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Abstract 

 

This paper uses a vector error correction model (VECM) and the unrestricted vector autoregressive 

(VAR) model combined with Granger causality in order to determine the casual direction between 

saving and growth. The countries being studied are Colombia, Mexico, Sweden and the UK. First, 

the stationarity of the variables are tested by employing an Augmented Dickey-Fuller test. 

Secondly, the long-run relationship is tested through a Johansen cointegrating system. For those 

countries that have cointegrated variables the VECM model is used. For those lacking such a long-

run relationship a standard VAR model is used and further analysis is done through Granger non-

causality testing. The results from the cointegration analysis suggests a long-run relationship for 

Sweden and the UK. This was further attested to by the VECM analysis. For Colombia saving 

only Granger-caused growth in the short-run and for Mexico no relationship was found as the 

Granger-causality test showed no causal link in any direction.  
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1. Introduction 
In this section some introductory information will be given and the research questions will be 

presented. Further insight into the purpose of this study will also be given. 

 

Economic growth is at the center stage of discussion, both for economists as well as for policy 

makers. News coverages are inundated with growth statistics and economics terms such as gross 

domestic product (GDP), interest rates, unemployment rate etc. We often hear about high 

unemployment as a result of low economic activity and see politicians wrangling with regards to 

the path that should be taken in order to ameliorate the sluggishness in the economy and increase 

both employment and economic growth.  

Politics aside and focusing on the study of economics, it is a fact that “small differences in growth 

rates produce large effects in terms of the standard of living when they persist for long periods of 

time” (Carlin and Soskice, 2006). Evidently, economic growth is an important issue with 

significant impact on our welfare.  How then is economic growth achieved?  

Neoclassical theories of growth see capital as one of the main mechanism through which growth 

is achieved. For capital accumulation to take place, firms need to invest and investments depend 

on the saving rate. A higher saving rate is said to generate a higher growth rate. Depending on the 

model, an increase in savings can increase growth either transiently, such as in the Solow model, 

or permanently, as in the Rabelo AK model. Saving is thus recognized as a major contributing 

factor to growth. Consequently, it is argued that countries that save too little have low growth rates. 

 

Notwithstanding the above, some researchers have suggested a relation between saving and growth 

which is the reverse of the neoclassical models, in which growth produces saving since the saving 

rate can be affected by the level of growth (Carroll and Weil, 1994). Both developing and 

developed countries have exhibited such “causation” where investments (savings) increased only 

after an increase in growth. This temporal relationship has, most notably, been verified for the East 

Asian countries (IMF, 2000). Hence, there is growing empirical evidence that suggest a growth-

to-saving “causality” which contradicts the neoclassical models of unidirectional saving-to-

growth.  
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This paper focuses on the relationship between saving and growth. More specifically, the aim is to 

ascertain if there is empirical evidence supporting the observed contradiction to the neoclassical 

prediction of saving-to-growth causality for two sets of countries1:  

(i) Developed: Sweden, UK 

(ii) Developing: Colombia, Mexico 

 

It will be interesting to see if any inter and/or intragroup differences exists and what inferences 

can be drawn from the results.  

 

1.1 Purpose   
The purpose of this study is to give further insight into the dynamics between saving and growth 

as well as test the validity of our economic growth models by way of empirical analysis. Additional 

empirical information can add to our bank of knowledge by either validating our models and 

theories or by providing reasons for their modification.  

 

If this paper continues in the path of previous studies by affirming the empirical prevalence of the 

growth-to-saving causation then it would further strengthen the need for revisiting the role of 

saving in neoclassical growth theory. A deeper empirical and theoretical understanding of the 

relationship between saving and growth can help the countries which do not follow the neoclassical 

theory. This could lead to better management and addressing of economic issues.  

 

1.2 Research question 
1. Is there evidence for the empirical observation of higher growth rates leading to higher 

savings in the countries being studied?  

2. Can a difference be made between developing and developed countries?  

3. What are the plausible theoretical reasons for growth-to-saving causation?  

- In what way can habit stock formation play a role in explaining the reverse 

theoretical prediction? 

The rest of the paper is structured as follows: section 2 presents a concise recap of the relevant 

elements of the Solow-Swan model as well as a literature review on the current empirics 

                                                           
1 The following definition of “developed” and “developing” countries are taken from IMF, April 2015. 
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available. In section 3, the data is discussed and in section 4, the methodology will be presented. 

Section 5 presents the empirical results and the interpretation thereof and section 6 provides the 

summary and conclusions of the study. 

 

2. Theory and Literature review  
In this section the Solow-Swan model will be presented and other empirical work will be reviewed 

so as to give some background and increase understanding.  

 

2.1 Neoclassical growth model 
The dynamics between saving and growth has been studied extensively and their positive 

correlation has been confirmed (Levine and Renelt, 1992). However, for many countries there 

appears to be a mismatch between neoclassical economic growth theory and empirical evidence. 

In neoclassical growth theory the correlation is explained by saving-to-growth causation but the 

empirical evidence suggests the causation going the other way around – from growth-to-saving.  

The emphasis on the role of savings in economic growth theory emanate from early studies by 

Harrod (1939) and Domer (1946). Further studies in the field of economic growth by Solow (1956, 

1957), Romer (1986) and Lucas (1988) expanded on the neoclassical view of saving-to-growth 

causation.  

 

Using ordinary least squares (OLS), several economists have found that an increased saving rate 

stimulates economic growth (Bacha 1990, Otani and Villanueva 1990, Stern 1991, and 

DeGregorio 1992,). This is congruent with the Solow model which holds that saving stimulates 

economic growth through increased investments and capital accumulation.  

 

The simple Solow-Swan model emphasizes the causal link of ‘saving-to-growth’. The model 

assumes the main determinants of growth to be the saving rate, the population growth rate and the 

rate of technological progress, all of which are exogenously given (Jones, 2002). This neoclassical 

model holds that saving leads to investments. Investments in turn stimulate capital accumulation. 

Capital accumulation leads to temporarily higher growth rates in accordance with the steady-state 

adjustment process of the Solow model. 
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The model assumes a closed economy, implying that saving equals gross investment. The saving 

rate, s, is the fraction of income saved by households:  

(2.0) I = s.F(K) 

 

The change in capital over time is captured by the following continuous time equation: 

(2.1)  K̇ = s.F(K) – δ.K 

 

This equations describes how capital accumulates over time and states that the change in the 

capital stock, K̇, equals gross investment, s.F(K), less production process depreciation, δ.K, 

assuming that capital depreciates at a constant rate of δ.  

 

The above equation (2.1) can be expressed in per capita terms as follows:  

(2.2) k̇ = s.f(k) – (n+δ).k 

 

This is the fundamental equation of the Solow-Swan model and it determines how capital per head 

changes over time. The first term, on the right hand side, shows that investment per head, s.f(k), 

increases capital. The second term, on the right hand side, shows that depreciation per head, δ.k, 

reduces capital and that population growth, n, reduces capital per head by n.k. Hence, the second 

term, (n+δ).k, describes the amount of investment per head needed to keep the amount of capital 

per worker and output per worker fixed (k̇ = 0, y*=0) which represents the steady-state of the 

economy.  

 

When the economy is below the steady state, the difference in the two terms is positive [s.f(k)> 

(n+ δ)k]. In such a case, capital per worker, k, (and output per worker, y) is increasing over time, 

k̇ > 0, and this is the transition path to the steady state.  The growth slows down over time as we 

get closer to the steady-state where the change in capital per worker is constant [k̇ = 0 => s.f(k) = 

(n+δ).k] just as output per worker is constant. The decline in the growth rate of capital is due to 

diminishing marginal returns in the factors of production.  
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Further illustration of the transitional dynamics can be shown by dividing both sides of equation 

(2.2) by k, which gives us the growth rate of capital per head.  

(2.3) γk = k̇/k = s.f(k)/k – (n + δ) 

 

If we take the first term, s.f(k)/k, as being the saving curve with a negative slope and the second 

term, (n + δ), the depreciation curve as a horizontal line then we reach steady-state where these 

two curves intersect indicating that k = k* and γk = 0. As long as s.f(k)/k > (n + δ) then γk > 0. 

The framing of the growth rate of output per head, ẏ/y, is similar to that of k̇/k.  

 

2.2 Limitation of the theory 
One important factor should be taken into account and ameliorated in future research. That is, the 

chosen Solow-Swan model has a shortcoming. The theory is very simplistic as it excludes many 

pertinent variables and takes its starting point in a closed economy in order to shed light on “the 

time paths of capital and output” (Barro J.R. and Sala-i-Martin Xavier, 2003:26).  In a closed 

economy, saving equal investment as total production, or GDP, is either consumed or invested 

(Barro J.R. and Sala-i-Martin Xavier, 2003:25). In an open economy however, domestic saving 

could be either less or higher than investment due to trade and as such international lending and 

borrowing (Barro J.R. and Sala-i-Martin Xavier, 2003:15).  

 

If domestic investment is higher than domestic saving then a country is borrowing from abroad. If 

domestic investment is lower than domestic saving then a country is lending abroad.  

This relation is not captured by the Solow-Swan model presented in this paper which takes the 

saving rate as exogenously given and constant over time. This has been shown to be empirically 

incorrect as the saving rate tends to increase with increases in per capita income during the 

transition path (Barro J.R. and Sala-i-Martin Xavier, 2003:85).  

 

The following steps will provide a somewhat clearer picture of the role of trade and its relation to 

saving. I begin with introducing the definition of absorption.  

Abs = C + I + G   (domestic absorption)  
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Domestic absorption amounts to total spending on consumption, investment and government 

expenditure regardless of where the goods and services are produced. Next, we know that some 

goods are imported and others are exported. Hence, we have the trade balance:  

BT = X – M     (trade balance)  

 

Output then becomes the two above equations combined giving:  

Y = Abs + BT    (total output, planned expenditure) 

Y – Abs = X – M  

 

If there is a deficit in the trade balance (imports exceed exports, M > X) then absorption exceeds 

output (Abs > Y). Next, we define the current account balance (CAB) to be equal to the trade 

balance (BT) and net interest receipts:  

CAB = BT + INT   (current account balance) 

 

 

The trade balance can then be expressed in terms of saving and investment.  With gross saving (S), 

being the difference between output (Y, GDP) and total consumption (C+G). Gross domestic 

investment is then the difference between total absorption and consumption, yielding:  

(Y – C – G) – (Abs – C – G) = S – I = BT (saving and trade) 

 

The above equation indicates that when a deficit is present in the trade balance, imports will exceed 

exports and as such gross domestic investment exceeds gross domestic saving. Furthermore, Claus 

et.al (2001) state that “the difference between domestic saving (Sd) and net domestic investment 

(Inet) is equal to the current account balance”: 

Sd – Inet = CAB    (saving and the current account) 

 

where domestic saving (Sd) is the difference between national disposable income (Ydisp) and total 

consumption (C+G), and net investment (Inet) is gross domestic investment net of depreciation.  

 

This goes to show that a current account deficit implies higher investments than domestic saving 

which in turn must be financed by borrowing from abroad or net capital inflows (capital account). 

The above equations are important since the countries being studied are different with respect to 

their saving behavior. Hence, a balanced current account is vital for the endurance of an economy 

since long-term deficits can potentially have severe economic ramifications in the future such as a 
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depreciation of the exchange rate or lenders refusing to finance the debtor country which itself 

could lead to economic meltdown (Donoso and Martin, 2014 and Carlin and Soskice, 2006:318). 

An indefinite and large surplus can cause the currency to appreciate leading to a loss of 

competitiveness in a floating system or diplomatic problems, in a fixed exchange system, as other 

countries will be wary of the economic policies employed.  For instance, Mexico has historically 

run large current account deficits2 (borrowing from abroad) as its saving rate is less than its 

investment share of GDP3.Sweden, on the other hand, runs a current account surplus4 (lending 

abroad). The implications of the current account asymmetry should be further explored and 

reconciled in future studies. One suggestion would be to use the Ramsey model which lets the 

saving rate rise and fall in response to changes in the economy.  

 

2.3 Recent empirical evidence  
Extensive research has been done in the subject both analyzing individual countries as well as 

cross-country studies where several countries were analyzed as one sample.  

 

Houthakker, (1961, 1965) and Modigliani (1970, 1990) had previously pointed to the empirical 

existence of the growth-to-saving causation. This turned into a trend with further studies in the 

field by other renowned economists. Maddison (1992), Bosworth (1993), Adam and Prazmowski 

(1996), Jappeli and Pagano (1996), Gavin et al. (1997), Sinha and Sinha (1998), Saltz (1999).  

 

On the aggregate level Carroll and Weil (1994) found periods of high income growth preceding 

periods of high saving, contradicting the neoclassical growth model above. Using household data 

they found households with faster expected income growth to save more than household who had 

slower income-growth expectations. This in turn is incongruent with traditional consumption 

theory which postulates the reverse. In a simple traditional Permanent Income Hypothesis (PIH) 

model we have a consumption function as follows:  

Ct = C(Wt, YLt –Tt) 

 

                                                           
2 http://www.tradingeconomics.com/mexico/current-account (retrieved 2016-11-01) 
3 Compare savings, http://data.worldbank.org/indicator/NY.GNS.ICTR.ZS?locations=MX,  with investment, 
https://www.quandl.com/data/ODA/MEX_NID_NGDP-Mexico-Total-Investment-of-GDP (retrieved 2016-11-01) 
4 http://www.tradingeconomics.com/sweden/current-account (retrieved 2016-11-01) 

http://www.tradingeconomics.com/mexico/current-account
http://data.worldbank.org/indicator/NY.GNS.ICTR.ZS?locations=MX
https://www.quandl.com/data/ODA/MEX_NID_NGDP-Mexico-Total-Investment-of-GDP
http://www.tradingeconomics.com/sweden/current-account
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Where Wt is total wealth and YLt –Tt is the after-tax current income. Hence, if a household expects 

faster income growth, the household’s after-tax current income increases which should stimulate 

increased consumption and lower saving in the current period. Their research focused on the East 

Asian countries as well as OECD countries as a whole5.  

 

More recent empirical evidences have corroborated the prevalence of the reverse theoretical 

prediction with “causality” going from growth-to-saving. Agrawal et al. (2009) found growth-to-

saving causation for five South Asian countries such as India, Pakistan, Bangladesh, Sri Lanka and 

Nepal. They use an array of variables such as income per capita, dependency rate, foreign savings 

rate, the share of agriculture in GDP, real interest rate, inflation rate and banking density. They 

establish a long-run relationship between growth and saving by way of a cointegrating error 

correction model (ECM). More specifically, positive effects on saving emanated from income per 

capita growth, accessibility to banking services, and a decline in the dependency ratio. 

Surprisingly, they observed strange dynamics when it comes to the effects the real interest rate has 

on saving. The real interest rate had either negligible effect on saving or it was insignificant. One 

would think otherwise, that an increased interest rate should stimulate higher savings as that would 

contribute to a person’s overall wealth increasing.  

 

Odhiambo (2008) did a tri-variate analysis for Kenya examining the causal relationship between 

financial depth, savings and economic growth for the period 1969-2005.  For some reason he used 

three different methods for the unit root test and finally concluded that all variables exhibit first 

order integration. The cointegration analysis suggested the existence of a long-run relationship 

between the variables. Finally, the VEC model employed showed a unidirectional causality from 

economic growth and savings to financial depth. Furthermore, economic growth Granger-caused 

savings.  

 

Odhiambo (2009) did a similar tri-variate exercise for South Africa in which he included capital 

inflows as a third variable in the causality model between saving and growth. The results in this 

study pointed to a long-run uni-directional causal link going from economic growth to savings. 

                                                           
5 Not all OECD countries were included in their sample. To see their criteria for inclusion see Carroll and Weil 
(1994) 
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However, in the short-run, a bi-directional link was found between savings and economic growth 

as well as savings and foreign capital inflows.   

 

Anoruo and Ahmad (2001) found the growth-to-saving causation for most of the sampled African 

countries, namely Congo, Cote d’Ivoire, Ghana, Kenya, South Africa and Zambia. This paper uses 

a similar structure as their paper and they too use an Augmented Dickey-Fuller test followed by a 

cointegration test and similar VAR/VEC modelling.  

3. Data 
In this section there will be an overview and summary of the data. Further graphical analysis is 

done on the time-series properties of the variables relating them to plausible historical economic 

events.  

This study uses annual data to study the “causal” relationship between economic growth and 

savings. The countries being studied are randomly chosen as Colombia, Mexico, UK and Sweden. 

They are randomly chosen in the sense that I started off with some 20 countries and chose the four 

countries which had data for the time-interval I am researching. I made sure to have two for each 

category i.e. developing and developed. The data are retrieved from the World Bank Database for 

the period 1967-2014, that is, 48 observations for each country.   

The recommendation for time-series models is that the sample include 50 observations in order to 

reduce bias and increase reliability of the regression results (Studenmund A.H, 2014). However, 

Andersson (1999) states that even 50 observations could restrict the degrees of freedom. 

Furthermore, Hakkio and Rush (1991) suggest the usage of a long time span rather than many 

observations. Using quarterly data would increase the number of observations while keeping the 

time span fixed. Even so, Andersson (1999) states that “the smoothing of seasonal filters could 

distort the temporal relationships between the variables”. Also, lack of quarterly data for the 

countries I am studying makes annual data more preferable.  

Two different sets of variables are used. In the first instance, the variable LNGDP is the natural 

log of annual real gross domestic product per capita in constant 2005 US$ (real GDP/capita). This 

is tested against the variable LNSAVE which is the natural log of annual real gross domestic saving 
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per capita in constant 2005 US$ (real GDS/capita). This will give a regression in terms of 

elasticities, that is, a one percentage increase in the predictive variable will cause a one percentage 

change in the dependent variable.6 For the second set, the variable LNGDP will be tested against 

the variable named “the saving rate” which is gross domestic savings as a fraction of real GDP.7  

With regards to the neoclassical model, the saving rate as a function of GDP indicates that the 

saving rate modelled in this paper is endogenously determined whereas it is exogenously given in 

the traditional Solow-Swan model. Most papers pertaining to economic growth and causality 

relationships have used a similar variant as the variable encapsulating savings. This paper also 

includes the logarithm of total gross saving per capita for experimental reasons to see what 

conclusions can be drawn.   

The following table describes the variables that will be used. They consist of three variables. 

LNGDP, LNSAVE and the saving rate. These variables will create two systems. In each system, 

LNGDP will be present. All lags have been determined by Akaike Information Criteria (AIC). The 

reason being that the lag order selection test of AIC produced the most lags and since omitting lags 

can omit useful information a decision was taken to include as many lags as possible.   

 

Table 1: Variable definitions 

Variables Description 

LNGDP The natural log of real GDP per capita (US$2005) 

LNSAVE The natural log of real Gross Domestic Saving (GDS, 

US$2005) 

s(y), saving rate The saving rate as a share of real GDP 

∆LNGDP Growth rate/economic growth 

Colombia, Mexico, Sweden and the UK 1 lag, 1 lag, 2 lags, and 2 lags 

Notes: The following table describes the variables that will be used. Lags are determined by way of AIC. Notice the difference 

made between LNSAVE and the ‘saving rate’. Also, attention should be paid to the fact that the change in the logarithm of GDP, 

∆LNGDP, is an approximation of the growth rate (I also did the subsequent analyses with the officially reported rates and it 

yielded roughly the same results).  

  

                                                           
6 This setup is based on Anoruo and Ahmad (2001).  
7 This setup is based on Carroll and Weil (1994). 
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3.1 Descriptive information  
 

Figure 3.0 

Log of GDP and gross saving, GDP growth rate, and the saving rate for Colombia, Mexico. 

Colombia 

Mexico 

Notes: Time-series plots for Colombia (1967-2014) and Mexico (1967-2014). LNGDP is the logarithm of GDP per capita. 

LNSAVE is the logarithm of gross domestic saving per capita. Growth rate is an approximation by way of a change in the 

logarithm of GDP per capita, ΔLNGDP. The saving rate is gross domestic saving as a share of GDP per capita, meaning that it is 

a function of output, s(y). All variables are in real 2005 US$.  

 

In the first column, the effects of the oil crisis of the early 1970’s is visible with regards to domestic 

savings (LNSAVE) as well as the saving rate, albeit both Colombia and Mexico are oil producing 

countries. Judging from the second column, the growth rate also declined, more so for Mexico 

than Colombia. From mid-1970s to early 1980s the Colombian economy experienced sustained 

economic growth, averaging 5% per annum. In the mid-80s, however, problems occurred due to 

the inefficient use of the growing labor force and increased capital stock. In the 90’s several 

economic reform programs were introduced such as trade liberalization, labor, financial and 
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foreign-exchange reforms. We can see how total domestic savings decreases and does not really 

start increasing until after the new century. Although GDP per capita seems quite stable, during 

this period of increased public spending and a wealth effect stemming from petroleum earnings, 

the growth rate became much more volatile and culminated in a recession prior to the 21st-century.8 

 

Mexico also underwent major economic policy shifts and opened up its economy in the mid-1980’s 

resulting in economic stagnation. The stagnation is palpable in the first column as GDP per capita 

remained below the level of the 1980’s until, approximately, the 1990’s. A sharp fall in the growth 

rate is also clearly evident for the 1980’s. Then in mid-1990’s Mexico’s real GDP per capita 

declined by 9%9, this too can be seen in both columns.   

 

Figure 3.1 

Log of GDP and gross saving, GDP growth rate, and the saving rate for Sweden and the UK.  

 Sweden 

 UK 

 

    

 

 

 

 

 

 

 

 

 

 

 

                                                           
8 For institutional reforms in Colombia see Alesina 2005 and for macroeconomic policies in both Colombia and 
Mexico see Dornbusch and Edwards 1991.  
9 See for instance, http://repositorio.cepal.org/bitstream/handle/11362/4876/S027526_en.pdf?sequence=1 
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Notes: Time-series plots for Sweden (1967-2014) and the UK (1967-2014). See Figure 3.0 for further explanation of the 

variables.  

 

 

Judging from the first column, Sweden and the UK seem to have had the same weak but increasing 

trajectory with respect to their GDP per capita. Both the oil crisis of the 1970’s as well as the 

crumbling of the Bretton Woods system have contributed to it. A steeper fall is visible for the UK 

during the oil crisis of the 70s as this coincided with a period of growing trade union strikes. Such 

strikes reoccurred during the late 70’s where a decline in GDP per capita is again observable. On 

the other hand, the gross domestic savings have had steeper ups and downs in Sweden. The second 

column shows that the saving rate has a clear downward trend for the UK while remaining quite 

stationary for Sweden.  

 

Both countries have had major macroeconomic policy reforms in the 1990’s with a deregulation 

of the financial sector and a shift to a floating exchange rate10. Sweden had been hit hard by high 

inflation which precipitated a currency crisis11. The eighties began with the Thatcher era of 

deregulation, privatization and major industrial policy shifts.   

 

4. Methodology  

In this section the different methods that are used are explained. The Augmented Dickey-Fuller 

test is utilized for the unit root test of the variables. The long-run relationship is estimated by way 

of a Johansen cointegration test. Further testing is done in either a VAR or VECM setting.  

 

4.1 Dickey-Fuller Test 
Since autoregression is used as method, the expectation will be that the past can be used to predict 

the future. However, if the future values are markedly different than the past then a historical 

relationship might not hold. Therefore, for such an analysis to be possible it is important to have 

stationary variables in which there is no autocorrelation. This test was undertaken to solve the 

problem of unit root and non-stationarity.  When variables exhibit a unit root, it indicates that the 

                                                           
10 See for instance, http://www.reforminstitutet.se/wp/wp-
content/uploads/2014/03/Twentyfiveyearsofreform140301.pdf 
11 http://www.riksbank.se/sv/Press-och-publicerat/Tal/1997/The-Swedish-Experience/ 
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expected value is non-constant or that the variance is changing over time, either increasing or 

decreasing (Studenmund, 2014: 402). This causes the regression model to be incorrect while the 

R2 and t scores show the opposite, leading to spurious regression results. It would give the 

impression of one variable affecting the other when in fact a third factor could be affecting both 

of them, yielding biased results. When variables are nonstationary, it is most of the time alleviated 

by taking the first difference. Since the t-distribution is not normally distributed, the Dickey-Fuller 

table is used to determine the overall fit.  

Below is a visual example of the variable LNSAVE for Colombia both in levels and in first 

difference.  

Figure 4.0 

LNSAVE for Colombia in levels and in first difference.  

Levels First difference, Xt – Xt-1 

 

 

 

 

 

 

Notes: The two plots are plots of LNSAVE for Colombia. The first column shows the variable LNSAVE in levels. The 

second column shows the first difference of LNSAVE with an expected value of zero and a constant variance. Time-series 

analysis demand stationary variables as in the second column. Otherwise, the results will be distorted.   

 

Starting with a random walk process, Xt = Xt−1 + εt, the regression equation will be: 

 

Xt = ρ.Xt−1 + εt. 

 

Subtracting Xt-1 from both sides the Dickey-Fuller equation becomes: 

 

ΔXt = β.Xt−1 + εt 
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Δ is the first difference operator, (Xt-Xt-1), β is the “new” coefficient, β = (ρ – 1) and εt is the 

error term. The null hypothesis states that there is a unit root if ρ = 1 (or β = ρ – 1 = 0), indicating 

that there is, at least, first order integration, Xt ~ I(1). This means that the null hypothesis is 

characterized by random walk, Xt = Xt−1 + εt where εt ∼ i.i.d.N (0, σ2).  The null hypothesis is 

rejected if ρ < 1 in absolute terms and statistically significant (or β = ρ – 1 < 0). This means that 

the alternative hypothesis then becomes Xt = εt, which indicates stationarity and Xt ~ I(0).  

 

There are three types of Dickey-Fuller tests, (1) no constant and no trend, (2) constant and no trend, 

(3) constant and trend. Furthermore, the estimated Dickey-Fuller equation can be augmented with 

differenced lags.  

A visual examination of the three variables in levels (see LNGDP and LNSAVE in first column 

of figures 3.0 and 3.1) shows that all countries, expectedly, have an upward increasing trend in the 

log of real GDP per capita since real GDP tend to increase over time12. Likewise the log of gross 

domestic saving (LNSAVE) seemed to have an upward trend, albeit less deterministic. Hence, it 

is safe to assume that the variables are nonstationary in levels which a Dickey-Fuller test also 

indicates. The saving rates in the second column of figures 3.0 and 3.1, however, seems to be 

stationary around a mean larger than zero which could indicate a random walk with drift – which 

is nonstationary as the variance increases over time [Stock and Watson, 2015]. Several different 

Dickey-Fuller tests were conducted both including and excluding drift and deterministic trend 

variables. Regardless, all variables were nonstationary in levels except the saving rate, s(y), for 

Sweden which was stationary in levels with a trend.  

 

Andersson (1999) mentions that there is some debate surrounding the significance of a unit root 

test for a share variable such as the saving rate, s(y). This is because it is a linear combination of 

LNGDP and LNSAVE. Andersson (1999) stresses the importance of the growth rate and saving 

rate variables to have the same order of integration. He concludes by recommending to start a 

times-series analysis with the totals of the variables which this paper adheres to.  

 

                                                           
12 see first column in figures 3.0 and 3.1 
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Next, a visual examination took place with regards to the first difference of the variables.  By 

graphing them one could see a more stationary series13. Hence a second Dickey-Fuller test 

augmented by additional lags was performed. After some cumbersome testing the following model 

was arrived at:  

 

Δ is the first difference operator, Xt is the variable being examined, α0 is the constant, δ is the 

coefficient of the deterministic time trend (t), β1 is a coefficient of Xt-1 and εt is the error term.  

Deterministic trend term refers to a nonrandom function of time whereas stochasticity is random 

and changes with time (Stock and Watson, 2015). It can be somewhat difficult to ascertain visually 

whether a trend is deterministic or stochastic. However, taking a closer look the second column in 

figures 3.0 and 3.1, we can see that, for all of the countries, there are periods where GDP grew 

faster and periods where GDP growth fell markedly which speaks for stochasticity. Stock and 

Watson (2015) recommend modelling time series with stochastic trends due to such subtle 

differences which could be hard to visualize. Since the deterministic time trend was independently 

insignificant, I was planning to exclude it, however, I was advised to include a deterministic trend 

term in order to reduce serial correlation so that the t scores become less biased. If the t scores are 

too high it will yield OLS regressions that are spurious, εt ~ I(1)  – “a strong relationship between 

two or more variables that is not caused by a real underlying causal relationship” (Studenmund, 

2014:402). One should also have in mind that structural breaks could be present in the regression 

coefficients. Such breaks will produce unreliable estimations as unexpected shifts in the time series 

causes the mean or variance to suddenly change [Stock and Watson, 2015; 608]. Economic crises, 

macroeconomic policy shifts, and other reforms that have major economic effects could contribute 

to such break points.14 

                                                           
13 See column two in figures 3.0 and 3.1 for an example of first differenced LNGDP called “growth rate”, and see 
figure 4.0 for an example of a first differenced LNSAVE.   
14 See the text below figures 3.1 and 3.2 for a brief outline on macroeconomic policy changes.  
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A QLR test could be used when testing for structural breaks with unknown break points. 

Nonetheless, I was advised against such testing as it was deemed not in the scope of this study and 

also because of the time constraint for writing this paper. 

 

4.3 Johansen cointegration 

Following up on the previous discussion regarding spurious regressions, a cointegration test can 

still find stationary linear combinations of individually nonstationary variables as long as their 

stochastic trend is similar. If that is the case, spurious regressions can be avoided as the unit root 

in the two variables nullify each other (Studenmund, 2014:408 and Stock and Wattson, 2015).  

According to economic theory, growth and saving should be cointegrated. Graphing the series 

LNGDPt and LNSAVEt, shows the two sets of variables having a similar trend but a test is 

necessary to verify that the stochasticity of the trends are not different. A set of variables that are 

cointegrated exhibit long-run relationship. Without such an equilibrium relationship it can be 

difficult to draw meaningful inferences. That is a plausible reason why most papers on this subject 

have used a vector error correction model.15  

The Johansen cointegration generates data by way of an error correction model for its estimations 

of the maximum likelihood ratios of the coefficients, subject to the constraint that  

П = αβ’ 

It is a further step of seeking to establish whether the terms of the model are stationary or not and 

measuring the order of integration. Furthermore, it verifies whether the variables are cointegrated 

or not, in other words whether they exhibit a long-run relationship. 

 The following representation is used16:  

 

                                                           
15 See section 2: Theory and Literature review.  
16 The same representation is used by Anoruo and Ahmad (2001), and the same representation but with different 
notation is used in Andersson (1999).  
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Given that this is an implicit representation of vector mapping, Yt should be viewed as a system 

consisting of both LNGDPt and LNSAVEt. Δ is the first difference operator, θ0 is the constant, α is 

a matrix of the error correction parameters which weights the impact of adjustment space back to 

equilibrium. β’ is the matrix of r (r ≤ n – 1) cointegrating vectors. The null hypothesis is that the 

matrix (П = αβ’) has a reduced rank of r ≤ n – 1. The alternative hypothesis being that the matrix 

has full rank. This procedure generates two likelihood ratio test statistics, one being the trace test 

and other the maximum eigenvalue (λmax) test, the latter being estimates of the П-matrix. It is a 

stepwise testing where  “the null of rank 0 is tested against the alternative of rank 1 and then rank 

1 against rank 2” (Andersson, 1999).   

If no cointegration exists then αβ’Yt can only be stationary if αβ’ has a joint rank of zero. However, 

if Yt is integrated of the first order, I(1), and cointegrated then the equation is balanced and αβ’ 

will have a reduced rank 1. In other words, if Yt = I(1) then ΔYt = I(0) and the terms αβ’Yt 

determines whether or not the equation is balanced and only entails stationary variables.  

The aim here is thus to see if there is any linear combination for the two series that will produce a 

stationary process.   

 

4.4 VAR/VECM and Granger causality 

The recommendation is to use an ordinary vector autoregressive model (VAR) in first differences 

if a set of variables are not cointegrated and to use a vector error correction model (VECM) in 

levels if they are cointegrated (Anoruo and Ahmad, 2001). Since the VECM allows for series to 

be tested in levels, it can provide more information that is canceled out when first differencing for 

a standard VAR model.  A VECM is an augmented version of a VAR which includes a lagged 

error correction term which measures the long-run relationship.   

It is often noted that the usage of VECM allows for short run dynamics and long-run equilibrium 

relationships to be studied. One such long-run relationship is “the stable transition path “which is 

captured by the error correction term (Andersson, 1999). On the other hand, the short-run dynamics 

are captured by the lagged differences of the time series data.  
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For the standard VAR model, this paper will employ Granger noncausality to determine the causal 

direction of the variables for saving and growth. The causality can either be unidirectional or go 

both ways.  

 

Granger causality does not mean that there exists causality in the literal sense of the word. Rather 

if a variable X Granger-causes Y, then X is said to contain useful information that can explain 

some aspects of Y that is not present in the lagged values of Y itself. For this paper, the 

interpretation will be that past values of GDP comprise of information that can be used to 

forecasting changes in  domestic savings or the saving rate and vice versa. Such a relationship can 

be established from a regression if the coefficients of the lags of the ‘saving’ variables are 

significantly non-zero (Andersson, 1999).  

There seems to be some consternation regarding the term Granger-causality and suggestions have 

been made for other terms. One such alternative is the usage of “Granger-predictability” as it is 

viewed to summarize the test more precisely [Stock and Watson, 2015]. Clive Granger himself 

suggested the term “prima facie caused” as the test does not take into account all information 

present at time t which could possibly explain the changes in the variables being studied (Granger, 

1988). 

The following regression equations will be used:  

VECM model for Sweden and the UK:  

 

 

 

 

VAR model for Colombia and Mexico:  

ΔLNGDPt = 

ΔLNGDPt 

ΔLNGDPt-i 

=ΔLNGDPt 

ΔLNSAVEt-j   

ΔLNSAVEt = 

 

ΔLNSAVEt-i + ΔLNGDPt-j + εt  
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5. Results and Interpretation 
In this section the results are presented for the Augmented Dickey-Fuller tests, Johansen 

cointegration as well as VAR and VECM modelling. A concise interpretation will also follow.  

 

5.1 Augmented Dickey Fuller analysis 
 

Table 2: Dickey-Fuller unit root test 

Country/Period Series Differenced p-value 

Colombia 

(1967-2014) 

LNGDPt 

LNSAVEt 

  s(y)t 

-3.24*** 

-3.57** 

-3.71** 

0.077 

0.033 

0.022 

Mexico 

(1967-2014) 

LNGDPt 

LNSAVEt 

s(y)t  

-3.92** 

-3.46** 

-4.21* 

0.011 

0.044 

0.004 

Sweden 

(1967-2014) 

LNGDPt 

LNSAVEt 

s(y)t 

-3.59** 

-4.85* 

(-2.96 **) 

0.031 

0.000 

0.039 

UK 

(1967-2014) 

LNGDPt 

LNSAVEt 

s(y)t 

-3.91** 

-4.43* 

-3.77** 

0.012 

0.002 

0.018 

Note:*and ** and *** indicate significance level of 1%, 5% and 10% respectively. The critical values are -4.21, -3.53, and -3.19 

respectively. The saving rate series for Sweden that is in parenthesis was stationary in levels with a time trend and has separate 

critical values of -3.60, -2.94 and -2.604. LNGDP = logarithm of GDP/capita, LNSAVE = logarithm of GDS/capita and s(y) = 

the saving rate as a function of GDP. The number of lags were chosen according to Akaike Information Criteria (AIC). 

 

Model estimated: 
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The Augmented Dickey-Fuller test shows that variables are stationary in first difference. Hence, 

LNGDP, LNSAVE and the saving rate, s(y), were all nonstationary in levels. The model had to 

include a constant, a time trend, as well as the first differenced lag structure.  The only variable 

that stood out was the saving rate for Sweden which was stationary in level, albeit with a time 

trend.  

 

5.2 Cointegration analysis  
Table 3.0 below shows the results from the cointegration test for the four countries being studied. 

The results differ depending on the country. For Colombia and Mexico, none of the variables 

capturing savings are cointegrated with the growth variable LNGDPt, at least not within the 

specified time period. Given that cointegration is absent, the test concludes that there is no long-

run relationship between the variables in these two cases but rather merely short-run association. 

Therefore, an ordinary VAR will be used in first differences for the variables pertaining to 

Colombia and Mexico.  

 

In Sweden, the saving rate variable, s(y)t, has a trace statistics that cannot reject the null hypothesis 

whereas the eigenvalue statistics (λmax) shows it as rejecting the null hypothesis. This inconsistency 

could emanate from either too small a sample or break points in the data, or both (Johansen and 

Juselius, 1990). One should also note that the above ADF-test concluded that the variable is 

stationary in level with a time trend and that too could be the reason for the incongruence of the 

trace and eigenvalue statistics.17 LNSAVEt, on the other hand, shows cointegration.  

 

For UK, the results show that both saving variables are cointegrated with LNGDPt. Hence, a long-

run relationship could be discernible. Given the above, a VEC model will be used for Sweden and 

the UK in order to determine the direction of causality.  

 

Lastly, it should be noted that breaks in the data could be present for other countries as well. Since 

break points makes it difficult to reject the null hypothesis of no cointegration. In such a case, the 

cointegration test will yield spurious results (Gregory et al., 1996).  

 

                                                           
17 For a comparison on the trace test and maximum eigenvalue see, for instance, Lütkepohl et al. (2001). 
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Table 3: Johansen cointegration test results 

Country 

H0 

Series 

(LNGDPt and) 

Trace 

(r = 0) 

λmax 

(r = 0) 

Trace 

(r = 1) 

λmax 

(r = 1) 

Colombia 

(1 lag) 

s(y)t 

LNSAVEt 

12.10 

12.69 

11.98 

12.60 

0.11 

0.09 

0.11 

0.09 

Mexico 

(1 lag) 

s(y)t 

LNSAVEt 

10.86 

11.00 

8.62 

8.46 

2.24 

2.53 

2.24 

2.53 

Sweden 

(2 lags) 

s(y)t 

LNSAVEt 

15.04 

15.54** 

14.17** 

14.66** 

0.87 

0.88 

0.87 

0.88 

UK 

(2 lags) 

s(y)t 

LNSAVEt 

23.18** 

22.45** 

22.40** 

21.60** 

0.78 

0.85 

0.78 

0.85 

Note: ** indicates the rejection of the null hypothesis at the 5% significance level. The critical values for the trace test hypotheses 

r = 0 and r = 1 are 15.41 and 3.76, respectively. The critical values for the λ-max test hypotheses r = 0 and r = 1 are 14.07 and 

3.76, respectively. The critical values are obtained from Stata/IC 14.1.  The number of lags were chosen according to Akaike 

Information Criteria (AIC).  

 

 

5.3 VAR and VECM analysis 

For Sweden and the UK, a VECM model was used due to their series being cointegrated. The 

tables for the VAR/VEC and the Granger causality testing can be found in the appendix.18  

Firstly, it is important to get a better grasp on the inter-temporal framing of the subject in terms of 

the long-run and the short-run subtleties.  The long-run dynamics of the system is captured by the 

lagged error correction matrix (ECMt-1). This term, ECMt-1, shows the speed of adjustment to long-

run equilibrium. If the error correction term is statistically significant, it implies such a long-run 

causality going from the lagged independent variables to the dependent variable. The error 

correction term has to be negative for the model to be considered stable (Thanoon and 

Baharumshah, 2012).  

In the case of Sweden, given that the error correction term is negative and statistically significant, 

it implies a long-run relationship going both ways. The ECMt-1 for ΔLNSAVEt is      -0.5182, 

meaning that there is approximately 52% adjustment to long-run equilibrium going from   

LNGDPt-1 to LNSAVEt. The EMCt-1 for ΔLNGDPt is -0.0918, meaning that there is 9.2% 

adjustment to long-run equilibrium going from LNSAVEt-1 to LNGDPt.  

                                                           
18 Tables 5 and 6 for the VAR/VEC models and table 7 for the Granger non-causality test can be found in the 
Appendix.  



27 
 

For the Swedish saving rate, there is 42%    (ECMt-1 = -0.4208) adjustment going from LNGDP to 

the saving rate. The reverse is characterized by 33% (ECMt-1 = -0.3336) adjustment going from 

the saving rate to LNGDP. Again, there is bi-directional causality as both variables adjust to the 

long-run trend line (Andersson, 1999).  

The short term dynamics are movements that occur which give impetus to the long-run adjustment 

process (Andersson, 1999). For Sweden there is a short-run uni-directional relationship going from 

the growth rate to the saving rate given the hypothesis testing done on whether the lagged 

coefficients in the equations are significantly non-zero. Here, LNGDP “causes” the saving rate as 

the null hypothesis was rejected with a p-value of 0.0279 which is a relatively high significance 

level.  

In conclusion with regard to Sweden, there is more evidence for changes in LNGDP preceding 

changes in total savings. Yet, in the long-run, both total savings and the saving rate have a bi-

directional interplay with LNGDP and the growth rate. Unfortunately, the diagnostics test indicates 

that the residuals are not jointly normal in the model. This means that the model is not acceptable 

and needs further improvement in the Swedish case. 

In much less explicit terms, for the UK, there exists a unidirectional long-run relationship going 

from LNGDP to LNSAVE and LNGDP to the saving rate. No short-run relation could be 

established. Model passed all of the diagnostics tests.  

For Colombia and Mexico a VAR model was used due to their series not being cointegrated. To 

test the direction of the causal link a Granger non-causality test was performed. The null hypothesis 

of no Granger-causality could not be rejected for any of the variables at any direction with regard 

to Mexico. Hence, the results were inconclusive for Mexico. For Colombia on the other hand, both 

saving variables Granger-caused economic growth.  

It is noteworthy that no heteroscedasticity test could be performed as the white-test was nowhere 

to be found. Further problems arose as Stata would not allow a Granger-causality test for the 

VECM models, hence a different method was used to check for the short-run causal linkage.  
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In the following table, see table 4, there will be an illustration of the direction of causality and the 

intertemporal time-frame.  

Table 4: Direction of causality 

 Sweden UK Colombia 

Long-run LNGDP ↔ LNSAVE 

 

LNGDP ↔ s(y) 

 

LNGDP →LNSAVE 

 

LNGDP → s(y) 

 

- 

Short-run LNGDP → s(y)  

- 

 

LNSAVE → LNGDP 

 

s(y) → LNGDP 

 

Notes: The table shows the direction of causality between saving and economic growth for Sweden, UK, and Colombia. Mexico 

was excluded as no causal link could be determined. Period studied: 1967-2014.  The Short-run analysis for Sweden and the UK 

only tested for growth-to-saving causality, hence any short-run saving-to-growth causality that may exist was not tested for.  

 

6. Discussion 
In this section there will be a short recap of the main results. A concise summary will be given of 

the empirical results and further discussion revolving the research questions will take place.  

 

To summarize several different causal links were found for Sweden, UK and Colombia. In the 

case of Mexico no causal link was found for the time period 1967-2014. For Sweden, there was a 

long-run bi-directional causality between LNGDP to LNSAVE and the saving rate, s(y). Also, a 

short-run causal link going from LNGDP to the saving rate. For the UK there was merely a long-

run uni-directional causality going from LNGDP to LNSAVE and the saving rate. In the case of 

Colombia, it was found that both LNSAVE and the saving rate Granger-cause LNGDP. For the 

short-run analysis for Sweden and the UK, only one test was performed to see if there were any 

causality going from LNGDP toward the two saving variables. Hence, this paper did not test 

whether there were any short-run causality going from the saving variables toward LNGDP (in 

Sweden and the UK). The results contradict other country-specific studies such as Andersson 

(1999), but Andersson himself points out that comparisons between studies are difficult to make 

due to different time periods being studied.  

Three questions were posed at the beginning of this paper, (1) Is there evidence for the empirical 

observation of higher growth rates leading to higher savings in the countries being studied? (2) 
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Can a difference be made between developing and developed countries? And (3) What are the 

plausible theoretical reasons for growth-to-saving causation? The above three questions will be 

briefly expanded upon in the following section.  

Is there evidence for the empirical observation of higher growth rates leading to higher 

savings in the countries being studied? 

There is indeed evidence pointing to a multitude of possibilities. There can be short-run and long-

run dynamics which go in either direction. At times unidirectional and at times bi-directional. 

Although the empirical results for Colombia exhibited saving-to-growth causality, the opposite 

was determined for Sweden and the UK. It is important to note that the empirical results are highly 

dependent on the time-frame being studied. Changing the time-span of the study may alter the 

empirical results. This time-dependency also makes comparisons between studies more difficult.  

 

Can a difference be made between developing and developed countries? 

The empirical results do not lend to such categorization as no generalized inference can be made 

within the broad framework of “developed” and “developing” countries, at least not with regards 

to the four countries studied. The results are extremely varied amongst the two different categories 

of countries. For a conclusive answer to this question one would either have to pool the data from 

all countries considered to be “developed” and “developing” and then run a regression on the 

pooled data or do single-country studies. The problem with pooled studies is that the results may 

not hold for the “average” country in the pooled sample and as such yield biased results. The other 

option is to do single-country studies, as this paper has done, and then conclude from the results if 

any generalization can be made with regards to the categorization of “developed” and 

“developing” countries.  

 

What are the plausible theoretical reasons for growth-to-saving causation? 

In explaining growth-to-saving causation the theory of habit formation is usually mentioned. 

Carroll and Weil (1994) grapple with different types of liquidity constraints, heterogeneity in 

discount rates, precautionary saving and habit formation. They conclude by suggesting a 

combination of habit formation and precautionary saving. 
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According to habit formation theory a person consumes in relation to a standard consumption 

bundle, a bundle formed through habit. This bundle is called a habit stock. A consumer that 

consumes in relation to a habit stock coupled with precautionary saving will have a saving pattern 

in which the person saves more with increases in income growth (Carroll and Weil, 1994). 

There are several authors experimenting in the field of habit formation19. The idea that utility from 

current consumption is affected by a bundle of past consumption was alluded to by Alfred A. 

Marshall (1898). In essence, it is the impact of the human wealth effect and habit stock effect that 

determines the consumption and thus saving patterns of households (Carroll and Weil, 1994). The 

stronger is the habit stock effect, the higher will the average saving rate be. This is so since an 

individual with strong habit formation will evaluate any utility gained in relation to an increase in 

consumption relative to the habit-stock. Whereas a person with no habit formation would instead 

evaluate any utility gained in relation to the level of consumption. Hence, with strong habit 

formation then utility is derived from the growth of consumption, whereas with no habit formation 

then utility is derived from the level of consumption (Carroll and Weil, 2000).   

Carroll and Weil (2000) show that habit formation changes the dynamics between saving and 

growth when exogenous shifts to productivity take place. The reason why habit formation is 

believed to encompass growth-to-saving causation is due to the behavior it implies within the 

model. Not to make it too technical, but assuming an exogenous increase in productivity, a 

consumer with stronger habit formation  will be more willing to postpone consumption and as such 

making the saving response to an increase in productivity much stronger. Furthermore, as noted 

before, a habit-forming consumer gains utility from the growth rate of consumption and as such 

that individual will utilize the increase in productivity to increase the steady-state growth rate by 

increasing the saving rate.   

Carroll and Weil (1994) mention precautionary saving since LC/PIH frameworks hinge on 

expected future income and this “expected” or “permanent” income is not always fully known by 

the consumer. A consumer that exhibit uncertainty about future income will be less inclined to 

base current spending on expected future income. The income uncertainty that underlies 

precautionary saving will also make an individual less willing to consume today “for fear of 

                                                           
19 See for instance, Huib van de Stadt et al. (1985), Deaton and Paxson (1994), Abel (1990) and (1999), 
Constantinides (1990), Jerman (1998), Campbell and Cochrane (1999), Fuhrer (2000) and Fuhrer and Klein (1998).   
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creating a habit stock which might prove impossible to maintain in the event of a bad income shock 

tomorrow”. I am assuming that for countries with progressive social structures where the ratio of 

expenditure on social security and welfare as a proportion of GDP is high, then private savings 

will be less due to reduced need to save for old age, sickness, unemployment etc. Given the above, 

there should be less growth-to-saving causality in more developed countries such as Sweden and 

the UK.  

In conclusion, it is evident that the VEC and VAR models need improving. There were issues 

associated with the joint normality of the residuals which is indicative of poor modelling. As been 

noted before, there is a huge risk of structural break points causing the results to become spurious 

and biased. Structural breaks can also give incorrect results with respect to the stationarity 

properties of the data in a unit root test (Bodman Phillip M, 1997).  Further studies in the field 

should account for such break points and also expand on the model by including variables that 

control for differences within countries that could affect the results. Most notably, differences in 

prevailing industry types and level of social benefits. Further complications arise given the chosen 

closed economy Solow-Swan model and how the current account asymmetry affects the 

interpretation of the results. As mentioned before, this should be looked into in future studies.  

7. Conclusion 
 

The empirical results of this paper show growth-to-saving causality in the sense that periods of 

high growth precede periods of high savings. This is particularly the case for Sweden and the 

UK. Whereas saving Granger-caused growth in Colombia.  

There appears to be ample empirical evidence to suggest that the Solow-Swan model of 

unidirectional saving-to-growth causation is not always present.  One could argue that the direction 

of causality between savings and growth changes over the course of time and over the course of 

economic development (Patrick, 1966). Nonetheless, the endogeneity of saving seem to indicate 

that the Solow Swan model overstates the effects of saving on growth. Comparisons between 

studies are difficult as they encompass different time-spans, but the diversity of the results goes to 

show how important it is to further understand the dynamics at play in order to be able to make 

better policy decisions (Andersson, 1999).   
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APPENDIX  
Table 5: Estimates from VAR/VECM regressions for LNSAVE and LNGDP 

Regressors Colombia Mexico Sweden UK 

 ΔLNSAVEt          ΔLNGDPt ΔLNSAVEt               ΔLNGDPt ΔLNSAVEt            ΔLNGDPt ΔLNSAVEt       ΔLNGDPt 

Constant 0.0345                     0.0162* 

(0.0212)                  (0.0043) 

0.0128                        0.0106** 

(0.0128)                       (0.0053) 

-0.0017                    0.0096** 

(0.0173)                    (0.0047) 

-0.0010                   0.0087 

(0.0150)               (0.0048) 

ECMt-1   -0.5182*                 -0.0918** 

(0.1356)                    (0.0366) 

-0.5123*               -0.0614 

(0.1273)               (0.0405) 

ΔLNSAVEt-1 0.2630                       0.0507 

(0.1690)                  (0.0344) 

0.0655                            0.0457 

(0.1616)                       (0.0668) 

-0.0456                       -0.0654 

(0.2476)                    (0.0668) 

0.1444                   -0.0390 

(0.1947)               (0.0619) 

ΔLNGDPt-1 -0.7745                      0.2340 

(0.7598)                  (0.1546) 

0.2431                            0.1432 

(0.3775)                       (0.1562) 

1.8341**                 0.6066** 

(0.9420)                    (0.2541) 

0.9827                  0.6085* 

(0.7231)               (0.2298) 

SR-relation   0.0515 *** 0.1742  

Far5 0.78133 0.63921 0.47373 0.45443 

χ2 norm 0.40486 0.04423** (reject H0) 0.0002* (rejected H0) 0.10325 

Note: std errors in parenthesis. ECM is the restricted estimated cointegrated relationship. SR-relation captures the short-run relationship of the sum of the lagged coefficients 

(rejection of H0 means short-run relationship). The last two tests are diagnostic tests of the residuals from the estimations: Far5 is an F-test of up to 5th order residual vector 

serial correlation and χ2norm is a chi-square test of joint normality of the residuals (rejection of H0 means not normally distributed residuals). *, **, *** indicates significance on 

the 1%, 5%, and 10%-level.  
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APPENDIX 

Table 6: Estimates from VAR/VECM regressions for the saving rate, s(y), and LNGDP 

Regressors Colombia Mexico Sweden UK 

 Δs(y)t                   ΔLNGDPt Δs(y)t                         ΔLNGDPt Δs(y)t                     ΔLNGDPt Δs(y)t                ΔLNGDPt 

Constant 0.0031                     0.0159* 

(0.0037)                  (0.0045) 

0.0002                            0.0107 

(0.0026)                       (0.0053) 

-0.0061                        0.0077 

(0.0038)                    (0.0046) 

-0.0048**               0.0066 

(0.0024)                 0.0051  

ECMt-1   -0.4208*                 -0.3336** 

(0.1081)                    (0.1310) 

-0.4899**             -0.3587 

(0.1003)               (0.2134) 

Δs(y)t-1 0.1665                       0.2333 

(0.1549)                  (0.1859) 

0.0181                            0.1743 

(0.1519)                       (0.3055) 

-0.0130                       -0.2275 

(0.1961)                    (0.2375) 

0.1855                   -0.1790 

(0.1427)               (0.3036) 

ΔLNGDPt-1 -0.1322                  0.2962** 

(0.1216)                  (0.1458) 

0.0338                            0.1867 

(0.0729)                       (0.1466) 

0.3622**                 0.5332** 

(0.1647)                    (0.1995) 

0.0964                0.5625** 

(0.0844)               (0.1796) 

SR-relation   0.0279** (rejected H0) 0.2535  

Far5 0.75245 0.56659 0.48086 0.45733 

χ2 norm 0.05870 0.05858 0.000 (rejected H0) 0.60453 

Note: std errors in parenthesis. ECM is the restricted estimated cointegrated relationship. SR-relation captures the short-run relationship of the sum of the lagged coefficients 

(rejection of H0 means short-run relationship). The last two tests are diagnostic tests of the residuals from the estimations: Far5 is an F-test of up to 5th order residual vector 

serial correlation and χ2norm is a chi-square test of joint normality of the residuals (rejection of H0 means not normally distributed residuals). *, **, *** indicates significance on 

the 1%, 5%, and 10%-level.  
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Table 7: Granger non-causality test 

Country Direction p-value 

Colombia 

(1967-2014) 

LNGDP => LNSAVE 

LNSAVE => LNGDP 

LNGDP => s(y) 

s(y) => LNGDP 

0.390 

0.031** 

0.261 

0.041** 

Mexico 

(1967-2014) 

LNGDP => LNSAVE 

LNSAVE => LNGDP 

LNGDP => s(y) 

s(y) => LNGDP 

0.505 

0.480 

0.631 

0.555 

Note: null hypothesis is: Lagged Xt does not Granger-Cause lagged Yt. The null hypothesis could  

not be rejected for any series. An ** indicates rejection of the null hypothesis at the 5% significance 

level.  
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