 'I' 

Sample: 1970 2010 

R-squared = 0.836230 

Adjusted R-squared = 0.832031 

SE. of regression = 27.10660 

Suni squared resid = 28655.95 

Log likelihood = -192.4421 

F-statistic = 199.1387 

Proh(F-statislic) = 0.000000 

Since the probability value (0.000) is siguilicajit, therefore the unit loot test br remuneration 

should include lime trend. 

4.3.2 Inclusion of Linear '[line in Productivity  

lable 4.1.2 Regression of labour productivity 

Variable Coefficient 	S11. Er, or 	(-Statistic -. 	Prob. 

C 	0.658554 	0.093305 	7.058090 0.0000 

T 	60.37524 	2.249015 	26.84520 00000 

Coiistant= C 

Trencl= 'I' 

Sample: 1970 	2010 

R-squared = 0.560893 

Adj usted R-squai'ed 	0.549634 

SE. ol regression = 7.069035 

Sum squared resid = 1948.879 

Log likelihood = -137.3359 

F-statistic = 49.81664 

Proh(F-stalistic) = 0.000000 

Since the probability value (0.000) is sigui licant. the uiii t toot test R)r pioductivity should 

include a time trend. 
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4.3.3 Inclusion of Linear 1iie III U11C1111)IOyllLCllt 

fable 4.1.3 Regression of UflcflIl)lOYInCut 

	

Variable 	CoeJjicieiit Std.Lrror (-Statistic l'rob. 

	

C 	0.531063 	0.045715 	11.61674 	0.0000 

	

T 	5.191585 	1.1W 919 	4.711404 	0.0000 

Constant= (2 

Treiid= 'I' 

Sample: 1970 2010 

R-squared = 0.775796 

Adjusted k-squared = 0.770047 

S.L. 0! regression = 3.463519 

Suni squared resid 467.8425 

Log likelihood -108.0850 

F-statistic = 134.9486 

Prob(1-slatistic) = 0.000000 

Since the probability value (0.000) iS signi I icani. the uint ioot lest for UfleIllj)lOyllletIt should 

i net u(-Ie a Ii iiic trend. 

4.3.4 l'airwise Correlations 

lalile 4.2 Correlations 

L_ REM UN L_L'l Bi'IWi) L (IAIEM1' 

LREMUN 

LLA11I'ROI) 

1 0.661371 546 

I 

0.890650781 

0.8461 30966 

0.890650781 0.661371546 

LUNEMP 0.846130966 1 

The cunctation cocilicienis presented in 'laNe 4.2 above give a more j)reCise summary of' the 

relationships among remuneration, labour productivity and unemiiployinent. Ihe correlation 

coefficient ranges from 0.7 to 0.9. 'l'liis means that the pairwise correlations are all strongly 

positive, it can be concluded that there is a strolig positive cori'elatioii among all the 

variables. Wlicii productivity increases, employees' contribution to the firms' revenue also 

increases causing demand lbr \vorkers to increase. As remunerations are determined by 

supply and demand, an increase in demand \vi II lead to ) an increase in remunerations. 
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4.3.5 Structural stability test 

I l: ihere is no break at a specified breakpoi at 

Il : lucre is a break at a specified break poiilt 

Table 4.3 Test for structural break 

F-slalLsiic 	 2.570/02 I'm!,. F(3,36) 	 0.069-I 

Log likelihood ratio 	8.1 50727 Prob. Chi-Squarc(3) 	0.0430 

Wald Statistic 	7.710305 Prub. (i'lu-Square( ) 	0.0524 

Chow !3reakpoint Test: 1990   

1quatioii Sample: 1970 - 2011 

The Chow test shows that there isan evidence ol a structural break on the year 1990.   The 

probability value of Log I ikelilìood ratio and Wald statistics is signi licant at the 5% level oF 

significance. The break could be caused by the state o the economy around 1990.   

4.3.6 Uiiit Root Test 

Ilaving gathered some very useful in Iorinatioii from graphs, the next sEe!) is to turn to all  

analysis oF the time series properties oC the series. The visible evidence of UI)Ward trends 

suggests that all three series are uloulstntionuiy. This is tested formally by Augmented Dickey - 

I'uller (Al)F) and Phillips and Perron (l'P) tests for stationarily. The hypotheses fOr unit loot 

are as follows: 

I1 : 0', = 

Il : O 2 
 <I for ADF and 

Il : y < I For pp 
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Tal)le 4.4 Unit root test for Remuneration, Labout' J)roductivi(y and UiiC1Uj)IOyiiiCllt 

- '1DF -- P1' 

Variable Level 

3.269 

St  1)iffereiice 

3.223I** 

Level 

5.030 

si  l)ifference 

3.295** L REMUN 

L LABPROD -3.048 _3.631** -1.975 3.601** 

L UNEMP -2.259 -6.853 -2.259 -6.853" 

Note: *, **, and *** indicates the Mackiniiui, critical values for ADF and I'll at 10 c. 5 0/,, and 1000  levels are - 

4.253, -3.548, and -3.207 reSl)eCtively 

The study uses both the ADF and PP tests for cxaillining the oidcr of integration of the 

variables. The results in '['able 4.4 show that all the three variables are stationary at tlicir ti'st 

dificreiices conhrniing that there is a presence of stochastic trends. As the variables follow 

the same order or integration, 1(1), now the study can turn to coilitegratioli in which the long 

run equi libriuni among the variables cat i be examined. 

4.4 	IVI uL'rIvARl A'l'E DATA ANi\ I XSIS 

4.4.1 Testing for cointegral ion wit Ii a structu nil break in 1990 

The next Step is to al)ply the Jolianseti coiiitegration test to test for the existence of a long ii iii 

(cointegrating) relationship between I . I .i\ I PR( )1), I RI 'J'vltJN and I tiN kM P ()\'eF the 

period for which data are available. A tier IbI hn\\ ilig  the gra)hIieal indications that a stnietural 

break occurred in 1990,   and the supporting discussion, allowance is made in the testing 

procedure fbr such a break. Maddalu and Kim (1998) iecomnnmeimded a methodology which 

allows for structural breaks in the fist instance. lIme methodology involves estiluatitig a VAR 

and testing Ir lag order, detet inilmiimg the nummiber of cointegrating vectors using lime .Johaiiseii 

procedure, and the]] estimating error correction models if' a coi ntegratiimg relation is found. 

'lhroughout this process. a duimimny variable (1)90) is used to test (or the presence of a 

structural break in the year 1990. I )uiiimny takes omi values oh' zero up to 1989 and values of 

one thereafter. 
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4.4.2 Testing for lag order in the VAR 

Jahle 4.5.1 Test statistic and choice crileria for selecting the order of the VAR model 

Lag LogL 	LR FiT MC SIC IIQ 

0 	-402.9770 	NA 800945.4 22.10686 22.36809 22.19896 

-249.9351 	264.7211 334.3452 14.32081 14.97389* 14.55105 
2 	-238.6098 	17.75320 299.5537 14.19512 15.24004 14.56351 
3 	-229.0673 	13.41108 301.1764 14.16580 15.60256 14.67232 
4 	-204.8671 	30.08665* 141.0708' 13•34417* 15.17278 13.98884* 

5 	-196.7091 	8.819519 163.8656 13.38968 15.61013 14.17249 

Sample: 1970-2011 - - - 
Exogenous variables: C D9() 

1,R: sequential modi lied ER lest statistic (each lest at S 'O level) 

1'PE: Final prediction error 

A1C: Akaike infl)nnation criterion 

S IC: Schwarz inloitnation Cr! tenon 

I-IQ: 1-lannan-Quinn in formation cr1 lcrioi 

f'oIe: ' ll1(ilcaies Imy order selected by the criterion 

A slanting point of live lags is chosen. The results displayed in '[able 4.5. 1 clearly indicate 

that a VAR(4) is appiopniate. The I R test, l'PIi, i\IC and 110 all selected p equal to Ibur. 'l']te 

tests indicate that one should reject the restriction that lags four should be excluded. 

4.4.3 Cointegratioti lest for L_REMtJ1, L LAIJI'ROJ) and L_UNFMP, 1970 - 2011 

With the VAR order liavitig been established, .Iolianscii's (1988) inaxiutuin likelihood test for 

coiiitegration can be applied. 

A 4) 
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't'able 4.5.2.1 Uiirestrided Coiiitcgraion Rniik Test  

Ii) yJoll? esize(1 Eigein'aIie J'race I'll)!). ** -- 

Slalislic 
No. 

None * 0.524871 52.61027 0.0000 

At most I * 0.309539 25.07606 0.0013 

At most 2 * 0.264590 11.37140 0.0007 

Note: I race test indicates 3 coinlegrating cqn(s) at the 0.05 level 

* denotes rejection of the hypothesis al the 0.05 level 

**fv1ach(jli1l)i _h laug-I'vl ichichis (1999)   p-value; 

Table 4.5.2.2 Unrestricted Coinlegratioii Rank Test (Maximum Eigenvalue) 

lIj'poiliesizt'd Eigt'iirulue Max-Eigeii l'rob. 

No. of CE(s) S/a/is (ic 

None * 0.524870 27.53421 0.0055 

At most 1 0.309539 I 3.70466 0.0611 

At most 2 * 0.264590 1 I .37 140 0.0007 

Note: viax-ciger value test nidicaics I conitegrItilig cqn(s) at the 0.05 level 

* denotes rejection of the hypothesis at the 0.05 level 

** MacKinnon-I laug-Michehis (1999) 1)-values 

Because ol the possibility that I. REMUN has a deterministic trend, and the graphical 

evidence that the three Series are Iret idi ng together, the 'unrestricted intercepts, no trends' 

01)11011 is selected as being most appropnate in tins instance. The results imply that the trace 

test and the cigenvaluc test select cointeratioti vectors. Flie trace test in table 4.5.2. I 

indicates that there are three coilltegratiflg vectors wlti Ic itiax-eigeitvalue test iii table 4.5.2.2 

indicates one cointegration vector. According to Uanerjee ci ul. (1993), in a case where there 

is a different value of the Iwo tests, the results obtained from the Maximal higenvalue of tltc 

Stochastic Matrix are preleri'ed ( Batierjcc ci of., 1993) implying that it is concluded that 

there is one cointegrating equation. 1 his gives an allowance to estimate the long tcrni 

relationship and ECMs. 
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Table 4.5.3 Cointegratiiig Vector For L 1UM (IN, L__LAJJI'ROi) and L UNEMI', 1970 

2011 

1 Coiiitegraling 	 Log IiIteI,/,00d 	 -209.2471 

Lqiia1wi(s): 

Normalized cointegrating coeliiciciits (standard error in I)1I'CFIl1)eSCS) 

LREMUN 	 LLABI'ROI) 	 I _1JNEMP 

1.000000 	 2.470052 	 -1.257468 

	

(2.17334) 	 (3.20195) 

[he long term equilibrium vector is estimated to he / LR[MIJN + 2.47 L_LA13PROD - 

1.257 L UNEMP. The coellicient ni I LABPROI) has a standard error of 2.17 and it is 

therefore insignificant and the coeflicietit of I. UNEMP has a standard error of 3.2 and is 

clearly insignihcant. It is therelbrc not possible to conclude that a long term relationship 

exists among these three series for this saniple Period. 

4.4.4 Coinlegralion test for L REMUN, L LAIJI'ROi) and L_UNEMP, 1990-2011 

Table 4.6.1 Unrestricted Cointegralioii Rank lest (Trace and Maximum Eigenvalue) 

hypothesized L'igein'alue Truce Pr oh. ** 111 u.v-Eigeiz I'rob. 

No. of CE(s) StuüsIie Statistic 

Noiie * 0.740687 39.92489 0.0125 26.99441 0.0067 

At most 1 0.346209 12.93048 0.1174 8.499350 0.3302 

At most 2 11  0.198729 4.431130 0.0353 4.431130 0.0353 

Note: Trace test indicates I cointegraling eqn(s ) at the 0.05 level 

Max-cigenvalue test indicates I coililegratiJig eqn(s) at the 0.05 level 

* denotes rejection ol the hypothesis at the 0.05 le el 

** Mackiniion-1 laug-M iclielis (1999) p-values 

In the 'unrestricted intercepts, no trcnds case, the trace test and niax-cigenvalue tests indicate 

that there is one cointcgratillg vector. [he probability value of' 0.33 for "at most one' is 

greater than live percent level of signi licance. The hypothesis relating to "at most one" 

cannot be rejected, which meatis that there is a single C( inleguating vector. 
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lablc 4.6.2 Cointcgraliiig Vector for L_REM UN, L LAL3PROI) and L_UNEMP, 1990-

2011 

1 Coinlegraliiig 	 Log li/tell/i ood 	 -144.3060 

Eqiiulioi, : 

Normalized cointegrating coefficients (standard errom' in parentheses) 	-- 

LREMUN 	 I 1 ,AE3PROD 	 U EJNIMP 

1.000000 	 2.525119 	 -8.825643 

	

(0.54167) 	 (1.17973) 

The long term CCILIllibrium vector is estimated to be Z=L_RLMUN + 2.53 1. LABPROD 

8.83 LUNEMP. The coefficient ol' I. I AUI'ROi) has a standard error of 0.54 and is 

therelbrc signilicamit and the cod flcicnt ol' U UN Lf\4P has a standard error ol' I . 1 8 and is also 

signi licaut. The main interest ol the study is to test the r(Aationst)iI) between remuneration and 

labour productivity, Iherelore the nexi stcl)  is to test the relationship between the two  

variables. 

4.4.5 Coimitegratiun test tor LREM UN and I __LABPR()D, 1 990-2() I I 

The last results (Cointegralion test h,r 1. RUM UN, L LAI3PROI) and I UNUMP, 1990 

2011)    showed that there is a relal ionship between LREM U N, LI ABI'RO1) and 

I 	UNEM P. Cointcgratioii tests were also conducted for the period I 970---2() 11 with a duuiniy 

variable for the year 1990. The rcstil ts were qualitatively similar, in that a single cointegrating 

vector was found. The same methodology will be applied as belore to test the relationship 

between U REMUN and LLAI3I'ROI). 
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Table 4.7.1 i'est statistic and choice criteria For selecting the order of the VAR model 

Lag LogL 	LR FI'E AIC SIC IJQ 

0 -151.5577 	NA 240417.0 18.06561 18.16364 18.07536 

1 -96.01720 	91.47848*  563.2574 12.00202 12.29610 12.03126 

2 -91.46434 	6.427563 542.9560 11.93698 12.42711 11.98570 

3 -86.17626 	6.221274 499.4796 11.78544 12.47162 11.85365 

4 -78.94989 	6.801285 391.4190 11.40587 12.28810 11.49356 

5 -72.81934 	4.327452 392.3353 11.15522* 12.23349* 11.26240* 

Sample: 1990 	2011  

Exogenous variables: C 

LR: sequential modilied Ll< test statistic (cacti test at 5% level) 

FPE: Final predict i on error 

A1C: Akaike information cii tenon 

SiC: Schwarz information criterioi 1 

I-IQ: 1-lannan-Qu inn inionnatioii en ten on 

Note: indicates lag order selected by the criterion 

A starling point of five lags is chosen. The results displayed in 1'able 4.7. 1 clearly indicate 

that a VAR(S) is appropriate. The AIC. SIC and 110 test selected p equal to five. The tests 

indicate that one should reject the restriction that lags five should be excluded. 

Table 4.7.2 Unrestricted Coiiitegiatioii Rank Test (Trace and Maximum Eigcnvalue) 

IIj'polhesized Eigeii raliie iiiice 	PIob. * * Max-Eigeii 	i'rob. * * 

No. of CE(s) StullsIic Slalis tic 

None * 0.986606 69.87096 	0.0000 69.00706 	0.0000 

At most 1 0.052562 0.863905 	0.3526 0.863905 	0.3526 

iow: i race test niolcates I cointegrating eqn(s) at the 0.05 level 

Max-cigenvalue test indicates 1 cointegratiiìg cqn(s) at the 0.05 level 

* denotes rejection of the hypothesis at the 0.05 level 

laug-Michehis (1999) p-vales 
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The Johansen coiJ)tcgralion test was 1f)I)lied  in a VAR(S), again with unrestricted intercepts 

and no trends. The 1)robability values for both the trace test and niaxinial cigenvalue test 

clearly indicate a single cointegrating vector at the 5 percent level of signilicance. The next 

step is to estimate the long ternn eqiiilibriuiii vector. 

Table 4.7.3 Cointegra(iiig Vector for L_L{EM UN and L LAIIPROI), 1990-2011 

1 Co:iitegraling 	 Log Iilteltliooil 	 -144.3060 	- 

Equation(s): 

Normalized cointegrating coefficients (standard error in parentheses) 

LREMIJN 	 I. LAJ3PROI) 

1.000000 	 -1 .980844 

(0.05506) 

Flie long term equilibrium vector is estimated to be Z= I, RhMIJN - 1.98 LLARPROI). 

flie coefficient of L LABPRO!) has a standard error of 0.06 and is therefore significant. This 

implies that for every I jcrccnt rise iii productivity, real wages rise by 1.98 percent in the 

long term. 

4.5 	ERI()R C()I.tRE(T1ON I\J()i)iCLS 

As a cointegrating telalionsimip was found between L RiNv1IJJ"l and L LABPR()I). it may be 

concluded that there is a long temin causal relationship between the variables. It also ineaiis 

that ECJ\4s may be estimated, which al low us to test for short tern! or dynamic causality. The 

table below gives the summary ol the LCMs. 
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'table 4.8 Error correction models for L_REMUN and LLABI'ROD, 1990-2011 

- 	Regressor Depeizilei,t Variable 

L_REM U L_LAIIPROD 

Constant 17.32** 

0.18* 
(9.21) 

0.58* ECM(-1) 

LLABPROI)(-4) -0.39 

(0.29) 

0.026 DLLABPItOD(-5) 

0.94r LREMUN(-1) 

I .47 
co::3 4) 

-0.41 DLREMUN(-2) 

(0.1) 

0.99 

(0.34) 

0.77 R-squarcd 

Adjusted R-squared 0.99 0.73 

S.E. of regression 4.97 4.65 

Note: *signi  licant at 5 percent and **Sni  licant at tO percent. Parentheses indicate standard errors 

The table above shows the [(NI results. The ()ptifliUl1 lag length, which is 5, is selected by 

AIC, SIC and 1-k) tests. the [CM term is negative as expected, indicating that remuneration 

adjusts back towards equi libriuni (with produc(ivity) loltowing a shock iii the previous year. 

'l'hc magiiitude of this coe!hciejit suggest that approxitrialely 0. 1 8 and 0.58 of the 

disequilibrium is corrected for I - REMtJN and L LAI3PROI) respectively. 'ilie coefficient of' 

the eriot' correction leflfl iii the L LAUI?ROD is large, indicating a rapid adjustment of labour 

productivity to equili bri utim. For the I R[M tiN model, none of the lagged labour 

productivity is significant whiCh nieaus that labour productivity has no impact ()im 

remuneration in the short term. 
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4.6 	CRANCER CAUSALI FY TEST 

Table 4.9 Causality between Labour productivity anti Reinuiieration 

Null II j'pollzes is: Obs 	F-Statistic 	Prob. 

LLAI3PRO1) (toes not Granger Cause L1<EMUN 17 	0.92822 	0.5225 

LRFMUN does not Granger Cause I. I Al3PftOD 1.35422 	0.3573 

the probability 0.5225 is inoie than the critical probability p-\'alue = 0.05 therelore the null 

hypothesis is not rejected. This implies that ILABPROD does not Granger cause 

LREMUN and the alternative hypothesis is also not rejected, meaning that F RFN'lt,JN does 

not Granger cause Li ABPROD. 

4.7 	1)IACN0STIC TES'I' 

4.7.1 Diagnostic test for equation 2.15: ALJ?EMUN1 

4.7.1.1 'l'est for I Icteroscedasticity 

lIe. 'I'licie is iio heteroscedasticity. 

IIj: There is heleroscedasticity. 

table 4.10.1 Test for I teteroscedasikity: iL_I?EMUN 

F-statistic - 	0.669468 	Prob. F(4,12) 	- 	0.6255 

Obs*R_squared 3. 101 527 	Prob. CIii-Square(4) 	 0.5410 

Scaled explained SS 0.660076 	Prob. Chi-Square(4) 	 0.9562 

The LM test is applicable whether lagged dependent variables are included or not. The 

probability of 0.54 is greater than 0.05, thei'eliu'e the null hypotheses is cannot be rejected. 

't'here is no conditional hcteroscedaslieity. 
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4.7.1.2 Test for serial correlation 

II,: There is no serial correlation. 

ii j: There is serial correlation. 

lable 4.10.2 Test for serial correlation: zLI?EMUN 1  

F-statistic 1.185694 Prob. F(5,8) 0.3945 

bs*Rsquarcd 7.185226 Prob. chi-Squi'(5) 0.2072 

The Breusch-Godfley l.M test is used to test br the Presence or absence of serial correlation 

in the residuals. The null hypothesis is rejected, since the J)-value of 0.21 is greater than the 5 

percent level of significance. Therefore it is concluded that there is no serial correlation. 

4.7.1.3 Test for normality 

I-Jo: 'l'lie resid uals are normally distributed. 

II j: The residuals are not normally distributed. 

Figure 4.5 Test for normality: AL_I?EMUN 

7 

6. 

5. 

Series: Residuals 
Sample 1995 2011 
Observations 17 

Mean 0.311770 
Median 0.018681 
Maximum 7.4851 73 
Minimum -5.465639 
Std. Dev. 4.464198 
Skewness 0.255969 
Kurtosis 1.641009 

Jarque-Bera 1.493831 
Probability 0.473826 

-lu 	0.0 	2.5 	5.0 	7.5 
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Ihe test shows a histogram of the residuals and the Jarque-Bera statistic for testing the 

normality. The .Jarque-I3era test statistic is used to determine whether variables are normally 

distributed ill the model. The .Jarquc-lkra test statistic is 1.49 and the probability is 0.47. The 

normality test is used to test whether time probability value is greater than the critical 

probability value of 0.05. therefore probability of 0.47 is greater than the critical probability 

value of 0.05. Iherefore. the null hypothesis is not rejected and it is concluded that the 

residuals are normally distributed. 

4.7.2 L)iagiiostic test for equation 2.16: LL LA/I 1'ROL) 

4.7.2.1 'lest for ileteroscedasticit',' 

fI( : 'l'here is no heteroscedasticity. 

Ii j: 'lucre is heteroscedasticity. 

lahle 4.10.3 Test for 1 Icicroscedaslicity: LL_.LABPI?OJ,.) 

F-statistic 7.587977 Prob. F(9.10) 0.0020 

Obs'1'R-squa1-cd 

Scaled explained SS 

I 7.44545 

15.79242 

Prob. Clii-Square(9) 

Prob. Chi-Square(9) 

0.0422 

0.0713 

The i,M test is applicable vlietlier lagged dependent variables are included or not. The 

probability of 0.04 is not greater than 0.05, thci'cforc the null hypotheses is rejected. 'l'here is 

conditional heteroscedasticity. 'l'his ilmeamis there is honioscedasticity. 

4.7.2.2 'Fest for serial correlalioti 

lie. There is no serial correlation. 

IJj: 'l'here is serial correlation. 
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Table 4.10.4 Test for serial correlation: AL LA Ii 1' ROD1  

F-statistic 1.553396 	 - 	Prob. F(5,11) 0.2517 

Obs*R_squaied 8.277284 	 - 	Plot) ( lii-Squm(5) 0.1416 

The serial correlation test concentrates on the I3reusch-(Iodfrey LM test iii order to test lhr 

the presence or absence of serial correlation in the residuals. The iiuhl hypothesis is 1101 

rejected, since the p-value of 0. 14 is greater than 5 percent level of significance. Iherelore 

there is no presence of serial correlation. 

4.7.2.3 Test for normality 

iJo: The residuals are norniahly distributed. 

Ii j: The residuals are not normally distributed. 

Figure 4.6 Test for normality: AL_LJIBI'110D 1  

Series Residuals 
Sample 1992 2011 
Observations 20 

Mean -1.88e-14 
Median 0.006594 
Mamum 8.285862 
Minimum -9.910357 
Std. Dev. 4.266935 
Skewness -0.543880 
Kurtosis 3.828892 

Jarque-Bera 1.558572 
Probability 0.458733 

-i. 	-.0 	-2.5 	0.0 	2.5 	5.0 	7.5 	10.0 

The test shows a liistogi-ani of the rcsid uals and the .larquc-Bera statistic for testing iiorniality. 

The Jarque-Bera test statistic tests vlicthier variables are iioi'niahly distributed in the model. 

The Jarque-l3era is 1.56 and the probability is 0.46. The probability of 0.46 is greater than the 
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critical probability value ol 0.05. 1 herctore the null hypothesis is not rejected and it is 

concluded that the residuals are noi-mally distributed. 

Since there is a l)1eSCllce  of conditional heleroscedasticity, the next step is to use ARCH 

model to test again the preenee of lìeterosccdaslicity. 

4.7.3 i)iagnostic test for equ:lion 2.16 using ARCh 

4.7.3.1 Test for llcteroscetlaslict(y 

i/a. There is no heteroscedasticity. 

JJj: 'I'here is heteroscedasticity. 

Table 4.10.5 Test for ileteroscedasticity: ALLAI3I'ROD 

F-statistic 0. 174202 Prob. F( 1, I 7) 0.6816 

Obs*R squared 0.192722 l'rob. Cl1I-S(jLWFC(l 0.6607 

The ARCH LM test shows that there is no evidence ol autoregressive conditional 

licleroseedastici ty. The probability of 0.682 is greater than 0.05. therefore the null hypothesis 

cannot be rejected. The ARCH test results strongly suggest that there is no l)Iesellce of 

ARCH in the residuals. 

4.7.3.2 Test for norma I ity 

ííü. The residuals are normally distributed. 

11: The residuals are not normally distributed. 
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Figure 4.7 Test for normality: AL_LA 13 1' 1?OD 

6 

5 

4 

3 

2 

o q 	1 	1 	I 	I 
TO 	-1.5 	-1.0 	-0.5 	Of 	0.5 	1.0 	1.5 	2.0 	2.5  

3eries: Standardized Residuals 
$arnple 1992 2011 
Dbsertions 20 

The test shows a histogram of the residuals and the Jarque-l3era statistic Ibi testing the 

normality. The Jarque-Bcra test statistic tests \vheticr variables are normally distributed in 

the model . Jarque-Bera is 0.7 1 and the probabi lily value is 0.70. '[he probability value is 

greater than the critical probability value of 0.05 'I heretore the null hypothesis is not rejected 

and it is concluded that the residuals are iioniially (iistl'ibuted. 

4.8 CONCLUSION 

Ibis chapter focuses on the data analysis and interpretation oF the results lbr the analysis ii 

the relationship between remuneration and labour productivity in SOLIth J\Jrican ecolloifly. 

The variables used in the study arc remuneration, labour productivity uiiemployment and 

employment. The chapter helps to idet itify whether tIme series is signi (leant or not. The intl I 

hypothesis is defined as ll: p= I (the data is lion-stationary) \vlli 1st the alternative hypothesis 

is defined as I 'a p~l (the data is stationary). The original series is nonstationary but alter 

difThrencing and running sonic Ibmmnal test, it was concluded that the lirst di lierenced series 

are stationary. After applying Juliamisemi cointegration technique, it was Ruiid that the data are 

cointegrated and significant. The series are significant as the), passed most of the tests: it is 

also Ibund that the equation 2.10 has hieteroskedasticily. lurtliermore. AIWIl test results 

strongly suggest that there is no presence of ARCI I in the residuals. A normality test was 
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conducted on the data and it was Found that residuals are normally distributed since the 

probability is greater than 0.05. Cointegratioii on residuals was conducted aiid it was !biind 

that the residuals are significant, tints stationary. 

The econometric evidence suggests that the study has the Following dynamic causal system: 

remuneration impacts on labour productivity negatively but labour productivity has no elThct 

on relliutleration; labour pioducti vi ly I ins a weak autoregressive Pattern but teal wages tack 

this altogether; and adjustment to ctii hi brittin occurs through both renlilneration and labour 

productivity negatively and positively respectively. 
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CIIAPTFA( 5 

DSCUSSIO1NS 011''I'llE J'!NI)JNGS, CONCLUSLONS AND 

RLC()f11\J ENDA'FIONS 

5.1 	IfNTROJ)UC'I'J()N 

Chapter live presents and discusses lindings horn the study based oii the results obtained iii 

chapter four. Then the dIScUSSRmS. coiìclusioiis aiid recoiiimendations are made and areas that 

need further research are also pi'oposed. 

5.2 	KEY FINI)LINGS OF TUE ST tJL)Y 

A number of procedures were used in the study to investigate the long run (cointegraling) 

relationship between remuneration and labour productivity. This entailed visual inspection 

and the employmneiit of formal testing procedure for unit root for each variable. Afterwards 

time study employed Johansen ni tillivariate collitcgraholl analysis and the (_iranger causality 

test to investigate the long run and S1101-1  run relationship between reniuneration and labour 

productivity in South Ali'ica. 

Since about 1990,   the remnuneraliomi series has increased considerably, with foirly gentle 

variations around a roughly linear trend. I lovevei'. the dillerenced series showe(l a more 

stationary shal)e. Prior to this l)eriod dun imp, the 1970s   and 1980s,   labour productivity has 

shown a slight positive trend. iiiterriipled by a iiuiiiber of shocks. From 1987 the labour 

productivity curve appeared to be ex )Onenlial. ii Icreasing somewhat imiore steeply than 

remuneration. The unemj)loynmelll series depicted an upward flucluatioii Ii'omn 1981 to 2001 

with a decline from 2003 to 2009. 

'i'liem'e is significance evidence of a structural t)reak in 1990, which seems to have alicted the 

level of enmj)loymcmit in the flrst instancc, and ftd through into other variables such as 

remuneration and labour productivity. 'this evidence is supported by various economic and 

policy lhctors as well as oilier elmlj)i rica! work. A long i'uii equilibrium 	(cointegrating I 
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relationship exists between remuneralioii, labour pi'oductivity and unemployment (or the 

period 1970 to 2011.   The uncinployineiil rate behaves in a way unpredictable with the theory 

proposed by Blanchulower and Oswald 0993, 1994, and 1995) who established a body of 

international wage curve literature in \V1Ueii it negative relationship between wages arid 

uncmploymciit is hypotliesised and substantiated empirically. 

There results also indicated that there is strong evidence of cointegration between 

remuneration and labour productivity in the period 1990 to 2011.   In the long run, a one 

percent increase in labour productivity is associated with an approximately 1 .98% increase in 

remuneration. The econometric results show that unemployment is not connected to the long 

run equilibrium between remuneration and labour productivity. More specifically, it is clear 

that in the South Afi'icaii labour market, the high uiieiiipioyinent rate has little or 110 effect in 

terms of stopping growth in remuneration. The study by Ito and Yap (2001) also found a 

significant relationship between wages and labour productivity for the Malaysian 

manufacturing industry where the rises in real wages exceeded the rises in labour 

productivity in the long run. 

The ECM term is negative as expected, indicating that reniuncration adjusts back towards 

long run equilibrium (with labour productivity) following a shock in time previous year. The 

magnitude of these coefficients suggests that approximately 0.18 and 0.58 of the 

disequilibrium is corrected for L REMUN and L LAUPROI) respectively. The coefficient of 

the error correction term in the L LAUPROI) is large, indicating a rapid adjustment of labour 

productivity to equilibrium. For the 1,R1MUN model, none of the lagged labour 

productivity is significant which means that labour productivity has no impact on 

remuneration in the short mu. '['lie researcher thmet dote cannot conclude that remuneration 

Granger cause labour productivity in the long run. L_REMUN does not (iranger cause 

LLABPROD and vice versa. 

Finally, given the economy's slow growth perloruulaulce over tile past years, the rapid increase 

iii labour productivity and reununei'atiomm reflects to a large extent the sharp weakening in 

eniploymnent levels. South Africa's labour l)rodlIctivitY perlormance should not thereibre be 
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looked at in isolation of the employment trend, whicli indicates the job-shedding nature of 

economic development iii this country over the previous years. The data are significant as 

they passed all the tests; the equation 2.16 has heteroskedasticity. Furthermore, ARCIl test 

results strongly suggest that there is no presence of' ARCFI in the residuals. Normality and 

also serial correlation tests were conducted on the data and it was found that residuals are 

normally distributed and there was no evideiicc of serial correlation since the l)robability 

values were greater than 0.05. 

5.3 	CONCLUSIONS AN I) RECOMM NI)ATJONS 

In conclusion, the study found that tlicie was a cointegrating relationship between 

remuneration and labour l)roductivity in the perjod 1990 to 2011.   The results revealed that 

labour productivity has no impact oii remutieratioji in the short run and remuneration (loes not 

Granger cause labour productivity in the long run and vice versa. The results also suggest that 

approximately 0.18 for remuneration and 0.58 of the disequilibrium is corrected for labour 

productivity. 

Coming to the policy reconiniendatioiis the iiiantithcturiiig sector should improve the labour 

productivity developnienl by improving remunerations aiid other benelils of the employees. 

The higher output will enhance the growth in the econoniy and improve the standard of hivi ig 

of the employees and could also reduce uneinployinciit. The conclusion to the study implies 

that the upward movement of labour productivity may increase remuneration and could also 

create more cniployncnt opportunities. The productivity can increase only if em ploynieiit 

and remuneration increase. 1)ecision-makcrs should adopt the dual strategy of offering more 

competitive remunerations to encourage labour productivity, and also increase investment on 

education and trainiiig to enhance labour skills and productivity. 

in addition, government should also improve oii setting rip inimninum remuneration policies 

and other benefits to enable the low and nuiddle classes wage Jabour forces to cope with the 

rising cost of living in South AlIica. At least two possible avenues for further research from 

this study may he identified. Firstly, s to repeat the analysis and add as many variables as 

possible relating to remuneration and labour productivity (such as price, inflation, growth 
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rate, GDP, etc.). Secondly, the another potentially enlightening way toiward would be to 

repeat the same study using different econometric techniques such as comparison using Engle 

and Granger, and Johaiisen conitegratioii technique. The study also recommends that there is 

still a need for the South African govcrnmneiit to take urgent steps against the increasing 

ummcmnploymciit rate, because unemplovmnemit is a major probleiii to social progress and mestibs 

in waste of trained mnanpowci. 
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L_EMPLOY 
180 

160 

140 

120 

100 
7N. 

80 	 -- 

60 
70 	75 	80 	85 	90 	95 	00 	05 	10 

LREMUN 
280 ---.-- 	- 

240 

 200 

160 
7 

120 

80 

40 

70 	75 85 	90 	95 00 	ff, 	
I0 

LAB P R GD 
(10 

100 

90 

80 

70 

60 
70 75 	((0 	85 	90 	95 00 05 	11) 

L UNEMI' 

,35 

30 

25 

20 

15 

10p:\JZ 

70 75 	80 	85 	90 	95 00 05 	if) 

Appendix B 

Dependent Variable: L_REMUN 
Method: Least Squares 
Dale: 01/28/13 	Time: 17:17 
Sample (adjusted): 1970 2010 
Included observations: 41 after adjustments 

Variable Coeflicient Stcl. Error 	1-Statistic Prob. 

T 5.048902 0.357783 	14.11165 0.0000 
C -45.66110 8.623969 	-5.294673 0.0000 

R-squared 0.836230 Mean dependent var 60.36585 
djusted R-squared 0.832031 S.D. dependerilvar 66.13937 

S.E. of regression 2710660 Akaike info criterion 9.484982 
Sum squared resid 28655.95 Schwarz criterion 9.568571 
Log likelihood -192.4421 1-lanrian-Quinn criler. 9.515421 
F-statistic 199.1387 Durbin-Watson stat 0.060261 
Prob(F-statistic) 0.000000 
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Anneiulix C 
Dependent Variable: LLABPROD 
Method: Least Squares 
Date: 01/28/13 	Time: 17:32 
Sample (adjusted): 1970 2010 

Included observations. 4 1 after adjustments 

Variable 	 Coellicierit Std. Error 	t-Statistic Prob. 

T 	 0.658554 

-----. 

0.093305 	7.058090 0.0000 
C 	 60.37524 2.249015 	26.84520 0.0000 

R-squared 	 0.560893 Mean dependent var 74.20488 
djusted R-squared 	0.549634 S.D. dependent var 10.53361 

S.E. of regression 	 7.069035 Akaike info criterion 6.796876 
Suin squared resid 	1948.879 Scliwarz criterion 6.880464 
Log likelihood 	 -137.3359 l-laniian-Quinn cuter. 6.827:314 
F-statistic 	 49.81664 Dui biri-Wa[soi 	stat 0.239680 
Prob(F-statistic) 	 0.000000 

Dependent Variable: L_UNEMP 
Method: Least Squares 
Date: 01/28/13 Time: 17:35 
Sample (adjusted): 1970 2010 
Included observations: 41 after adjustments 

Variable Coefficient Ski. [nor 	1-Statistic Prob. 

T 0.531063 0-045715 	11.61674 0.000C 
C 5.191585 1.101919 	4.711404 0.000C 

R-squared 0.775796 Mean dependent var 16.34398 
djusted R-squam-ed 0.770047 S.D. dependent var 7.222074 

S.E. of regression 3.463519 Akaike info criterion 5.369998 
Sum squared resid 467.8425 Schwarz criterion 5.453587 
Log likelihood -108.0850 Hanrian-Quiriri criter. 5.400-436 
F-statistic 134.9486 Durbiri-Watson stat 0.339815 
Prob(F-stalistic) 0.000000 

Appendix E 
Date: 01/28/13 Time: 17:56 
Sample (adjusted): 1975 2011 

Included observations 37 after adjustments 
Trend assumption: Linear deter mu mistic trend 
Series: L REMUN L LABPROD LUNEMP 
Exogenous series: D90 

Warning: Critical values assurume no exogenous series 
Lags interval (in first differences): 1 to 4 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized 	 Trace 	 0.05 
No. of CE(s) 	Eigermvalue 	Statistic 	Critical Value 	Prob.** 
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None * 	0.524870 	52.61027 	29.79707 0.0000 
At most 1 * 	0.309539 	25.07600 	15.49471 0.0013 
At most  2* 	0.264596 	11.37140 	3.841466 0.0007 

Trace test indicates 3 cointegrating eqn(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
**MacKinnon Haug Miclielis  (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized 	 Max-Eigen 	0.05 
No. of CE(s) 	Eigenvalue 	Statistic 	Critical Value Prob.** 

None * 	0.524870 	27.53421 	21.13162 0.0055 
At most i 	0.309539 	13.70466 	14.26460 0.0611 

At most 2 * 	0.264596 	11.37140 	3.841466 0.0007 

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
**MacKiriIioriHaugMiclielis (1999) p-values 

Unrestricted Cointegrating Coeflicients (normalized by b*S1 1*b=l):  

LREMUN 	L_LABPROD 	LUNEMP 
0.072961 	0.180216 	-0.091746 

-0.088523 	-0.703774 	1.462202 
-0.293436 	0.290257 	0.929160 

Unrestricted Adjustment Coefficients (alpha) 

D(LREMUN) 	0.667112 	0416856 	-0.790503 
D(LLABPROD) 	-0.897411 	0.904021 	-0.329638 

D(L_UN EMP) 	-0.589790 	-0.046835 	-0.282462 

1 Cointegrating Equation(s): 	Log likelihood 	-209.2471 

Normalized cointegrating coefficients (standard error in parentheses) 
LREMUN 	LLABPROD 	LUNEMP 
1.000000 	2.470052 	-1.257468 

(2.17334) 	(3.20195) 

Adjustment coefficients (standard error in parentheses) 
D(L_REMUN) 	0.048673 

(0.02837) 
D(LLABPROD) 	-0.065476 

(0.03026) 
D(L_UNEMP) 	-0.043031 

(0.02182) 

2 Cointegrating Equation(s): 	Log likelihood 	-202.3948 

Normalized cointegrating coefficients (standard error in parentheses) 
LREMUN 	L_LABPROD 	LUNEMP 

1.000000 	0.000000 	5.620795 
(2.11577) 

0.000000 	1.000000 	-2.784663 
(0.40378) 

Adjustment coefficients (standard error in parentheses) 
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D(L_REMUN) 	0.011771 -0.173148 

(0.04342) (0.27499) 

D(LLABPROD) 	-0.145550 -0.798377 

(0.04212) (0.26671) 
D(LUNEMP) 	0.014229 0.348930 

(0.03045) (0.19281) 

i\nnendix F 
Date: 01/28/13 	Time: 17:58 
Sample (adjusted): 1992 2011 
Included observations: 20 after adjustments 
fiend assumption: Linear deterministic trend 
Series: L REMUN L_LABPROD LUNEMI 
Lags interval (in first differences): 1 to 4 

Unrestricted Coirtegration Rank Test (Trace) 

I lypothesized 	 Trace 0.05 
No. of CE(s) 	Eigenvalue 	Statistic Critical Value 	Prob.** 

None * 	0.740687 	39.92489 29.79707 	0.0025 

At most 1 	0.346209 	12.93048 15.49471 	0.1174 

At most 2 	0.198729 	4.431130 3.841466 	0.0353 

Trace test indicates 1 cointegrating eqrr(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
**MacKinr1oI1 Haug Michelis  (1999) p-values 

Unrestricted Cointegration Rank Test (Maxirirum Ligenvalue) 

Hypothesized 	 Max-Eigen 0.05 

No. of CE(s) 	Ligenvalue 	Stahshc Critical Value 	Prob.** 

None * 	0.740687 	25.991141 21.13162 	0.0067 

At most 1 	0.346209 	8.499350 14.26460 	0.3302 

At most 2 * 	0.198729 	4.431130 3.841460 	0.0353 

Max-eigerivalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
**MacKinnon Haug Michelis  (1999) p-vakies 

Unreshicted Cointegrating Coefficients (normalized by b*Si l*b1):  

L_REMUN 	LLABPROD 	LUNEMP 
-0.064468 	-0.162789 	0.565970 
-0.012585 	0.200587 	-0.347343 
0.006143 	-0.004084 	-0.260009 

Unrestricted Adjustment Coelficients (alpha): 

D(L_REMUN) 	-2.91 5326 	-1.623301 0.238029 
D(L_LABPROD) 	1.239021 	-0.750754 1.564094 
D(LUNEMP) 	-0.826866 	1.055341 0.349261 

1 Coirrtegrating Equation(s): 	Log likeliliooc.l -144.3060 

Normalized cointegrating coefficients (standard error in parer theses) 
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L_REMUN LLABPROD L_UNEMP 

	

1.000000 	2.525119 	-8.825643 

	

(0.54167) 	(1.17973) 

djustnierit coefficients (standard error in parentheses) 
D(LREMUN) 	0.187945 

(0.05488) 
D(LLABPROD) -0.079877 

(0.06333) 
D(L_UNEMP) 	0.053306 

(0.03358) 

Cointegrating Equation(s): 	Log likelil iood 	-140.0563 

malized cointegrating coefficients (standard error in parentheses) 
L_REMUN LLABPROD L_UNEMF3  

	

1.000000 	0.000000 	-3.844062 
(1.05997) 

	

0.000000 	1.000000 	-1.972810 
(0.37212) 

\djustment coefficients (standard error in parentheses) 
D(L_REMUN) 	0.208374 0.148970 

(0.04867) (0.19143) 
D(LLABPROD) 	-0.070429 -0.352290 

(0.06326) (0.24879) 
D(L_UNEMP) 	0.040025 0.346292 

(0.02916) (0.11469) 

1 I)PeIIdix (; 
[Date: 01/25/13 	ThTie:2316 	 -------------- 
Sample (adjusted): 1996 2011 
Included obseivations: 16 alter adjustments 
frond assumption: Linear deterministic (tend 
Series: L REMUN LLABPROD 
Lags interval (in first differences): 1 to 5 

Unrestricted Cointegralion Rank Test (Trace) 

Hypothesized 	 Trace 	 0.05 
No. of CE(s) 	Eigenvalue 	Statistic 	Critical ValLie Prob.** 

None * 	0.986606 	69.87096 	15.49471 0.0000 
At most 1 	0.052562 	0.863905 	.. 	3.841466 0.3526 

Trace test indicates 1 cointegratiiig eqn(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
**MacKInnonHaugMichelis (1999) p-values 

Unrestricted Cointegration Rank Test (Maximum Eigeiivalue) 

Hypothesized 	 Max-Eigeii 	0.05 
No. of CE(s) 	Eigerivalue 	Statistic 	Critical Value Prob. ** 

None * 	0.986606 	69.00706 	14.26460 0.0000 
At most 1 	0.052562 	0.863905 	3.841466 0.3526 

Max-eigenvalue test indicates 1 cointeqratirig eqn(s) at the 0.05 level 
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* denotes rejection of the hypothesis at the 0.05 level 
**MackinnonHaug..Michelis (1999) p-values 

Unrestricted Cointegrating Coefficients (normalized by b*S11*bl): 

	

L_REMUN 	L_LABPROD 

	

0.314661 	-0.623295 

	

-0.1 74233 	0.685036 

Unrestricted Adjustment Coefficients (alpha): 

D(LREMUN) 	1.872069 	0.094838 
D(L_LABPROD) -1.684835 0.162923 

1 Cointegrating Equation(s): 	Log likelihood 	-22.31773 

Normalized cointegrating coefficients (standard error in parentheses) 
LREMUN L_LABPROD 

	

1.000000 	-1 .980844 
(0.05506) 

\djustment coefficients (standard error in pat etitheses) 
D(L_REMUN) 	0.589068 

(0.07358) 
D(L_LABPROD) 	-0.5301 53 

(0.11599) 

Pairwise Grariger Causality Tests 
Date: 01/29/13 Time: 12:05 
Sample: 1990 2011 
Lags: 5 

Null Hypothesis: 

L_LABPROD does not Granger Cause LREMUN 
L_REMUN does not Gratiger Cause L_LABPROD 

	

Obs 	F-Statistic 

	

17 	0.92822 
1.35422 

Prob. 

Dependent Variable: L_REMUN 
Method: Least Squares 
Date: 01/29/13 Time: 14:40 
Sample (adjusted): 1995 2011 
Included observations: 17 after adjustments 

Variable Coefficient Std. Error 	t-Statistic Prob. 

DL_LABPROD(-5) 0.025702 0.265403 	0.096840 0.9243 
ECM(-1) -0.179878 0084962 	-2.117156 0.0541 

DL_REMUN(-2) 1,474310 0.105136 	14.02284 0.00013 
L_LABPROD(-4) -0.386752 0.293829 	-1.316249 0.2108 

R-squared 0.994453 Mean dependent var 137.600C 
\djusted R-squared 0.993173 S.D. dependent var 60.09373 

S.E. of regression 4.965399 Akaike itilo criterion 6.24518 
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Sum squared resid 	320.5175 Schwarz criterion 	 6.441239 

Log likelihood 	 -49.08410 Hannan-Quinn cuter. 	6.264677 

Durbin-Watson stat 	0.938707 

Dependent Variable: L_LABPROD 
Method: Least Squares 
Date: 01/29/13 	Time: 15:20 
Sample (adjusted): 1992 2011 
Included observations: 20 after adjustments 

Variable Coefficient Std. Error 	t-Statistic Prob. 

DL_REMUN(-2) -0.410263 0.342811 	-1.196760 0.2488 

ECM(-1) -0.577093 0.079279 	.7.279232 0.0000 

C 17.31841 9.208462 	1.880706 0.0783 

LREMUN(-1) 0.936419 0.338633 	2.765292 0.0138 

R-squared 0.770840 Mean dependent var 83.25000 

\djusted R-squared 0.727873 S.D. dependent var 8.913473 

S.E. of regression 4649785 Akaike info cnlenon 6.088376 

Sum squared resid 345.9280 Schwarz criterion 6.28 7522 

Log likelihood -56.88376 Hannan-Quinn ci iter. 6.127251 

F-statistic 17.94010 Duibin-Watson stat 1.275504 

Prob(F-statistic) 0.000023 

.AluH'Ild,x 1< 

Heteroskedasticity Test: Breusch-Pagan-Godfrey 

F-statistic 0.669460 Prob. F(4,12) 06255 
Obs*R squared 3.101527 Prob. Chi-Square(4) 0.5410 

Scaled explained SS 0.660076 Prob. Clui-Square(4) 0.9562 

rest Equation: 
Dependent Vanable: RESIDA2 
Method: Least Squares 
Date: 01/29/13 	Time: 17:46 
Sample: 1995 2011 
Included observations: 17 

Variable Coefficient Std. Etror 	t-Statistic Prob. 

C 58.75614 46.65736 	1.259311 0.2319 
ECM(-1) 0.033911 0.386324 	0.087779 0.9315 

L_LABPROD(-4) -0.825666 1.027124 	-0.803861 0.4371 
DL_LABPROD(-5) 0.276296 0.958848 	0.2881 54 0.7781 

DL_REMUN(-2) 0.048887 0.467800 	0.104505 0.9185 

R-squared 0.182443 Mean dependent var 18.85397 
djusted R-squared -0.090076 S.D. dependent var 16.58048 

S.E. of regression 17.31113 Akaike info criteiioui 8.780505 
Sum squared resid 3596.103 Schwarz cuiteuion 9.025568 
Log likelihood -69.63429 Ham man-Quinn criter. 8.804865 
F-statistic 0.669468 Dumbin-Watson stat 1.992237 
Prob(F-statistic) 0.625492 
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- 
Breusch-Godfrey Serial Correlation LM Test: 

F-statistic 1.185694 Prob. F(58) 0.3945 

Obs*Rsquared 7.185226 Prob. Clii-Square(5) 0.2072 

Test Equation: 
Dependent Variable: RESID 
Method: Least Squares 
Date: 01/29/13 	Time: 17:47 
Sample: 1995 2011 
Included observations: 17 
Presample missing value lagged residuals set to zero. 

Variable Coetlicient Std. Error 	t-Statislic Prob. 

ECM(-1) -0.109706 0.212190 	-0.517018 0.6191 

L_LABPROD(-4) -0.046976 0.335772 	-0.139905 0.8922 

DL_LABPROD(-5) -0.083040 0.423689 	-0.195994 0.8495 

DL_REMUN(-2) 0.096359 0.227359 	0.423821 0.6829 

RESID(-1) 0.685590 0.470778 	1.456292 0.1834 

RESID(-2) -0.422800 0.463803 	-0.911594 0.3886 

RESID(-3) 0.079844 0.621753 	0.128418 0.9010 

RESID(-4) -0.893775 0.722860 	-1,236443 0.2514 

RESID(-5) 0.076969 0.702993 	0.109487 0,9155 

R-squared 0.422660 Mean dependent var 0.311770 

\djusted R-squared -0:154679 S.D. dependent var 4.464198 

S.E. of regression 4.797049 Akaike info criterion 6.278931 

Sum squared resid 184.0935 Schwarz criterion 6.720044 

Log likelihood -44.37091 Fiannan-Quinn uniter. (5.322 778 

Durbin-Watson stat 1 .729650 

-leteroskedasticity Test: White 

F-statistic 	 7.587977 Prob. F(9,10) 	 0.0020 

Obs*R squared 	 17.44545 Prob. Chi-Square(9) 	 0.0422 

Scaled explained SS 	 15.79242 Prob. Chi-Square(9) 	 0.0713 

est Equation: 
)ependent Variable: RESIDA2 
ilethod: Least Squares 
)ate: 01/29/13 Time: 16:24 
ample: 1992 2011 

ncluded observations: 20 

I 	 Variable 	 Coefficient 	Std. Error 	t-Statistic 	Prob. I 

C -325.9982 337.0813 -0.967121 0.3563 
DL_REMUN(2)A2 -0.507386 0.329005 -1.542185 0.1541 

DLREMUN(2)*ECM(1) -0.613939 0.200846 -3.056766 0.0121 
DL_REMUN(2)*L_REMUN(i) 1.552984 0.639076 2.430047 0.0354 

DLREMUN(-2) -69 99523 23.26764 -3.008264 0.0132 
ECM(1)A2 -0.028126 0.026193 -1.073778 0.3081 
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ECM(-1 )*L_REMUN(1) 0.590241 0.204524 	2.885929 0.0162 

ECM(-1) -6.221517 5.830831 	-1.067003 0.3111 

L_REMUN(1)A2 -0994916 0344130 	-2.891107 0.0161 

L_REMUN(-1) 66.84254 24.50526 	2.727682 0.021 

-squared 0.872273 Mean dependent var 17.2964( 

\djusted R-squared 0.757318 S.D. dependent var 29.8471( 

3.E. of regression 14.70350 Akaike itifo criterion 8.52090 

5um squared resid 2161.930 Schwarz criterion 9.018761 

likelihood ..ng -75.20902 Hannan-Quinn criter. 8.618091 

F statistic 7.587977 Durbin-Watson stat 2.09603 

Prob(F-statistic) 0.001963  

Appendix N 
IBreusch-GodfreY Serial Correlation LM Test: 

fistic 	 1.553396 Prob. F(511) 	 0251 

R-squared 	 8.277284 Prob. Clii-Squaie(5) 	 0.141 

est Equation: 
lependent Variable: RESID 
ethod: Least Squares 

)ate: 01/29/13 Time: 16:25 
;ample: 1992 2011 
ricluded observations: 20 
resaniple missing value lagged residuals set to zero. 

Variable Coefficient Std. Erior t-Statistic Prob. 

DL_REMUN(-2) 0.296585 0.517934 0.572632 0.5784 

ECM(-1) -0.013519 0.207320 -0.065210 0.9492 

C -1.185938 23.25104 -0.051006 0.9602 

L_REMUN(-1) -0.259758 0.630720 -0.411844 0.6884 

RESID(-1) 0.655123 0.534618 -1.225404 0.2460 

RESID(-2) .0698439 0.405596 -1.722006 0.1130 

RESID(-3) 0.280018 0.587674 0.476486 0.6431 

RESID(-4) -0.177557 0.382649 -0.464021 0.6517 

RESID(-5) -0.232768 0.370112 -0.628911 0.542 

R-squared 
djusted R-squared 

S E of regression 
Sum squared resid 
Log likelihood 
F-statistic 

0.41 3864 
-0.012416 
4.293344 
202.7608 

-51.54172 
0.970873 

Mean dependent var 
S.D. dependent var 
Akaike info criterion 
Schwarz criterion 

Hannan-Quinhl cuter. 
Durbin-Watson stat 

-1 88E-14 
4.266935 
6.0541 72 
6.502251 
6.141642 
1.797063 

Prob(F-statistic) 0,503474 

ApIiXO 
Dependent Variable: L_LABPROD 
Method: ML - ARCH (Marquardt) - Normal distribution 

Date: 01/10/13 Time: 23:55 
Sample (adjusted): 1992 2011 
Included observations: 20 after adjustments 
Failure to improve Likelihood after 34 iterations 
Presample variance: backcast (parameter = 0.7) 
GARCH = C(5) + C(6)*RESID(1),12 + C(7)*GARCH(1) 
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Variable Coefficient Sid. Error 	z-Statistic Prob. 

DL_REMUN(-2) -0.364668 0.156891 	-2.324344 0.0201 
ECM(-1) -0.613279 0.055763 	-10.99791 00000 

C 11.65502 6.113538 	1.906428 0.0566 
L_REMUN(-1) 0.941560 0.165119 	5.702317 0.0000 

Variance Equation 

C 2.134641 0.256814 	0.341171 0.7330 
RESlD(1)112 0.949345 0.838525 	1.132160 0.2576 
GARCH(-1) -0.032325 0.403311 	-0.080148 0.9361 

R-squared 0.760306 Mean dependent var 83.25000 
\djusted R-squared 0.715364 S.D. deperidentvar 8.913473 

S.E. of regression 4.755454 Akaike info criterion 5.564706 
Sum squared resid 361.8296 Schwarz criterion 5.913212 
Log likelihood -48.64706 Hannari-Quinn criter. 5.632738 
Durbin-Watson stat 1.256745 

Apendix j) 
Heteroskedasticity Test: ARCH 

F-statistic 0.174202 Prob. F(i17) 0.6816 
Obs*Rsquared 0.192722 Prob. Chi-Squar e(1) 0.6607 

Test Equation: 
Dependent Variable: WGTRESIDA2 
Method: Least Squares 
Date: 01/10/13 	Time: 23:55 
Sample (adjusted): 1993 2011 
Included observations: 19 after adjustments 

Variable Coefficient Std. Error 	t-Statistic Prob. 

C 1.198566 0.381998 	3.137627 0.0060 
WGTRESID"2(-1) -0.100328 0.240378 	-0.4 17375 0.6816 

R-squared 0.0 10143 Mean dependent var 1.089894 
\djusted R-squared -0.048084 S.D. dependent var 1.190112 

S.E. of regression 1.218389 Akaike into criterion 3.332236 
Sum squared resid 25.23600 Sclrwatz criterion 3.431651 
Log likelihood -29.65624 Hannarr-Quinn enter. 3.349061 
F-statistic 0.174202 Durbin-Watson stat 1.948235 
Prob(F-slatistic) 0.681628 . 
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