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Abstract
This paper uses Tanzanian annual time series data for the period 2007-2016 in a Bayesian MCMC
(Markov Chain Monte Carlo) to establish and compare the impact of natural gas revenues and
institutional quality in the economy. We found that, the interaction effect between natural gas
revenues and institutional quality as contributors to the economy was wide. This difference seems
to be largely explained by institutional quality. This suggests that strengthening institutional quality
structures in the country will reshape natural gas revenues, providing higher national economic
growth. The results are robust due to combinations of prior distribution and likelihood function.
These findings have important implications for Tanzania, while also suggesting developing
countries with natural resources need to ensure they have implemented appropriate policy measures
to improve institutional quality.
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1. Introduction
To establish and compare the impact of natural gas revenues and institutional quality on Tanzanian
economy, we considered two small producing gas fields (SongoSongo and Mnazi Bay plants) both
of which had been in production since 2004 to generate electricity (Deloitte, 2016). These two gas
plants supply energy to 42 industries and a number of commercial customers (FEE, 2018). The
average annual gas revenue generated by the plants was between 2007 and 2017, US $ 91.4 million
(Tanzania Petro Data Hub, 2018). A further, natural gas reserves discovered on the southern coast,
estimated at 57 trillion cubic feet, is yet to be extracted (Lange and Kinyondo, 2016). This new
natural gas reserves is expected to increase national revenues substantially. Similar expectation was
voiced in 2014, when the International Monetary Fund (IMF) suggested, Tanzania could collect
annual gas revenues between $3 billion and $6 billion by embarking on gas production (IMF, 2014).
The average gas revenues for the new fields has been estimated by the African Development Bank
(AfDB) at between $1 billion and $2.2 billion in the first 10 years of production, starting in 2021
(AfDB, 2015), which could potentially lead to strong economic growth (Nkolo, 2018).
However, prior to extraction, it is important to understand how institutional quality has affected the
two already producing gas plants (Songosongo and Mnazi Bay) providing a base for policy dialogue
and learning that can be applied to future gas extraction. It is also true that, the citizen of Tanzania
expect the gas revenues to benefit them and to contribute to the country development (Kinyondo
and Villanger, 2017). Tanzania may not be considered oil and gas rich country, since it consumes
nearly all the natural gas it produces domestically, with over 45% of electricity produced in the
country comes from natural gas (Tanzania Invest, 2018). Tanzania does, however, gain significant
revenue from its natural gas industry.
The resource curse literature suggests that countries can suffer from being mineral rich or gas/oil
rich. This natural resource curse is not destiny (Bannon & Collier, 2003, p.11), although it is
common in Africa where it reflects failures in leadership and governance, weak institutions, weak
rule of law, corruption, lack of transparency and accountability. With this in mind, our study has
been designed to provide a benchmark for diagnosing any natural gas resource curse in Tanzania,
taking into consideration economic growth, natural gas revenues and a governance indicator
(institutional quality).
We are aware that, Tanzania is not in a position to export its natural gas resources in return for large
amounts of government revenue and also that encouraging domestic utilization of natural gas may
not be worthwhile in terms of government revenues, but domestic utilization is necessary for
increasing participation along the gas value chain and for stimulating other sectors of the economy.
Further, although the discovery of offshore gas is projected to be a more significant in the country’s
energy sources and rapid economic growth, investment in the sector may become uncertain due to
the US $8 fall in liquefied natural gas (LNG) prices in East Asia and the US $11 fall in the average
real price over the past 15 years (ESI Africa, 2018).
Such local factors are, as various studies have shown, likely to affect how the revenue accruable
from natural resources is used (Sachs et al., 1997; Mehlum et al., 2006, Ross, 2015). It is instructive
to look at oil rich countries such as Ghana, Nigeria and Angola which due to poor institutions and
corruption have low economic growth, and also at countries with few natural resources such as
Korea, Singapore, Taiwan and Hong-Kong where institutions are stronger and economic growth is
higher (Sachs & Warner, 1995). Likewise, Norway, a poor country in 1900, is now one of the
richest, its growth led by natural resources such as timber, fish, hydroelectric power and more
85

AJER, Volume VIII, Issue III, November 2020, M. Byaro and A. Kinyondo
recently oil and natural gas (Larsen, 2006). More locally Botswana, with 40% of its GDP derived
from diamonds enjoys a high growth rate that has been attributed to its better institutions (Sachs &
Warner 1995; Acemoglu et al., 2002).
Natural gas revenues, institutional quality and development have a complex relationship. Firstly, in
the Tanzania economy, the role of natural gas resources in facilitating economic development is the
subject of considerable debate concerning corruption, the instability of gas revenues and the relative
effectiveness of policy frameworks (Moshi, 2013). Secondly, natural gas resources are known to
link with the “resource curse”, rent - seeking behavior and various governance problems (Moshi,
2013). Thirdly, as a recent empirical study has shown, the mechanism for resource curse exists in
Tanzania, suggesting that corruption can be anticipated and could hamper economic and social
development in Tanzania (Alexander et al., 2018). Finally, this dynamics should be affected by the
Tanzanian Natural Gas Policy of 2013, which aims to achieve a competitive natural gas industry
that significantly contributes to broad based growth and socio-economic transformation (URT,
2013). While relevant literature and grey material on Tanzania does exist, there have been no
rigorous studies considering economic growth over time, and how it is affected by natural gas
revenues and institutional quality.
This study helps to fill this gap. It uses a Bayesian Markov Chain Monte Carlo (MCMC) simulation,
a method vital here given the small sample size (i.e. 10 years of annual data). Estimates obtained
from Bayesian MCMC procedures are, unlikely frequentist approaches requiring large samples to
approximate confidence intervals, appropriate for small samples that can be simulated into larger
samples (Kruschke et al., 2012; Byaro et al., 2017). This approach should make visible the effects
of natural gas revenues and institutional quality on economic growth.
The Bayesian MCMC method was used to estimate the posterior distribution of model parameters
within a possible range of values (i.e. 95% credible intervals). This method cannot calculate
significance of variables, showing only (un)certainty of parameter distribution for a range of
possible values within the credible intervals at a probability of 0.95. In contrast, previous empirical
literature on the same theme, for instance (Horvath and Zeynalov, 2014; Mehlum et al., 2006;
Kolstad and Wiig, 2009; Ross, 2001; Collier and Hoeffler, 2005; Barro, 1999) among others has
relied on frequentist/classic econometric techniques. Our major novel contribution here is the use
of Bayesian method, which admits the subjectivity inherent in a prior distribution that consists of
beliefs regarding the coefficients and error variance.
Our empirical results showed that, in contributing to the wider economy, the interaction effect
between natural gas revenues and institutional quality seems larger compared with a no interaction
term. Differences in the ability of natural gas revenues to contribute in the economy were largely
explained by the institutional quality.
The remainder of this study is organized as follows. While section 2 reviews the literature, section
3 describe the methodology. Section 4 presents and discusses the empirical results. Section 5
concludes.
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2. Literature Review
While natural resources have played a crucial role in the economic development of many resource
rich countries (See Larsen, 2006), can also be an economic curse (Van der Ploeg, 2011). As Barma
et al (2012) argued, resource paradox hinges on the quality of institutional which tends to vary.
Further, holding GDP constant, resource dependent countries perform less well in governance
indicators, indicating the institutional dimensions of the resource curse. These dimensions, Alonso
and Garcimartin (2009) suggested, include the development level, income distribution, tax revenue
and education. Natural resource endowments can also impact institutional quality indirectly by
affecting income distribution and by decreasing tax revenue.
Although these effects vary significantly between OECD and non-OECD countries, natural
resource discoveries are associated with high growth in the long (Smith, 2015). Oil has been shown
(using panel cointegration techniques, see, Keikha and Mehrara, 2012) to be one of the most
important natural resources, constituting a major source of income for many countries. Depending
on the institutions of the country, it can either contribute to long term economic growth or lead
eventually to poor economic performance. This has been shown, for example by, Olayungbo and
Adediran (2017) who used an autoregressive distributed lag (ARDL) to analyze the effects of oil
revenue and institutional quality on economic growth in Nigeria. Nigerian oil revenues promoted
economic growth in the short run, and reduced it in the long run. The role of Nigerian institutional
quality was shown to explain much of the relationship between oil revenue and economic growth.
Still, petroleum resources, like other natural resources in Nigeria, seem to lead to an increase
income with positive knock on effects to poverty reduction (Bamiduro, 2012).
Conversely, when Warner (2015) tested whether newly 18 booming economies were overcoming
the curse of natural resources; the booming sector was found to boost total GDP only temporarily,
while none of 18 economies managed to achieve higher growth during, compared to before, the
boom period. Overall, most showed no change in growth rates of non-resource GDP per capita
during their boom years. Similarly, counter-intuitive results appear in the meta-analysis by Badeeb
et al (2017), in which 40% of the 43 empirical papers reported negative effect, 40% reported no
effects and 20% reported a positive effect. When potential publication bias and the method
heterogeneity are taken into account, these results indicate that, overall support of resource curse
hypothesis is weak. The seeming contradictions in this research suggest that, it is not only the
exploitation of natural resources that needs examination, but also the context within which that
exploitation occurs. As shown by Ross (2013) oil resource extraction corrodes or hampers
institutional development in oil countries. This, Ross argues, means that oil wealth is not always a
curse, upending the conventional wisdom that oil-rich countries have tended to grow economically
at roughly the same level as their oil poor cousins.
At the same time, resources rich countries with poor institutions are doubly at risks of the resource
curse, and likely to get worse. It’s clear that, the role of institutional quality on natural resource
curse has been great. These effects have been identified, for instance by Horvath and Zeynalov
(2014), Mehlum et al. (2006) and Kolstad and Wiig (2009), who argue that the natural resource
curse can be avoided in the presence of sufficiently high institutional quality. Democratic
institutions must be strong enough to resist corruption, political instability, conflicts and other
hinderances to their functioning that exploitation of natural resources can bring (See Ross, 2001;
Collier and Hoeffler, 2005; Barro, 1999).
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3. Methodology and Data Sources.
Bayesian methodology is particularly natural for prediction, because of the way it takes into account
parameter or model uncertainty. The predictive distribution is the sampling distribution where the
parameters are integrated with the posterior distribution, and is exactly like forecasting, often a key
goal of classical time series analysis (Paul et al., 2018). In time series each observation (e.g., 𝒚𝒕 ) is
followed by historical knowledge (for example, 𝒚𝒕 is a function of 𝒚𝒕−𝟏 ). Bayesian Markov Chains
assume the information required from 𝒚𝒕−𝟏 is contained in a finite number of the most recent values
𝒚𝒕 (Quintana and Nason, 2012). The MCMC (Markov Chain Monte Carlo) method is an iterative
procedure of generating samples from a distribution in which samples are found sequentially, with
each new simulated sample based on the previous sample. To put it simply, all classical time series
properties, like cointegration, are embedded in the MCMC method (See, Byaro and Musonda,
2017). The basic idea of an MCMC algorithm is to create a stationary time series. It should be kept
in mind that MCMC sampling use a time series inference to sample from the final stationary
distribution by reducing temporal autocorrelation through thinning. Therefore, each new sample is
found based on the previous sample.
Our model in equation (1) is based on the endogenous growth theory developed by Romer (1986).
The theory describes achievement of economic growth from forces that are internal to economic
system, such as economic institutions and institutional quality. Our model also uses GDP per capita
as the dependent variable, to remove the veil of the booming sector as specified in Warner (2015).
We then, adopted the ideas of Ntzoufras (2009), so that the likelihood part of the multiple linear
regression models reads as: 𝑦𝑖 ~N (𝜇𝑖 , 𝜏), where 𝜇𝑖 =Xʹ𝑖 𝛽, i=1…, n and 𝜏 =

1
𝜎2

(1)

Where 𝑦𝑖 = dependent variables (Real GDP per capita)
Xʹ𝑖 = vector of explanatory variables (corruption index, gas revenue)
𝛽 = Coefficient of unknown parameter
𝜇𝑖 = mean from the estimated regression coefficient
𝜏 = precision or tau
The prior distribution is specified as:𝑘

𝑃(𝛽, 𝜏) = ∏ 𝑃 (𝛽𝑗 )𝑃(𝜏)
𝑗=0

Where 𝛽𝑗 ~𝑁(𝜇𝛽𝑗 , 𝑐𝑗 2 ) and 𝜏~𝑔𝑎𝑚𝑚𝑎 (𝑎, 𝑏)
Prior information is the information external to the data that we incorporate in the analysis. Since
no information is available, we chose a uniform prior and the choice of the prior mean is zero (𝛽𝑗 =
0). This prior choice shows our beliefs around zero, which corresponds to the assumption of no
effect of Xʹ𝑖 (explanatory variables) on 𝑦. In other words, we assumed a non-informative prior for
each unknown parameter of the model using normal distribution with the large variance (see,
Pandey and Singh, 2015). The prior variance 𝑐𝑗 2 of the effect 𝛽𝑗 is set to a large value (for example
103) to represent prior ignorance (see, Roberts et al., 2013). For 𝑡𝑎𝑢 ( 𝜏), the prior mean is 1 and
variance 100, thus making a= b = 0.01. The resulting posterior density is given by
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𝑃 (𝛽0, 𝛽𝑖, 𝜏⁄𝑦) ∝ 𝑃 (𝑦/𝛽0, 𝛽𝑖, 𝜏) 𝑃(𝛽, 𝜏)

(2)

Which is equivalent to, (posterior distribution) ∝ (likelihood) × (prior); 𝛽0, 𝛽𝑖, represents the set of
(corruption perception index, natural gas revenue) and 𝛽0, represents intercept, y represents the real
GDP per capita; 𝑃(𝛽) is the prior distribution of the parameter which is derived from theoretical or
other prior knowledge. 𝑃(𝑦/𝛽0, 𝛽𝑖, 𝜏) is the likelihood function which describes the real GDP per
capita ( 𝑦) given (corruption perception index and natural gas revenue) as parameter 𝛽𝑖 .
𝑃(𝛽0, 𝛽𝑖, 𝜏⁄𝑦) is the posterior distribution for parameter 𝛽0, 𝛽𝑖, that is (corruption perception index,
natural gas revenues) given the real GDP per capita, (𝑦).
3.1 Variable Description and Data Sources.
The variables used in this study are defined as follows:Real GDP per capita: This is the value of
total annual output and measured as the final market value of productive activities divided by the
population in Tanzania. It measures the real standard of living and economic wellbeing of
Tanzanian. Here, it is a proxy for stage of development. Natural Gas Resources: This is measured
in terms of natural gas revenues flows. It is the total amount of income derived from the sales of
gas annually in the country (Tanzania Petro Data Hub, 2018). Due to the resource curse hypothesis,
we expect either a positive or negative relationship with the real GDP per capita. Corruption
Perception Index (CPI): This is used to measure institutional quality. The CPI is defined by
Transparency International (2007) as the misuse of public power for private benefit. CPI reflects
institutional quality and is expected to have a positive or negative effect on economic growth.
The study takes advantage of the secondary data available in Tanzania from 2007 to 2016. We
sourced data on natural gas revenue from Tanzania Petro Data Hub (2018). The Hub provides
annual gas value as the total value of gas consumed. Real GDP per capita is sourced from World
Bank Development Indicators (2018), and institutional quality is sourced from the Transparency
International from various years (2007-2016). Real GDP per capita is used as the dependent variable
while the independent variables were natural gas revenue and institutional quality.
The data was assigned a normal distribution of mean (𝜇𝑖 ) and precision (𝜏). Mean (𝜇𝑖 ) was given
a normal prior with mean 0 and precision 0.001, and 𝜏 was given a gamma (0.0, 0.01). The
estimation method relied on Markov Chain Monte Carlo (MCMC) simulation to get posterior
distribution. The data was analyzed using WinBUGS.
4. Empirical Results and Discussion
The posterior summaries in Tables 1 and 2 are based on an MCMC sample size of 10,000. The
performance of the MCMC sampler was assessed by observing convergences through history plots
(stationary distribution). The diagnostic test was based on MCMC post estimation through history
plots, autocorrelation plots and kernel density (See Figure 1).When the chains converged to the
stationary distribution, autocorrelation decreased with the increase in lags (See Figure 1c), a rapid
mixing of the number of chains (Figure 1a), and the kernel density curve takes bell (normal) shape
(See Figure 1b). Table 1 summarizes the posterior probability distribution for an unknown
parameter coefficient of economic growth given natural gas revenues and institutional quality
(represented by corruption index).
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Table 1: Bayesian Posterior Results for Economic Growth
(95 % Credible Interval)
Parameter
Mean
SD
2.5%
97.5%
22.82
32.62
- 40.33
87.45
𝛽0 (intercept)
56.41
36.42
-14.46
128.3
𝛽1 (Corruption index)
5.89E-6
1.406E-6
3.271E-6
8.819E-6
𝛽2 (Gas Revenues)
Source: (Authors computation, 2020).
As shown in Table 1, the Bayesian posterior distribution result for economic growth (GDP per
capita) should have a parameter distribution that captures uncertainty about the parameter value.
For instance, there is 95% probability that the mean coefficient of natural gas revenue on economic
growth lies within the credible intervals (3.271E-6, 8.819E-6). This means, there is certainty that
natural gas revenue contributes to increase of economic growth. From our expectation, the means
for natural gas revenues are expected to be positive on economic growth. Further, their effect on
economic growth is very small.
The mean for the corruption perception index on economic growth (GDP per capita) is expected to
be negative; meaning that corruption index (i.e. indicating institutional quality) reduces economic
growth. Further, there is 95% probability that the mean coefficient of institutional quality on
economic growth (GDP per capita) will be between (-14.46 and 128.3). Since its magnitude sign
lies between negative and positive values, this means, there is uncertainty about the institutional
quality parameter effect on economic growth.
In other words, the Bayesian posterior results are interpreted within the 95% credible interval and
the association between explanatory variables and dependent variables is observed on the signs of
the posterior summaries (mean, 2.5% and 97.5% percentiles) (see Byaro et al., 2018). If the signs
of posterior results are all positive or negative, the corresponding association can be concluded
(Byaro et al., 2018). The 95% credible interval is the probability that the true parameter value lies
within the interval.
From (Table 1), the natural gas revenue shows positive signs of the posterior summaries (Mean,
2.5% and 97.5% percentiles). This implies the natural gas revenues would have a positive link with
economic growth (as measured by real GDP per capita). As the natural gas revenue increases, it
raises the economic growth in Tanzania. At the same time, the mean coefficient of institutional
quality indicated by the corruption perception index shows a positive link to economic growth,
although the credible interval is very wide, suggesting a lot of uncertainty with the estimate. Since
the credible interval values for institutional quality (shown by corruption index) contain both
negative and positive percentile, we can say that there is not enough evidence to conclude that
institutional quality has a direct positive link to economic growth in Tanzania.
To test the resource curse hypothesis for the case of Tanzania, we used an interactive term of
institutional quality (i.e. corruption perception index) and natural gas revenue on economic growth
(See Table 2). With the interactive effect of institutional quality (i.e. indicated by corruption index)
and natural gas revenues, we reveal more certainty of a positive link on economic growth, meaning
that the natural gas resources revenues in presence of good institutional quality contribute positively
to economic growth. The mean for interactive effect and the correspondence credible intervals are
positive with a probability of 95%. These provide positive and wide credible intervals of parameter
values to contribute on economic growth.
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This implies that, institutional quality plays a vital role in the management of natural gas revenues
to provide a high economic growth in Tanzania.
Table 2: Bayesian Posterior Results for Economic Growth
Parameter

𝛽0 (intercept)
𝛽1 (Corruption index*Gas revenue)

Mean
15.93
2.429E-6

SD
32.08
3.128E-7

(95 % Credible Interval)
2.5%
97.5%
- 47.26
78.63
3.06E-6
128.3

Source: (Authors computation, 2020)

With regard to the institutional quality, Tanzania has numerous legal and public institutions and
instrument related to the management of the natural gas sector and gas sector policies (Kinyondo
and Villanger, 2017). Among the legal instrument are the National Natural Gas Policy of 2013, the
Oil and Gas Revenue Management Act of 2015 and the Tanzania Extractive Industries
(Transparency and Accountability) Act of 2015 (Bishoge et al., 2018). As mentioned earlier, the
prevention of resource curse depends on the quality of institutions, and countries with poor
institutions are doubly at risks.
The effect of institutional quality and natural gas revenues on economic growth suggested in Table
1 and 2 has support in the literature. As Gurvich (2016) argues, the quality of institutions determines
all socioeconomic development indicators. Strong and democratic institutions are also important
for investment and long term sustainable growth (See Mauro, 1995; and Barro, 1997). The quality
of institutions has also been linked to competitiveness in foreign trade (Nunn and Trefler, 2013).
The definition of quality includes having employees that engage in productive activities rather than
to join in rent-seeking (Ebeke et al., 2015). In term of effectiveness, as Góes (2015) found, an
increase of quality of institutions by 1% lead to an increase of 1.7% in per capita GDP within six
years. This implies that, institutional quality is important for achieving higher socioeconomic
development. Institutional quality is also key to economic growth, able to cause differences in
development across countries (See (North, 1990; Acemoglu and Robinson, 2010; Góes, 2015;
Gurvich, 2016). Further, poor institution quality makes it more difficult for the exploitation of
natural resources to create economic growth (Mehlum et al. 2006). Weak institutions divert
resources from the productive sector to unproductive sectors and promote rent seeking activities
where public power is used for private gain or misuse of public resources (Iqbal and Daly, 2014).
Therefore, our findings suggest Tanzania needs to invest in strengthening institutional quality; to
ensure transparency and accountability with regard to natural gas resources, to promote long term
economic growth.
5. Conclusion
Extraction of Tanzania’s newly discovered gas, estimated at 57 trillion cubic feet, is yet to begin.
Better understanding the impact of earlier extractions of natural gas resources (i.e. Mnazi Bay and
SongoSongo plants) provides a broad picture for policy changes and structural reforms regarding
expectations of benefits from this extraction. In this study, we examined the impact of natural gas
resources (i.e. measured as natural gas revenues flow) and institutional quality (i.e. measured as
corruption index) on economic growth for Tanzania in the period 2007-2016. We found a positive
impact on economic growth, with an interactive effect between institutional quality and natural gas
revenues. This indicates that, natural gas revenues almost certainly contributed positive and greater
when the relevant surrounding institutions were strong and transparent (See also, Vijge et al., 2019).
In the months leading up to extraction of new discovered natural gas resources, strengthening
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institutional quality is critical to avoiding the natural gas resource curse. While a major implication
of our result is that, earlier natural gas resources extraction (i.e. Mnazi Bay and Songosongo plants)
fostered economic growth in Tanzania for the examined period of time, institutional quality is a
strong enough factor in success that tools to build and maintain institutional framework quality.
This should always be part of natural gas resources extraction.
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APPENDICES:
Figure 1(a-c) visualizes the diagnostic tests of the posterior results for economic growth shown in
Table 1. The diagnostic tests for Table 2 are not shown here, but we can provide these upon request.
Figure 1: Diagnostic Tests
a) History Plots
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c)

Autocorrelation Plot
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Notes: The history plots show the rapid mixing of Markov chains towards convergence to posterior distribution. Kernel
density shows normal distribution while no autocorrelation was observed.
Source: (Authors computation, 2020).
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