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ABSTRACT 

 

This research analyses the effects of aquaculture and food trade on the environmental quality in Egypt within the 

Environmental Kuznets Curve (EKC) Hypothesis. Using an annual time series data from 1971-2014 and employing the 

fully modified ordinary least squares and the Autoregressive distributed lag techniques, the study finds that the EKC 

hypothesis holds for carbon dioxide emission and economic growth while there is a U-shape relationship between 

deforestation and economic growth. Also, livestock production increases carbon dioxide emission and deforestation; 

urbanization reduces carbon emission and cereal production reduces carbon emission but increases deforestation. 

Aquaculture has a positive effect on carbon emission but reduces deforestation and food import is seen to reduce carbon 

emission. These findings were confirmed by results from variance decomposition effect and impulse response analyses. 

The outcome implies that addressing environmental degradation through these variables cannot be a ‘one-size fit all’ 

approach. Instead, the approach must be considered based on the primary environmental cost a particular policy seeks 

to address. Among others, it is recommended that there is the need for Egyptian government to adopt comparative and/or 

competitive advantage food trade policies in order to solidify the carbon reducing effect of food import. 
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INTRODUCTION 

 

Meeting food security has been on the radar of many 

international organizations such as Food and Agricultural 

Organization (FAO). This objective was also reflected in 

the Millennium Development Goals (MDGs) that targeted 

a reduction of proportion of individuals suffering from 

hunger in the period between 1990 and 2015 by half. 

Transiting from the MDGs, the world leaders set out 

seventeen Sustainable Development Goals (SGDs) of 

which the second goal is to eliminate hunger by 2030. 

Achieving this goal is crucial since it is directly or 

indirectly linked with other goals such as goal one 

(eliminating poverty) and goal three (good health and 

wellbeing). Fact is, the role of agriculture in the 

developmental process of economies cannot be 

overemphasized. The agricultural sector in many 

developing countries offers job opportunities to a large 

proportion of the labour force and it is also a major source 

of foreign exchange revenue. The expectation therefore is 

to achieve a vibrant and expanding agricultural sector. 

The expansion of the agricultural sector may have 

implications on countries’ effort to meet SDGs six (clean 

water and sanitation), eleven (sustainable cities and 

communities), twelve (responsible consumption and 

production) and thirteen (climate action). Thus, although 

agricultural development is crucial for achieving the 

growth and developmental needs of countries, it may have 

some adverse effects on environmental sustainability. For 

instance, clearing of forest for agriculture increases carbon 

dioxide emission and reduces carbon sequestration 

(Maraseni and Cockfield, 2011). According to FAO 

(2019), forest cover helps to store more than 650 billion 

tons of carbon dioxide. The reasoning from this is that 

when the forest covers are removed, emission of carbon 

dioxide into the atmosphere increases. As a result, FAO 

(2014) has revealed that over the past 50 years, global 

greenhouse gas (GHG) emissions associated with 

agriculture, fishery and forestry activities has doubled and 

it is expected to see another 30% increment in the near 

future. Between 2001 and 2011, the global carbon dioxide 

emissions from livestock and crop activities increased by 

14% from 4.7 billion tons to more than 5.3 billion tons 

(FAO, 2014). 
Literature (US EPA, 2006; FAO, 2006; and 

Bellarby et al., 2008) cited by Desjardins et al. (2015) 

also indicate that direct farming activities accounts for 13-

15% of global emissions and if combined with land use 

change, leads to about 18-32% of global emissions. Since 

environmental degradation, generally, poses great threat 

to sustainable development, the deforestation effect of 

agriculture and the associated carbon dioxide emission 

cannot be overlooked. Efforts must be made to ensure 

major reductions in the agricultural carbon footprints. 
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Owing to the importance of the agricultural sector in every 

economy, one cannot recommend efforts to stall the 

growth of the sector. Rather, policymakers need to 

promote environmentally friendly agricultural sector. 

Accordingly, researchers have recognized the need to 

estimate the environmental impact associated with the 

expansion of the agricultural sector as a way of 

determining whether countries’ agricultural practices are 

environmentally efficient or not in order to inform 

policymaking. This paper therefore aimed at estimating 

the environment cost of agricultural indicators using the 

Egyptian data.  

Although there is an increasing empirical studies 

including Kwakwa et al. (2014), Parajuli et al. (2019), 

Asumadu-Sarkodie and Owusu (2016; 2017) that have 

focused on the subject matter there is still the need for 

further studies to unearth location specific costs and bridge 

the gaps in these previous studies. Empirically, some past 

studies examined the effect of aggregate agricultural 

sector on carbon emission (Kwakwa et al., 2014; Rafiq 

et al., 2015) while others focused on the effect of some 

agricultural indicators such as crop production and 

livestock production (Asumadu-Sarkodie and Owusu, 

2017) and emission effect of agricultural land usage 

(Parajuli et al., 2019). So far, the effect of aquaculture 

and food trade has not received much empirical attention. 

Meanwhile, Robb et al. (2017) have pointed out a high 

associated energy demand for preparing fish feed and in 

the transportation of the processed feed. The increasing 

use of energy may eventually exert pressure on the 

environment through the depletion of non-renewable 

energy source and also carbon emission. The need to 

prepare the feed also requires more forest land is cleared. 

This should raise concern for all to understand the 

environmental costs associated with the aquaculture 

sector. Like aquaculture, scholars have indicated that trade 

openness negatively affects carbon doxide emission 

through high energy consumption used for manufacturing, 

processing and transportation of goods (Sadorsky, 2011; 

Kwakwa et al., 2018). It also affects the environment 

when there is weak environmental regulation instituted by 

the government with the aim of attracting foreign direct 

investment (Kwakwa and Alhassan, 2018). Similarly, 

the effect of food trade on environmental degradation may 

be witnessed through the processing of agricultural 

products into finished good and transportation of food to 

and from the ports. In the light of this, the current study 

employs econometric tools to investigate the effects of 

aquaculture and food trade on environmental degradation 

(carbon dioxide emission and deforestation) in Egypt.  

Egypt offers a perfect candidate for the study. The 

agriculture sector continues to play a major role in the 

socioeconomic development of the country. Although 

aquaculture in Egypt can be traced back as far as the 2500 

B.C, modern aquaculture began around the mid-1930 and 

it has intensified since the last two decades. The subsector 

has, thus, grown to offer significant contributions to the 

Egyptian economy. For instance, available records show 

that 65 percent of the country’s total fish production is 

from its aquaculture and it employs close to 70,000 people 

in the country (FAO, 2019). General Authority for Fish 

Resources Development has revealed that the total 

aquaculture production in 2009 was valued at about US$ 

1,354.65 million (FAO, 2013). The production level of 

fish from aquaculture in Egypt makes it the 9th top fish 

producing country in the world and the first in Africa 

(Soliman and Yacout, 2016). The nature of aquaculture 

in the country has seen a shift from traditional family-run 

business into a modern industry whose effect has been the 

practice of semi-intensive and intensive fish farming 

(FAO 2019). On trade, food and agricultural products 

constitute about 40% of the country’s imports. Egypt’s 

importation of dairy products amounts to about US$ 1 

billion per year and it remains one of the largest importers 

of wheat, sugar, and oils in the world (Worldexgroup, 

2018). 
The country has its own environmental challenges. 

Although the country’s carbon dioxide emission is 

comparatively low it has seen an upward trend over the 

years from 125,393.1kt in 2004 to 206,734.5 kt in 2014 

(WDI, 2019). Again, the well-known energy challenge 

that faces Egypt (Kwakwa, 2017) has not been resolved 

yet. When it comes to vegetation loss, Egypt lost 1,300 ha. 

of its forest cover between 1990 and 2010 (Mongabay, 

n.d). Despite the above facts, empirical investigation of 

the effect of food trade and aquaculture on the 

environmental quality in Egypt is rarely available. This 

paper therefore makes a number of contributions to the 

literature on environmental degradation. In the first place, 

this is the first paper to comprehensively examine the 

environmental degradation effect of human induce 

activities focusing on carbon dioxide emission and 

deforestation in a single study. Secondly, the study is the 

first to econometrically estimate the carbon emission of 

aquaculture on the environment. Third, the extant studies 

on the effect of trade on environmental degradation have 

not yet provided much evidence on food trade specifically. 

Fourth, the paper contributes to the limited studies that 

have examined the drivers of environmental degradation 

in Egypt since with the exception of Abdou and Atya 

(2013) which focused mainly on Egypt, the other works 

like Omri (2013), Owoye and Onafowora (2013) and 

Balogh and Jambor (2017) did a panel study for 

countries that included Egypt without a detail analysis for 

the Egyptian economy.  

 

LITERATURE REVIEW 

 

In this section a review of the theoretical and empirical 

works related to environmental degradation are discussed.  

 

Effect of income on environmental degradation 

One of the key theories to explain the human induced 

environmental effect is the Environment Kuznets Curve 

(EKC) hypothesis (Dinda, 2004; Shahbaz and Sinha, 

2019). The theory is used to examine the effect of income 

on environmental degradation (Grossman and Krueger, 

1995). According to the EKC hypothesis, an initial 

increase in economic growth would lead to environmental 

degradation to a point, beyond where environmental 

degradation declines. Thus, the relationship between 

income and environmental degradation exhibits an 

inverted U-shape. The reasons underpinning this argument 

is that economic growth has a scale effect (i.e. at the initial 
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stage of development where the use of conventional and 

inefficient technology in production increases carbon 

dioxide emissions and degrades the environment); 

composition effect (i.e. transition of the economy to 

industrial and then to service sector, encourage investment 

in sector that degrade less) and technical effects (i.e final 

stage where higher economic growth reduce 

environmental degradation through the adoption of 

environmental friendly policies and use of eco-friendly 

technology in production) (Grossman and Krueger, 

1995; Panayotou, 1997 and Stern, 2003). Empirical 

studies to verify the EKC hypothesis have yielded 

conflicting results. Scholars such as Mahmood et al. 

(2019), Shahbaz et al. (2012); Tiwari et al. (2013); Alam 

et al. (2016); Al-Mulali and Ozturk (2016); Kwakwa 

and Adu (2016); Aboagye (2017); Shahbaz et al. (2018); 

Sinha and Shahbaz (2018) found support for the EKC 

hypothesis. However, studies by Onafowora and Owoye 

(2014); Nassani et al. (2017); Dogan and Ozturk (2017); 

Sinha et al. (2017) and Balsalobre-Lorente et al. (2018) 

failed to confirm the EKC hypothesis.  

 

Effect of urbanization on environmental degradation 

To avoid omission biased effect in the estimation process 

of testing for the EKC hypothesis, one variable that 

researchers include in the model is urbanization. The 

theoretical literature on urbanization- environmental 

nexus points to three main theories: ecological 

modernisation, urban transition and compact city theories 

(McGranahan et al., 2001; Poumanyvong and Kaneko, 

2010).  According to the ecological modernisation theory, 

urbanization plays an important role in the economic 

transformation of the sectoral structure from agricultural 

to industrial and then to the service sector, which has the 

potential to reduce the environmental degrading effect of 

economic growth (Mol and Spaargaren, 2000). The 

theory of urban transition shows the link between wealth 

and environmental issues in urban cities. On one hand, it 

argues that, as cities move from low to middle-income 

stage of development, concentration of people, production 

and consumption increases industrial pollution. Then as 

urban cities transit into higher-stage of development, 

environmental regulations, technological innovation and 

shift from industrial to service sector reduces pollution.  

By way of contrast, a higher-stage of development at the 

urban centers may also increase residents’ income and 

consumption of energy intensive products which may 

have environmental degrading effects (McGranahan et 

al., 2001). The compact city theory concentrates on the 

positive effect of increased urbanization. It posits that, 

compaction of urban cities through the development of 

existing urban areas rather than in suburbs, promote 

economies of scale for public infrastructure such as public 

transportation and electricity production which lowers 

environmental degradation (Burton, 2000). The above 

theories imply that the effect of urbanization on the quality 

of the environment is not straightforward and this has 

reflected in mixed results from empirical studies. For 

instance, Poumanyvong and Kaneko (2010) reported 

that urbanization increases CO2 emissions of 99 countries. 

Kwakwa and Adu (2016) recorded a positive effect of 

urbanization on carbon dioxide emissions in sub-Saharan 

African countries. In their studies, Martinez-Zarzoso 

and Maruotti (2011) and Shahbaz et al. (2015) all found 

an inverted U-shaped relationship between urbanization 

and CO2 emissions for a panel of 69 countries and 

Malaysia respectively. Hassan, (2016) and Adom (2017) 

obtained a positive relationship between urbanization and 

environmental degradation. Kwakwa et al. (2018) also 

found that urbanization increases fossil fuel consumption 

in Ghana, Kenya and South Africa. De Fries et al., (2010) 

found there is a positive association between urbanization 

and the rate of deforestation.  

 

Effect of agriculture on environmental degradation 

In recent times the effect of agricultural activities on the 

quality of the environment has attracted much attention. 

The effect of agricultural growth on the environmental 

degradation is theoretically ambiguous. Agricultural 

growth may exert scale and technical effects on the 

environment. Different reasons have been attributed to the 

scale effect of agricultural production on the environment. 

First, conversion of forest to farmlands to meet food and 

nutritional needs of the ever-growing population may lead 

to deforestation and that may also lead to higher carbon 

dioxide emission (Stern, 2006; Baccini et al. 2012). 

Second, adoption of fuel-driven agricultural machine and 

irrigation increase consumption of fossil fuel which emits 

carbon dioxide (Arapatsakos and Gemtos, 2008). Lastly, 

Pellerin et al. (2013) argue that increase use of nitrogen-

rich fertilizers is reported to increase Greenhouse gas 

(GHG) emissions. Contrarily, Valin et al. (2013) and 

Panhwar (2004) posit that adoption of modern and 

sustainable agricultural practices such as sustainable land 

intensification, solar tube wells for irrigation and organic 

farming reduce fuel consumption, increase production and 

help reduce environmental degradation. Like other 

researchers, FAO (2017) explained that the effect of 

aquaculture on environmental quality is through the 

process of preparing and transporting fish feed since these 

require significant amount of energy. The increasing use 

of energy may eventually exert pressure on the 

environment through the depletion of non-renewable 

energy source and also carbon dioxide emission.   

Empirically, Ismael et al. (2018) use the variance 

error decompositions to show that fertilizers, crop and 

livestock production, land under cereal production, water 

access and agricultural value addition affect the quality of 

the environment in Pakistan. Waheed et al. (2017) found 

that agricultural production increases CO2 emission 

whiles forest planting reduces CO2 emission. Using 

ARDL method, Asumadu-Sarkodie and Owusu (2017) 

found in the short-run that, increase in copra and green 

coffee production increases carbon dioxide emissions 

whiles increase in millet and sorghum production decrease 

carbon dioxide emissions. In a similar study, Codjoe and 

Dzanku (2009) employed the Dynamic Least Squares 

technique and found conversion of forestland to crop farm 

as a contributor to deforestation in Ghana. Kwakwa et al. 

(2014) also found agricultural growth increases the long-

run carbon emission in Ghana. Faria de Almeida (2013) 

found among other things that cattle rearing, soya bean 

cultivation increases deforestation in the Amazon region. 

The empirical findings have indicated a mixed effect of 
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agriculture on environmental quality with little emphasis 

on the effect from aquaculture. 

 

Effect of trade on environmental degradation 

In the economic literature on trade-environment nexus, 

different channels, of conflicting directions, through 

which trade openness impacts the environment have been 

discussed. On one hand, trade openness is argued to have 

an environmental degrading effect and this is called the 

pollution-haven hypothesis (Neumayer, 2004). The 

hypothesis argues that, pollution-intensive industries 

(re)locate their environmental degrading activities from 

countries with strict regulations (or standards) to 

economies with weaker environmental regulations (or 

standards) and poor enforcement, polluting those 

countries (mostly developing countries). Sadorsky (2011) 

and Kwakwa et al. (2018) have argued that trade openness 

increases carbon emission through high energy 

consumption used for manufacturing and transportation of 

goods. Contrary to the above, it has been argued that trade 

increases real income which enables individual to demand 

for clean environment through strict environmental 

regulations, production and consumption of clean 

technology thereby improving the quality of the 

environment (Liddle 2001).  

Harris (2004) explained that trade openness 

encourages the transfer of cleaner and eco-friendly 

technology among trading countries. Although the reverse 

is also valid, Robalino and Herrera (2009) pinpointed 

that trade liberalization affects deforestation through 

prices of natural resources. They indicate that a lower 

price of local natural resource compared to resources in 

the rest of the world would increase demand for export and 

hence an increase in the extraction rate; the opposite is 

true. Halicioglu (2008) observed that trade increases 

carbon dioxide emission for the Turkish economy; Pié et 

al. (2018) found among EU countries imports increase 

carbon dioxide emissions while higher export reduces 

carbon emissions; El-Aasar and Hanafy (2018) found 

that trade openness has no significant effect on GHG 

emissions in Egypt; and regarding fossil fuel consumption 

Kwakwa et al. (2018) found trade increases fossil fuel 

consumption for Ghana but reduces for Kenya and South 

Africa. Tsurumi and Managi (2014) found that trade 

openness increase deforestation for non-OECD countries 

but decreases it for OECD countries.  In addition, Faria 

de Almeida (2013) found that trade openness increases 

deforestation.  

Among studies that have examined the environmental 

effect of trade openness, the effect of food trade on 

environmental degradation has been ignored to a large 

extent. However, the effect of food trade on environmental 

degradation may be witnessed through the processing of 

agricultural products into finished goods and 

transportation of food to and from the ports. In addition, it 

is seen that studies which analyse the environmental 

degrading effect of human activities in Egypt is quite 

limited and these must be addressed.  

 

 

 

 

DATA AND METHODS 

 

Theoretically, within the EKC hypothesis framework, the 

relationship between economic growth and environmental 

degradation is expressed as the Eq. 1. 

 

𝐸𝑁𝑉𝐷𝑡 =  𝐺𝐷𝑃𝑡 ∗  𝐺𝐷𝑃𝑡
2  ∗  𝜀𝑡 (1) 

 

where 𝐸𝑁𝑉𝐷  is environmental degradation, t represents 

time, 𝜀  is the stochastic error term which captures 

unobserved factors that influence environmental 

degradation and * represents the multiplication sign. GDP 

is income and 𝐺𝐷𝑃2  is income squared to reflect a 

quadratic relationship.  

Empirically, different indicators have been used to 

represent environmental degradation. Following Aboagye 

(2017) and Adom et al. (2018), carbon emission and 

deforestation were used as indicators for environmental 

degradation. The thinking behind the adoption of these 

indicators are, conversion of forestland to farmland as well 

as the excessive felling of trees and burning of forestland 

may cause deforestation; which in turn increases CO2 

emissions and degrades the environment (Baccini et al., 

2012).  

Urbanization is well-known to have significant impact 

on the environment but its effect is mixed. Rapid rate of 

urbanization may increase production and consumption 

which put pressure on resources (Shahbaz et al., 2015; 

Kwakwa et al., 2018); or urbanization may promote 

economies of scale as it reduces the demand for urban 

infrastructure such as transport system, thus reduction in 

energy consumption with associated increase in 

environmental quality (Elliot and Clement 2014). As 

argued in the literature, trade openness is used to capture 

scale, as well as technique effects (Erickson et al., 2013; 

Kwakwa et al., 2018). These effects have opposite signs: 

while the environment deteriorates with growth in trade 

openness (i.e scale effect), the demand for high 

environmental quality and the transfer and adoption of 

cleaner production technology are expected to increase 

with trade (i.e technique effect). Agriculture is one of the 

major sectors for Egypt’s economy and employs most of 

the rural population (ADBG, 2018). In this light, food 

trade and aquaculture are included in the model. 

Following Ismael et al., (2018) and Asumadu-Sarkodie 

and Owusu (2016), livestock and cereal production were 

used as proxy for other agricultural production. This is in 

part motivated by the argument that agriculture is a victim 

and emitter of CO2 and there is the need for policymakers 

to promote environmentally friendly agricultural sector. 

Given these relationships, the study proceeded to 

expand equation 1 to capture the effects of crop 

production, livestock production, aquaculture and food 

trade on environmental degradation (carbon dioxide 

emission and deforestation) (Eq.2). 

 

𝐸𝑁𝑉𝐷𝑖𝑡 = 𝐺𝐷𝑃𝑡 ∗ 𝐺𝐷𝑃𝑡
2 ∗ 𝑈𝑅𝐵𝑡 ∗ 𝑒𝐿𝐼𝑉𝐸𝑆𝑇𝑂𝐾𝑡 ∗ 𝐴𝐶𝑄𝑡 ∗

𝐶𝐸𝑅𝑡 ∗ 𝐹𝐼𝑀𝑃𝑡 ∗ 𝐹𝐸𝑋𝑃𝑡 ∗ 𝑒𝜀𝑡 (2) 
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Where: 

i (=1 and 2) represents the two indicators for 

environmental degradation: carbon dioxide emission and 

deforestation. Also, URB, LIVESTOK, ACQ, CER, FIMP 

and FEXP respectively denote urbanization, livestock 

production, aquaculture, cereal production, food import 

and food export. GDP and 𝐺𝐷𝑃𝑡
2  remains as explained 

earlier. Assuming a Cobb-Douglas production function 

with output generated measured as carbon dioxide 

emissions (CO2) and deforestation (DEF), the predictors 

of environmental degradation as inputs, the production 

function is presented as the Eq. 3. 

 

𝐸𝑁𝑉𝐷𝑖𝑡 = 𝐴 ∗ 𝐺𝐷𝑃𝑡
𝛽1𝑖 ∗ 𝐺𝐷𝑃𝑡

2𝛽2𝑖
∗ 𝑈𝑅𝐵𝑡

𝛾𝑖
∗

𝑒𝐿𝐼𝑉𝐸𝑆𝑇𝑂𝐾𝑡
𝛿𝑖

∗ 𝐴𝐶𝑄𝑡
𝜗𝑖 ∗ 𝐶𝐸𝑅𝑡

𝜌𝑖
∗ 𝐹𝐼𝑀𝑃𝑡

𝜋𝑖 ∗ 𝐹𝐸𝑋𝑃𝑡
𝜑𝑖

∗
𝑒𝜀𝑖𝑡 (3) 

 

Where: 

A is the technological change. Taking a log transformation 

of equation (3) expanding equation (3) in terms of the two 

indicators for environmental degradation, gives Equations 

(4a) and (4b).  

 

𝐿𝐶𝑂2𝑡 =   𝑎1 + 𝛽11𝐿𝐺𝐷𝑃𝑡 + 𝛽21𝐿𝐺𝐷𝑃𝑡
2 + 𝛾11𝐿𝑈𝑅𝐵𝑡 +

𝛿11𝐿𝐼𝑉𝐸𝑆𝑇𝑂𝐾𝑡 + 𝜗11𝐿𝐴𝐶𝑄𝑡 + 𝜌11𝐿𝐶𝐸𝑅𝑡 +
 𝜋11𝐿𝐹𝐼𝑀𝑃𝑡 + 𝜑11𝐿𝐹𝐸𝑋𝑃 + 𝜀1𝑡 (4a) 

 

𝐿𝐷𝐸𝐹𝑡 =  𝑎2 + 𝛽12𝐿𝐺𝐷𝑃𝑡 + 𝛽22𝐿𝐺𝐷𝑃𝑡
2 + 𝛾12𝐿𝑈𝑅𝐵𝑡 +

𝛿12𝐿𝐼𝑉𝐸𝑆𝑇𝑂𝐾𝑡 + 𝜗12𝐿𝐴𝐶𝑄𝑡 + 𝜌12𝐿𝐶𝐸𝑅𝑡 +
 𝜋12𝐿𝐹𝐼𝑀𝑃𝑡 + 𝜑12𝐿𝐹𝐸𝑋𝑃 + 𝜀2𝑡 (4b) 

 

Econometric method 

Generally, most time series data are non-stationary at level 

and as a result are not appropriate for regression 

estimation since they are likely to generate spurious 

results. Thus, in order to properly specify a model for 

estimation of equations (4a) and 4(b), it is important to 

conduct a unit root test to examine the stationarity 

situation of the variables. The Augmented Dickey-Fuller 

(ADF) and the Phillips-Perron(PP) tests developed by 

Dickey and Fuller (1979) and Phillips and Perron (1988) 

respectively were used to examine the stationarity 

property of the variables. The null hypothesis is that there 

are non-stationary variables (or unit root).  To avoid 

having bias results from the ADF and PP tests in the 

presence of structural breaks that may be associated with 

the variables, a further investigation is done to check for 

the stationarity of the variables using the Zivot and 

Andrews (ZA) test which is more robust even in the 

presence of structural breaks.  

The next step after the stationarity tests is to examine 

the existence of long-run relationship among the variables.  

Engel–Granger residual based test due Engle-Granger 

(1987), the Phillips–Ouliaris residual-based test by 

Phillips-Ouliaris (1990) and the robust Autoregressive 

distributed lag (ARDL) tests due Pesaran et al. (1996) and 

Pesaran (1997) were employed to examine if there exists 

a long-run relationship between the variables. All the tests 

assume a null hypothesis of no cointegration. After a 

confirmation of the existence of cointegration among the 

variables, the ARDL method by Pesaran et al. (1996) and 

Pesaran (1997) and the Fully Modified Ordinary Least 

Square (FMOLS) developed by Phillips and Hansen 

(1990) were applied to examine the long-run relationship 

between the dependents and independent variables for 

equations (4a) and (4b). While the ARDL estimator is 

more robust when doing cointegration analysis for small 

samples like this, the FMOLS is robust to dealing with the 

problem of endogeneity and serial correlation. Thus, these 

two estimators were to corroborate each other.  

The study also conducted impulse response and 

variance decomposition analysis (Amisano and 

Giannini, 1997; Lütkepohl, 2010). The impulse 

response analysis was done to examine how the dependent 

variables responds to shocks in each independent variable 

and the duration of the effect of the shock, whiles the 

variance decomposition analysis was used to examine the 

pattern of contribution each factor would make due to a 

shock in the dependent variables (i.e carbon dioxide 

emission and deforestation) over time. 

 

Data source and descriptions 

This study used annual time-series data covering the 

period 1971–2014 accessed from World Development 

Indicators (WDI, 2019). The choice of this period was 

based on data availability. Indicators of environmental 

degradation used were: carbon dioxide (CO2) measured by 

carbon dioxide emissions (metric tons per capita); and 

deforestation measured by land under cereal production in 

hectares. GDP per capita is used to measured income 

while urbanization is proxied by total urban population. 

Furthermore, aquaculture is measured by aquaculture 

production in metric tons, livestock is denoted by 

livestock production index and cereal production is 

measured in metric tons. Food trade is measured as food 

import and export.  

 

RESULTS AND DISCUSSION 

 

This section provides the empirical findings emanating 

from the study. It includes hypothesis testing results on 

stationarity, ARDL and FMOLS results, and results on 

impulse response function and variance decomposition. 

Detailed discussion on each of these results are also 

provided under the section.  

 

Unit root test and cointegration results  

The results of the unit root tests are reported in Tables 1 

and 2. Table 1 provides results for the ADF and PP tests 

while Table 2 shows results for the Zivot-Andrews test. 

The ADF and PP tests indicate that food import is 

stationary at levels while the remaining are stationary at 

first difference (Table 1). The Zivot-Andrews test results 

also confirm that all the variables except the square of 

GDP, urbanization, aquaculture and food import become 

stationary after first difference despite the presence of 

structural break (Table 2) giving us a mixture of I(0) and 

I(1) variables. The implication is that, the variance and 

covariance of all the variables remain unchanged over 

time and hence, appropriate for regression analysis.  

 

 



RAAE / Kwakwa et al., 2020: 23 (2) 21-35, doi: 10.15414/raae.2020.23.02.21-35 

 

 26  
  

Table 1: Unit root test results  

 Trend & Intercept Trend & Intercept 

 PP ADF   PP ADF 

Series  At levels  At first difference  

LGDP -2.3491 -0.6804 -5.2309*** -4.2729*** 

LGDP2 -2.4117 -0.7132 -5.1797*** -4.2386*** 

LURB -2.9820 -1.4974 -3.9535** -2.4348 

LIVESTOK -2.3454 -2.3405 -5.8759*** -5.9044*** 

LACQ -2.4332 -2.1293 -4.9645*** -4.9951*** 

LFIMP -4.0984** -3.7012**   

LFEXP -2.0890 -2.0890 -5.8959*** -7.2431*** 

LCER -6.6580 -1.7534 -6.6583*** -6.6584*** 

LCO2  -1.5052 -1.7127 -7.7607*** -7.7746*** 

LDEF -2.5272 -2.5111 -7.4315*** -7.3774*** 
Note: ***, ** and * denotes 1%, 5% and 10% level of significance respectively  

 

Table 2: Zivot Andrew unit root test 

Series Levels First difference 

Trend Intercept Trend Intercept 

LGDP -5.6150 (1985) -4.2115 (1980) -6.4329 (1992)** -6.8665 (1986)*** 

LGDP2 -5.4852 (1985)*** -4.4207(1980)  -6.6552 (1986) *** 

LURB -5.2158(1987) -5.3925(1979)*** -3.6078(1987)***  

LIVESTOK -2.9686 (2003) -3.4517 (1985) -6.4439 (2007)** -6.8243 (1990) ** 

LACQ 3.6942 (1994) -4.6823 (1998) *** -5.8598 (1995)***  

LFIMP -5.0308 (1995)*** -5.5879(2005)***   

LFEXP -3.6130(1981) -4.6128(1979) -4.6965 (1998)** -4.9799(1993)** 

LCER -2.5765 (2003) -4.4933(1989) -7.4515(1991)*** -7.7896 (1987)*** 

LCO2 -3.0477 (1982) -2.4386 (1979) -8.1156(2007)*** -8.1964(1995)*** 

LDEF 3.0005(1984) -3.7401(1990) -7.4638(1991)*** -8.2235(1987)*** 
Note: ***, ** and * denotes 1%, 5% and 10% level of significance respectively; structural break years in parenthesis  

 

Table 3: Cointegration test results  

 ARDL  Engel-Granger Phillips-Ouliaris 

Model  F-test stat.  I(0) I(1) tau-statistic z-statistic tau-statistic z-statistic 

CO2 model  4.2215*** 2.79 4.1 -5.8626** -39.3552** -6.0060** -35.1101* 

Deforestation model  4.1797*** 2.79 4.1 -5.8901** -39.5051** -5.9376** -21.1996 
Note: ***, ** and * denotes 1%, 5% and 10% level of significance respectively  

 

 

 

In Table 3, the presence of co integration for each of the 

models is confirmed by the ARDL, Engel-Granger and the 

Phillips-Ouliaris tests. Thus, cointegration exists between 

carbon dioxide emission and the selected explanatory 

variables, and between deforestation and the selected 

explanatory variables. Therefore, income, livestock 

production, aquaculture, food import, food export, cereal 

production and urbanization can be described as the long-

run forces of environmental degradation in Egypt. 

 

Long-run effects 

Table 4 shows the long-run estimates from ARDL and 

FMOLS methods. It displays the effects of the 

independent variables on carbon dioxide emission and 

deforestation. The result shows that GDP and its square 

have a significant effect on carbon emission. Also, 

urbanization, livestock production, aquaculture, food 

import, food export and cereal production have a 

significant effect on at least one of carbon emission and 

deforestation; although the direction of the effects differ 

for some variables.  

 

Carbon dioxide (CO2) emission effect  

The positive significant effect of GDP shows that an 

increase in the current GDP levels lead to more carbon 

dioxide emission by the country. However, the square of 

GDP reduces the level of carbon emission. This confirms 

the existence of the EKC hypothesis. Thus, an initial 

increase in economic growth would lead to deterioration 

in environmental quality to a point, beyond which 

economic growth would be accompanied by an 

improvement in environmental quality. The findings in 

this study are consistent with the expectation that as GDP 

increases, the country would be able to invest in more 

emission reduction technologies that would lower CO2 

emission. Previous empirical studies such as Kwakwa 

and Alhassan (2018), Mulali and Ozturk (2016), 

Aboagye (2017); Shahbaz et al. (2018); Sinha and 

Shahbaz (2018) confirmed the EKC hypothesis. In the 

case of Egypt, Mahmood et al. (2019) found that there is 

the presence of EKC and that the country is at the second 

stage of the curve, hence, they concluded that there is a 

clean economic growth in Egypt. Contrary, El-Aasar and 

Hanafy (2018) and Ibrahiem (2016) observed from 
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Egypt that there is no evidence of EKC (inverted U-shape) 

in the short- or long-run. 

The level of urbanization has a negative significant 

effect on carbon dioxide emission. This implies that an 

increase in the level of urbanization of the country leads 

to a decline in carbon dioxide emission. This supports the 

theory of urban transition that explains that as cities transit 

from middle to high levels of development, environmental 

regulations, technological innovation and a shift from 

industrial to service sector leads to a reduction in 

environmental pollution (McGranahan et al., 2001). 

Empirically, McGee and York (2018) observed that 

urbanization have an asymmetric effect on carbon dioxide 

emission and argued that, in addition to the level of 

urbanization, the pattern of rural-urban migration are 

important in explaining carbon emission. Evidently, Chen 

et al., (2019) estimated an inverted u-shape between 

urbanization and carbon emissions. Similarly, Ibrahiem 

(2016) estimated a negative relationship between 

population and carbon emission level in Egypt. Contrary 

to this study, Aye and Edoja (2017) and Zhang et al., 

(2015) estimated that irrespective of the duration (long-or 

short-run), urbanization increases carbon emission. 

The effect of livestock production is positive and 

significant in explaining carbon dioxide emission. Thus, 

an increase in livestock production in the long-run would 

lead to a significant increase in carbon emission levels of 

the country. Although carbon dioxide is not a major 

greenhouse gas emitted in livestock production, its 

contribution to global warming remains important in 

climate discussions. Moran and Wall (2011) indicated 

that livestock production around the world is responsible 

for 18% greenhouse gas emissions (especially, methane 

gas). This percentage contribution is high; hence, its 

footprint can be highly detrimental to global 

environmental quality.  The positive effect on carbon 

dioxide emission found for Egypt raises a concern for the 

country. Similarly, aquaculture has a positive significant 

effect on carbon emission. The implication is that an 

increase in aquaculture production will lead to an increase 

in carbon emission in the long-run. In the quest for higher 

aquaculture production, there is a high tendency of using 

high carbon emitting equipment and this would increase 

the carbon levels of the country. This effect is not only 

observed through forward linkages but also backward 

linkages where the demand for more aquaculture 

equipment would force manufacturing companies to 

increase their production. As explained by FAO (2017), 

the processes involved in the production and 

transportation of fish feeds may be environmentally 

unfriendly.  

Food imports have a negative significant effect on 

carbon dioxide emission. Countries engage in the 

importation of goods and services to supplement domestic 

production shortfalls. Therefore, carbon emission levels 

through production activities would decline as a country 

tends to import more food demanded by the country 

granted that emissions from the transportation of these 

goods is at its minimum. This does not however provide 

an evidence to support the promotion of importation in the 

country since this may have a negative effect on the trade 

balance of the country. Consistently, Pié et al., (2018) 

found a negative significant effect of import on carbon 

emission. Although insignificant, El-Aasar and Hanafy 

(2018) and Ibrahiem (2016) found that there is a negative 

relationship between trade openness and carbon dioxide 

emissions in Egypt. It is not surprising that Mahmood et 

al., (2019) suggested that the Egyptian government should 

further liberalize its foreign trade since this does not exert 

a significant effect on the country’s environment. 

Contrary, Rafindadi (2016) have found import to increase 

carbon dioxide emission in his study. The finding shows 

that an increase in the cereal output leads to a reduction in 

carbon dioxide emission. The decrease in carbon 

emissions can be attributed to a long-term shift towards 

climate friendly production practices. Although 

insignificant, Rehman et al. (2019) also estimated a 

negative effect of total food grain on carbon dioxide 

emission both in the short and long-run. The finding of this 

study can be tired with the explanation of Valin et al. 

(2013) and Panhwar (2004) that the adoption of modern 

and sustainable agricultural practices such as sustainable 

land intensification, efficient irrigation schemes and 

organic farming reduce fuel consumption, increase 

production and help reduce environmental degradation. 

 

Deforestation effect  

The long-run level of deforestation is significantly 

influenced by GDP and square of GDP, urbanization, 

livestock production, aquaculture, food export and cereal 

production. These effects are negative except for GDP 

squared and cereals. The positive significant effect of 

urbanization on deforestation in the FMOLS model 

implies that an increase in the level of urbanization of the 

country leads to an increase in deforestation.  This is due 

to the high demand for land in urban areas and the high 

tendency of creating bare lands in the urban areas than in 

the rural areas. This shows that the growth in the Egyptian 

urban population over the years from a little over 15 

million in 1971 to 25.4 million in 2001 and 36.9 million 

in 2011 has exerted pressure on the forest resources of the 

country.  The finding corroborates the evidence provided 

by De Fries et al. (2010). It is also found that an increase 

in livestock production in the long-run would lead to a 

significant increase in deforestation of the country. The 

requirement for fodder and land for livestock production 

could elucidate the positive effect of livestock production 

on deforestation level in the country. Thus, the high 

requirement of natural resources in livestock production 

(Grossi et al., 2019) could explain the finding of high 

deforestation due to livestock production.  

The positive and negative significance of GDP and 

GDP squared respectively on deforestation shows that 

there exists a U-shape relationship between economic 

growth and deforestation. It was expected that as the 

economy expands and income of households’ increase, 

there would be high tendency towards the planting of 

trees, thereby, increasing the forest cover of the country at 

higher GDP. Although this U-shape relationship is 

contrary to the expectations of the research, it is plausible 

that at initial stages of economic growth, there are low 

technologies available for the fast exploitation of forest 

products and also, there is high regenerative capacity of 

forest at initial growth stage of the economy where the 
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forest cover is high. As a developing country, it is 

expected that as technologies become available, there will 

be high tendency to exploit forest resources at a faster rate 

than the regenerative capacity of the forest and this would 

require significant income investment in afforestation 

products, which may not be a consideration in poor a 

country turning its economy into higher development. 

Admittedly, this result compares favourably with 

Galinato and Galinato (2012), Ewers (2006) and 

Couresma et al. (2017). Aquaculture has a negative 

significant effect on deforestation as well. The implication 

is that an increase in aquaculture production will lead to a 

decline in deforestation since through technology, 

households could possibly shift from large area-base 

production activities to the small area required for 

aquaculture.  

Cereal production and consumption in Egypt remain 

significant. It is not surprising therefore that an increase in 

cereals output leads to an increase in deforestation. This 

increase in deforestation is because agriculture 

development in the country is largely due to land area 

expansion than yield improvement. The negative effect of 

food export implies that an increase in food export leads 

to a decline in deforestation. This could be because of the 

marginal share of food export in the country’s total export. 

Egypt’s main exports are gas and non-petroleum products 

such as gold and insulated wire. These products exert less 

impact on deforestation. Therefore, an increase in export 

would increase the income of the country which could be 

invested into afforestation programs that would reduce the 

level of deforestation in the country.  

 

Variance decomposition analysis 

The variance decomposition of the various independent 

variables in relation to the two dependent variables are 

presented in Tables 5 and 6. The objective is to determine 

the pattern of contributions each factor would make in 

response to a shock in carbon dioxide emission and 

deforestation, over time. Thus, the result shows the 

percentage forecast error variance of each variable. In the 

first period, presumably the short run, results in Table 5 

reveal that the independent variables exhibited weak 

influence on carbon emission since they do not contribute 

to the dependent variable. For instance, a change in carbon 

emission is 100% explained by itself in the first period. 

This influence decreases sharply as the other variables 

begin to have a strong influence on the dependent 

variables. Except for urbanization, all other variables 

exhibit a weak influence on carbon emission both in the 

short to the long-run. For instance, urbanization increases 

its contribution to carbon emission from 9.2% in the 

second period to about 20% in the fifth period and again 

declined to about 15% in the tenth period. Aquaculture 

also increases its influence from 1.79% in the third period, 

then gets to 5.07% in the 7th period and finally to 8.56% in 

the 10th period.  It is also seen that the share of export is 

greater than import over the period. Urbanization, export 

and the square of GDP also exhibit a somehow moderate 

influence on deforestation. The general observation is that 

the effects of these variables increase from the short to the 

medium term, and gradually decline again in the long-run 

(Table 6). 

 
  

 

Table 4: Long-run analysis from FMOLS results  

Variable ARDL FMOLS 

Carbon emission Deforestation Carbon emission Deforestation 

LGDP 38.8917** 

(2.2325) 

-6.5844** 

(-2.7585) 

13.7885*** 

(4.4543) 

-1.8150 

(-0.8184) 

LGDP2 -0.8015** 

(-2.1830) 

0.1344** 

(2.7162) 

-0.2644*** 

(-4.1272) 

0.0320 

(-0.6972) 

LURB 1.8709 

(1.2112) 

-0.0864 

(-0.1928) 

-0.9990* 

(-1.9171) 

0.7636** 

(2.0449) 

LIVESTOK 0.0239** 

(2.1585) 

0.0009 

(0.7300) 

0.0069*** 

(4.0163) 

0.0028** 

(2.2600) 

LACQ 0.2294** 

(2.6775) 

-0.0603*** 

(-2.9469) 

0.1156*** 

(4.0406) 

-0.0748*** 

(-3.6489) 

LFIMP 0.1107 

(0.8995) 

0.0199 

(0.5826) 

-0.1311*** 

(-2.7912) 

-0.0240 

(-0.7129) 

LFEX 0.0133 

(0.3511) 

-0.0297* 

(-1.7413) 

-0.0142 

(-0.5218) 

-0.0023 

(-0.1187) 

LCER -1.1306** 

(-2.4654) 

0.3431*** 

(4.6585) 

-0.3255*** 

(-3.5773) 

0.2772*** 

(4.2515) 

CONSTANT  -488.2559** 

(-2.3795) 

91.7912*** 

(3.0451) 

-157.9826*** 

(-4.1268) 

23.3037 

(0.8494) 
Note: ***, ** and * indicates significance at 1%, 5% and 10%, respectively; t-statistics in parenthesis  
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Table 5: Variance decomposition analysis for carbon emission  

Period S.E. LCO2 LGDP LGDP2 LURB LIVESTOK LACQ LFEX LFIMP LCER 
 1 0.052933  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 
 2  0.071815  63.71174  6.347745  14.06525  9.209495  1.465439  2.565952  1.953314  0.679580  0.001486 
 3  0.086446  52.83003  5.040300  9.931120  21.92458  2.315675  1.799276  1.386703  0.477394  4.294919 

 4  0.091973  49.95708  4.830996  8.775351  21.98019  2.726865  1.598149  5.881594  0.423228  3.826551 
 5  0.096260  49.03182  4.433637  8.129249  20.27430  2.534305  2.638256  8.772629  0.689201  3.496598 
 6  0.098895  49.53599  4.258544  7.796858  19.21091  2.437249  3.916192  8.763458  0.758079  3.322713 
 7  0.104177  49.62247  3.882572  9.293473  17.49444  2.264445  5.074107  7.897384  0.979963  3.491144 
 8  0.107779  49.51887  3.955687  9.281386  16.34618  3.135401  5.710573  7.477122  1.035241  3.539549 
 9  0.110645  48.71446  3.890156  8.806864  15.59388  3.292798  7.181141  7.575227  1.071548  3.873922 

 10  0.113525  47.12883  4.196312  8.397662  14.87841  3.298574  8.560290  8.364368  1.018119  4.157440 

 

 

 

Table 6: Variance decomposition analysis for deforestation 

Period S.E. LDEF LGDP LGDP2 LURB LIVESTOK LACQ LFEX LFIMP LCER 

 1  0.033739  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.051648  47.95929  9.812484  18.25626  21.92786  0.284554  0.026831  0.366051  1.343986  0.022683 

 3  0.059986  36.35791  17.69186  15.81261  18.10755  3.193289  0.359765  6.208422  1.717602  0.551000 

 4  0.068437  28.88215  27.71748  12.24018  13.93238  6.188406  1.530455  7.446727  1.596358  0.465859 

 5  0.072111  26.39834  32.52131  11.08934  14.03836  5.623751  1.669562  6.732847  1.490553  0.435937 

 6  0.077065  23.11460  31.61733  10.76060  14.93872  6.450712  1.740668  8.969488  1.870356  0.537524 

 7  0.081698  20.90222  31.23707  10.38509  13.29281  7.094331  2.218800  12.27557  1.923759  0.670359 

 8  0.085916  18.90731  31.12872  10.96331  12.68785  6.744582  2.504569  14.43528  1.823973  0.804400 

 9  0.087463  18.42211  31.35774  11.97367  12.24390  6.535215  2.744722  14.15555  1.768624  0.798468 

 10  0.089153  17.81173  30.19553  14.16688  12.21817  6.410303  2.743359  13.96425  1.718213  0.771560 

 

 

 

 

 



RAAE / Kwakwa et al., 2020: 23 (2) 21-35, doi: 10.15414/raae.2020.23.02.21-35 

30 

 

Impulse response analysis  

An impulse response analyses was performed to determine 

how the dependent variables responds to shocks in each 

independent variable and the duration of the effect of the 

shock. This is shown in Figures 1 and 2. The results show 

that carbon dioxide emission and deforestation fluctuate at 

different periods due to shocks imposed on each 

explanatory variable. Overall, carbon emission responded 

negatively to shocks in GDP, GDP squared, urbanization, 

livestock and import while it responded positively to 

shocks in aquaculture and exports. For instance, from 

Figure 1, carbon emission responded to shock in GDP by 

declining from about 0.05 in the first period to about 0.01 

in the tenth period while it responded to shocks in export 

by declining to about -0.002 in year four and thereafter, 

increase to about 0.01 in the tenth year. The impulse 

response running from deforestation to livestock, export, 

import, cereal production and aquaculture as shown in 

Figure 2 is stable while that running to the square of GDP 

is initially positive up to the second year, declines to the 

fifth year and gradually begins to incline into the future. 

The implication is that deforestation vary less if there are 

compulsion in the independent variables over time. This is 

a laudable finding and suggests that Egypt’s forest cover 

can be maintained for relatively long period even when 

there are shocks in the observed exogenous factors in the 

economy.  In addition to the provision of sustainable forest 

products under stable deforestation, there is also a 

sustainable sink for carbon dioxide, thereby reducing the 

rate of increase in global warming. 
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Figure 1: Impulse response function for carbon emission  
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Figure 2: Impulse response function for deforestation  

 

 

 

CONCLUSIONS AND POLICY IMPLICATIONS 

 

Projected forecast of climate change and its impacts is 

driving scholars and policymakers into identifying how 

environmental quality can be improved and greenhouse 

gas emissions reduced alongside, an improvement in the 

economic performance of countries and wellbeing of 

citizens. This study analysed the long-run relationship 

between environmental quality and, aquaculture and food 

trade (after controlling for income, urbanization, livestock 

production and cereal production) within the Egyptian 

context. It was evident from this study that economic 

growth and carbon emission exhibited the EKC hypothesis 

that suggests that initial economic growth leads to an 

increase in carbon dioxide emission but further increase in 

economic growth leads to an improvement in 

environmental quality through a decline in carbon dioxide 

emission. In addition, it was found that urbanization, food 

import and cereal production leads to a reduction in carbon 

emission while livestock and aquaculture production leads 

to an increase in carbon emission in the long-run. While 

cereal production leads to a significant increase in 

deforestation, an increase in aquaculture production and 

food export leads to a decline in deforestation. There is 

also a significant U-shape relationship between economic 

growth and deforestation, a result that require further 

analysis. Conclusively, aquaculture had mixed effects on 

each of the environmental variables; it increases carbon 

dioxide emission and decreases deforestation. While food 

export reduces deforestation, food import was found to 

reduce carbon emission. Therefore, addressing climate 

change and environmental degradation through these 

variables cannot be a ‘one-size fit all’ approach. Instead, 

the approach must be considered based on the primary 

environmental cost a particularly policy seeks to address.  

These findings have raised a number of policy 

concerns. For instance, it was evident from the study that 

effective food trade policies are important to regulate 

carbon emission in Egypt. To strengthen the effect of food 

trade on carbon emission and deforestation, there is the 

need to adopt comparative and/or competitive advantage 

food trade policies. Livestock and aquaculture production 

policies should be redesigned to ensure that their 

production does not foster increased carbon emission as 

estimated in this study. Cereal production should be 

promoted since this does not only reduce carbon emission 

but also, a way of achieving food sufficiency in the 

country. Nonetheless, sustainable production practices 

such as climate smart agriculture and intensified land 

cultivation that require less deforestation is required in 

promoting cereal production. It is also important to ensure 

that the intensity of aquaculture activities in Egypt 

becomes environmentally friendly. Thus, technologies for 

aquaculture development need a critical assessment to 

ensure that the benefit accrued to the nation through a 

reduction in deforestation can also be translated to a 
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reduction in carbon emission. Overall, sustainable low 

carbon economic development agenda should not be over 

looked by policymakers in Egypt.  
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