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Overview
Sustainable development is considerably dependent on energy, food, and water security. This phenomenon is considered to be true for the global community; however, certain regions are unable to witness sustainable growth due to lack of resources or mismanagement of resources (Costanza et al., 2016; Ozturk, 2015; UN Water, 2003). The continuously growing population places a larger burden on the limited sources of energy, food, and water – delaying economic prosperity further. In addition to the growing population, lack of infrastructure, inadequate investment, irregular growth patterns in industries, unemployment, and others place a larger constraint on sufficiently balancing the production of energy, food, and water without depleting natural resources (Ozturk, 2015). The indivisible energy-food-water nexus inclines the need for integrated policies to ensure energy, food and water security.
Considering that, energy, food, and water underpin the Sustainable Development Goals (SDGs), namely, SDG 2, 6 and 7. It is encouraged that the integrated policies are in association with SDGs (Costanza et al., 2016). Furthermore, the SDGs are of significant assistance for developed and developing countries to achieve economic prosperity, while ending all forms of poverty and inequality, preserving the climate and developing the quality of health and education (Division for Sustainable Development Goals, 2015).
Taking into account that Africa is faced with the challenges mentioned above, the journey towards economic prosperity proves to be considerably troublesome. Furthermore, the present deficit in the region’s energy, food, and water balance in addition to political instability raises concerns of whether sustainable development can be achieved within the approaching decades (Endo et al., 2017).
This study examines the dynamic relationship between energy-food-water nexus and economic indicators which are relevant to the challenges confronted by the region. This study is focused on five countries which generate the highest income in sub-Saharan Africa: Angola, Ethiopia, Kenya, Nigeria, and South Africa, with the assumption that these countries have the potential and willingness to ensure sustainable growth, compared to the rest of the African continent. Furthermore, particular contributions of this study are: (i) combining the energy-food-water nexus discussion with specific SDGs 2, 6 and 7 synergically; (ii) using the combination in (i) to discuss prospects of achieving sustainable growth, taking into consideration the economic performance of the countries.
This study adopts a Generalized Method of Moments (GMM) panel data economic technique to obtain valid estimates which take into account the differences in the countries of interest. The dependent variables are proxies for the energy-food-water nexus which are selected from SDG 2, 6 and 7 indicators. These indicators are generally used to monitor national and global progress towards securing sustainable development (Mainali et al., 2018).
Methods
The study uses a dynamic general method of moments (GMM) model to examine the dynamic relationship between energy-food-water and a selection of explanatory variables. The system of equations consists of three different dependent variables, these variables proxy energy, food, and water. The study uses three simultaneous models to capture the interrelated demand for energy, food and water resources with regard to the increasing need for sustainable development.

Energy
renergyit = β0 + β1renergyit−1 + β2gdpit + β3gc fit + β4indvalit + β5l f prit + uit	(a)

renergyit = β0 + β1renergyit−1 + β2 f oodit−1 + β3drnkwaterit−1 + β4gdpit + β5gc fit + β6indvalit + β7l f prit + uit	(b)
Food
f oodit = β0 + β1 f oodit−1 + β2gdpit + β3gc fit + β4indvalit + β5l f prit + uit	(c)

f oodit = β0 + β1renergyit−1 + β2 f oodit−1 + β3drnkwaterit−1 + β4gdpit + β5gc fit + β6indvalit + β7l f prit + uit	(d)
Water
drnkwaterit = β0 + β1drnkwaterit−1 + β2gdpit + β3gc fit + β4indvalit + β5l f prit + uit	(e)

drnkwaterit = β0 + β1renergyit−1 + β2 f oodit−1 + β3drnkwaterit−1 + β4gdpit + β5gc fit + β6indvalit + β7l f prit + uit	( f )

Equations (b), (d) and (f) include dependent variables of equations (a), (c) and (e) in order to account for the energy-food-water nexus. The lagged dependent variable is included in the equations above in order to account for the dynamic adjustments, this assists in minimizing heterogeneity. Diagnostic tests were conducted in addition to the instrumental GMM estimation used. Also, in order to determine whetehr the GMM is the most appropriate estimation approach, we have tested the dataset for unit roots and cointegration. 
The study is conducted on a panel of annual data from 2000 to 2015 for the following countries: Angola, Ethiopia, Kenya, Nigeria and South Africa. The logic behind selecting these countries is based on real Gross Domestics Product (GDP) (constant 2010 US$) ranks, the selected countries have managed to generate the highest real GDP in sub- Saharan Africa for the past two decades. Data used in this study is sourced from the World Development Indicators, published (World Bank, 2018).
Results
The Fisher-PP unit root tests results, the null hypothesis of non-stationarity is not rejected for the drnkwater. While the remaining variables are non-stationary. Subsequent to being differenced accordingly, these variables fail to reject the null hypothesis; therefore, the variables in their differenced form are stationary, indicating that first order of integration, I(1), is found. Where the number of cointegrating vectors is determined using the Johansen Fisher test, results indicate that the null hypothesis of no cointegration is rejected for the energy, food and water model. Consequently, a long run relationship is confirmed between the energy-food-water nexus and the explanatory variables for the big 5 countries. This also confirms a synergy between SDG 2, 6 and 7. Therefore, policy makers are encouraged to prioritize policies that address energy, food, and water security jointly. Rather than having separate policies for energy security, food security and water security.
Additionally, dynamic panel models were estimated (following the GMM method). Endogeneity is absent in the parameters estimated below. Each of the three models consists of two gmm models, where GMM1 is the dynamic model consisting of a single resource from the energy-food-water nexus and economic indicators representing sustainability. Meanwhile, the GMM2 dynamic model includes all three resources from the energy-food-water nexus and economic indicators.
Table: GMM Estimations
	
	
Energy
	
	
Food
	
	
Water
	

	
	GMM1
	GMM2
	GMM1
	GMM2
	GMM1
	GMM2

	renergyi,t−1
	0.912∗∗∗
	0.961∗∗∗
	-
	-0.00704c
	-
	0.0107c

	foodi,t−1
	-
	-0.410a
	0.889∗∗∗
	0.603∗∗
	-
	-0.363∗∗∗a

	drnkwateri,t−1
	-
	-0.0866b
	-
	0.00583b
	0.966∗∗∗
	0.996∗∗∗

	gdpi,t
	-0.704
	0.623
	0.0173
	0.104
	0.401∗∗∗
	0.339∗∗∗

	gcfi,t
	0.00112
	-0.00271
	0.00108
	0.000483
	-0.00683∗∗∗
	-0.00655∗∗∗

	indvali,t
	-0.0737∗
	-0.0511∗
	0.000176
	0.000331
	-0.00305∗∗∗
	0.000181

	lfpri,t
	0.0169
	-0.0312
	0.00211∗∗
	0.00166
	-0.00395∗∗
	0.0140

	cons
	24.48
	-3.916
	-
	-
	-6.865∗∗∗
	-6.888∗∗∗

	N
	75
	75
	75
	70
	75
	75


Note: *(**)[***] Statistically significant at a 10(5)[1] % level a, b & c indicate f oodi,t , drnkwateri,t & renergyi,t ; respectively
From a bird’s eye view (Table below), the big 5 countries’ food production significantly decreases water consumption. A 1% increase in food production decreases water consumption by 0.363%, ceteris paribus. This indicates the water stress witnessed in these countries and emphasizes the urgent need for efficient water use. Another major consumer of water resources, industry growth, currently decreases water consumption as well. However, at a much smaller rate, a 1% growth in industries leads to a 0.003% decrease in water consumption, ceteris paribus. The results also indicate that renewable energy consumption in the big 5 countries is significantly decreased by industrialization, ceteris paribus. This indicates that current energy resources do not adequately meet the necessary requirements for industries to secure economies of scale. In spite of the coefficients being relatively small, the results indicate the absence of green industries. Moreover, food production increases significantly due to the labour force participation rate, ceteris paribus. A 1% increase in the labour force participation rate leads to a 0.002% increase in food production, ceteris paribus: the more people get absorbed in the production processes, the higher the demand for food and hence the production of food. Food security in the big 5 countries is improved by the nation’s productivity, this bodes well since the agricultural sector is generally one of the main employers in developing countries. 
Water consumption is affected by gross domestic product, gross capital formation, industry value added and labour force participation rate. GDPincreases water consumption, while industry value added, gross capital formation and the labour force participation rate decrease water consumption. These results indicate sustainable development issues faced by the big 5 countries; ideally, the growth of industries, investments, and productivity in a country leads to an adequate use of water resources.
Overall, the results highlight the urgent need for policy reforms that encourage a green sustainable economy. The study further traces the relationship between the energy-food-water nexus and sustainability in the big 5 countries, individually. Since literature has highlighted the significance of institutions, geopolitics, etc. and the panel modeling techniques have confirmed the heterogeneity of the big 5 countries.
Conclusions
The study simultaneously used three models to examine the energy-food-water nexus in relation to sustainability in an annual panel between 2000-2015 for sub-Saharan Africa’s big 5 countries (Angola, Ethiopia, Kenya, Nigeria, South Africa). Economic indicators (gross domestic product, gross capital formation, industry value added and labour force participation rate) served as sustainability measures. Econometric modeling was used to obtain consistent parameters. Results indicate a strong presence of sub-nexus (food-energy, energy-water, food-water) in the countries of interest. Therefore, the energy-food-water nexus is present in these countries and systems thinking should be implemented by policy makers in order to ease the journey towards sustainable development. 
In addition to the capital potential which the big 5 countries hold, these countries have a significant energy potential since the main source of energy for these countries is hydropower (except for South Africa). However, it is encouraged that these countries invest efforts towards diversifying their energy mix. In so doing, less pressure will be placed on the already stressed water resources. Furthermore, food insecurity in these countries is aggravated by the failure to align food production with the growing population. The big 5 countries have been listed amongst the top ten populous countries in sub-Saharan Africa for the past two decades (Angola became part of this list in 2011) (World Development Indicators, 2018). Overall, the challenge in these countries is that efficient use and management of energy, food, and water resources have to a great extent been neglected policy makers.
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