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Fossil fuel energy consumption in the agriculture sector of Pakistan has created serious climate change issues, adding extremely to CO2 emissions, economic growth, and food production. The current research has investigated the most carbon-emitting agriculture factors based on human activities, such as transportation, land, multiple crops, distribution, and consumption under various crops. The study objective is to provide a roadmap for decarbonizing the food supply chain and its current framework toward food policy. The different machines and frameworks applied in agricultural farming can mitigate the CO2 emissions of the agriculture sector if renewable energy technologies (RETs) and renewable energy sources are organized with proper agrarian loads. The major concerns of this paper show a roadmap among a) CO2 emissions in the food supply chain and per capita CO2 emissions, b) food chain activities in the agriculture farming process, c) the agriculture output units and energy consumption, and d) the decarbonization of traditional agriculture and sustainable development in the agriculture sector. The analysis shows that the RETs and mitigation frameworks can lessen the CO2 emissions of farming depending on the type of farm and energy utilization. Finally, the present research highlights possibilities and opportunities for gaining CO2 emissions in crop production linked to Pakistan’s good management practices. In respect to agriculture efficiency and productivity, the government should increase the water, energy, and modern machinery for huge productivity and sustainability. Further policies are provided below.
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1 INTRODUCTION
Many scientific studies claim that the increasing share of carbon dioxide (CO2) emissions as greenhouse gas (GHG) adds to global warming and climate change (IPCC Second Assessment on Climate Change, 1996). The growth in both population and sectorial economic doings are the key drivers of increasing energy demand and CO2 emissions in the agriculture sector (Raza and Tang, 2022). Because of the consumption of huge fossil fuels, climate change impacts the climate, poverty, agriculture, income, biodiversity, and industrial income (Lin and Raza, 2019). In addition, fossil fuels and pollution-creating sectors have produced versatile issues, in which climate change has instigated a loss exceeding US$9.6 billion to the economy of Pakistan since 2010 (Pakistan CPEIR, 2017). The reason is that agriculture, manufacturing, and transport add 18.53%, 20.91%, and 13.04%, respectively, to the country’s GDP (Pakistan Economic Survey, 2020).
CO2 emissions from fossils and land use have constantly increased since 19th century after the significant rise in using machines caused by the industrial revolution. Under the Paris Agreement in 2015, a motivation to reduce worldwide temperature to 1.5–2°C above pre-industrial levels started. The key objectives of this agreement are to reduce pollution, which is not so easy to fulfill this target of the current tendencies in CO2 emissions, infrastructure, and populace growth (Höhne et al., 2020). Human activities discharge the maximum GHGs in energy and heat, industries, agriculture, land use, and services sectors. In 2018, agriculture, land use, and forestry added 21% of GHGs globally (Lamb et al., 2022). The CO2 emissions by the economic sector (agriculture) and population from 1990–2019 are shown in Figure 1. The CO2 emissions of the agriculture and per capital sections grew 16.01% and 80% in the previous 30 years. The rise of CO2 emissions in the agriculture sector and population is a consequence of the integral rise of agriculture farming and population. The CO2es primarily come from agriculture, including livestock, crop cultivation, and deforestation (Raza et al., 2021).
[image: Figure 1]FIGURE 1 | Carbon emissions in the agriculture sector and per capita from 1990–2019. Source: (IEA, 2019; Lin and Raza, 2021).
Numerous techniques are applied to investigate the global influence of human activities on earth. The idea of the carbon footprint arises from the environmental footprint established in the 1990s. This measures the number of “earth” that is theoretically needed if individuals use earth resources at a similar level as the individual estimating their environmental footprint (Wackernagel and Rees, 1998). Moreover, a carbon footprint can be stated as; “it is the overall form of GHG emissions due to industry, human, product or an event.” Also, the current statement suggested that it is an estimation of the overall amount of CO2 emissions and methane (CH4) of a limited population, doings or system, taking each resource, storage, and sink inside the geographical and physical population limit, interest, and related movement (Wright et al., 2011).
After the industrial transformation, a huge quantity of energy (coal, oil, and gas) has been widely utilized (Raza and Tang, 2022; Xiuhui and Raza, 2022). Generally, fossil fuels give strong power to economic development; thus, the extensive use of fossil fuels discharges an enormous quantity of CO2 emissions. The modernization of the agriculture industry caused a rapid rise in the CO2 emissions in this sector. Therefore, it is necessary to analyze the key factors adding to the agriculture sectors’ CO2 emissions to alleviate their ecological effect. Except it, the rapid population growth of the world in current times will provide nominal growth in daily consumption (food) demand in the future. This rising demand for food will drive the growth of CO2 emissions from the agriculture sectors (Jiang et al., 2021), which will further worsen global climate change. In addition, regarding agriculture, climate change, production, and energy consumption, Rehman et al. (2020) analyzed the pollution emissions of China’s agriculture sector. They found that CO2 emissions and GHGs have a positive relationship in the long-run. Chandio et al. (2020) investigated the agricultural output effects of different regions of the world from 1982–2014 and found that agricultural land, energy, crops, and fertilizers have positive effects on CO2 emissions. Rehman et al. (2021a) analyzed sectorial energy consumption for Pakistan, including agriculture sector from 1980–2016 and found that there is a long-run relationship between agriculture energy consumption and economic growth. Dagar et al. (2021) analyzed India’s technical efficiency of farmers with distinct volumes across agro-climate zones using a field survey method and found that technical inefficiency with family and hired labor shows about 70% of average farmers are inefficient. Similarly, Rehman et al. (2021b) analyzed the impact of CO2 emissions on forestry, crops and livestock production from 1970–2017 in Pakistan and found that all the factors have a positive relationship with CO2 emissions in the short run. Consequently, the effects of food crops on climate change cannot be undervalued, which plays a wide part in spreading pollution (Boehm et al., 2018). About 19%–29% GHGs of food production and land-freshwater mining adds 70% and employs 1/3rd of ice-free land worldwide (Aleksandrowicz et al., 2019). In addition to that (Aleksandrowicz et al., 2019), the food system will give 60% of the rising population needs by 2050, thus fronting similar challenges, and food production might face huge pressure from environmental change.
Thus, the motivation and novelty of the current study are as follows: i) global agriculture CO2 emissions and energy consumption have grown significantly during the current decades (Raza et al., 2023), and an annual growth of 6% is being experienced during the current decade (Carroll et al., 2018). In addition to the influence of agriculture development and fuel consumption, the pollution factor is found; ii) the study investigates the most polluting activities, including human, faring, and related machineries, and gives a framework for decarbonizing the food supply chain. For this, the study suggests RETs for carbon mitigation and renewable energy sources with proper agrarian load; and iii) behind the economic impact, agriculture development and its contribution to the research and development provide an empirical analysis of free trade1 agreements and climate change agreements on environmental pollution. Moreover, ecological change lessens the elasticity and income of traditional farms (Lin and Raza, 2021). The CO2 emissions of the agriculture division will grow significantly if the food supply system is not revised. The modern framework will provide a new framework to mitigate or reduce the CO2 emissions of agriculture production. Most of agriculture’s production carbon footprint generally comes from machinery, insecticide, and irrigation. As per Soofi et al. (2022), machinery has a large contribution to each agricultural activity on a farm. Substituting machinery, i.e., tractors, harvesters, tube wells, other vehicles in farming, and insecticide processes with clean energy resources and renewable energy technologies (RETs), can mitigate the CO2 emissions of agriculture. Balogh (2022) investigated the agricultural growth and trade on CO2 emissions in the European Union and found that economic growth, agriculture production, and trade cause pollution while non-European Union countries have major contributions to pollution emissions. The technological policies are the best way to enhance the productivity and mitigate the pollution. Deike et al. (2008) analyzed that machinery adds 43.5% to the overall energy contributions in farming; Yu et al. (2020) analyzed China’s agricultural structural emissions reduction, which presents that the secondary industry has played a key role in the final demand outcome, adding above 50% of the final demand result, shadowed by the primary and the tertiary industries, and Raza et al. (2020) investigated that the development of RETs plays an imperative part in reducing carbon emissions, especially in rural areas of Pakistan. Employing these resources to report on these systems’ energy demand is dynamic to mitigate the agriculture sector’s carbon footprint. Consequently, the remaining part of the study is as follows: Section 2 presents the food chain and energy situation; Section 3 presents the measurement of the carbon footprint of traditional farming in Pakistan; Section 4 presents the carbon reduction paths; and Section 5 presents the conclusion and future recommendations.
2 FOOD SUPPLY CHAIN’S CARBON EMISSIONS AND ENERGY SITUATION
To understand the food supply system, it is necessary to present a conceptual framework, as shown in Figure 2. Figure 2 shows Pakistan’s agriculture food chain, including agricultural land, industry, allocation, utilization, and energy consumption. All the parts of the food supply chain have critical tasks to be carried out by employing equipment that causes CO2 emissions. For further understanding, the food supply chain has five major phases.
[image: Figure 2]FIGURE 2 | Framework based on food chain activities of Pakistan.
Phase one concerns farming (farm production), where wheat, rice, bajra, maize, barley, food gram, sugarcane, rapeseed, mustard, sesame, cotton, and tobacco are produced. In this stage, the crops are considered, and the irrigation land is set by tractors, excavators, loaders, and harvesters. These machines emit carbon emissions and alternatively raise the carbon footprint of the produced food. Tractors and related machinery are used in preparing the soil, cultivating, and plowing the fields, which contain burning engines and consume fossil fuels (Pakistan Economic Survey, 2020). For the healthy growth of plants, irrigation, fertilization, and spraying are compulsory. On the other hand, energy use for irrigation, insect spraying, and fertilization should be taken as a source of CO2 emissions if the electric power source is based on fossil fuels. In the end, some machines (i.e., harvesting, loading, and packaging) are used in the last process. However, these machines utilize a huge quantity of fossil fuels to perform, which is in line with the study by Lin and Raza (2020).
Phase two includes the industrial role in the final production process. This phase presents that the final product is then transported to food manufacturing services. The food supply chain’s service adds a necessary share of the CO2 emissions. As per the IEA (2009) and Raza and Lin (2020), the transportation sector plays a significant role in the context of energy utilization, global warming, oxidization, diseases, etc. As a developing country, these traditional and present machines cannot be ignored suddenly; therefore, modern machines and modern farming outcomes will be limited. Regarding energy consumption, the processing and storage steps use the electrical grid’s electrical energy; thus, this process’s energy use in the industrial section should be estimated2. One of how it can be related to carbon footprint to energy use is to estimate the CO2 emissions generated by a diesel generator unit to produce similar electricity. On the other hand, the carbon footprint is commonly taken for the industrial carbon footprint in this phase.
Phase three includes allocating or distributing foods, as the food is eatable. This phase transports the food to the dealers for export; hence, the traders, dealers, and distributors sell food, create business links, adjust reasonable costs, and add value to their specific product. According to Hertwich and Peters (2009), carbon emissions are linked to the total use of goods and services for 73 countries and 14 aggregate world regions, including food, clothing, mobility, shelter, construction, services, and trade. Thus, servicing the product from industry to dealers contributes to the CO2 emissions of the product. Therefore, the carbon footprint is generally calculated to the transport’s carbon footprint.
Phase four consists of food consumption, in which consumers buy ready foods from various markets or stores. Our concern is that the cooking process causes CO2 emissions, while the carbon footprint is generally added to the household’s carbon footprint. It is important to note that the carrying of foods plays an imperative role in goods transportation; thus, the carbon footprint of the food’s transportation is commonly measured for transport sectors’ carbon footprint (Wright et al., 2011; Soofi et al., 2022). According to Pimentel (2006), the food supply chain uses almost 19% of the overall non-renewable energy burned in the United States (US), of which 7% comes from agriculture production, 7% from processing, and 5% from delivery and food preparation by users. Overall, 2.4% of the total energy consumption of Pakistan was counted in the agriculture sector, where the maximum is concerned with production and transportation (Pakistan Energy Yearbook, 2019). Concerning food wastage, a specific share of food is lost during the overall procedures. This is in line with the studies of multiple developed and developing countries (Lipinski et al., 2013; Balaji and Arshinder, 2016; Raak et al., 2017; Ali et al., 2019). The food supply chain raises the agriculture sector’s carbon footprint in various processing phases. This process is complex to manage since it has time limitations to evade decomposition, CO2 emissions, weighted values, instability, customer demand, reduced food wastage, and packaging demand. As per the country’s level, the food supply chain and security challenges are provided in Table 1. This is imperative because global production of primary crops raised by 53% between 2000–2019 due to the huge use of irrigation, pesticides, and fertilizers, large cultivated area, and high-yield crops (Food and Agriculture Organization, 2021). Growing food export has supported local and global food security, on the other side; they have severely damaged the freshwater ecosystem (Lall et al., 2020). Therefore, it is necessary to discuss the key challenges for Pakistan’s agriculture sector.
TABLE 1 | Key challenges to Pakistan’s food security and agriculture (Ministry of National Food Security and Research, 2018)2.
[image: Table 1]Over the previous several decades, Pakistan has made great improvements in terms of food production. However, food security remains a major concern due to high population growth, fast urbanization, low purchasing power, high price swings, irregular food supply, and inadequate food delivery networks (Ministry of National Food Security and Research, 2018). As per the Food Security Assessment (FSA) Survey, 18% of the population is undernourished (Food Security Assessment Survey, 2016). The National Institute of Population Studies (NIPS) stated a high level of severe stunting (45%), wasting (15%), and being underweight (30%). The malnourishment issues are high in rural areas (46%) and definite regions such as FATA (58%), GB (51%), and Baluchistan (52%). Similarly, over half of the population uses less than the dietary requirement of vitamin-A and Iron (NIPS, 2018). Food insecurity in Pakistan is mostly due to the poorest and most economically vulnerable people’s inadequate access to food. Finally, industrial locations and services can impact rising CO2 emissions; alternatively, the total carbon footprint of the food supply chain was significantly lessened by positioning the processing, storing, and packing services in regions where maximum energy is produced from renewables (Sim et al., 2007).
Phase five discusses the energy investigation based on two key principles. First is the energy efficiency, which can be stated as the ratio between the gross output of energy in the procedure of agricultural products and the overall demands on fossil fuels, including direct (fuel and electricity) and indirect (input and manufacturing). These are based on the lifecycle method, as shown in Figure 3.
[image: Figure 3]FIGURE 3 | Framework based on agricultural energies and output units.
As shown in Table 2, the total farming activity presents the share of cash crops, which signifies that farming energy use is based on farming activities. We estimated the production unit’s overall farming and energy efficiency situation, including agriculture production, land, and machinery, yields, fruits, meats, fertilizers, irrigation, and energy consumption. The energy is based on both renewable and non-renewable production processes, which have been employed by Lin and Raza (2021) to estimate the technical progress of the agriculture sector of Pakistan. Many other studies, for instance, Abdullah et al. (2021) and Zia et al. (2020), focused on bio-energy and Peña-Arancibia et al. (2021) on climate change and the irrigation system of Pakistan. These and many old studies are very limited, and no one has discussed Pakistan’s carbon footprint and farming situation, which is imperative for current literature. To understand the system and aggregated types (see Table 2) show proper units and processes of the agriculture sector. Consequently, this cycle has numerous advantages in providing nutrients and livelihood to humans and creating pollution while processing. Therefore, it is necessary to investigate the major findings linked to the agriculture sector of Pakistan. However, we could not analyze hectare-wise energy consumption and carbon emissions, which could be our limitation (can be considered as individual research). The current research aims to deal with an agriculture carbon footprint as a whole in multiple farming systems in Pakistan.
TABLE 2 | Overall farming activity of Pakistan as of 2019 (Pakistan Economic Survey, 2020).
[image: Table 2]3 ROADMAP UNDER PREDICTION OF TECHNOLOGICAL MATURITY
Based on a critical literature review on Pakistan as well as in other countries, definitions and frameworks, the study measures the technical efficiency of agriculture productivity3 using these three major phases,: preparation, technology and application inventory, and expert prediction of technology maturity phases, as shown in Figure 4. The key technologies under the literature, for instance, Rehman et al. (2021a) and Lin and Raza (2021) under Pakistan’s agriculture development and technologies is imperative to discuss from the preparation perspective. Phase-II illustrates that the inventories in the agriculture sector include the natural events and industrial inventories for the short-and long-run life cycle. For example, Sinisterra-Solís et al. (2023) analyzed the life cycle inventories of Spanish agriculture and found that environmental scores are consistent with the literature. The technology impact is the only way to reduce costs, risk of deterioration, and damage to products. Phase-III discusses the results of the prototyping and inventory technologies, their implication and experts’ corresponding relationship with the agriculture market. This process is the outcome which analyzes the maturity of individual technology and measures future trends. A roadmap for agriculture development is drawn to serve as a reference for the planning of development strategies by the government and related industries.
[image: Figure 4]FIGURE 4 | Technology roadmap process in the agriculture sector.
4 CARBON EMISSIONS IN TRADITIONAL AGRICULTURE
The “carbon footprint” and CO2 emissions have broadly applied in today’s discussion against the threat of global warming, which is also rooted in the language of “Ecological Footprint” (Wackernagel and Rees, 1998; Pottier, 2022). Ecological footprint theory has been widely applied in different ways (for example, productive biological functions, underestimating the actual situation, calculating the physical amount of natural capital over the long-run) using the country-level parameters around the world (known as a traditional ecological footprint) (Shujian and Shigai, 2013; Wang et al., 2018; Yang and Yang, 2019). The carbon footprint reveals the degree of the exclusive overall quantity of CO2 emissions that are directly and indirectly attributable to an activity or collected over the product life cycle, which is consistent with (Wiedmann and Minx, 2008). They explored that this term could be employed if all the GHGs were taken in the estimation, instead of only CO2 emissions. As a quantitative measure of GHGs emissions from any activity support carbon emissions management and alleviation. According to Pandey et al. (2011), by calculating GHGs discharges, the emissions source can quantify, and CO2 emissions mitigation parts can be highlighted. However, in the current study, the CO2 emissions of every farming section are discussed.
4.1 Agriculture and climate change
The carbon footprint of the crop production in terms of land use and yield produced for the major crops of Pakistan was estimated for 2019 using the references of Nationally Determined Contribution, 2021 and Pakistan Economic Survey (2020), respectively, as shown in Table 3. The highest annual carbon emissions were observed for livestock (1,522.9 million numbers and emitted 109.12MtCO2). According to the Pakistan Bureau of Statistics, 2019, livestock having a proportion of 60.07% in agriculture and 11.53% in GDP, attained 3.06% in 2019. While, 7.83 Mt CO2 emissions were observed as the lowest share of rice cultivation under 22.15 million hectares.
TABLE 3 | Comparison of carbon emission footprint between different crops in Pakistan (Pakistan Economic Survey, 2020; Nationally Determined Contribution, 2021)3.
[image: Table 3]Moreover, emissions from the agricultural soils were 74.98 MtCO2, accounting for 33.55% of overall agriculture emissions, followed by 23.45 million hectares of land. 48.85% of the total CO2 emissions were credited to dung management from livestock, adding 109.12 MtCO2 to the overall carbon emissions output. The remaining 3.50% of the CO2 emissions were from rice farming, followed by burning the crop, adding 7.84 MtCO2, respectively, to the total agricultural CO2 emissions, as shown in Table 3. The results are consistent with the studies of (Cheng et al., 2015; Ijaz and Goheer, 2021). Moreover, the large proportion of livestock with maximum emission factors is the evidence. The lifecycle of major agricultural products, with the aim of carbon footprint, lifecycle valuation measures the CO2 emissions emitted by each product. It should be noted that various CO2 emissions last in the climate for multiple lengths and show different land and yield. Since CO2 emissions have a worldwide warming potential value of one, all data related to CO2 emissions were estimated, employing factors given by IPCC (Ar5 climate change, 2014; Lin and Raza, 2019). For instance, 1-kg of methane causes 25 times more warming influence over a hundred years compared to 1-kg of CO2 emissions, and thus, 1 kg of methane equals 25 kg of CO2 emissions (Brander and Davis, 2012). As shown in Table 3, the CO2 emissions are based on the production of crops, including major crops, fruits, meat, etc. The efforts linked to cultivating the related crop and feeding livestock up to the final readiness for usage as basic material will be included. It is obvious that the measures to uplift the agriculture sector paid off regarding enhanced yield productivity of 2806, 2563, 60956, 4968, 474, and 707 kg/ha under the area of 1,648,16 million hectares in 2019. CO2 emissions as the key engines of ecological change are responsible for the social environment effect that leads to global warming, which has seemed to be 223.45 MtCO2. This is due to the human-driven activities, for instance, burning of fossil fuels, electricity, heat production, agriculture machinery, and land use, which is consistent with (Krapivin et al., 2017). Other activities include transportation, processing, packaging, food preparation, and related technologies. Overall, the analysis shows that the indirect CO2 emissions add to each product’s imperative role. Therefore, the direct GHG emission for agricultural systems includes CO2 emissions from various factors (see Table 3) and fossil fuel energy farm machinery (i.e., tractors, harvesters, threshers, processing machinery, spray related, and soil and fertilization related).
4.2 Decarbonization of traditional agriculture and sustainable development
As discussed above, the multiple machines in land preparation, irrigation, processing, and harvesting can only mitigate the CO2 emissions of the agriculture sector. As per Lin and Raza (2021), the electrification of various machines and production processes can lessen the CO2 emissions in Pakistan’s agriculture sector if renewable energy technologies are introduced. However, transportation related to the production process is a major concern. These tools include machinery, irrigation systems, insecticides systems, transportation, renewable energy technologies (RETs), and indoor machinery. Moreover, it mitigates the CO2 emissions of agriculture products, but managing RETs is the key concern to investigate.
As per the United Nations Environment Programme (UNEP) report on waste management, Pakistan has added 30% to food waste (UNEP, 2021). Huge food waste and loss at various supply chain stages can reduce food accessibility in the food market and ultimately raise prices. Consequently, this will impact low-salaried persons as well as impact food safety, the economy, and the country’s sustainability (Soofi et al., 2022). It is revealed that modern farming lessens the food waste in various phases of food supply, thus, employing the RETs in Pakistan, where the maximum share of their energy comes from clean energy. For this, the government of Pakistan has already signed an energy-related agreement with the China–Pakistan Economic Corridor (CPEC), which comprises $33.8 billion for the energy sector (McGarrity, 2015). These projects include a major proportion of renewable energy generation, leading to the country’s green environment and economic sustainability. Moreover, the trade-off between energy networks and modern agriculture farming will create a sustainable community. The RETs will connect electricity grids, product demand, and related community needs over the future, especially energy, food, and efficient resources.
5 CONCLUSION AND POLICY SUGGESTIONS
5.1 Conclusion
As per the objectives, the agriculture sector is one of the key sectors that have provided 38.5% of employment and more than 65%–70% population is linked with this sector. Pakistan’s agriculture sector is imperative, contributing about 19% to the economy in 2019 (Pakistan Economic Survey, 2020). The study discusses the most imperative factors, such as energy, carbon emissions, farming, and production in the current period, which is very essential. During the last 2 decades, Pakistan had experienced rapid agricultural development, which impacts climate change. We analyzed that the measures for 2019 have presented that the agriculture sector emitted CO2 emissions by .83 Mtoe. Thus, this study provided a roadmap for decarbonizing the food supply chain and its present framework. For various components of the food supply chain, we have provided the CO2 emissions impacts for the crops and as a whole during 2019. These production factors are the challenges that raise the CO2 emissions of food provided. The key challenges to Pakistan’s food security, farming, and energy output present that the country is raising the return on scale. Challenging policies at various stages, output units, and farming activities benefit the economy, efficiency, and pollution reduction. The idea of decarbonization of traditional agriculture and sustainable development of Pakistan is provided, which shows how traditional farming is transferred to modern farming for sustainable communities. Estimating CO2 emissions based on various productions is necessary; on the other hand, renewable energy is rising in the future. The individual farm activities are based on area, yield, and CO2 emissions. Finally, the major production, i.e., wheat, rice, cotton, maize, sugarcane, and maize in Pakistan presents huge CO2 emissions, including the aggregate of agriculture-related factors (livestock, land, managed soil, and rice cultivation) of 109.12, 31.52, 74.98, and 7.83 MtCO2, respectively, mainly due to fertilizer inputs.
5.1 Policy recommendations
Agriculture is the backbone of Pakistan’s economy, giving livelihoods and food security. Unfortunately, this sector is also the most impacted by climate variability, as provided in Table 3. First, crop yields over recent years have been poorly impacted by varying climate patterns and related shocks. According to the Nationally Determined Contribution of Pakistan, the agriculture sector is also the largest consumer of fresh water, accounting for 95% of total withdrawals. The four major crops that account for 80% of this share include high water consumption and low-value crops, i.e., rice and sugarcane. The country is estimated to lose 4% of its GDP to inefficient water use in agriculture. Hence, to ensure long-term productivity and the water and food security of the country, Pakistan needs to significantly boost water efficiency and agriculture productivity using renewable electricity. This is because the maximum irrigation is based on diesel. Second, the major agriculture tools should be enhanced; for example, all kinds of machines related to growing, cultivating, and harvesting crops on a farm should be enhanced. These machines are tractors, harvesters, threshers, etc., which use fossil fuels and emit a huge amount of CO2 emissions. Third, the insect spray should be modern, using machines, saving energy and labor. For example, aero planes and machinery spraying is more suitable for huge farming. Finally, the transportation system should be enhanced, and products should be made in the hilly area, such as the shift of wheat and rice in the hilly areas, including Gilgit and Azad Jammu and Kashmir.
Moreover, this study is not without limitations. As an emerging country with and growing population, the food supply chain and security challenges can never be ignored. For this, carbon footprint in different processing phases, values, demand, supply, hectare-wise energy consumption, and carbon emissions are the future limitations. These would help Pakistan to fulfill the demand and control pollution.
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FOOTNOTES
1https://www.iea.org/data-and-statistics/data-browser/?country=PAKISTAN &fuel=CO2%20emissions&indicator=CO2PerCap.
2http://www.mnfsr.gov.pk/userfiles1/file/National%20Food%20 Security%20 Policy%20%202018%20(1).pdf.
3www.gcisc.org.pk/Pakistan%20Updated%20NDC%202021.pdf. http://www.fnance.gov.pk/survey/chapters_19/ Economic_Survey_2019_20.pdf.
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