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            Abstract:
[bookmark: _Hlk169804694]The construction sector in the thriving economy of Assam has achieved a spectacular growth over the past few decades, with the growing process of the urbanization and economic development.The intent of this study is to examine dynamics and stability of the labour supply model of the construction workers in Assam. The supply of constructionworkers in the state is growing in an upward trend. Population size in working age in the state is found to influence this trend.  To tackle the problem of over-supply of the building construction workers in the state in future, the study calls for government action to implement appropriate policy measures to keep family size in check. 
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Introduction:
The construction sector of Assam, an Indian state has emerged as a higher priority sector in the developmental atlas and hence, experienced a spectacular growth, with the growing process of the urbanization and economic development [footnoteRef:1].This sector being largely a labour intensiveand with its strong forward and backward effects,has provided employment opportunities to a large number of persons in the state[footnoteRef:2].Further, this sector has contributed with a significant share to the gross state domestic product of the state[footnoteRef:3].Importantly; the supply of workforce in the construction sector of the state has been increasing in an upward trend during 1991-2019(Fig-1). A variety of factors have been found consequent upon the upward trend in the supply of CWs of the state, which are termed as predictor variables or determinants in the supply model of CWs for the state.The supply of the CWs largely depends on the age composition of population of the state, particularly of the working population size in the age groups of 15-59 years. For, the construction works are manual in nature, and such works requires hard labour of the matured workers. In India, about 16% of population in the working age group finds their livelihood on construction sector (Dharma Raj & Bhanu Pratap Singh, 2018,pp.151-159). Apart from the domestic source, the supply of the CWs depends on the migrated labourers from other states and the neighbouring countries.A large number of migrant workers from other parts of the country (India), mainly from Bihar and West Bengal, and the neighboring country Bangladesh lead to an increase in total supply of CWs in the local labour market of the state. Migration has a direct effect on the labour supply of a region. For, the effect of the migration on the labour supply is not lagged (David E Bloom & Richard B Freeman, 1986). Again, the wage rates revised over time stimulating higher earning facilities acts as an important influential pulling factor of the supply of the CWs in the state. It not only pulls the domestic unskilled workers from other sectors of the economy such as agriculture and retail businees, also attracts cheap migrant workers from outside of the state to this sector.Further, young but poor people opt for construction works out of their necessity, not out of their choice.[footnoteRef:4] Either as a strategy for livelihood, or to ward off poverty, poor people participate in the construction works, which is often hard and hazardous.  Most of rural poor migrate to urban areas in search of work for livelihood. For the young and poorly educated persons, the construction sector is the ultimate resort that provides the employment opportunity to both skilled and unskilled persons(ILO, Construction Industry in the twenty-first century:Its image,employent prospects and skill requirements, 2001,pp.29). [1:  12th five year plan of India, construction sector, other priority sectors, vol-2,pp-393]  [2:  For Assam, construction sector has provided employment opportunities to 6.62 lakhs persons in 2011, which is 42.71% of the total employment of the state (15.5 lakhs) in that year (table-1). With the increase in number of employed persons to 8.66 lakhs in this sector, the percentage share of construction sector in total employment of the state has increased to 48.65% (17.8lakhs) in 2018(Source: Report of the working group on Construction for the 11thfive year plan, planning commission, Government of India &Economic survey, Assam, 2019-20;]  [3: In 2011, comprising a share of 7.6%, the construction sector of the state has contributed Rs. 10,887.47 crore to GSDP of the state (Rs. 1, 43,175 crore), But in 2018, the contribution of this sector to GSDP of the state has increased to Rs. 17129.11crore, which is 5.4% of GSDP of the state (Rs. 315881). Hence, though the percentage share of construction sector in GSDP of the state has declined from 7.6% in 2011 to 5.4% in 2018, in absolute figures, it has increased significantly(sources: Office of the central statistical organization, New Delhi; Report of the working group on Construction for the 11th five year plan, planning commission, Government of India; Economic survey, Assam, 2019-20; NSSO Employment & Unemployment Survey Reports, NITI Aayog and Periodic Labour Force Survey (PLFS), NSO; and RBI (WPS -6), 2014.
]  [4: Laura Kusisto (2018): Young People do not want construction jobs, Wall Street Journal.] 


                Fig-1: Supply Trend Line of Construction Workers in Assam during 1991-2019:
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Data sources: Drawn on the size of CWs in the state for 1991-2019 as shown in table-1:
Review of Literature:
Various researchers have included different factors as determinants of labour supply in a particular sector or in a region[footnoteRef:5]. Several scholars have viewed labour supply in a particular sector or in a region as dependant mainly on the wage rate, working condition, employment security,  workers’ commitment  to the job, the nature of imported labourers, organization of labourers and finally, the recruitment processes and dissemination of job information (ILO, 2001), (Bhagoliwal, 1987) (Russel, 1973)(Ashenfelter, Orley & James Heckman, 1973) and (Michal Myck & Howard Reed, 2006, pp.119).  In fact, supply of labourers in a region is determined by various factors such as overall population size, the wage rate, the size of migration, level of poverty, education and skill level of the workers, availability of the social security measures and age and sex composition of the population. [5:  Demaria G ,1957; Bhagoliwal T N,1987;Ashenfelter Orley & James Heckman ,1973;Hill C Russell,1973 & Coleman Thomas S ,1983.They have used a supply function for labour in a region as: 
                      S=F (W, V2……….V10),
where ,W is the wage rate, V2 stands for increase in population of that region,V3 for  distribution of its  population by age groups,V4 for  size of migration,V5 for  degree of the efficiency of the workforces,V6 for  distribution of the labour forces by job,V7 for labour mobility,V8 for length and intensity of the labour effort and  V9 for the disutility of labour and V10 for the policies adopted by the government .] 

For Assam, the supply of CWs chiefly depends on the following four major factors: i) population size in working age, ii)  availability of migrant workers, iii) size of poor population,  and iv) Wage rate.  As such, these determinants (predictors), which are really time seriesvariables, have been taken for analytical treatment.
Objectives:
The study has been undertaken with the following objectives: 
i. To examine the long-run association (Co-integration) of the predictor time series variables with the response variable-supply of CWs.
ii. To examine short-run and long-run dynamics/causality to the response variable-the supply of CWs from the predictor variables.
iii. To examine the stability of the supply model of CWs. 
Research Questions:
For systematic study of the proposed work, the following research questions have been designed and these have been examined in course of this study to achieve the objective and deduce logistic conclusion-
i. Among the selective predictor time series variables, which one isthe chief predictor variable that causes dynamics in  labour supply model  of construction workers (CWs) of the state?
ii. Is the labour supply model of CWs in the state dynamically stable?

Research Methodology:
In this study, both the descriptive and analytical methods have been used. For analyzing cointegration, dynamics and stability of the labour supply model of the CWs in the state, the software- EViews 11 Student Version(x64) has been used. Based the relevant literature reviewed, the practical observation and theoretical knowledge, the determinants of the supply of CWs for the state (Assam) has selected.The study is based on the secondary data collected from the following official sources-
i)Annual reports of Building & Other Construction Workers’ Welfare Board, Assam, ii)NSSOreports, iii)Economic Survey, Assam, iv. Ministry of Labour& Employment, government of Assam,v)Ministry of Statistics and Programme Implementation, Government of India, 2016,vi)Office of the Registrar General& Census commissioner of India,vii)Report of the technical group on  population projections  for India and states for 2001-  2026, vii) Chief Secretary, Government of Assam, Labour  and employment Departments,viii)Directorate of  Economics and Statistics, Government of Assam based on Niti Aayog,ix)Census of India,   Assam, migration table, 1991, vol-I (table D-2) & x)Census of India, Assam, migration table, 2001, D- series (table, D-2


Results and discussion:
For regressing the time series data of CWs of the state on its four determinants, at first, the stationarity of these time series variables have been checked. A time series is defined as stationary when its statistical properties such as mean, variance and covariance of the distribution remain the same over time. For stationarity of a time series, there should have no trend or seasonality. If the time series are non-stationary, the results from the regression analysis become spurious and give a very high R2, although there is no meaningful relationship between the two variables (Gujarati, 1995). As such, whether a relationship between the economic variables, is true or spurious is important to examine, and this could be found out using the Unit Root Test.
Table-1: Determinants of the supply of CWs in the state
	Year
	Size of CWs (,000)
	Population in working age groups (,000)
	Size of migrants  (,000)
	Wage Rates (Rs)
	Size of poor
population (,000)

	1991
	185
	12121
	853.134
	35
	9898

	1992
	194
	12480
	840.805
	40
	9762

	1993
	208
	12800
	765.917
	50
	9636

	1994
	220
	13090
	819.531
	55
	9607

	1995
	233
	13400
	876.898
	60
	9580

	1996
	246
	13800
	824.285
	65
	9567

	1997
	259
	14040
	783.071
	70
	9500

	1998
	272
	14360
	736.087
	75
	9476

	1999
	284
	14600
	699.283
	80
	9455

	2000
	323
	14980
	627.971
	85
	9416

	2001
	360
	15287
	706.482
	90
	9373

	2002
	396
	15720
	734.741
	95
	9470

	2003
	432
	16170
	756.783
	98
	9570

	2004
	467
	16630
	711.376
	100
	9671

	2005
	504
	17050
	769.345
	110
	9687

	2006
	544
	17363
	792.425
	120
	9710

	2007
	580
	17800
	744.879
	125
	9738

	2008
	616
	18150
	700.186
	130
	9745

	2009
	662
	18330
	679.180
	140
	9763

	2010
	676
	18620
	685.972
	156
	9762

	2011
	700
	18859
	675.642
	160
	9781

	2012
	723
	19100
	695.911
	180
	9902

	2013
	744
	19340
	754.156
	208
	9269

	2014
	766
	19600
	817.614
	222
	9080

	2015
	793
	20250
	895.104
	240
	8904

	2016
	800
	21116
	959.700
	246
	8644

	2017
	866
	21200
	1027.991
	250
	8854

	2018
	935
	22265
	1096.591
	250
	9032

	2019
	1006
	23840
	1125.998
	265
	9110


Sources:i.Annual reports of Building & Other Construction Workers’ Welfare Board, Assam,  ii. NSSOreports, iii. Economic Survey, Assam, iv. Ministry of Labour& Employment, government of Assam,v.Ministry of Statistics and Programme Implementation, Government of India, 2016,vi. Office of the  Registrar General& Census commissioner of India,vii.Report of the technical group on  population projections  for India and states for 2001-  2026, vii. Chief Secretary, Government of Assam, Labour  and employment Departments,viii. Directorate of  Economics and Statistics, Government of Assam based on Niti Aayog,ix. Census of India,   Assam, migration table, 1991, vol-I (table D-2),& x. Census of India, Assam, migration table, 2001, D- series (table, D-2
Unit Root Test for Stationarity of the time series:
Unit Root Test is one of the alternative tests of checking up stationarity in a time series variable. A time series that has a unit root is termed as a random walk. And, a random walk is an example of a non-stationary time series  (Gujarati, 1995).   
Augmented Dickey-Fuller Test:
In Augmented Dickey-Fuller Test (ADF) test, Null Hypothesis (H0): The variable has a unit root (i.e. the variable is non-stationary).  Alternative Hypothesis (H1): The variable is stationary. Under the probability approach of this test, when p-value is less than 0.05, then the H0 is rejected. This means that the particular variable is stationary. Contrary to it, if p-value is greater than 0.05, we accept H0, which means that the variable is non-stationary.
Table-2: Results of Group Unit Root Test for stationarity of the time series variables:
	Variables
	Level
	1st Difference
	2nd Difference

	
	C
	C&T
	C
	C&T
	C
	C&T

	CWs
	0.9989
	0.8119
	0.3424
	0.2997
	0.0000
	0.0000

	PSWA
	0.9987
	0.1548
	0.0395
	0.0199
	0.0269
	0.0000

	SM
	0.8969
	0.9936
	0.0200
	0.0153
	0.0000
	0.0000

	SPP
	0.5857
	0.7913
	0.0047
	0.0243
	0.0000
	0.0000

	WR
	0.9996
	0.9438
	0.025
	0.0525
	0.0000
	0.0020


C stands for Constant/Intercept; T stands for Trend

 The data in the table-2 indicates the p-values of ADF test for the time series variables. At level/ original data, under both (i) Constant/ Intercept and (ii) Constant and Trend models, the p-values for the all the selective time series variables are found to be greater than 0.05(table-2). This indicates to accept the null hypothesis. Hence, at level under the both models of ADF test, all the time series variables such as CWs, PSWA, SM, SPP and WR are non-stationary.
   For converting the non-stationary time series variables (at level) to stationary series, at first, 1st difference of the time series has been taken up. At first difference, under the both models, the p-values for CWs are found to be greater than 0.05(table-2). This indicates that at 1st difference, the response variable of the labour supply model (CWs) is non-stationary. But under the both models, the p-values for all the predictor variables are found to be less than 0.05. This indicates that all the predictor variables are stationary at 1st difference. So, it is crucial to precede to 2nd difference of these time series variables.
At the 2nd difference under both models, the p-values for all the time series variables are found to be less than 0.05 indicating the fact that at 2nd difference, all the time series variables in the labour supply model are stationary(table-4).Hence, the 2nd differenced form of the all the variables are stationary.  Since the linear combination of the variables is stationary at the same order (2nd order), hence the Cointegration test could be applied.
Cointegration Test:
Through the cointegration test, the long-run associationship among the time series variables in the labour supply model of CWs in the state has been examined. The pre-condition of Johansen Cointegration test is that variables must be non-stationary at level, but stationary when the variables are converted into 1st or 2nd differences (Johansen, 1988)& (S Johansen & K Julselius, 1990). For examining the existence of cointegration among the time series variables, the following hypotheses have been formulated.
	Null Hypothesis (H0): There is no cointegration among the time series variables in the supply model of CWs in the state.
	Alternative Hypothesis (H1): There is a cointegration among the time series variables. 	
In the estimated cointegration model[footnoteRef:6] for the supply of CWs in the state, in total five (5) hypothesized cointegration equations have been found (table-3). The 1st cointegration equation referred as ‘None’ indicates the null hypothesis, which is the vital hypothesis in the model. Since Trace statistics (138.3402) is greater than the critical values (69.81889) at 5%, and the p-value (0.000) is less than 0.05, the null hypothesis has been rejected (table-3).This implies that there is a cointegration/ long-run associationship among the time series variables in the labour supply model. Again, Max-Eigen Statistic test also give the same result. The value of Max-Eigen statistic (63.09263) is found to be greater than the critical value (33.87687) at 5%, and p-value is less than 0.05(table-3). This urges to reject the null hypothesis. Hence, it is confirmed that there is a cointegration among the variables, i.e.the variables move together over time. [6:  In this model, there are two tests. One is Trace statistic, and the other is Max- Eigen Statistic.  Under Trace statistic test, we compare Trace statistics with the critical values at 5%. If Trace statistic is greater than the critical value at 5%, we reject the null hypothesis. On the other hand, if Trace statistic is less than the critical value at 5%, we accept the null hypothesis. From Probability test also, the results could be tested. If p-value is less than 0.05, then we reject the null hypothesis.      ] 

The second cointegration equation (At most 1*) indicates that there is at most 1(one) cointegration equation in the model. In this case, Trace statistic (75.24761) is greater than the critical value (47.85613) at 5%, and the p-value (0.000) is less than 0.05(table-3). Hence, the null hypothesis of the existence of at most 1 cointegration is rejected. This means that there are more than one cointegration equations in the model. The max-Eigen statistic test also tells the same thing. In this test, it has been found that the value of Max-Eigen statistic (32.33154) is greater than the critical value (27.58434) at 5%, and the p-value (0.0113) is less than 0.05(table-3).So, we reject the null hypothesis of at most 1 cointegration equation. This indicates the existence of several cointegration equations in the model. 
Since all the time series variables in the supply model of CWs are cointegrated at the same order(at 2nd order),  the restricted VAR .i.e VECM have to be run for examining the long-run and short-run causality running from the predictor variables (PSWA, SM, SPP and WR) to the response variable (CWs). 
Table-3: Co integration Test[image: ]



Vector Error Correction Model (VECM)/Restricted VAR: 
For running VECM as suggested by Johansen test, however, there should be one cointegration model. The VECM automatically converts the time series variables into the 1st and 2nd difference. In error correction section of the estimates of VECM (table-4), it has seen that all variables are denoted by ‘D’. This indicates that all the variables become differenced form of 1st and 2nd orders. Importantly, in the present form of the model .i.e in the estimates of VECM as shown in table-4, there is no p-value. For getting the p-value, at first, the cointegration equation for each time series variable in the labour supply model has been estimated. For it, a system equation model has been estimated andconcentration has been given only on 1st equation of the model, as it is the response variable (CWs) in the labour supply model.i.e.1st equation is the main or target model.In the first equation denoted by D (CWS) as shown in table-5, c (1) is actually the coefficient of cointegrating model. By estimating this equation in E-views, the p-values have been found (table-5). Here, C1 denotes the error correction term or speed of adjustment toward long-run equilibrium. 

From the Estimated coefficients for D (CWS) in table-5, the long-run and short-run causality of the supply of CWs in the state has been tried to analyze.
Long-run Causality:
In the estimated model for D (CWS) as shown in table-5, C(1) is the long-run coefficient. And C (2), C (3),……., C(11) are the short-run coefficients and C(12) is the constant term. As per the guideline of the model, if C (1) is negative in sign and is significant, then it may be concluded that there is a long-run causality to CWs running from PSWA, SM, SPP and WR. But if C (1).i.e. the coefficient of D (CWS) is positive in sign and it is insignificant, it may be confirmed that there is no long-run causality in CWs from its determinants. 
From the estimated model for D (CWS) as shown in Fig-4, it has been found that the coefficient of D (CWS), i.e.C (1) is negative in sign(-0.387378). Being negative in sign, it means that for the departure in one direction, the correction would have to be put to other direction for ensuring that the equilibrium is attained.The coefficient of C (1) tells that 38.74% departure of the long-run equilibrium is corrected each period, which is, however, much large. Nevertheless, the coefficient of C (1) is found to be insignificant as the p-value (0.1692) is greater than 0.05. So, it may be concluded that in the supply model of CWs, the long-run causality running from the predictor variables (PSWA, SM, SPP &WR) to the response variable (CWs) is not significant.







Table-4: Estimates of VECM:
[image: ]


Table-5:Estimated Equation for D (CWS):
[image: ]

Short-run Causality:
The short-run causality to response variable from a predictor variable is checked up as per the guideline suggested by Wald-Test. As per the Wald-Test guideline-
	 If the coefficients of a predictor variable are zero, then there is no short-run causality running from this particular predictor variable to the response variable. In other words, if all the lagged forms of a variable become zero, then it indicates no short-run causality. Wald-test of coefficient diagnostics is usually performed through the following hypotheses-
   Null hypothesis (H0): There is no short-run causality. 
   If H0 is rejected, then it means that there is short-run causality.
i. Checking of causality effect of PSWA on CWs:
         At first, whether PSWA has the short run causality effect on CWs or not has been checked following the guideline-H0: C (4) =C (5) =0. Since p-value (0.0042) is less than 0.05(table-6), we reject H0. Hence, there is a short-run causality running from PSWA to CWs.
i. Test of short-run causality from SM:
In this case, H0: C (6) =C (7) =0. Since p-value of chi-square statistic (0.8052) is greater than 0.05(table-7), the null hypothesis has to be accepted. This indicates that there is no short-run causality from SM to CWs.
ii. Test of short-run causality from SPP:
Here, H0: C (8) =C (9) =0 is the guideline. Since p-value of chi-square statistic (0.4952) is greater than 0.05(table-8), the null hypothesis has been accepted. This indicates that there is no short-run causality from SPP to CWs.
iii. Test of short-run causality from WR:
H0: C (10) =C (11) =0.  The p-value of chi-square statistic (0.1504) being greater than 0.05(table-9) indicates that there is no short-run causality from WR to CWs.
 Now, it may be sum up that in the supply model of CWs, there is a long-run causality to CWs running from PSWA, SM, SPP and WR; but it is not significant.  On the other hand, there is a short-run causality running from PSWA to CWs. But, there is no evidence of the short-run causality arises from SM, SPP and WR to CWs. This is the decision of the model. 
As regards the research question-1, among the selective determinants, which one is the chief variable predictor variable that causes the dynamics in the labour supply model of the construction workers in the state; it has been found that causing both long-run and short-run dynamics, population Size in the Working Age (PSWA) is the main determinant in supply of construction workers.
Table-6: Short-run Causality from PSWA:
[image: ]

Table-7: Short-run Causality from SM:
	[image: ]

Table-8: Short-run Causality from SPP:
[image: ]

Table-9: Short-run Causality from WR:
[image: ]

Diagnostic Test of Supply model of CWs: 
For examining how the supply model of CWs as a whole is, the main model i.e. 1st cointegrating equation with the p-values has to been considered (table-5). In this case, the value of R-squared (0.752184) is found to be more than 60%. Hence, the model is acceptable. Again, the value of F-statistic (3.863056) has been found to be significant as the p-value (0.010011) is less than 0.05.  So, it confirms that the model fits well to data set.
Residual Diagnostic (Serial Correlation LM Test):
Again, it is important to examine whether the labour supply model of CWs is affected by serial correlation or not. This has been done through the Breusch-Gogfrey Serial Correlation LM Test. The hypotheses adopted under this test are as follows-
i) Null Hypothesis (H0): There is no serial correlation in residuals.
     ii) Alternative Hypothesis (H1): There is serial correlation in residuals.
	As the p-value of R-squared (0.5928) is greater than 0.05, the null hypothesis has been accepted (table-10). This indicates that there is no evidence of the serial correlation in residuals, which is a desirable outcome. 




Table-10: Residual Diagnostic (Serial Correlation LM Test):
[image: ]

Normality& stability Test:
In this test of normality, Null Hypothesis (Ho) is to be framed.  In this test, the residuals are found to be normally distributed as shown in Fig-2. Statistically, p-value of Jarque-Bera (0.536350) is greater than 0.05, as such Null Hypothesis (Ho) has been accepted. This means that the residuals are normally distributed and this is desirable. 
Fig-2: Histogram-Normality Test:
[image: ]

To make sure whether the supply model of CWs is stable or not, the stability test has been run. Since the blue line lies within the red boundary (Fig-3), it ensures that the model is dynamically stable.
Regarding the research question-2, is the labour supply model of CWs in the state dynamically stable?; it has been found that the labour supply model of CWs in the state is dynamically stable.

Fig-3: Stability Test
[image: ]

Conclusion& policy Recommendation:

The population size in the working age causing both the short-run and long-run dynamics is found to be the chief determinant in the labour supply model of the construction workers (CWs) in Assam. For dynamic stability of the supply model of the CWs in the state, the government needs to control the population size of the state within a reasonable limit. For it, the government needs to implement the family planning strategies rigorously to reduce the family size, especially among the labour section so that the surplus labourforce in the construction labour market and hence, the unemployment problem among the CWs of the state does not go into a severe point.
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Vector Error Correction Estimates
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Error Correction: D(CWS) D(PSWA) D(SM) D(SPP) D(WR)

CointEq1 -0.387378  3.961956 -0.338666  6.787400 -0.397611

 (0.26723)  (4.05339)  (0.97222)  (1.40346)  (0.09020)

[-1.44962] [ 0.97744] [-0.34834] [ 4.83618] [-4.40816]

D(CWS(-1))  0.698973  11.40557  1.986125 -4.867451  0.388397

 (0.28994)  (4.39793)  (1.05486)  (1.52276)  (0.09787)

[ 2.41074] [ 2.59339] [ 1.88282] [-3.19647] [ 3.96867]

D(CWS(-2))  0.502143 -10.20463 -1.425589 -1.046384  0.194451

 (0.37525)  (5.69190)  (1.36523)  (1.97079)  (0.12666)

[ 1.33816] [-1.79283] [-1.04421] [-0.53095] [ 1.53522]

D(PSWA(-1))  0.028172  0.469438  0.163890 -0.206265  0.004806

 (0.01940)  (0.29429)  (0.07059)  (0.10190)  (0.00655)

[ 1.45204] [ 1.59514] [ 2.32179] [-2.02424] [ 0.73387]

D(PSWA(-2))  0.065475 -0.825685  0.052331  0.193398 -0.001891

 (0.02028)  (0.30759)  (0.07378)  (0.10650)  (0.00684)

[ 3.22885] [-2.68439] [ 0.70933] [ 1.81594] [-0.27633]

D(SM(-1))  0.043564  1.461534  0.065500 -0.507145  0.035409

 (0.06618)  (1.00380)  (0.24077)  (0.34756)  (0.02234)

[ 0.65829] [ 1.45601] [ 0.27205] [-1.45916] [ 1.58520]

D(SM(-2))  0.007096  0.462722 -0.364399 -0.275702 -0.004696

 (0.07142)  (1.08327)  (0.25983)  (0.37508)  (0.02411)

[ 0.09937] [ 0.42715] [-1.40247] [-0.73506] [-0.19480]

D(SPP(-1)) -0.079310  0.997045 -0.033427  0.977757 -0.058935

 (0.06853)  (1.03950)  (0.24933)  (0.35992)  (0.02313)

[-1.15729] [ 0.95916] [-0.13407] [ 2.71658] [-2.54778]

D(SPP(-2)) -0.030468 -0.019754 -0.122142  0.875957 -0.029060

 (0.03943)  (0.59814)  (0.14347)  (0.20710)  (0.01331)

[-0.77265] [-0.03303] [-0.85136] [ 4.22959] [-2.18329]

D(WR(-1)) -2.380673  17.54496  2.822222  7.355001 -1.391015

 (1.50536)  (22.8339)  (5.47681)  (7.90610)  (0.50812)

[-1.58146] [ 0.76837] [ 0.51530] [ 0.93030] [-2.73760]

D(WR(-2)) -0.414054  6.220877  0.830101  26.55018 -0.501185

 (1.24465)  (18.8792)  (4.52827)  (6.53682)  (0.42011)

[-0.33267] [ 0.32951] [ 0.18332] [ 4.06163] [-1.19297]

C -17.12083  295.0502 -119.0646 -53.49403  3.199740

 (15.8872)  (240.983)  (57.8008)  (83.4388)  (5.36251)

[-1.07765] [ 1.22436] [-2.05991] [-0.64112] [ 0.59669]

R-squared  0.752184  0.813367  0.567378  0.917387  0.787073

Adj. R-squared  0.557472  0.666726  0.227460  0.852477  0.619773

Sum sq. resids  1986.871  457136.9  26299.19  54803.91  226.3662

S.E. equation  11.91299  180.7004  43.34182  62.56648  4.021072

F-statistic  3.863056  5.546676  1.669162  14.13320  4.704559

Log likelihood -93.26326 -163.9627 -126.8420 -136.3869 -65.02515

Akaike AIC  8.097174  13.53560  10.68015  11.41437  5.925012

Schwarz SC  8.677834  14.11626  11.26081  11.99503  6.505672

Mean dependent  30.69231  424.6154  13.84927 -20.23077  8.269231

S.D. dependent  17.90814  313.0103  49.31132  162.8966  6.521090

Determinant resid covariance (dof adj.)  2.08E+14

Determinant resid covariance  9.40E+12

Log likelihood -572.7901

Akaike information criterion  49.06078

Schwarz criterion  52.20602

Number of coefficients  65


image4.emf
Sample (adjusted): 1994 2019

Included observations: 26 after adjustments

D(CWS) = C(1)*( CWS(-1) - 0.018829217677*PSWA(-1) + 0.055743487410

        7*SM(-1) - 0.264137238851*SPP(-1) - 3.43018733084*WR(-1) +

        2712.03567441 ) + C(2)*D(CWS(-1)) + C(3)*D(CWS(-2)) + C(4)

        *D(PSWA(-1)) + C(5)*D(PSWA(-2)) + C(6)*D(SM(-1)) + C(7)*D(SM(-2)) +

        C(8)*D(SPP(-1)) + C(9)*D(SPP(-2)) + C(10)*D(WR(-1)) + C(11)*D(WR(

        -2)) + C(12)

Coefficient Std. Error t-Statistic Prob.  

C(1) -0.387378 0.267227 -1.449622 0.1692

C(2) 0.698973 0.289942 2.410739 0.0302

C(3) 0.502143 0.375249 1.338161 0.2022

C(4) 0.028172 0.019402 1.452040 0.1685

C(5) 0.065475 0.020278 3.228854 0.0061

C(6) 0.043564 0.066177 0.658290 0.5210

C(7) 0.007096 0.071416 0.099365 0.9223

C(8) -0.079310 0.068531 -1.157290 0.2665

C(9) -0.030468 0.039433 -0.772649 0.4526

C(10) -2.380673 1.505363 -1.581461 0.1361

C(11) -0.414054 1.244646 -0.332668 0.7443

C(12) -17.12083 15.88720 -1.077649 0.2994

R-squared 0.752184    Mean dependent var 30.69231

Adjusted R-squared 0.557472    S.D. dependent var 17.90814

S.E. of regression 11.91299    Akaike info criterion 8.097174

Sum squared resid 1986.871    Schwarz criterion 8.677834

Log likelihood -93.26326    Hannan-Quinn criter. 8.264383

F-statistic 3.863056    Durbin-Watson stat 2.024766

Prob(F-statistic) 0.010011
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability

F-statistic  5.476832 (2, 14)  0.0175

Chi-square  10.95366  2  0.0042

Null Hypothesis: C(4)=C(5)=0

Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(4)  0.028172  0.019402

C(5)  0.065475  0.020278

Restrictions are linear in coefficients.
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability

F-statistic  0.216674 (2, 14)  0.8078

Chi-square  0.433347  2  0.8052

Null Hypothesis: C(6)=C(7)=0

Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(6)  0.043564  0.066177

C(7)  0.007096  0.071416

Restrictions are linear in coefficients.
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability

F-statistic  0.702818 (2, 14)  0.5118

Chi-square  1.405636  2  0.4952

Null Hypothesis: C(8)=C(9)=0

Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(8) -0.079310  0.068531

C(9) -0.030468  0.039433

Restrictions are linear in coefficients.
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability

F-statistic  1.894227 (2, 14)  0.1870

Chi-square  3.788454  2  0.1504

Null Hypothesis: C(10)=C(11)=0

Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(10) -2.380673  1.505363

C(11) -0.414054  1.244646

Restrictions are linear in coefficients.
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Breusch-Godfrey Serial Correlation LM Test:

Null hypothesis: No serial correlation at up to 2 lags

F-statistic 0.251451    Prob. F(2,12) 0.7817

Obs*R-squared 1.045793    Prob. Chi-Square(2) 0.5928

Test Equation:

Dependent Variable: RESID

Method: Least Squares

Date: 04/19/21   Time: 21:03

Sample: 1994 2019

Included observations: 26

Presample missing value lagged residuals set to zero.

Variable Coefficient Std. Error t-Statistic Prob.  

C(1) -0.127881 0.336827 -0.379663 0.7108

C(2) -0.043794 0.507199 -0.086345 0.9326

C(3) 0.325355 0.735032 0.442641 0.6659

C(4) 0.001723 0.020769 0.082961 0.9353

C(5) 0.000335 0.029640 0.011311 0.9912

C(6) 0.029675 0.081601 0.363655 0.7224

C(7) 0.014667 0.083040 0.176630 0.8627

C(8) -0.033745 0.086831 -0.388625 0.7044

C(9) -0.031113 0.062910 -0.494564 0.6298

C(10) -0.492165 1.765215 -0.278813 0.7851

C(11) -1.057416 2.143388 -0.493338 0.6307

C(12) 1.848080 17.52724 0.105440 0.9178

RESID(-1) 0.133837 0.715847 0.186964 0.8548

RESID(-2) -0.414037 0.610202 -0.678524 0.5103

R-squared 0.040223    Mean dependent var 2.61E-14

Adjusted R-squared -0.999536    S.D. dependent var 8.914867

S.E. of regression 12.60606    Akaike info criterion 8.209966

Sum squared resid 1906.954    Schwarz criterion 8.887403

Log likelihood -92.72956    Hannan-Quinn criter. 8.405043

F-statistic 0.038685    Durbin-Watson stat 1.954897

Prob(F-statistic) 1.000000
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Series: Residuals

Sample 1994 2019

Observations 26

Mean        2.61e-14

Median   -0.885376

Maximum   22.46419

Minimum  -16.60281

Std. Dev.    8.914867

Skewness    0.511914

Kurtosis    3.319175

Jarque-Bera  1.245936

Probability

 0.536350
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Sample (adjusted): 1994 2019

Included observations: 26 after adjustments

Trend assumption: Linear deterministic trend

Series: CWS PSWA SM SPP WR 

Lags interval (in first differences): 1 to 2

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None *  0.911667  138.3402  69.81889  0.0000

At most 1 *  0.711633  75.24761  47.85613  0.0000

At most 2 *  0.579948  42.91607  29.79707  0.0009

At most 3 *  0.469191  20.36429  15.49471  0.0085

At most 4 *  0.139196  3.897110  3.841465  0.0484

 Trace test indicates 5 cointegrating eqn(s) at the 0.05 level

 * denotes rejection of the hypothesis at the 0.05 level

 **MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None *  0.911667  63.09263  33.87687  0.0000

At most 1 *  0.711633  32.33154  27.58434  0.0113

At most 2 *  0.579948  22.55178  21.13162  0.0314

At most 3 *  0.469191  16.46718  14.26460  0.0221

At most 4 *  0.139196  3.897110  3.841465  0.0484

 Max-eigenvalue test indicates 5 cointegrating eqn(s) at the 0.05 level

 * denotes rejection of the hypothesis at the 0.05 level

 **MacKinnon-Haug-Michelis (1999) p-values

 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I): 

CWS PSWA SM SPP WR

-0.114379  0.002154 -0.006376  0.030212  0.392341

 0.047385 -0.000220 -0.009224 -0.004835 -0.166808

 0.008606  0.005755  0.016326 -0.008181 -0.270031

 0.056808 -0.005462 -0.003454  0.001182  0.056918

 0.026361 -0.001605 -0.015579 -0.007486 -0.008867

 Unrestricted Adjustment Coefficients (alpha): 

D(CWS)  3.386796 -3.557352  1.045005 -1.862989  2.591401

D(PSWA) -34.63885 -102.1872  3.495661  32.52954 -8.474498

D(SM)  2.960912  8.897969 -17.21847  8.028905  5.908478

D(SPP) -59.34132  7.777604  16.28104  4.558982  12.81761

D(WR)  3.476263  0.919818  0.412115  1.685317 -0.004615


