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ABSTRACT 

 

This study has investigated the sustainability of Zambia’s domestic debt (mainly composed of 

Government securities). Most of Zambia’s external debt has been forgiven and donors have put 

in place measures to avoid a repeat of an accumulation of an unsustainable external debt stock. 

Zambia’s current macro-economic environment is condusive for domestic borrowing (stable 

inflation, an open economy, relatively stable exchange rate, etc.). This scenario has threatened 

the sustainability of domestic debt. Government has in the recent past shifted its financing of 

deficits and projects from external to domestic and specifically through Government securities. 

Further, demand for Government securities has increased both from local and foreign investors 

owing to the price and financial system stability prevailing in the economy.  

The initial analysis of domestic debt sustainability(DDSA) has been done via rules of thumb 

ratios. These ratios reveal first warning signs as regards DDSA. Sustainability has been 

measured using the concept of the Present Value Budget Constraint (PVBC) which relies on the 

empirical strategy of cointegration; cointegration between revenues and expenditures is a 

necessary condition for debt sustainability, given that both variables of integrated of the same 

order.  The analysis is performed with total revenue (with grants) and also with domestic revenue 

(without grants). The data was collected from the Bank of Zambia, Ministry of Finance and 

National Planning and the Central Statistical Office, spanning from 1980 to 2010. Both 

expenditure with revenue plus grants and expenditure with only domestic revenue were analysed 

using E-views' Johansen's cointegration test to test for sustainability.   

Results suggest that Zambia's domestic debt is sustainable whether revenue includes grants or 

not. This is after cancellation of most of the external debt, relieving the pressures of external debt 

service. In addition, revenue has been boosted by the high copper prices and GDP has been 

consistently growing at over 5% for the past 7 years. This scenario has been reducing reliance on 

cooperating partner budget support. Nevertheless, the sustainability of Zambia's domestic debt is 

still threatened by its dependency on exports of raw copper as the major source of revenue. There 

is need to quickly diversify the economy, to widen the tax base and also to build a substantial 

fund to hedge against oil price shocks while at the same time, shifting towards renewable energy 

sources to reduce dependency on oil. 
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Chapter One: Introduction 

In April 2005, Zambia reached the completion point of the enhanced initiative of Highly Indebted 

Poor Countries (HIPC Initiative). This resulted in more than 80% of Zambia’sexternal debt being 

forgiven (2000 – US$6.5billion, 2004 – US$7.1 billion, 2006 US$0.7 billion). Further, given the 

prevailing conducive macro-economic environment, domestic borrowinghas been on the rise 

hence threatening the sustainability of domestic debt. Government has in the recent past shifted its 

financing of deficitsfrom external to domestic borrowing specifically through Government 

securities. Further, demand for Government securities has increased both from local and foreign 

investors owing to the stability in the financial markets. Therefore, this study aims to analyse in 

detail the sustainability of Zambia’s domestic debt given the current macro-economic status(Bank 

of Zambia, 2005, 2009; Muyatwa, 2008) 

Evolution of Zambia’sDomestic Debt 

Zambia's independence in 1964 might have come too soon for most of its neighbours, who were 

still in power struggles. Hence heavy expenditures were incurred in the first two decades after 

independence, supporting liberation struggles in neighbouring countries of Southern Africa. 

Nevertheless, during this period, Zambia’s main source of revenue, copper, was produced in 

relatively large quantities and was selling at high prices, which generated adequate revenue to 

finance these and other regular expenditures (Ng’andwe, 1980). 

By the 1970s, some of its neighbours had attained independence; however Zambia's problems 

were not solved. Civil war in the former Portuguese colonies generated both social and economic 

problems. Then, in the mid-1970s, the price of copper suffered a severe decline worldwide. On 

the other hand, oil prices soared increasing the cost of imports. Moreover, being landlocked and 

facing liberation struggles in most of its neighbours, Zambia had to open its route for exports and 

imports through Tanzania at a very high cost – the Great North Road, Tanzania Zambia 

Railways(TAZARA) and Tanzania Zambia Mafuta pipeline (TAZAMA)(Situmbeko et al, 2004; 

UNCTAD, 2004; Muyatwa, 2008: Ng’andwe, 1980)) 

Zambia turned to international lenders (e.g. IMF, World Bank and the Paris Club) for relief as the 

local market was not developed enough to lend substantial credit to the government. As copper 
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prices remained depressed, it became increasingly difficult for Zambia to service its growing 

external debt. In 1983, the country was put on the International Monetary Fund’s (IMF) Structural 

Adjustment programmes (SAPs). SAPs put emphasis on fiscal discipline and hence reduced 

budget deficits.But the then socialist government made up for falling revenue with abortive 

attempts at these SAPs (in 1885 and 1987), which ended after popular outcries from the public. 

During this period, domestic debt was basically government liabilities with parastatals. But most 

of it was not reported since government, mainly through monetary financing, did provide annual 

grants to the parastatals(Situmbeko et al, 2004; CYMA, 2006; Muyatwa, 2008) 

After democratic multi-party elections in October 1991, the new Movement for Multiparty 

Democracy(MMD) government brought with it the capitalist economy. The new government 

introduced the Economic Reform Program (ERP) resulting in the privatisation of most of the 

parastatals, maintaining positive real interest rates(lending rates), eliminating exchange controls, 

and the endorsement of free market principles. Domestic debt began to grow as government 

began to accumulate domestic arrears and carried back-logs left by the privatised parastatals (see 

Figure 1). Retrenched workers were heavily owed by government.  

In the year 2005, Zambiareached the HIPC completion point and accessed external debt 

forgiveness (see Figure 2). By then the banking sector had developed substantially and 

government was able, through the Bank of Zambia (BoZ), to raise substantial resources through 

the local market. Even though one of the IMF and World Bank conditionalities has been 

sustainable expenditure, budgetary discipline has remained a problem especially during election 

periods. 

The HIPC Era 

Between 2004 and 2005, in an effort to reach the Highly Indebted Poor Countries (HIPC) 

completion point, the government drafted an austerity budget, freezing civil service salaries and 

increasing a number of taxes hence halting the expanding expenditure pattern. Eventually in April 

2005, Zambia reached the HIPC completion point which resulted in more than 80% of its external 

debt being forgiven This in turn meant reduced domestic borrowing since there was relief on the 

interest payments on external debt. In addition, both copper production and prices were 

moderately high, hence increased tax revenue for the country. International financial 

organisations, most of which cancelled Zambia’s debt, have put in place stringent measures to 



 

prevent the re-occurrence of external debt accumulation. Zambia's policymakers and those from 

other HIPC countries have now shifted the deficit 

(see figures 1 and 2 below).(MEFMI, 2001; 

Zambia, 2005, 2009) 

This shift has also been boosted by the positive developments in the domestic financial markets; 

reduced and sustained low levels of inflation, stable exchange rates, increased public confidence 

in government securities, steady development of g

development of derivatives market. Therefore

domestic debt from levels of about K4.5 trillion in 2004 to highs of about K10.0 trillion in 2010.

Statement of the Problem 

Given this scenario where the government has been steadily increasing domestic borrowing and 

also that there is growing demand for government securities, is the level of domestic debt 

sustainable? Is there risk of a domestic debt trap? Since the la
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debt sustainability, have improvement

place? 

Study Objectives 

Therefore, this dissertation proposes to study the current trends as regards the Zambian 

government’s domestic borrowing and further carry out an analysis to ascertain whether or not the 

accumulated domestic debt is within sustainable levels and whether or not, going forward there 

are risks of a domestic debt trap. The study will help measure progress made so far, vis

implementation of various recommendations from other studies/reports. Hence given this 

scenario, the need for this research cannot be overemphasised. 

Justification of this Study 

These developments have now put sustainability of domestic debt in the balance. Further, the 

recent 2008/9 Global Financial and Economic Crisis saw a repeat of the 1970 problems 

high oil prices accompanied by huge declines in copper 

to reduced copper production. These events have had severe consequences on the revenue

expenditure balance for the economy. During the crisis, the government struggled with increasing 
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expenditure especially as regards wages for public service workers, pension arrears, and other 

current expenditures.  Hence with these developments, the Zambian government has embarked on 

an economic diversification programme to reduce the economy's reliance on the copper industry. 

But this implies heavy expenditures in infrastructure development and investments in the priority 

sectors for diversification. Even though the price of copper has recovered well after the financial 

crisis, the diversification programme requires huge resources and hence increased borrowing. 

(Bank of Zambia, 2005, 2009) 

In addition, though it is healthy to borrow domestically, excessive borrowing is distortionary. If 

the government becomes heavily indebted domestically and inflation and interest rates rise, the 

government will have to pay high interest to service this domestic debt. Further, in most cases 

domestic debt cannot be defaulted or rescheduled unlike external debt. This is because domestic 

debt is mostly held by the banking sector and default may trigger a banking crisis. Domestic 

borrowing has distortionary effects in the economy when excessively done.  It can affect interest 

rates – heavy borrowing can lead to increased interest rates. It can also lead to “crowding out 

effect” – where the private sector’s access to finance for investment is shadowed by heavy 

government borrowing. It can also result in the ponzi game effect – where there is accumulation 

of borrowing to service already existing domestic debt (borrowing to pay off maturing debt and 

interest thereof). (MEFMI, 2001). 

Lastly, the Macroeconomic and Finance Management Institute of Eastern and Southern Africa 

(MEFMI) study of 2001 on Sustainability of Domestic Debt amongst member countries placed 

Zambia in the unsustainable case category. The study provided short-run solutions to domestic 

debt stock. Since then, most MEFMI Member States have embarked on several programmes to 

address their fiscal problems. In Zambia, the government has targeted low and stable levels of 

inflation, with excellent results reducing inflation to single digit for most of the time since 2006. 

The foreign currency exchange rates have also been relatively stable, ridding the economy of the 

exchange rate loss risk for foreign participants in local financial markets. The Bank of Zambia has 

also introduced long-term debt instruments – (5, 7, 10 and 15 year bonds) so as to give the public 

confidence in holding government paper for long tenors. These developments have since resulted 

in increased demand for Government securities especially offshore investors. Hence, our study 

has measured progress made so far, vis-à-vis implementation of these prescribed solutions. 

Further, it investigates whether Zambia’s domestic debt is still in the unsustainable category. 
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Rules-of-thumb and cointegration analysis are employed in analysingthe sustainability of 

domestic debt in Zambia – i.e. the rate of growth of debt to GDP should be cointegrated with the 

rate of growth of real GDP (a sufficient condition for sustainability of domestic borrowing). In 

this study we intend to find out whether the rate of accumulation of domestic debt is matched with 

the rate of real GDP growth. This is equivalent to testing for cointegration between revenues and 

expenditures. We also investigate whether the current borrowings are being targeted at priority 

and investable sectors to avert further future borrowings for the similar purposes. Results suggest 

that Zambia’s domestic debt is sustainable. 

Structure of the Thesis 

The next chapter reviews the literature of previous studies done in the area of debt sustainability 

analysis and considers the strengths and weaknesses of each study in order to arrive at the best 

approach to perform the Domestic Debt Sustainability Analysis (DDSA) on Zambia. Chapter 

three outlines the estimation methodology employed in the study. Chapter four discusses the 

empirical results while conclusions and recommendations are in chapter five. 
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Chapter Two: Literature Review 

In this chapter, we consider previous work done in the area of debt sustainability analysis, 

especially in Least Developed Countries (LDC’s). We begin by looking at studies that have 

performed descriptive studies of debt sustainability and conclude by considering research work in 

this area that has made use of theoretical and empirical procedures. Nevertheless, most debt 

sustainability analyses are ratio based owing to the lack of comprehensive data for empirical 

based studies and the ease with which such analyses are performed. 

For purposes of clarity, we formulate and rely on a comprehensive definition of domestic debt. 

The Commonwealth Secretariat (1999) defines public domestic debt as the debt a government 

incurs through borrowing in its own currency from residents of its own country. 

Many studies (e.g. MEFMI, 2001; CYMA, 2006; Johnson et al, 2004 etc.), including this 

dissertation, have extended this definition to include government borrowing from central banks 

through bridge loans and overdraft windows and also local currency debt incurred by government 

through issuance of securities also held by foreigners. For conducting this research and for 

purposes of data availability, domestic debt is defined as the total stock of government securities 

and bridge loans denominated in local currency irrespective of residency of holder. This is so 

because financing of government budget deficits has been mainly through the domestic money 

and capital markets, and also because data as regards government domestic arrears is unavailable 

and/or unreliable.The basic relationship between debt and growth is linear and negative. 

Irrespective of the definition of domestic debt sustainability, an increase in economic growth 

increases the level of sustainable debt. Hence a large domestic debt could be a symptom of low 

growth, but also a cause of it(UNCTAD, 2004; Asogwa et al, undated) 

CYMA (2006) reiterated the issue of Zambia’s domestic debt being unsustainable. The major 

objectives of the study were to come up with suggestions to restore a sustainable debt position 

both domestically and externally, strengthen public expenditure management and reduce 

excessive domestic borrowing. Thestudy did not perform any assessment of domestic debt 

sustainability for Zambia but relied on the Debt Relief International (DRI) assessment ratios. 

Using the DRI ratios, Zambia’s domestic debt was found to be unsustainable. Data collected on 

domestic debt also showed that the larger component of domestic debt was Government 

Securities and mostly with long tenors (see Table 1 below). 
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The study stated that a country with a ratio of Net Present Value of domestic debt to budget 

revenue (NPV/R) below 88% was servicing its domestic debt without difficulty and hence not 

accumulating any domestic arrears, signaling that the domestic debt might be sustainable, which 

was not the case for Zambia. Zambia’s NPV/R has been above 88% during most of the period 

under study. Regarding the liquidity ratios (Total Debt Service to Revenues (TDS/R) and Interest 

Payments to Revenues (I/R)), the study indicated that if TDS/R is lower than 28% and I/R is 

below 5%, the country did not face liquidity difficulties.  

 

The project noted that although these ratios cannot be used to conclusively determine whether a 

country’s domestic debt is sustainable, they can provide an early warning signal that the debt 

stock is becoming a burden. The study’s analysis of the solvency ratios indicated that Zambia’s 

domestic debt should become manageable since the ratio of debt to GDP declined from around 

21% in 2004 to 10% in 2008 with the trend forecasted to reach low levels of about 6% by end 

2015. The ratio of Net Present Value of domestic debt to Revenue was forecasted to follow the 

same trend, decreasing from 89% in 2005 to 32% in 2014. This is so because the growth rate of 
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new borrowing is lower than the expected growth rate of the economy and budgeted revenues. 

More importantly, the results further indicate clearly the link between fiscal sustainability and 

domestic debt sustainability. Hence the study in particular, indicated that domestic debt will be 

and remain sustainable if three conditions are maintained: 

 

i Fiscal discipline whereby no domestic arrears are accumulated; 

ii Macro-economic stability whereby the structural reforms implied in the macroeconomic     

program are implemented as envisaged ; and  

iii Prudent fiscal policy so as to reduce the budget deficit to manageable levels as anticipated. 

 

Since 2006, the Government has embarked on most of these recommendations and hence, our 

study will assess achievements made since this domestic debt reduction strategy report. 

UNCTAD (2004) in response to the international community’s pledge to reduce by half world 

poverty by 2015 concluded that, there is very little likelihood that this objective would be 

achieved by the target date. The report stated that though it was contended by the donor 

community that the HIPC Initiative, and later its enhanced version, would ensure a permanent exit 

solution to Africa’s debt, Africa’s debt sustainability problems would continue. The report noted 

that debt sustainability is a relative concept and what should be determined is the level of debt that 

is sustainable for countries in which the majority of the population lives on less than US$1 a day 

per person. Hence debt sustainability criteria should be based on internationally recognized 

benchmarks such as those of the MDGs, or on objectively and theoretically verifiable criteria. The 

report emphasises the need to ask serious questions when conducting a DDSA for poor countries 

such as: 

- What is the relationship between total external debt stock and the actual amount of debt 

serviced?  

- Is complete debt write-off a moral hazard or a “moral imperative”? 

It argued that most HIPC countries will continue experiencing debt problems even after reaching 

the HIPC completion point. It states that assumptions were overly optimistic especially as regards 

growth forecasts. Hence it proposed alternative modalities of delivering sustainable debt such as 

payment caps for HIPC debt service where the donor community limits the HIPCs debt service 
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payments to 5% or 10% of internal revenue. This would be a prominent reform proposal. Payment 

caps will ensure that the remaining high debt of HIPCs has reduced interest payments hence 

increasing focus on poverty reduction - releasing resources for investment in health, education, 

and social needs. The report further contends that a cap on debt service payments would protect 

HIPCs against deteriorations in the world economy, as their debt payment obligations would be 

adjusted to the lower levels of government revenues. The report emphasised that conducting debt 

sustainability for poor countries without incorporating social aspects would be unwise since the 

basic needs of these poor countries should come before the obligation to service debt. MDGs for 

instance,should be met before sustainability ratios can be considered. The UNCTAD report 

incorporated the Human Development Index in debt sustainability. 

Mahmood, Rauf and Ahmad (2009) in their analysis of Public and External Debt Sustainability in 

Pakistan (1970s – 2000s) employed both the traditional threshold debt ratios and the theoretical 

model to assess the necessary and sufficient conditions for public and external debt sustainability 

of Pakistan.  The study stated that although the ratio of public debt stock to GDP is the most 

commonmeasure of debt sustainability, a more useful indicator of debt sustainabilityis the ratio of 

public debt to government revenue.  It reflects not only the true burden that a country has to 

manage its debt overtime but it also shows the impact offiscal reforms on debt sustainability level. 

The study nevertheless noted that the traditional debt ratios approach is not free of limitations, 

outlining that these ratios may obscure information, they can be statistically manipulated and 

therefore misleading and they are unable to identify factors that are instrumental in determining 

the sustainable level of debt to GDP ratios. 

Thus, the study emphasized the need to perform the theoretical approach to debt sustainability. 

The study adopted the accounting approach to test the necessary and sufficient conditions of debt 

sustainabilitygiven as revenue must be greater than expenditure over time and that the average 

primary surplus must be positive inclusive of seignorage revenue, respectively. Results were 

divided into domestic and external debt sustainability. Domestic sustainability debt ratios for 

Pakistan suggest an unsustainable debt stock. Similarly for external debt, the ratios also suggest an 

unsustainable external debt save for periods after the year 2000. Using the necessary and 

sufficient condition framework,   results are similar with those from the debt ratios; domestic debt 

was unsustainable whereas external debt was unsustainable until the year 2000, owing to external 

debt relief during that period. 
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El-Mahdy and Torayeh (2009) studied debt sustainability and economic growth in Egypt for the 

period 1981-2006.The study observed that domestic debt has been a burden in Egypt where 14% 

of total Government expenditure is channeled towards domestic debt interest payments. The 

changes in the debt/GDP ratio depend on therelationship between interest rates and the economic 

growthrate. The study used a cointegration model of the GDP growth rate and the domestic debt 

to GDP ratio. The results obtained from cointegration modelrevealed that the public domestic debt 

in Egypt had a robust negativeimpact on growth. Nevertheless, the results suggested that the path 

ofdebt followed in Egypt was sustainable.The regression results reveal a positive and 

highlysignificant relationship between economic growth and the size of the debt to GDP ratio 

confirming the role of financial sector development in Egypt. The study stated that for debt to 

remain sustainable in future, substantial fiscal reforms are needed and policies should beadopted 

to maintain an increasing growth-interest rate differential. 

MEFMI (2001) conducted a study on domestic debt sustainability on 9 MEFMI member countries 

(Botswana, Lesotho, Malawi, Namibia, Swaziland, Tanzania, Uganda, Zambia and Zimbabwe). 

The countries, though all member states of MEFMI, are diverse in their levels of economic 

development and financial markets development. This was revealed by observing ratios such as 

domestic debt to GDP ratio, domestic debt to Government revenue ratio and domestic debt service 

to Government revenue ratio. Botswana had neither the ratios of domestic debt to GDP nor 

domestic debt to government revenue (figures were negligible on account of very high GDP and 

Government revenue).Other countries had ratios varying depending on the size of the GDP and 

the domestic debt.  

Further levels of inflation determined the domestic debt service levels in different countries.The 

study disputed one very prominent approach to debt sustainability analysis - that changes in 

domestic debt to GDP ratio should be equal to zero, as some earlier studies suggested (Hamilton 

et al, 1986; Trehan et al, 1988). Thus they redefined domestic debt sustainability as the rate of 

growth of debt to GDP being lower than the rate of growth of real GDP. It used total government 

revenues and expenditures between 1980 and 1997, and indicated that the two variables move 

together and thus form a stationary linear combination with a long-run parameter. When 

cointegration test is performed, the parameter becomes an important cointegrating coefficient 

between revenues and expenditures.The study made use of the Present Value Budget Constraint 

(PVBC) approach and results placed Malawi, Zambia and Zimbabwe in the unsustainable 
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category, Lesotho, Swaziland, Tanzania and Uganda in the weakly sustainable category and, 

Botswana and Namibia in the sustainable category. In the unsustainable category, the 

cointegration process had an explosive root, whereas in the weakly sustainable category 

expenditures and revenues were found not to be cointegrated and in the sustainable category 

expenditures and revenues were cointegrated.The major factor in determining the sustainability of 

domestic debt was mainly the level of revenue in relation to the expenditure burden (which 

includes external debt service). Hence countries with low levels of domestic revenue relative to 

expenditure were in the weakly sustainable and unsustainable categories. The study gave short-

run solutions to unsustainable domestic debt stock, which most MEFMI member states have 

embarked on to address the fiscal problems. Hence our study will help measure progress made so 

far vis-a -vis the implementation of these prescribed solutions in Zambia. 

The next chapter looks at the methodology followed in conducting our analysis of domestic debt 

sustainability for Zambia. 
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Chapter Three: Methodology and Theoretical Framework 
 

In this section, we outline the methodology followed by this study. We begin by considering the 

two main sides to debt sustainability – borrower and lender based approaches. We then focus on 

the approach which has been adopted for our research – Present Value Budget Constraint (PVBC) 

approach. We also analyse the rules of thumb ratios widely used to give early warning signals as 

regards domestic debt sustainability analysis. 

Theoretical Framework 

The majority of theoretical and empirical analyses on domestic debt sustainability such as debt 

sustainability ratiosfocus on the capacity of the government to service its domestic debt. The 

effects of debt and deficits on other economic variables and development objectives are ignored. 

There exists a simple domestic debt capacity analysis (Fiscal Sustainability) and a more complex 

view that involves the assessment of some basic development targets (Economic Sustainability). 

Our study attempts to incorporate economic variables such as interest rates. 

The two basic approaches to debt sustainability are discussed next: 

The Borrower-Based Approach 

The main basic approach to domestic debt sustainability analysis is the “Accounting Approach” 

which states that fiscal deficit is sustainable if it generates a constant debt-to-GDP ratio (Johnson 

et al, 2004). This approach is at the root of DDSA and it measures the ability to meet current and 

future debt service obligations. Hence the level of the primary surplus (or deficit) which stabilises 

the debt-to-GDP ratio is given by:  

t

tt

t
g

gr
SURP

+

−
=

1
……………………………………………………………. Equation 1 

where r = real interest rate, g = rate of growth of GDP and SURP are future surpluses. 

Therefore, as long as the economy grows at a rate higher than the interest rate, it is possible to run 

a sustainable primary deficit. Government should have a capacity to raise revenues that could 

balance the expansion of the stock of domestic debt. But since in Zambia external grants represent 

a substantial fraction of revenue, we should take account of the grant element, so that primary 

surplus is equal to the right-hand side of equation 1 minus the ratio of grants over revenue.  
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The Lender-Based Approach 

This approach, also known as Present Value Constraint (PVC), states that a government is solvent 

if the flow of expected value of future resources is at least equal to the face value of the stock of 

domestic debt: 

 
t

t

t

o
r

SURP
B

)1(1 +
=∑

∞

=

……………………………………………..……………. Equation 2 

where oB  is the initial stock of domestic debt, r is the real interest rate and SURP are the future 

surpluses. 

This approach differs from the accounting one, which imposes an upper bound to the debt-to-

GDP ratio. Instead of GDP growth ratebeing greater than r, the approach requires that real growth 

rate of domestic debt be lower than real interest rate. If the debt growth rate is between r and GDP 

growth rate, then the budget constraintis satisfied, even though the debt-to-GDP ratio can grow 

overt time. This approach does not require that the debt be fully repaid. 

Both of the above approaches are rarely used in most LDCs mainly due to non-availability of long 

spanning reliable data as regards interest rates. In this study we intend to make use of the 

MEFMI’s Present Value Budget Constraint (PVBC) Approach.  

The PVBC Approach 

Whereas the PVBC guides the theoretical approach to debt sustainability, the empirical strategy is 

within the cointegration framework. Cointegration between revenues and expenditures is a 

necessary condition for debt sustainability analysis. If expenditure is increasingly greater than 

revenue overtime, the accumulated budget deficits eventually develop into a domestic debt 

burden. Therefore, sustainability requires that the cointegrating vector be (1,-1). If revenues and 

expenditures are both I(1) and they are cointegrated, then domestic debt is sustainable. 

 

Under the PVBC, the Government’s one-period budget constraint is given by: 

 

ttt RGD −=
*

…………………………………………  …..………     ……. Equation 3 

where tD  is the conventional budget deficit, while 1

*

−−= ttt rBGG  is government expenditure 

inclusive of interest payments ( 1−trB ), and tR  denotes total revenue (including grants). The value 

of spending minus revenue is often referred to as the primary deficit. Excluding grants we get: 
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ttt TGD −=
*

* …………………………………………  …..………     ……. Equation 4 

where tD *  is the domestic budget deficit, while tT  denotes domestic revenue (excluding grants). 

To test for domestic debt sustainability, we test for stationarity of tt RG −
*

 and tt TG −
*

to 

determine whether they are intergrated of the same order, with cointegrating vector (1,-1) 

imposed. It holds therefore that for domestic debt to remain constant, future deficits should be 

proportional to future surpluses. Hence the intertemporal budget balance or sustainability holds if 

the government runs future surpluses equal in expected present-value terms to the current market 

value of debt. An equivalent procedure is to test for cointegration in the regression equations 

below: 

 

Cointegrating Regression Equations 

t
R

tt GR Ε++=
*

21 ββ ………….………………………  …..………     ……. Equation 5
 

where t
RΕ  is the error term, and 

 

t
T

tt GT Ε++=
*

21 αα …………………………………  …..………     ……. Equation 6 

where t
TΕ  is the error term. 

 

And therefore test that 0 < 2β  ≤ 1 or 0 < 2α  ≤ 1which is a necessary and sufficient condition for 

sustainability.  

 

- If 2α = 1 or 2β  = 1 and revenues and expenditures are cointegrated, then we obtain a 

strong form of sustainability; 

- If 2α = 1 or 2β  = 1 and revenues and expenditures are not cointegrated, then we obtain a 

weak form of sustainability; 

- If 2α < 1 or 2β < 1 and thus  0 < 2β  or 2α < 1, then the process has an explosive root and 

this signals an unsustainable fiscal position. 

 

Quintos (1995)points out that the condition 0 < 2β  or 2α < 1 has serious policy implications, 

emphasizing that the government should not continue to spend more than it earns or else it would 

have to offer higher interest rates to service its debt. 
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In addition, basic rules of thumb, like the Commonwealth Secretariat rules that fiscal deficit 

should not be more than 3% of GDP and that public domestic debt should not be consistently 

higher than 200% of domestically generated government revenue have been used as early warning 

signals as regards DDSA. The DRI’s rules have also been used for the same analysis. The ratios 

are good indicators of the state of domestic debt (Sustainability of Domestic Debt – a MEFMI 

Study: 2001) 
 

Methodology 

The data was collected and variables were appropriately coded, and later stored in excel from 

where the initial rules of thumb ratios were computed. Subsequently, the data was exported to e-

views in both nominal terms and also as ratios of GDP. Graphical outputs were produced for both 

nominal and ratio figures before formal unit root tests were performed.  

Diagnostic tests were then performed on the data to ensure that our results are not spurious. 

Lastly, the Johansen’s cointegration test was carried out to examine the existence of the long-run 

relationship between revenue and expenditure. 

Unit Root Tests 

Given that our data are time-series, fundamental time series procedures are undertaken prior to 

running data for the sustainability analysis. The most important of these is the unit root test 

(stationarity test). Observing the graphical outputs of plotted data also shows whether or not 

variables are trended.  

 

The data have been expressed as ratios of GDP which yield better results compared with 

converting variables into logarithmic form. Once the variables are all expressed as ratios of GDP, 

formal unit root tests (Augmented Dickey-Fuller)are then performed to determine whether the 

variables have a presence of a unit root or otherwise.  

 

The Data 

 

Data collectedare institutional secondary, collected and processed in different stages. It was a 

challenge to collect accurate and up-to-date data especially data that reveal flaws in Government 
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debt management. Nevertheless most data as regards stocks of government securities were readily 

available from the Bank of ZambiaStatistics Fortnightly Bulletins and the website (www.boz.zm). 

 

The variables that are most difficult to compile in LDCs like Zambia are total domestic debt stock 

(inclusive of domestic arrears, privatization liabilities and pension areas) and total Government 

expenditure (actual disbursement and not figures that are announced during the budget speech). It 

turns out that most budgeted amounts are not expended fully as some funds are diverted to 

pressing needs as and when they occur. These figures were even more difficult to access 

especially for the earlier years when Zambia was then a socialist state. Some data points needed to 

be supplemented and/or verified with data from international publications and IMF and World 

Bank data websites. 

 

The following data variables, spanning a period between 1980 and 2010, were collected and 

labeled as outlined in table 2below: 

 

Table 2: Data Variables 

Variable Name Variable Code Variable Code as ratio to GDP 

Domestic Debt DDEBT DDGDP 

Total Revenue and Grants TREVGRTS TRGDP 

Domestic Revenue DOMREV DRGDP 

Tax Revenue TAXES TXGDP 

Grants GRTS GRGDP 

Total Expenditure TOTEXP TEGDP 

Nominal GDP GDP N/A 

See Appendix I for complete data tables. 

 

From this data set, Total Revenue and Grants (TREVGRTS), Domestic Revenue (DOMREV) and 

Total Expenditure (TOTEXP) are used to estimate cointegration regression equations 5 and 6. 

 

In the next chapter we consider the results obtained and perform detailed analysis thereof. 

 

 

 



 

Chapter Four: Results and 

In thischapter, we analyse the results obtained from our tests for stationarity and for cointegration. 

We begin our analysis by considering rules of thumb

analysisng graphical presentations of data before performing formal unit root tests using

Augmented Dickey-Fuller test. We conclude by considering results obtained from Johansen’s 

cointegration tests. 

Sustainability Indicators 

Using the Commonwealth Secretariat rule of thumb that public domestic debt should not be 

consistently higher than 200% of domestically generated government revenue, one notices that it 

places Zambia’s domestic debt in the sustaina

during the period 1980 to 2010 (see Appendix I T

Relief International’s (DRI) threshold of between 92% and 167%, 

domestic debt for Zambia especially between 1990 and 2002

low, averaging a meagre 38%. Nevertheless, this ratio was never above the threshold for the entire 

period 1980 - 2010. For the other Commonwealth 

more than 3% of GDP, sustainability has now been reached for the past six years (2004 

where revenues include grants; but with grants excluded, the ratio is

3 below and Appendix I Table 3)
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and Analysis 

nalyse the results obtained from our tests for stationarity and for cointegration. 

We begin our analysis by considering rules of thumb. We then consider tests for stationarity by 

analysisng graphical presentations of data before performing formal unit root tests using

Fuller test. We conclude by considering results obtained from Johansen’s 

Using the Commonwealth Secretariat rule of thumb that public domestic debt should not be 

consistently higher than 200% of domestically generated government revenue, one notices that it 

places Zambia’s domestic debt in the sustainable category since it was never higher than 200% 

(see Appendix I Table 3). But for the same indicator (ratio)

Relief International’s (DRI) threshold of between 92% and 167%, indicates unsustainable 

especially between 1990 and 2002 when the ratio was considerably 

. Nevertheless, this ratio was never above the threshold for the entire 

For the other Commonwealth rule of thumb that fiscal deficit should n

sustainability has now been reached for the past six years (2004 

but with grants excluded, the ratio is slightly breached

able 3). 

 

nalyse the results obtained from our tests for stationarity and for cointegration. 

We then consider tests for stationarity by 

analysisng graphical presentations of data before performing formal unit root tests using the 

Fuller test. We conclude by considering results obtained from Johansen’s 

Using the Commonwealth Secretariat rule of thumb that public domestic debt should not be 

consistently higher than 200% of domestically generated government revenue, one notices that it 

ble category since it was never higher than 200% 

But for the same indicator (ratio) Debt 

indicates unsustainable 

when the ratio was considerably 

. Nevertheless, this ratio was never above the threshold for the entire 

humb that fiscal deficit should not be 

sustainability has now been reached for the past six years (2004 – 2010) 

breached (see Figure 

 



 

For the other DRI rule of thumb that the debt to GDP ratio should be between

data indicate that from 1986 to 20

with an average ratio of 11% for the period, which is below the 

a hindrance to developmentof the financial markets 

Table 3). Nevertheless as earlier stated, these rules 

for fiscal sustainability. Empirical analysis nee

Zambia’s DDSA status (see Figure 4 below and 
 

Unit Root Tests 

The data plots in Appendix II show

after expressing all variables as 

downwards. Graphical analysis is useful in that it gives the first impressions about the properties 

of the time series. Refer to E-views 

 

Similarly, unit root tests (Augmented Dickey

variables in nominal terms are level

which are level stationary or I(0).

stationary variables continue to be non
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rule of thumb that the debt to GDP ratio should be between 20% and 25%, the 

to 2010, Zambia has generally beenbelow the sustainability threshold

with an average ratio of 11% for the period, which is below the sustainability ran

a hindrance to developmentof the financial markets (see Figure 2 below and also 

). Nevertheless as earlier stated, these rules of thumb are but just an early warning signal 

Empirical analysis needs to be performed before we can 

Figure 4 below and Appendix I table 3). 

The data plots in Appendix II show that all the variables except for GRTS, trend upwards

all variables as ratios of GDP, all the variables now seem to

Graphical analysis is useful in that it gives the first impressions about the properties 

views Outputs in Appendix II for full graphical illustrations

, unit root tests (Augmented Dickey-Fuller) reveal that at 5% significance level,

level non-stationary save for GRTS, TOTEXP 

which are level stationary or I(0).Even in first differences, at 5% confidence level, the non

continue to be non-stationary. 

 

20% and 25%, the 

below the sustainability threshold 

sustainability range. This may be 

Figure 2 below and also Appendix I 

are but just an early warning signal 

ds to be performed before we can determine 

 

trend upwards. But 

variables now seem to generally trend 

Graphical analysis is useful in that it gives the first impressions about the properties 

II for full graphical illustrations. 

at 5% significance level, all 

 and TREVGRTS 

ence level, the non-
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But when we expressed the variables as ratios of GDP, in levels, the null hypothesis of presence 

of a unit root at 5% confidence level is rejected for all variables except for GRGDP and TEGDP. 

Hence, all variables as ratios of GDP, except for GRGDP and TEGDP are level stationary or I(0). 

Further, all variables as ratios of GDP are first differencestationary or I(1), at 1% significance 

level. From hence we proceed to perform our cointegration test(See tables 3 and 4 below: 

Augmented Dickey-Fuller test results). 

 

 

Table 3: Augmented Dickey-Fuller test results – Nominal Figures 

Unit-root tests for Nominal Figures in level 

Variables ADF statistic Critical Values K 

DDEBT (Domestic Debt) 9.022 -2.998 7 

DOMREV (Domestic Revenue) 1.338 -2.976 3 

GRTS (Grants) -3.028* -3.012 4 

GDP (Gross Domestic Product) 2.648 -2.968 1 

TAXES (Tax Revenue) 0.349 -2.968 3 

TOTEXP (Total Expenditure) -3.619* -2.998 7 

TREVGRTS (Total Revenue with Grants) -4.084* -2.998 7 

Notes * Denotes significance at 5% level and the rejection of the null hypothesis of non-stationarity.  

The optimal lag lengths K were automatically chosen according to Schwarz Information Criterion 

Unit-root tests for Nominal Figures in first difference 

Variables ADF statistic Critical Values K 

D(DDEBT) (Domestic Debt) 7.232 -3.005 7 

D(DOMREV) (Domestic Revenue) 5.581 -2.976 2 

D(GDP) (Gross Domestic Product) 6.245 -2.968 0 

D(TAXES) (Tax Revenue) 4.497 -2.976 2 

Notes * Denotes significance at 5% level and the rejection of the null hypothesis of non-stationarity.  

The optimal lag lengths K were automatically chosen according to Schwarz Information Criterion 
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Table 4: Augmented Dickey-Fuller test results – Figures as ratios of GDP 

Unit-root tests for Figures as ratios of GDP in level 

Variables ADF statistic Critical Values K 

DDGDP (Domestic Debt/GDP) -3.327* -2.964 0 

DRGDP (Domestic Revenue/GDP) -3.206* -2.964 0 

GRGDP (Grants/GDP) -2.729 -3.005 3 

TXGDP (Tax Revenue/GDP) -2.980* -2.968 1 

TEGDP (Total Expenditure/GDP) -2.955 -2.964 0 

TRGDP (Total Revenue with Grants/GDP) -2.690* -2.964 0 

Notes * Denotes significance at 5% level and the rejection of the null hypothesis of non-stationarity.  

The optimal lag lengths K were automatically chosen according to Schwarz Information Criterion 

Unit-root tests for Figures as ratios of GDP in first difference 

Variables ADF statistic Critical Values K 

D(DDGDP) (Domestic Debt/GDP) -7.372* -3.679 0 

D(DRGDP) (Domestic Revenue/GDP) -5.957* -3.700 2 

D(GRGDP) (Grants/GDP) -6.216* -3.832 5 

D(TXGDP) (Tax Revenue/GDP) -6.512* -3.700 2 

D(TEGDP) (Total Expenditure/GDP) -6.024* -3.700 2 

D(TRGDP) (Total Revenue with Grants/GDP) -5.504* -3.690 1 

Notes * Denotes significance at 1% level and the rejection of the null hypothesis of non-stationarity.  

The optimal lag lengths K were automatically chosen according to Schwarz Information Criterion 

 

Cointegration Results 

As earlier stated, if variables are integrated of the same order and are themselves cointegrated, it 

implies that there is a long-run equilibrium relationship among these variables. In performing our 

cointegration test, we considered the following variables: 

 

- Total Expenditure as a ratio of GDP (TEGDP) 

- Total Revenues including Grants as a ratio of GDP (TRGDP) 

- Domestic Revenues excluding Grants as a ratio of GDP (DRGDP) 

 

Prior to performing cointegration and bearing in mind that cointegration analysis is equivalent in 

principle, to regression analysis, it is important to perform diagnostic tests on the model, i.e. test 

for Serial Correlation, Heteroskedasticity and Normality. Results from these diagnostic tests 

suggest that both our Cointegrating Equations (CEs)(i.e. TRGDP with TEGDP and DRGDP with 

TEGDP) show that there is no evidence of Serial Correlation at all conventional significance 

levels. Similarly, in both our CEs, there is no evidence of presence of Heteroskedasticity. On the 

other hand, the residuals are multivariate normal only for the CE (DRGDP with TEGDP) and 
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otherwise for the CE (TRGDP with TEGDP). Nevertheless, literature on diagnostic tests for CEs 

suggests that breaching the normality assumption is not a serious violation as would be the case 

for Serial Correlation or Heteroskedasticity (see Appendix II). 

 

It is well known that cointegration is performed within a VAR framework (Vector autoregressive 

framework). One critical factor in VAR modeling is the choice of the optimal lag length. For our 

analysis, lag 1 was found to be optimal. This is important because it is argued that estimates of a 

VAR whose lag length is smaller than the true lag length (under-fitting) are inconsistent. 

Nevertheless estimates from over-fitting are argued to be consistent but inefficient.  Note further 

that cointegration analysis is performed under different assumptions (models): 

 

- Assume no deterministic trend in the data 

Model 1. No intercept or trend in cointegration equation (CE); and  

Model 2. Intercept (no trend) in CE. 

- Allow for linear deterministic trend in the data 

Model 3. Intercept (no trend) in CE; and  

Model 4. Intercept and trend in CE. 

- Allow for quadratic deterministic trend in the data 

Model 5. Intercept and trend in CE 

 

Hence in our cointegration analysis, we settle for model 4 (set of assumptions that are most likely 

to occur given our data, and also that which yields sensible results. For instance, the assumption 

of no deterministic components in the data or in the CE is an unlikely occurrence especially that 

the intercept is needed to account for adjustments in the units of measurements of the 

variables(Patterson, 2000).  

 

For our analysis we settled for model number 4 (Liner deterministic trend). We used Johansen 

Cointegration Test and the following data sets were included: 

 

(a) Total Revenues including Grants as a ratio of DGP (TRGDP) with 

Total Expenditure as a ratio of  GDP (TEGDP) 

(b) Domestic Revenues excluding Grants as a ratio of DGP (DRGDP) with 

Total Expenditure as a ratio of  GDP (TEGDP) 
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Cointegration test results are outlined in the following tables below: 

 

Table 5: Johansen’s Cointegration test results – TRGDP TEGDP 

 

Table 6: Johansen’s Cointegration test results – DRGDP TEGDP  

From the results obtained, it is clear that for the cointegration equations of TRGDP and TEGDP 

(i.e. Total Revenues with Grants and Total Expenditure) and DRGDP and TEGDP (i.e. Domestic 

Trend assumption: Linear deterministic trend (restricted) 

Series: TRGDP TEGDP    

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.548914  31.73085  25.87211  0.0083 

At most 1  0.257751  8.644046  12.51798  0.2035 
     
      Trace 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-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.548914  23.08680  19.38704  0.0138 

At most 1  0.257751  8.644046  12.51798  0.2035 
     
      Max-eigenvalue 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-values  

     

 

Trend assumption: Linear deterministic trend (restricted) 

Series: DRGDP TEGDP    

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.533881  28.21556  25.87211  0.0251 

At most 1  0.189121  6.079458  12.51798  0.4503 
     
      Trace 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-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.533881  22.13610  19.38704  0.0194 

At most 1  0.189121  6.079458  12.51798  0.4503 
     
      Max-eigenvalue 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-values  
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Revenue without Grants and Total Expenditure) both the trace and maximum eigenvalues 

statistics suggest the existence of one cointegrating equation. This shows that there is presence of 

a stable long-run equilibrium relationship between Revenue (with or without Grants) and 

Expenditure. Test results reject the null of no cointegration between Revenue (with or without 

Grants) and Expenditure at the 5% significance level and indicate the existence of one 

cointegrating relationship. These results are in contrast with MEFMI (2001) and CYMA (2006).  

Both MEFMI (2001) and CYMA (2006) performed their studies before Zambia reached the HIPC 

completion point, and hence before the external debt relief. This relief eased Government 

expenditure and helped to make domestic debt sustainable. Nevertheless, the results are consistent 

with most of the rules of thumb ratios which put Zambia’s domestic debt in the sustainable 

category(see Appendix II). 

 

Further as regards the normalised cointegrating regression coefficients, for TRGDP and TEGDP, 

the value b = 1.566 and for DRGDP and TEGDP, the value b = -0.981. This can lead us to 

conclude that we can only establish weak forms of sustainability for both scenarios. Therefore it 

shows that revenue, with or without grants, leads us to conclude that Zambia is in the sustainable 

category for the both the trace statistic and the maximum eigenvalues statistic.  
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Chapter Five: Conclusions 
 

This thesis has carefully analysed the evolution of both external and domestic debt in Zambia, 

seeing that the two debts have an important interplay. Further, it has investigated the 

sustainability of Zambia’s domestic debt between 1980 and 2010. Domestic debt has been 

analysed using both debt sustainability threshold ratios and also the PVBC approach which uses 

cointegration framework – testing for cointegration between revenue and expenditure. This 

approach uses data variables that are readily available in most LDCs. This study is important 

because it has been done at a time when domestic debt is fast growing after the cancellation of 

most of the external debt.  

 

The results, from both the debt sustainability threshold ratios and the PVBC approach suggest that 

Zambia’s domestic debt has become sustainable, owing to the past decades positive developments 

– external debt cancellation, price and financial system stability. These results have been similar 

for both revenues with and without grants.  

 

The first reason explaining this result is the attainment of the HIPC completion point which led to 

(and has continued to result in) cancellations of most of the external debt stock. This has freed 

resources from external debt service towards domestic deficit and project financing. This has also 

reduced the size of the Government’s total expenditure as it includes external debt service.  

 

Other reasons for this result have been the implementation of various recommendations from 

previous studies, e.g., MEFMI (2001) and CYMA (2006), on debt sustainability in general and in 

particular domestic debt sustainability. Notably, Zambia has embarked on and succeeded in 

bringing and keeping inflation in single digit levels since sometime in 2006. GDP growth rate has 

also been consistently above 5% since 2003. Exchange rate stability has been achieved and 

maintained for relatively long periods. Project financing has been directed towards intended 

sectors like infrastructure development, citizen’s empowerment and poverty reduction. This, if 

properly done will enhance economic development and poverty reduction and help break the 

syndrome ofrepeated borrowing for the same expenditure.  

 

Most investors’ tax holidays have begun to expire enhancing the capacity of domestic revenue 

collection. Further the Government has embarked on the programme of diversification by 
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investing resources and also attracting Foreign Direct Investment (FDI) into sectors other than 

mining, such as agriculture, higher education, health, tourism and manufacturing. 

 

However, it is important that Zambia continues with its economic diversification efforts so as to 

reduce dependency on exports of raw copper. There is need to enhance the manufacturing and 

processing sectors to begin exporting value products in both mining and agriculture. Further the 

Government needs to widen the tax base to incorporate the informal sector. This will reduce the 

tax rates and reduce incidents of tax avoidance and tax evasion. 

 

Therefore, it is evident that Zambia has continued to make progress in fiscal management and 

economic development, and indeed performing an analysis of domestic debt sustainability, for 

quarterly data for the recent period of say 2000 to 2010 would yield more precise and convincing 

results. However, this study recommends that for Zambia to achieve and maintain a strong form 

of sustainability for both domestic and indeed external debt, a debt sustainability monitoring 

office needs to be permanently set up. This office should regularly carry out thorough analysis for 

sustainability of both domestic andexternal debt. Both sustainability threshold ratios and detailed 

empirical approaches such as the PVBC should be employed in analysing debt sustainability.  
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Appendix I 
 
Data Tables 

 

Table 1. Domestic Debt, Total Revenue & Grants, Nominal GDP, Domestic Revenue, Tax Revenue, Grants and Total Expenditure, 1980-2010 (K'million)

Year DDEBT TREVGRTS GDP DOMREV TAXES GRTS TOTEXP

1980 1,166.79          767.63               3,063.60            767.63              688.21             - 1,081.97              

1981 973.89             820.40               3,485.40            820.40              742.44             - 1,230.53              

1982 931.39             840.45               3,589.50            840.45              747.35             - 1,323.02              

1983 1,052.89          1,016.18             4,181.20            1,016.18           945.61             - 1,150.47              

1984 1,047.39          1,092.07             4,931.40            1,092.07           991.08             - 1,096.92              

1985 1,874.93          1,560.50             7,071.90            1,540.90           1,427.00          19.60               2,647.70              

1986 2,025.96          3,195.20             12,963.10          3,022.00           2,879.10          173.20             6,000.30              

1987 3,294.00          4,355.30             19,778.90          4,263.90           3,981.80          91.40               6,907.10              

1988 3,799.00          5,635.60             30,020.90          5,140.90           4,699.70          494.70             9,103.00              

1989 7,034.68          7,883.30             55,181.20          6,551.80           6,275.90          1,331.50           10,641.60            

1990 7,228.68          27,927.00           113,340.00        23,001.00         22,577.00        4,926.00           37,342.00            

1991 27,423.68        71,906.00           218,275.80        40,814.00         39,954.00        31,092.00         87,828.00            

1992 59,823.89        188,113.00         569,563.60        104,521.00        99,819.00        83,592.00         212,063.00          

1993 85,314.43        390,342.00         1,613,738.20      235,256.00        227,248.00       155,086.00       530,795.00          

1994 139,830.70       676,346.00         2,240,109.40      449,618.00        418,879.00       226,728.00       854,435.00          

1995 232,153.56       870,808.00         3,005,059.23      595,911.00        545,911.00       274,897.00       1,000,169.00       

1996 269,583.33       1,058,415.00      3,950,197.88      816,579.00        751,446.00       241,836.00       1,213,888.00       

1997 284,373.72       1,282,895.00      5,140,181.18      1,022,656.00     966,923.00       260,239.00       1,406,848.00       

1998 239,489.90       1,529,054.00      6,027,939.57      1,131,405.00     1,093,819.00    397,649.00       1,943,165.00       

1999 333,802.23       1,921,000.00      7,477,664.47      1,324,000.00     1,290,000.00    597,000.00       2,220,000.00       

2000 566,359.29       2,527,800.00      10,121,292.48    1,952,800.00     1,930,500.00    575,000.00       3,235,800.00       

2001 1,079,287.98    3,263,900.00      13,193,716.31    2,509,900.00     2,450,100.00    754,000.00       4,211,700.00       

2002 1,700,050.30    4,258,900.00      16,324,435.63    2,908,900.00     2,848,700.00    1,350,000.00    5,171,700.00       

2003 4,355,286.02    5,104,000.00      20,551,112.25    3,680,000.00     3,548,000.00    1,424,000.00    6,336,000.00       

2004 4,464,476.62    6,181,300.00      25,993,146.10    4,748,300.00     4,554,300.00    1,433,000.00    6,939,400.00       

2005 5,355,707.30    7,728,300.00      32,041,509.97    5,627,800.00     5,502,900.00    2,100,500.00    8,845,800.00       

2006 6,967,376.88    8,320,000.00      38,560,800.57    6,618,000.00     6,317,000.00    1,702,000.00    8,955,700.00       

2007 7,595,283.27    10,626,000.00     46,194,799.07    8,522,100.00     8,183,600.00    2,103,900.00    11,209,500.00      

2008 8,021,837.17    12,186,300.00     54,839,439.44    10,113,600.00   9,546,300.00    2,072,700.00    13,280,000.00      

2009 9,502,057.72    12,182,400.00     64,615,577.85    10,315,200.00   9,660,900.00    1,867,200.00    13,847,500.00      

2010 9,940,957.01    15,344,700.00     77,717,920.30    13,766,600.00   12,909,600.00  1,578,100.00    17,562,900.00      



30 

   

 

 

 

Table 2. Data Variables as Ratios to GDP, 1980-2010

PERIOD TRGDP DRGDP TXGDP TEGDP DDGDP GRGDP

1980 0.2506 0.2506 0.2246 0.3532 0.3809 -

1981 0.2354 0.2354 0.2130 0.3531 0.2794 -

1982 0.2341 0.2341 0.2082 0.3686 0.2595 -

1983 0.2430 0.2430 0.2262 0.2752 0.2518 -

1984 0.2215 0.2215 0.2010 0.2224 0.2124 -

1985 0.2207 0.2179 0.2018 0.3744 0.2651 0.0028

1986 0.2465 0.2331 0.2221 0.4629 0.1563 0.0134

1987 0.2202 0.2156 0.2013 0.3492 0.1665 0.0046

1988 0.1877 0.1712 0.1565 0.3032 0.1265 0.0165

1989 0.1429 0.1187 0.1137 0.1928 0.1275 0.0241

1990 0.2464 0.2029 0.1992 0.3295 0.0638 0.0435

1991 0.3294 0.1870 0.1830 0.4024 0.1256 0.1424

1992 0.3303 0.1835 0.1753 0.3723 0.1050 0.1468

1993 0.2419 0.1458 0.1408 0.3289 0.0529 0.0961

1994 0.3019 0.2007 0.1870 0.3814 0.0624 0.1012

1995 0.2898 0.1983 0.1817 0.3328 0.0773 0.0915

1996 0.2679 0.2067 0.1902 0.3073 0.0682 0.0612

1997 0.2496 0.1990 0.1881 0.2737 0.0553 0.0506

1998 0.2537 0.1877 0.1815 0.3224 0.0397 0.0660

1999 0.2569 0.1771 0.1725 0.2969 0.0446 0.0798

2000 0.2498 0.1929 0.1907 0.3197 0.0560 0.0568

2001 0.2474 0.1902 0.1857 0.3192 0.0818 0.0571

2002 0.2609 0.1782 0.1745 0.3168 0.1041 0.0827

2003 0.2484 0.1791 0.1726 0.3083 0.2119 0.0693

2004 0.2378 0.1827 0.1752 0.2670 0.1718 0.0551

2005 0.2412 0.1756 0.1717 0.2761 0.1671 0.0656

2006 0.2158 0.1716 0.1638 0.2322 0.1807 0.0441

2007 0.2300 0.1845 0.1772 0.2427 0.1644 0.0455

2008 0.2222 0.1844 0.1741 0.2422 0.1463 0.0378

2009 0.1885 0.1596 0.1495 0.2143 0.1471 0.0289

2010 0.1974 0.1771 0.1661 0.2260 0.1279 0.0203
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Appendix II 
 

Year
1.DDEBT/ 

DOMREV

FISCAL DEFICIT 

(TREVGRTS)

2.FISCAL DEFICIT 

(TRGDP)

FISCAL DEFICIT 

(DOMREV)

3.FISCAL DEFICIT 

(DRGDP) 4.DDGDP

1980 152% (314.33)          10% (314.33)            10% 38%

1981 119% (410.13)          12% (410.13)            12% 28%

1982 111% (482.58)          13% (482.58)            13% 26%

1983 104% (134.29)          3% (134.29)            3% 25%

1984 96% (4.85)             0% (4.85)                0% 21%

1985 122% (1,087.20)       15% (1,106.80)         16% 27%

1986 67% (2,805.10)       22% (2,978.30)         23% 16%

1987 77% (2,551.80)       13% (2,643.20)         13% 17%

1988 74% (3,467.40)       12% (3,962.10)         13% 13%

1989 107% (2,758.30)       5% (4,089.80)         7% 13%

1990 31% (9,415.00)       8% (14,341.00)        13% 6%

1991 67% (15,922.00)     7% (47,014.00)        22% 13%

1992 57% (23,950.00)     4% (107,542.00)      19% 11%

1993 36% (140,453.00)    9% (295,539.00)      18% 5%

1994 31% (178,089.00)    8% (404,817.00)      18% 6%

1995 39% (129,361.00)    4% (404,258.00)      13% 8%

1996 33% (155,473.00)    4% (397,309.00)      10% 7%

1997 28% (123,953.00)    2% (384,192.00)      7% 6%

1998 21% (414,111.00)    7% (811,760.00)      13% 4%

1999 25% (299,000.00)    4% (896,000.00)      12% 4%

2000 29% (708,000.00)    7% (1,283,000.00)   13% 6%

2001 43% (947,800.00)    7% (1,701,800.00)   13% 8%

2002 58% (912,800.00)    6% (2,262,800.00)   14% 10%

2003 118% (1,232,000.00) 6% (2,656,000.00)   13% 21%

2004 94% (758,100.00)    3% (2,191,100.00)   8% 17%

2005 95% (1,117,500.00) 3% (3,218,000.00)   10% 17%

2006 105% (635,700.00)    2% (2,337,700.00)   6% 18%

2007 89% (583,500.00)    1% (2,687,400.00)   6% 16%

2008 79% (1,093,700.00) 2% (3,166,400.00)   6% 15%

2009 92% (1,665,100.00) 3% (3,532,300.00)   5% 15%

2010 72% (2,218,200.00) 3% (3,796,300.00)   5% 13%

Table 3: Rules of Thumb
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E-views 7.0 Outputs 

 

Unit Root Tests – Nominal Figures (levels) 

Graphs Nominal Figures 

 

Graphs Figures as Ratios to GDP 
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Null Hypothesis: DOMREV has a unit root  

Exogenous: Constant   

Lag Length: 3 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  1.337793  0.9982 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DOMREV)   

Method: Least Squares   

Date: 05/05/11   Time: 20:39   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     DOMREV(-1) 0.194695 0.145534 1.337793 0.1946 

D(DOMREV(-1)) -0.111358 0.285511 -0.390032 0.7003 

D(DOMREV(-2)) -1.656339 0.401872 -4.121554 0.0004 

D(DOMREV(-3)) 1.995506 0.531441 3.754900 0.0011 

C 90383.60 61901.46 1.460121 0.1584 
     
     R-squared 0.927324     Mean dependent var 509836.4 

Adjusted R-squared 0.914110     S.D. dependent var 776508.0 

S.E. of regression 227571.1     Akaike info criterion 27.67389 

Sum squared resid 1.14E+12     Schwarz criterion 27.91386 

Log likelihood -368.5975     Hannan-Quinn criter. 27.74524 

F-statistic 70.17827     Durbin-Watson stat 1.791702 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: DDEBT has a unit root  

Exogenous: Constant   

Lag Length: 7 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  9.022318  1.0000 

Test critical values: 1% level  -3.752946  

 5% level  -2.998064  

 10% level  -2.638752  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DDEBT)   

Method: Least Squares   

Date: 05/05/11   Time: 20:37   

Sample (adjusted): 1988 2010   

Included observations: 23 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     DDEBT(-1) 21.74576 2.410219 9.022318 0.0000 

D(DDEBT(-1)) -23.44394 2.605448 -8.998047 0.0000 

D(DDEBT(-2)) -23.94173 2.687649 -8.908056 0.0000 

D(DDEBT(-3)) -22.03039 2.503875 -8.798516 0.0000 

D(DDEBT(-4)) -20.67022 2.298504 -8.992902 0.0000 

D(DDEBT(-5)) -20.84450 2.276736 -9.155432 0.0000 

D(DDEBT(-6)) -26.40356 2.940942 -8.977926 0.0000 

D(DDEBT(-7)) -34.92449 3.873184 -9.016996 0.0000 

C 83734.77 66163.19 1.265579 0.2263 
     
     R-squared 0.914482     Mean dependent var 432072.3 

Adjusted R-squared 0.865615     S.D. dependent var 669081.8 

S.E. of regression 245275.4     Akaike info criterion 27.94432 

Sum squared resid 8.42E+11     Schwarz criterion 28.38865 

Log likelihood -312.3597     Hannan-Quinn criter. 28.05607 

F-statistic 18.71365     Durbin-Watson stat 1.596256 

Prob(F-statistic) 0.000003    
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Null Hypothesis: GRTS has a unit root  

Exogenous: Constant   

Lag Length: 4 (Automatic - based on SIC, maxlag=5) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.028284  0.0485 

Test critical values: 1% level  -3.788030  

 5% level  -3.012363  

 10% level  -2.646119  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GRTS)   

Method: Least Squares   

Date: 05/05/11   Time: 20:40   

Sample (adjusted): 1990 2010   

Included observations: 21 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     GRTS(-1) -0.261889 0.086481 -3.028284 0.0085 

D(GRTS(-1)) -0.248353 0.255914 -0.970453 0.3472 

D(GRTS(-2)) 0.603861 0.290325 2.079950 0.0551 

D(GRTS(-3)) 1.156565 0.325885 3.548991 0.0029 

D(GRTS(-4)) 0.714259 0.323084 2.210751 0.0430 

C 84007.02 69186.76 1.214207 0.2434 
     
     R-squared 0.510739     Mean dependent var 75084.21 

Adjusted R-squared 0.347652     S.D. dependent var 249363.6 

S.E. of regression 201406.2     Akaike info criterion 27.49899 

Sum squared resid 6.08E+11     Schwarz criterion 27.79743 

Log likelihood -282.7394     Hannan-Quinn criter. 27.56376 

F-statistic 3.131694     Durbin-Watson stat 2.012482 

Prob(F-statistic) 0.039233    

 

Null Hypothesis: GDP has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  2.648347  1.0000 

Test critical values: 1% level  -3.679322  

 5% level  -2.967767  

 10% level  -2.622989  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GDP)   

Method: Least Squares   

Date: 05/05/11   Time: 20:40   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     GDP(-1) 0.082245 0.031055 2.648347 0.0136 

D(GDP(-1)) 0.686601 0.191683 3.581963 0.0014 

C 149117.4 109771.6 1.358433 0.1860 
     
     R-squared 0.986455     Mean dependent var 2679808. 

Adjusted R-squared 0.985413     S.D. dependent var 3546589. 

S.E. of regression 428347.6     Akaike info criterion 28.87096 

Sum squared resid 4.77E+12     Schwarz criterion 29.01240 

Log likelihood -415.6288     Hannan-Quinn criter. 28.91525 

F-statistic 946.7474     Durbin-Watson stat 1.659504 

Prob(F-statistic) 0.000000    
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Null Hypothesis: TAXES has a unit root  

Exogenous: Constant   

Lag Length: 3 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  0.349064  0.9766 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TAXES)   

Method: Least Squares   

Date: 05/05/11   Time: 20:41   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TAXES(-1) 0.048854 0.139958 0.349064 0.7304 

D(TAXES(-1)) -0.013222 0.262673 -0.050337 0.9603 

D(TAXES(-2)) -0.954336 0.395423 -2.413455 0.0246 

D(TAXES(-3)) 2.089631 0.483731 4.319821 0.0003 

C 78316.96 60467.48 1.295191 0.2087 
     
     R-squared 0.923139     Mean dependent var 478098.3 

Adjusted R-squared 0.909164     S.D. dependent var 730032.0 

S.E. of regression 220024.2     Akaike info criterion 27.60644 

Sum squared resid 1.07E+12     Schwarz criterion 27.84641 

Log likelihood -367.6869     Hannan-Quinn criter. 27.67779 

F-statistic 66.05765     Durbin-Watson stat 1.940482 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: TOTEXP has a unit root  

Exogenous: Constant   

Lag Length: 7 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.618873  0.0135 

Test critical values: 1% level  -3.752946  

 5% level  -2.998064  

 10% level  -2.638752  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TOTEXP)   

Method: Least Squares   

Date: 05/05/11   Time: 20:42   

Sample (adjusted): 1988 2010   

Included observations: 23 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TOTEXP(-1) -0.403295 0.111442 -3.618873 0.0028 

D(TOTEXP(-1)) 0.453800 0.228231 1.988337 0.0667 

D(TOTEXP(-2)) 0.938619 0.236882 3.962399 0.0014 

D(TOTEXP(-3)) 1.026169 0.218395 4.698692 0.0003 

D(TOTEXP(-4)) 0.058014 0.214569 0.270374 0.7908 

D(TOTEXP(-5)) 0.781747 0.363595 2.150050 0.0495 

D(TOTEXP(-6)) -0.603440 0.360212 -1.675236 0.1161 

D(TOTEXP(-7)) 3.050149 0.411728 7.408160 0.0000 

C 72588.41 68844.50 1.054382 0.3096 
     
     R-squared 0.973419     Mean dependent var 763304.0 

Adjusted R-squared 0.958229     S.D. dependent var 930730.2 

S.E. of regression 190221.3     Akaike info criterion 27.43594 

Sum squared resid 5.07E+11     Schwarz criterion 27.88026 

Log likelihood -306.5133     Hannan-Quinn criter. 27.54768 

F-statistic 64.08579     Durbin-Watson stat 2.701326 

Prob(F-statistic) 0.000000    
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Unit Root Tests – Nominal Figures (first differences) 
 

 
 

Null Hypothesis: TREVGRTS has a unit root  

Exogenous: Constant   

Lag Length: 7 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -4.083599  0.0047 

Test critical values: 1% level  -3.752946  

 5% level  -2.998064  

 10% level  -2.638752  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TREVGRTS)  

Method: Least Squares   

Date: 05/05/11   Time: 20:43   

Sample (adjusted): 1988 2010   

Included observations: 23 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TREVGRTS(-1) -1.038991 0.254430 -4.083599 0.0011 

D(TREVGRTS(-1)) 1.283344 0.448695 2.860168 0.0126 

D(TREVGRTS(-2)) 1.848315 0.439754 4.203066 0.0009 

D(TREVGRTS(-3)) 3.099044 0.614712 5.041455 0.0002 

D(TREVGRTS(-4)) -0.742947 0.793524 -0.936263 0.3650 

D(TREVGRTS(-5)) 2.108683 1.582879 1.332181 0.2041 

D(TREVGRTS(-6)) 0.384447 1.746500 0.220124 0.8290 

D(TREVGRTS(-7)) 3.248061 1.598410 2.032057 0.0616 

C -54562.71 78048.65 -0.699086 0.4959 
     
     R-squared 0.955958     Mean dependent var 666971.5 

Adjusted R-squared 0.930791     S.D. dependent var 812266.1 

S.E. of regression 213688.3     Akaike info criterion 27.66860 

Sum squared resid 6.39E+11     Schwarz criterion 28.11292 

Log likelihood -309.1889     Hannan-Quinn criter. 27.78034 

F-statistic 37.98453     Durbin-Watson stat 1.883870 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: D(DDEBT) has a unit root  

Exogenous: Constant   

Lag Length: 7 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  7.231724  1.0000 

Test critical values: 1% level  -3.769597  

 5% level  -3.004861  

 10% level  -2.642242  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DDEBT,2)  

Method: Least Squares   

Date: 05/05/11   Time: 20:45   

Sample (adjusted): 1989 2010   

Included observations: 22 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(DDEBT(-1)) 18.71361 2.587711 7.231724 0.0000 

D(DDEBT(-1),2) -20.44166 2.692812 -7.591194 0.0000 

D(DDEBT(-2),2) -20.83078 2.784722 -7.480381 0.0000 

D(DDEBT(-3),2) -19.06890 2.619975 -7.278276 0.0000 

D(DDEBT(-4),2) -17.81872 2.456924 -7.252450 0.0000 

D(DDEBT(-5),2) -18.01117 2.436937 -7.390904 0.0000 

D(DDEBT(-6),2) -22.84800 3.103272 -7.362553 0.0000 

D(DDEBT(-7),2) -30.20175 4.098138 -7.369626 0.0000 

C 55305.78 82542.05 0.670032 0.5146 
     
     R-squared 0.926950     Mean dependent var 19927.01 

Adjusted R-squared 0.881997     S.D. dependent var 847542.7 

S.E. of regression 291144.6     Akaike info criterion 28.29312 

Sum squared resid 1.10E+12     Schwarz criterion 28.73945 

Log likelihood -302.2243     Hannan-Quinn criter. 28.39826 

F-statistic 20.62013     Durbin-Watson stat 2.052084 

Prob(F-statistic) 0.000003    

 



37 

   

 

 
 

Null Hypothesis: D(DOMREV) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  5.581252  1.0000 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DOMREV,2)  

Method: Least Squares   

Date: 05/05/11   Time: 20:46   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(DOMREV(-1)) 0.619041 0.110914 5.581252 0.0000 

D(DOMREV(-1),2) -1.397288 0.134187 -10.41295 0.0000 

D(DOMREV(-2),2) -2.636482 0.233836 -11.27490 0.0000 

C 57174.15 57671.15 0.991382 0.3318 
     
     R-squared 0.908877     Mean dependent var 127823.1 

Adjusted R-squared 0.896992     S.D. dependent var 721126.5 

S.E. of regression 231444.9     Akaike info criterion 27.67802 

Sum squared resid 1.23E+12     Schwarz criterion 27.87000 

Log likelihood -369.6533     Hannan-Quinn criter. 27.73511 

F-statistic 76.46896     Durbin-Watson stat 2.068017 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: D(GRTS) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=5) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.842885  0.0001 

Test critical values: 1% level  -3.737853  

 5% level  -2.991878  

 10% level  -2.635542  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GRTS,2)   

Method: Least Squares   

Date: 05/05/11   Time: 20:46   

Sample (adjusted): 1987 2010   

Included observations: 24 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(GRTS(-1)) -1.269133 0.217210 -5.842885 0.0000 

C 86685.27 50132.24 1.729132 0.0978 
     
     R-squared 0.608118     Mean dependent var -12052.23 

Adjusted R-squared 0.590305     S.D. dependent var 361244.3 

S.E. of regression 231223.2     Akaike info criterion 27.61981 

Sum squared resid 1.18E+12     Schwarz criterion 27.71798 

Log likelihood -329.4377     Hannan-Quinn criter. 27.64585 

F-statistic 34.13931     Durbin-Watson stat 1.823962 

Prob(F-statistic) 0.000007    
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Null Hypothesis: D(GDP) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  6.244812  1.0000 

Test critical values: 1% level  -3.679322  

 5% level  -2.967767  

 10% level  -2.622989  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GDP,2)   

Method: Least Squares   

Date: 05/05/11   Time: 20:47   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(GDP(-1)) 0.189041 0.030272 6.244812 0.0000 

C 30604.25 110838.1 0.276117 0.7846 
     
     R-squared 0.590895     Mean dependent var 451790.4 

Adjusted R-squared 0.575743     S.D. dependent var 727188.8 

S.E. of regression 473654.7     Akaike info criterion 29.04082 

Sum squared resid 6.06E+12     Schwarz criterion 29.13511 

Log likelihood -419.0918     Hannan-Quinn criter. 29.07035 

F-statistic 38.99768     Durbin-Watson stat 1.810904 

Prob(F-statistic) 0.000001    

 

Null Hypothesis: D(TAXES) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  4.496645  1.0000 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TAXES,2)  

Method: Least Squares   

Date: 05/05/11   Time: 20:47   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TAXES(-1)) 0.475274 0.105695 4.496645 0.0002 

D(TAXES(-1),2) -1.409107 0.128388 -10.97534 0.0000 

D(TAXES(-2),2) -2.245593 0.181805 -12.35164 0.0000 

C 69581.62 53984.95 1.288908 0.2102 
     
     R-squared 0.916449     Mean dependent var 120314.9 

Adjusted R-squared 0.905551     S.D. dependent var 702132.1 

S.E. of regression 215783.0     Akaike info criterion 27.53789 

Sum squared resid 1.07E+12     Schwarz criterion 27.72986 

Log likelihood -367.7615     Hannan-Quinn criter. 27.59497 

F-statistic 84.09370     Durbin-Watson stat 2.017344 

Prob(F-statistic) 0.000000    
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Null Hypothesis: D(TOTEXP) has a unit root  

Exogenous: Constant   

Lag Length: 7 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  1.028060  0.9953 

Test critical values: 1% level  -3.769597  

 5% level  -3.004861  

 10% level  -2.642242  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TOTEXP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 20:48   

Sample (adjusted): 1989 2010   

Included observations: 22 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TOTEXP(-1)) 0.272647 0.265205 1.028060 0.3227 

D(TOTEXP(-1),2) -1.117463 0.511415 -2.185043 0.0478 

D(TOTEXP(-2),2) -0.827429 0.606471 -1.364334 0.1956 

D(TOTEXP(-3),2) -0.269079 0.554628 -0.485153 0.6356 

D(TOTEXP(-4),2) -0.593780 0.442928 -1.340581 0.2030 

D(TOTEXP(-5),2) -0.381797 0.524362 -0.728118 0.4795 

D(TOTEXP(-6),2) -1.480897 0.490614 -3.018457 0.0099 

D(TOTEXP(-7),2) 1.161948 0.665968 1.744752 0.1046 

C 146507.6 89832.27 1.630902 0.1269 
     
     R-squared 0.965895     Mean dependent var 168782.0 

Adjusted R-squared 0.944907     S.D. dependent var 1029733. 

S.E. of regression 241698.1     Akaike info criterion 27.92085 

Sum squared resid 7.59E+11     Schwarz criterion 28.36719 

Log likelihood -298.1294     Hannan-Quinn criter. 28.02600 

F-statistic 46.02167     Durbin-Watson stat 2.322727 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: D(TREVGRTS) has a unit root  

Exogenous: Constant   

Lag Length: 3 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -1.133486  0.6867 

Test critical values: 1% level  -3.711457  

 5% level  -2.981038  

 10% level  -2.629906  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TREVGRTS,2)  

Method: Least Squares   

Date: 05/05/11   Time: 20:49   

Sample (adjusted): 1985 2010   

Included observations: 26 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TREVGRTS(-1)) -0.207600 0.183152 -1.133486 0.2698 

D(TREVGRTS(-1),2) -0.570618 0.377587 -1.511221 0.1456 

D(TREVGRTS(-2),2) 0.032971 0.624315 0.052811 0.9584 

D(TREVGRTS(-3),2) 1.497427 0.610759 2.451747 0.0231 

C 84012.33 75035.25 1.119638 0.2755 
     
     R-squared 0.908533     Mean dependent var 121624.0 

Adjusted R-squared 0.891111     S.D. dependent var 823975.4 

S.E. of regression 271898.1     Akaike info criterion 28.03528 

Sum squared resid 1.55E+12     Schwarz criterion 28.27723 

Log likelihood -359.4587     Hannan-Quinn criter. 28.10495 

F-statistic 52.14792     Durbin-Watson stat 1.861211 

Prob(F-statistic) 0.000000    
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Unit Root Tests – Ratios to GDP (levels) 
 

 

 

Null Hypothesis: TXGDP has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.980151  0.0487 

Test critical values: 1% level  -3.679322  

 5% level  -2.967767  

 10% level  -2.622989  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TXGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:02   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TXGDP(-1) -0.610728 0.204932 -2.980151 0.0062 

D(TXGDP(-1)) 0.003717 0.191010 0.019462 0.9846 

C 0.109549 0.037780 2.899685 0.0075 
     
     R-squared 0.317317     Mean dependent var -0.001617 

Adjusted R-squared 0.264802     S.D. dependent var 0.025630 

S.E. of regression 0.021977     Akaike info criterion -4.699987 

Sum squared resid 0.012557     Schwarz criterion -4.558542 

Log likelihood 71.14981     Hannan-Quinn criter. -4.655688 

F-statistic 6.042500     Durbin-Watson stat 2.018764 

Prob(F-statistic) 0.006996    

 

Null Hypothesis: TRGDP has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.689831  0.0875 

Test critical values: 1% level  -3.670170  

 5% level  -2.963972  

 10% level  -2.621007  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TRGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:03   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TRGDP(-1) -0.433676 0.161228 -2.689831 0.0119 

C 0.103934 0.039750 2.614691 0.0142 
     
     R-squared 0.205340     Mean dependent var -0.001771 

Adjusted R-squared 0.176959     S.D. dependent var 0.036090 

S.E. of regression 0.032742     Akaike info criterion -3.935994 

Sum squared resid 0.030017     Schwarz criterion -3.842581 

Log likelihood 61.03991     Hannan-Quinn criter. -3.906110 

F-statistic 7.235190     Durbin-Watson stat 1.685843 

Prob(F-statistic) 0.011912    
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Null Hypothesis: TEGDP has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.955481  0.0509 

Test critical values: 1% level  -3.670170  

 5% level  -2.963972  

 10% level  -2.621007  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TEGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:03   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     TEGDP(-1) -0.497936 0.168479 -2.955481 0.0063 

C 0.150801 0.053413 2.823296 0.0087 
     
     R-squared 0.237781     Mean dependent var -0.004240 

Adjusted R-squared 0.210559     S.D. dependent var 0.061968 

S.E. of regression 0.055059     Akaike info criterion -2.896486 

Sum squared resid 0.084881     Schwarz criterion -2.803073 

Log likelihood 45.44729     Hannan-Quinn criter. -2.866602 

F-statistic 8.734867     Durbin-Watson stat 1.700188 

Prob(F-statistic) 0.006270    

 

Null Hypothesis: GRGDP has a unit root  

Exogenous: Constant   

Lag Length: 3 (Automatic - based on SIC, maxlag=5) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.729447  0.0851 

Test critical values: 1% level  -3.769597  

 5% level  -3.004861  

 10% level  -2.642242  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GRGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:04   

Sample (adjusted): 1989 2010   

Included observations: 22 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     GRGDP(-1) -0.519656 0.190389 -2.729447 0.0143 

D(GRGDP(-1)) 0.484275 0.212210 2.282061 0.0356 

D(GRGDP(-2)) -0.109865 0.205348 -0.535020 0.5996 

D(GRGDP(-3)) 0.438530 0.200319 2.189158 0.0428 

C 0.033460 0.013346 2.507158 0.0226 
     
     R-squared 0.435754     Mean dependent var 0.000174 

Adjusted R-squared 0.302991     S.D. dependent var 0.028231 

S.E. of regression 0.023569     Akaike info criterion -4.461062 

Sum squared resid 0.009443     Schwarz criterion -4.213098 

Log likelihood 54.07168     Hannan-Quinn criter. -4.402649 

F-statistic 3.282180     Durbin-Watson stat 1.930339 

Prob(F-statistic) 0.036303    
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Null Hypothesis: DRGDP has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.206287  0.0295 

Test critical values: 1% level  -3.670170  

 5% level  -2.963972  

 10% level  -2.621007  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DRGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:04   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     DRGDP(-1) -0.464785 0.144961 -3.206287 0.0034 

C 0.087856 0.028466 3.086326 0.0045 
     
     R-squared 0.268553     Mean dependent var -0.002448 

Adjusted R-squared 0.242430     S.D. dependent var 0.026009 

S.E. of regression 0.022637     Akaike info criterion -4.674085 

Sum squared resid 0.014349     Schwarz criterion -4.580672 

Log likelihood 72.11128     Hannan-Quinn criter. -4.644201 

F-statistic 10.28027     Durbin-Watson stat 2.174446 

Prob(F-statistic) 0.003351    

 

Null Hypothesis: DDGDP has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.326991  0.0224 

Test critical values: 1% level  -3.670170  

 5% level  -2.963972  

 10% level  -2.621007  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DDGDP)   

Method: Least Squares   

Date: 05/05/11   Time: 21:05   

Sample (adjusted): 1981 2010   

Included observations: 30 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     DDGDP(-1) -0.274710 0.082570 -3.326991 0.0025 

C 0.031420 0.013769 2.281909 0.0303 
     
     R-squared 0.283317     Mean dependent var -0.008431 

Adjusted R-squared 0.257721     S.D. dependent var 0.043171 

S.E. of regression 0.037194     Akaike info criterion -3.681002 

Sum squared resid 0.038735     Schwarz criterion -3.587589 

Log likelihood 57.21503     Hannan-Quinn criter. -3.651118 

F-statistic 11.06887     Durbin-Watson stat 2.398887 

Prob(F-statistic) 0.002464    
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Unit Root Tests – Ratios to GDP (first differences) 
 

 

 

Null Hypothesis: D(TXGDP) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -6.511613  0.0000 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TXGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:07   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TXGDP(-1)) -2.652828 0.407400 -6.511613 0.0000 

D(TXGDP(-1),2) 1.080322 0.297962 3.625698 0.0014 

D(TXGDP(-2),2) 0.528748 0.178815 2.956965 0.0071 

C -0.005194 0.004170 -1.245614 0.2254 
     
     R-squared 0.775368     Mean dependent var -5.03E-05 

Adjusted R-squared 0.746068     S.D. dependent var 0.042329 

S.E. of regression 0.021330     Akaike info criterion -4.721417 

Sum squared resid 0.010465     Schwarz criterion -4.529441 

Log likelihood 67.73913     Hannan-Quinn criter. -4.664332 

F-statistic 26.46327     Durbin-Watson stat 1.784823 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: D(TRGDP) has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.503663  0.0001 

Test critical values: 1% level  -3.689194  

 5% level  -2.971853  

 10% level  -2.625121  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TRGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:08   

Sample (adjusted): 1983 2010   

Included observations: 28 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TRGDP(-1)) -1.440848 0.261798 -5.503663 0.0000 

D(TRGDP(-1),2) 0.413275 0.184950 2.234524 0.0346 

C -0.001775 0.006698 -0.265033 0.7932 
     
     R-squared 0.591851     Mean dependent var 0.000362 

Adjusted R-squared 0.559199     S.D. dependent var 0.053306 

S.E. of regression 0.035392     Akaike info criterion -3.743726 

Sum squared resid 0.031314     Schwarz criterion -3.600990 

Log likelihood 55.41217     Hannan-Quinn criter. -3.700090 

F-statistic 18.12606     Durbin-Watson stat 2.215178 

Prob(F-statistic) 0.000014    
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Null Hypothesis: D(TEGDP) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -6.024370  0.0000 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TEGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:09   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(TEGDP(-1)) -2.121914 0.352222 -6.024370 0.0000 

D(TEGDP(-1),2) 0.888641 0.247529 3.590048 0.0015 

D(TEGDP(-2),2) 0.435626 0.178123 2.445646 0.0225 

C -0.006798 0.010405 -0.653292 0.5200 
     
     R-squared 0.701711     Mean dependent var 0.003893 

Adjusted R-squared 0.662804     S.D. dependent var 0.091901 

S.E. of regression 0.053365     Akaike info criterion -2.887356 

Sum squared resid 0.065501     Schwarz criterion -2.695380 

Log likelihood 42.97930     Hannan-Quinn criter. -2.830271 

F-statistic 18.03550     Durbin-Watson stat 2.315735 

Prob(F-statistic) 0.000003    

 

Null Hypothesis: D(GRGDP) has a unit root  

Exogenous: Constant   

Lag Length: 5 (Automatic - based on SIC, maxlag=5) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -6.215821  0.0001 

Test critical values: 1% level  -3.831511  

 5% level  -3.029970  

 10% level  -2.655194  
     
     *MacKinnon (1996) one-sided p-values.  

Warning: Probabilities and critical values calculated for 20 observations 

        and may not be accurate for a sample size of 19 

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(GRGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:09   

Sample (adjusted): 1992 2010   

Included observations: 19 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(GRGDP(-1)) -1.641124 0.264024 -6.215821 0.0000 

D(GRGDP(-1),2) 0.742586 0.233211 3.184188 0.0079 

D(GRGDP(-2),2) 0.279686 0.205637 1.360100 0.1988 

D(GRGDP(-3),2) 0.529761 0.184684 2.868478 0.0141 

D(GRGDP(-4),2) 0.295543 0.136007 2.173007 0.0505 

D(GRGDP(-5),2) 0.218910 0.112920 1.938622 0.0764 

C -0.005099 0.002850 -1.789171 0.0988 
     
     R-squared 0.919935     Mean dependent var -0.005662 

Adjusted R-squared 0.879902     S.D. dependent var 0.035335 

S.E. of regression 0.012245     Akaike info criterion -5.690048 

Sum squared resid 0.001799     Schwarz criterion -5.342097 

Log likelihood 61.05546     Hannan-Quinn criter. -5.631161 

F-statistic 22.97960     Durbin-Watson stat 2.743593 

Prob(F-statistic) 0.000006    
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Null Hypothesis: D(DRGDP) has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.956658  0.0000 

Test critical values: 1% level  -3.699871  

 5% level  -2.976263  

 10% level  -2.627420  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DRGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:10   

Sample (adjusted): 1984 2010   

Included observations: 27 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(DRGDP(-1)) -2.478945 0.416164 -5.956658 0.0000 

D(DRGDP(-1),2) 0.954316 0.309152 3.086880 0.0052 

D(DRGDP(-2),2) 0.489472 0.184641 2.650943 0.0143 

C -0.005964 0.004571 -1.304563 0.2049 
     
     R-squared 0.752737     Mean dependent var 0.000319 

Adjusted R-squared 0.720485     S.D. dependent var 0.043880 

S.E. of regression 0.023199     Akaike info criterion -4.553444 

Sum squared resid 0.012379     Schwarz criterion -4.361468 

Log likelihood 65.47149     Hannan-Quinn criter. -4.496359 

F-statistic 23.33947     Durbin-Watson stat 1.720256 

Prob(F-statistic) 0.000000    

 

Null Hypothesis: D(DDGDP) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=7) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -7.371625  0.0000 

Test critical values: 1% level  -3.679322  

 5% level  -2.967767  

 10% level  -2.622989  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DDGDP,2)  

Method: Least Squares   

Date: 05/05/11   Time: 21:10   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(DDGDP(-1)) -1.248520 0.169368 -7.371625 0.0000 

C -0.007228 0.007430 -0.972780 0.3393 
     
     R-squared 0.668063     Mean dependent var 0.002838 

Adjusted R-squared 0.655770     S.D. dependent var 0.067037 

S.E. of regression 0.039332     Akaike info criterion -3.567102 

Sum squared resid 0.041768     Schwarz criterion -3.472805 

Log likelihood 53.72297     Hannan-Quinn criter. -3.537569 

F-statistic 54.34085     Durbin-Watson stat 2.057545 

Prob(F-statistic) 0.000000    
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Johansen’s Cointegration Test – TRGDP and TEGDP 
 

 
Residuals Serial Correlation Test – TRGDP and TEGDP 
 

 

Date: 05/09/11   Time: 14:46   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: TRGDP TEGDP    

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.548914  31.73085  25.87211  0.0083 

At most 1  0.257751  8.644046  12.51798  0.2035 
     
      Trace 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-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.548914  23.08680  19.38704  0.0138 

At most 1  0.257751  8.644046  12.51798  0.2035 
     
      Max-eigenvalue 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-values  

     

 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):  
     
     TRGDP TEGDP @TREND(81)   

-19.91624  31.18742  0.107403   

 37.36876 -8.773988 -0.013366   
     
          

 Unrestricted Adjustment Coefficients (alpha):   
     
     D(TRGDP) -0.013468 -0.015288   

D(TEGDP) -0.044111 -0.006099   
     
          

1 Cointegrating Equation(s):  Log likelihood  116.4060  
     
     Normalized cointegrating coefficients (standard error in parentheses) 

TRGDP TEGDP @TREND(81)   

 1.000000 -1.565929 -0.005393   

  (0.21456)  (0.00129)   

     

Adjustment coefficients (standard error in parentheses)  

D(TRGDP)  0.268233    

  (0.12943)    

D(TEGDP)  0.878522    

  (0.16631)    

 

VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 05/09/11   Time: 17:51 

Sample: 1980 2010  

Included observations: 29 
   
   Lags LM-Stat Prob 
   
   1  0.645545  0.9579 

2  1.723631  0.7864 

3  1.259359  0.8682 
   
   

Probs from chi-square with 4 df. 
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Residuals Heteroskedasticity Test – TRGDP and TEGDP 
 

 
Residuals Normality Test – TRGDP and TEGDP 
 

 
 

VAR Residual Heteroskedasticity Tests: Includes Cross Terms  

Date: 05/09/11   Time: 17:52    

Sample: 1980 2010     

Included observations: 29    
      
            

   Joint test:     
      
      Chi-sq df Prob.    
      
       59.29325 42  0.0403    
      
            

   Individual components:    
      
      Dependent R-squared F(14,14) Prob. Chi-sq(14) Prob. 
      
      res1*res1  0.905805  9.616274  0.0001  26.26834  0.0239 

res2*res2  0.624677  1.664374  0.1758  18.11564  0.2016 

res2*res1  0.844389  5.426299  0.0016  24.48729  0.0400 
      
      
      

 

VAR Residual Normality Tests   

Orthogonalization: Cholesky (Lutkepohl)  

Null Hypothesis: residuals are multivariate normal  

Date: 05/09/11   Time: 17:54   

Sample: 1980 2010    

Included observations: 29   
     
          

Component Skewness Chi-sq df Prob. 
     
     1  0.669443  2.166074 1  0.1411 

2  1.251205  7.566651 1  0.0059 
     
     Joint   9.732725 2  0.0077 
     
          

Component Kurtosis Chi-sq df Prob. 
     
     1  3.973961  1.146226 1  0.2843 

2  4.788601  3.865573 1  0.0493 
     
     Joint   5.011799 2  0.0816 
     
          

Component Jarque-Bera df Prob.  
     
     1  3.312300 2  0.1909  

2  11.43222 2  0.0033  
     
     Joint  14.74452 4  0.0053  
     
     

     

 



48 

   

 
Johansen’s Cointegration Test – DRGDP and TEGDP 
 

 
 
Residuals Serial Correlation Test – DRGDP and TEGDP 
 

 

Date: 05/09/11   Time: 14:45   

Sample (adjusted): 1982 2010   

Included observations: 29 after adjustments  

Trend assumption: Linear deterministic trend (restricted) 

Series: DRGDP TEGDP    

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.533881  28.21556  25.87211  0.0251 

At most 1  0.189121  6.079458  12.51798  0.4503 
     
      Trace 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-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.533881  22.13610  19.38704  0.0194 

At most 1  0.189121  6.079458  12.51798  0.4503 
     
      Max-eigenvalue 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-values  

     

 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):  
     
     DRGDP TEGDP @TREND(81)   

 20.58377  20.19018  0.104931   

 47.21150 -11.97327  0.010555   
     
          

 Unrestricted Adjustment Coefficients (alpha):   
     
     D(DRGDP) -0.011673 -0.008116   

D(TEGDP) -0.044596  0.002753   
     
          

1 Cointegrating Equation(s):  Log likelihood  122.8525  
     
     Normalized cointegrating coefficients (standard error in parentheses) 

DRGDP TEGDP @TREND(81)   

 1.000000  0.980879  0.005098   

  (0.21362)  (0.00129)   

     

Adjustment coefficients (standard error in parentheses)  

D(DRGDP) -0.240267    

  (0.08899)    

D(TEGDP) -0.917955    

  (0.17351)    

 

VEC Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 05/09/11   Time: 17:35 

Sample: 1980 2010  

Included observations: 29 
   
   Lags LM-Stat Prob 
   
   1  4.637954  0.3265 

2  8.093682  0.0882 

3  2.003885  0.7350 
   
   

Probs from chi-square with 4 df. 
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Residuals Heteroskedasticity Test – DRGDP and TEGDP 
 

 
Residuals Normality Test – DRGDP and TEGDP 
 

 
 
 

VEC Residual Heteroskedasticity Tests: Includes Cross Terms  

Date: 05/09/11   Time: 17:41    

Sample: 1980 2010     

Included observations: 29    
      
            

   Joint test:     
      
      Chi-sq df Prob.    
      
       39.06485 27  0.0625    
      
            

   Individual components:    
      
      Dependent R-squared F(9,19) Prob. Chi-sq(9) Prob. 
      
      res1*res1  0.704000  5.021029  0.0015  20.41601  0.0155 

res2*res2  0.383100  1.311016  0.2946  11.10989  0.2683 

res2*res1  0.568950  2.786495  0.0287  16.49956  0.0572 
      
      
      

 

VEC Residual Normality Tests   

Orthogonalization: Cholesky (Lutkepohl)  

Null Hypothesis: residuals are multivariate normal  

Date: 05/09/11   Time: 17:43   

Sample: 1980 2010    

Included observations: 29   
     
          

Component Skewness Chi-sq df Prob. 
     
     1 -0.636797  1.959967 1  0.1615 

2  0.015528  0.001165 1  0.9728 
     
     Joint   1.961132 2  0.3751 
     
          

Component Kurtosis Chi-sq df Prob. 
     
     1  4.908234  4.399973 1  0.0359 

2  3.311158  0.116990 1  0.7323 
     
     Joint   4.516963 2  0.1045 
     
          

Component Jarque-Bera df Prob.  
     
     1  6.359940 2  0.0416  

2  0.118155 2  0.9426  
     
     Joint  6.478095 4  0.1662  
     
     

     

 


