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A B S T R A C T   

Agriculture production in Pakistan is one of the main economic and social sector. It contributes about 20–25% to 
the country GDP and provides more than 60% employment opportunities for rural peoples, playing a backbone 
role in the country economy and food security. However, sustainable production of the agricultural system is 
very important to address a societal concern for environmental impacts and nutritional value, while maintaining 
an economically feasible production system for farmers. Therefore, this study used various indicators based on 
emergy accounting method to analyze the sustainability of the agriculture production systems in Pakistan from 
2001 to 2015 in four provinces namely Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchistan are investigated. 
The analysis indicates that (1) in all selected provinces the maximum portion among all inputs are purchase non- 
renewable inputs and purchase renewables input. Among in purchase non-renewable comprise inputs the largest 
portion are for labors, agriculture machinery and fertilizer inputs, while in purchase renewables comprise inputs 
the largest share are for water that used during irrigation purposes in all provinces. (2) In Punjab and Sindh, 
among purchase non-renewable comprise inputs the labor, pesticides and diesel were found decreased, while in 
Khyber-Pakhtunkhwa and Baluchistan the pesticides, diesel and electricity were found declined. The efficiency of 
overall output agriculture production in selected provinces are in the order of Punjab > Sindh > Kbyber- 
Pakhtunkhwa > Baluchistan. The output emergy share of the agriculture production increased by 66% in 
Punjab, 34% in Sindh, 110% in Khyber-Pakhtunkhwa and 72% in Baluchistan in the study period. (3) The 
analysis of overall agriculture performance through emergy based indicators indicates that the NRP% (non- 
renewable portion) ratio for Punjab declined by 12% while for Sindh, Khyber-Pakhtunkhwa and Baluchistan 
increased by 1%, 8% and 1%, respectively. That is why the EIR (emergy investment ratio) value is lower in 
Punjab and higher in other selected provinces. (4) The ESI (emergy sustainability index) values were declined for 
Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchistan by 18.91%, 16.19%, 35.51% and 11.21% respectively, 
with average values of 0.51, 0.11, 0.22, and 0.21 indicates increased in Punjab than other provinces. We believe 
this study provides the policy makers and producers the understanding of the important drivers influencing 
agricultural system productivity and environmental, social and economic sustainability, and to create more 
adaptable and responsive management practices and strategies for truly sustainable agricultural production 
systems in Pakistan.   

1. Introduction 

Agriculture is considered one of the important sector, providing 

various relevant commodities, through which food security of the 
countries is dependent (Gasparatos, 2011). The sustainable manage-
ment of agriculture production system is very fundamental and 
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significant. Based on the latest estimation of World Food Programme of 
Hunger Statistic, about 925 million people live in a state of hunger in the 
world (Eldakak et al., 2013; Caira and Ferranti, 2016). It is also esti-
mated that another 2000 million humans will be included to this list by 
2050. Therefore, sustainable management of agriculture production 
system is essential for achieving the goal of sustainable development and 
for providing enough food to humans. Further difficulties arise from 
some wrong management practices, which negatively affect the long 
term production ability. Therefore, it is very important to integrate 
present scientific knowledge with farmers’ knowledge for better un-
derstanding and improving of sustainable agricultural practices (Har-
pinder and Sandhu, 2007). 

Researchers in sustainable agriculture system trying to understand 
how to increase agriculture production by using environmental friendly 
technologies and practices without degrading the environment. The 
assimilation of ecological and biological processes, such as nitrogen 
cycling, nutrient cycling, parasitism, soil formation process and preda-
tion are among the principles of sustainable agriculture (Pretty, 2008; 
Wasiak, 2017). The word “sustainability” in the agriculture context 
currently captures the attention of environmentalists, ecologists, in-
dustrialists, scientists, government officials and economists (Campbell 
and Garmestani, 2012). The comprehensive importance of sustainability 
in agriculture ecosystem is to fulfill human requirements for food, 
enhance the environmental sustainability, improve the economic sus-
tainability and promote social sustainability. A well-managed or sus-
tainable agricultural ecosystem should provide abundant services that 
can be equitable, feasible and suitable (Tanguay et al., 2010). According 
to the main aim of the Sustainable Development Goals (SDG), sustain-
able agriculture is ultimately aimed at fulfilling the needs of peoples for 
a long period of time, without degrading the environment and renew-
able resources, using a lower amount of non-renewable resources, sus-
taining and improving both the economic capability and life quality 
(DeClerck et al., 2016). Therefore, human requirements and agriculture 
conservation should be balanced for agriculture production at macro 
scale (Tendall et al., 2015; Bullock et al., 2017; Kazemi et al., 2018). 
Such an objective needs the implementation of novel production pat-
terns, based on practices that can ensure the agriculture production 
without damaging the environmental quality (Clark and Tilman, 2017; 
Gomiero et al., 2011; Qi et al., 2018b). 

Especially considering the developing nations like Pakistan, agri-
culture is a fundamental economic sector, playing a key role in poverty 
reduction, food security and economic growth (Timer, 2002). In 
Pakistan, agriculture contributes to about 25% of the whole country 
GDP (Gross Domestic Product), engaging almost 50% of the country 
labor force (Pakistan Bureau of Statistics, 2015). Considering a total area 
of 79.6 Mha, 21.2 Mha is cultivated, out of which 4.21 Mha is irrigated . 
The irrigation system of Pakistan is the world largest one (Basharat, 
2019). Moreover, Pakistan is among the top-producers of wheat, sug-
arcane, rice, cotton, mango, etc. 

Even with such an incredible development, according to World Food 
Program (WFP), Pakistan is striving with enormous levels of insecurity 
in food and more than 48% people struggling with food insecurity 
(United Nations World Food Program, 2009). According to the Pakistan 
population census 2017, such insecurity is due to the rapid increase in 
population, having a growth rate of 2.4%, and wasteful usage of water 
resources. In fact, almost 90% of the existing water resources are used 
for the agriculture. Conversely, it is estimated that per capita availability 
of fresh water was 1500 m3, which is amongst the lowermost in Asian 
countries. According to the latest estimations, Pakistan will become a 
water scarce country between 2020 and 2035 (Mekonnen and Hoekstra, 
2016). In addition, the country is often hit by several disasters (man--
made and natural), such as droughts, floods, landslides and earthquakes, 
that affect the agricultural development on a huge scale. Pakistan gov-
ernment is currently supporting the development of agriculture, taking 
various measures to improve the storage and efficient use of water, to 
provide good-quality crops and low-cost electricity, to reduce the prices 

of fertilizers and such initiatives will develop the agriculture sector in 
coming years. 

In order to support the development of informed policy actions, this 
study focuses on a sustainability evaluation of agriculture sector in 
Pakistan at provincial scale. In particular, the aim of this work is to 
evaluate the agricultural sustainability through emergy accounting 
analysis of four provinces of Pakistan during the period 2001–2015. 

2. Material and methods 

2.1. Study area 

For agriculture production system sustainability assessment this 
study chooses Pakistan more specifically its four provinces such as 
Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchistan (as shown in 
Fig. 1) as study cases. The different climatic, environmental and socio-
economic features in each selected province result in a distinct agri-
culture production system. In Pakistan almost in each province wheat, 
rice, cotton, sugarcane and maize are considered as the major’s crops in 
terms of its large area, large production, large export. Among all selected 
provinces, Punjab province is considered as the heart of Pakistan due to 
its large agriculture areas which accounts for 72.82% followed by Sindh 
accounts for 14.20%, Khyber-Pakhtunkhwa 8.39% and Baluchistan 
4.67% of total agriculture area (GOP, 2015; Zulfiqar and Thapa, 2017). 
In agriculture sector of Pakistan highest amount of labor force is engage 
more specifically is one of the main income source of rural peoples living 
all provinces of Pakistan. The highest percentage of labor force about is 
60% in Punjab province followed by 24% in Sindh province, 11% in KPK 
and 4% in Baluchistan. The synthetic fertilizers such as nitrogen based 
fertilizers, potash fertilizers and phosphate fertilizers are consumed in 
Punjab in agriculture production system about 71% followed by 20% 
consumed in Sindh, 6% in Khyber-Pakhtunkhwa and 4% in Baluchistan 
province. 

2.2. Emergy accounting analysis of agriculture production system 

2.2.1. Emergy accounting 
The concept of emergy was proposed by the system ecologist H. T. 

Odum. He defined emergy as “the available energy either in one or in 
different form involved directly or indirectly through a process to make 
a product or a service” (Odum 1996; Odum 1988). The emergy value of 
any resource reveals the amount of available energy supported by nature 
in supporting any process. The “emergy method” can be used to evaluate 
the interactions among environmental, economic and social systems, by 
aiming to attain the sustainability in systems (Brown and Ulgiati, 2004). 
This method provides the clear assessment techniques such as weighting 
factors to judge the systems and to remove errors. Professional weight-
ing factor that is use for environmental indicators includes variable 
knowledge, unclear information and such factors may damage clearly of 
the analysis and leads wrong ideas (Almeida et al., 2007). 

Emergy methodology is based on the thermodynamics principles and 
environmental evaluation tool deals the economic examination to a 
biophysical alternative as well as it reflects the reliance of exterior re-
sources, resources yield and usage efficiency, measure the environ-
mental load and calculate the sustainability of a system (Odum, 1996; 
Ulgiati et al., 1993). For examples, in agriculture ecosystem emergy 
method analyze and shows the efficiency of agriculture ecosystem 
through simple energy utilizations. The emergy method also directly and 
indirectly calculates free environmental services and its role and func-
tions to the economic sector of the human beings (Odum, 1996). The 
system diagram helps to understand the process and flows of different 
energies and its functions, helps to assess the sustainability in various 
ecosystems, offers knowledge about the usage of different types of re-
sources (Almeida et al., 2007; Giannetti et al., 2006). The indices of 
emergy is used to assess the ecological, societal and economical sus-
tainability of the ecosystem by using the P-S-R framework (pressure 
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state response) (Zhang et al., 2012). 
Numerous researcher evaluates the sustainability in agriculture 

ecosystem by using various types of indicators such as the sustainability 
of Italian agriculture was calculated by using environmental accounting 
tools such as emergy (Ulgiati et al., 1993). Assessing the inputs of energy 
for agriculture production by using environmental accounting method-
ology (Pimentel,2009). Agriculture grain production in china was 
evaluated by (Wang et al., 2014), demand of energy in agriculture 
ecosystem in Iran by using time services evaluation by (Farajian et al., 
2018), (Franzese et al., 2013) assessed the efficiency and sustainability 
in agriculture ecosystem by using emergy based in indicators in Brazil. 
The average agriculture productions as indicator used by (Hayati et al., 
2011; Rasul and Thapa, 2003), social equity as an indicators used by 
(Rasul and Thapa., 2003) and rural life quality improve as indicator for 
analyzing social sustainability in agriculture ecosystem by (Van Cau-
wenbergh et al., 2007). Environmental performance or sustainability 
was assessed by using indicator of diversification in crops, organic fer-
tilizers, pesticides, synthetic fertalizers and soil erosion (Nambiar et al., 
200; Hayati et al., 2011; Van Cauwenbergh et al., 2007; Bosshard, 
2000). 

Emergy environmental accounting tools that measure the nature 
effort together with human efforts that generate products and service 
expressed in sej (solar emergy joules) which means that solar emergy 
equivalent that require to produce a product or services by means of 
conversions of energy in ecosystem and economy (Zhao et al., 2005). 
The energy conversion factors in emergy methodology which transform 
energy form to sej is called transformities, defined as the amount of solar 
emergy that involved directly or indirectly to produced one joule of a 
product (Brown and Ulgiati, 2004). 

2.2.2. Data input and unit emergy values 
This research is based on the secondary data collected from various 

government sources, such as Pakistan country agriculture statistic 
yearbook collected from Pakistan bureau of statistic, Punjab, Sindh, 
Khyber-Pakhtunkhwa and Baluchistan statistic yearbooks collected 

from the country provincial statistical bureau. 
The UEVs, collected from published papers, are detailed in Table 1. 

All the UEVs used in the calculation process of this paper are based on 
the latest global emergy baseline (GEB), which is fixed at 12.0E+24 seJ/ 
yr (Brown and Ulgiati, 2016). 

2.2.3. System diagram representation 
As shown in Fig. 2, the system diagram of agriculture production 

system that indicates key components of involved in the agriculture 
production system, the flows of various energies and process. All the 
inputs are divided into four categories, including renewables (R) and 
purchased renewables resource inputs (FR), non-renewable (N) and 
purchased renewables resource inputs (FN) and the inputs belong in each 
category along with the output of the agriculture productions (Y) 

Fig. 1. Maps indicates location of the case study.  

Table 1 
UEVs of agriculture products along with its source.  

No Items Unit UEVs References 

Reneweble sources (R)  
1 Sunlight J 1.00E+00 (Brown and Ulgiati, 2016) 
2 Wind J 7.90E+02 (Brown and Ulgiati, 2016) 
3a Rain chemical potential J 7.00E+03 (Brown and Ulgiati, 2016) 
3b Rain geopotential J 1.28E+04 (Brown and Ulgiati, 2016) 
4 Geothermal Heat J 4.90E+03 (Brown and Ulgiati, 2016) 
Non-renewable source (N)   
5 Top Soil Loss J 9.40E+04 (Ghisellini et al., 2014) 
Purchased Non-Renewable Sources (FN) 
6 Fertilizer (N) g 4.84E+09 (Ghisellini et al., 2014) 
7 Fertilizer (P) g 4.97E+09 (Ghisellini et al., 2014) 
8 Fertilizer (K) g 1.40E+09 (Ghisellini et al., 2014) 
9 Pesticides g 4.58E+09 (Ghisellini et al., 2014) 
10 Diesel J 1.81E+05 (Bastianoni et al., 2009)) 
11 Agri-Machinery J 1.33E+10 (Campbell et al., 2005) 
12 Electricity J 2.20E+05 (Sweeney et al., 2009) 
13 Labor J 6.38E+05 (Yang et al., 2018) 
Purchased Renewable Sources (FR)  
14 Irrigating Water 5.77E+05 (Ghisellini et al., 2014) 
15 Seeds J 2.55E+05 (Zhang et al., 2007)  
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Table 1. The water use for irrigation, labor and seed was consider as FR 
belong inputs as which was did by previous studies (Zhang et al., 2016; 
Liu et al., 2019; Ali et al., 2019) 

2.3. Emergy based indicators used for evaluation overall performance of 
agriculture system 

2.3.1. Nonrenewable portion (NRP,%) 
Agriculture ecosystem requires different types of resources and en-

ergy inputs in the form of renewables as well as non-renewables inputs 
to perform it functions and processes. The sustainable agriculture 
ecosystem is the one that reduce or less dependent on non-renewables 
resources because mostly such non-renewables resources harmful for 
the environment (Pretty, 2008; Liu et al., 2019). Therefore, NRP is used 
as the indicator to compare the sustainability of the selected agriculture 
cultivating ecosystems and the equations are as follows: 

NRP% = (FN +N)/U × 100 (1)  

where: NRP is the renewable and non-renewables portions in (%); 
FN and N mean non-renewables and purchased non-renewable emergy 
used in agriculture production system respectively (sej/yr); U means 
total emergy used in agriculture production system (sej/yr). 

2.3.2. Emergy investment ratio (EIR) 
Emergy investment ratio (EIR) is defined as the emergy resources 

utilized from economy divided by renewable emergy and non-renewable 
resources utilize (nature). This indicator assesses the investment by 
which economy made while consuming local resources (Ohnishi et al., 
2017). The higher values of this indicator, the higher economic devel-
opment; while the smaller value, the lower economic cost. Yet too much 
higher values mean highly dependent on economic system and too small 
value indicates the system is in underdevelopment. 

EIR = (FN +FR)/(N +R) (2)  

2.3.3. Emergy yield ratio (EYR) 
The EYR indicator quantifies the capacity of production system to 

consumed the resources both renewable resources and non-renewable 
resources. The higher values of EYR indicator shows higher pro-
ductions each invested of emergy (Zhong et al., 2018). 

EYR = U/(FN +FR) (3)  

where: U means total emergy utilized by the system such as renewables 
including purchased renewables and non-renewables including pur-
chased non-renewables in (sej/yr); FN and FR means the purchased 
renewable and non-renewable resource use in agriculture production 
system (sej/yr). 

2.3.4. Environmental loading radio (ELR) 
The ELR indicator measures the environmental performance such as 

the environmental pressure through resources utilizations by the system 
and is the ratio of renewables and non-renewables emergy. The higher 
value indicates the higher environmental load while lower value in-
dicates the lower environmental load (Zhang et al., 2016). 

ELR = (FN +N)/(FR +R) (4)  

2.3.5. Environmental sustainability index (ESI) 
The ESI indictor is quantify the overall sustainability of the system 

through considering the efficiency of the system and environmental load 
and it the ratio EYR divided by ELR. The lower values indicate the lower 
sustainability of the system and higher values indicates higher sustain-
ability of the system (David et al., 2018): 

ESI = EYR/ELR (5)  

3. Results 

3.1. Overall status and emergy values of (R, N, Fn and FR) resources input 

Fig. 3 displays the overall emergy values of (R, N, FN and FR) inputs 
for four provinces, Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchi-
stan for the year 2001 to 2015. 

The total average annual emergy input value of Punjab agriculture 

Fig. 2. The emergy diagram of agriculture production system.  
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production is 3.65E+21 sej with annual increase rate of 25.31% and an 
average annual growth rate of 2%. The average values of R, N, FN, and FR 
among all the inputs for Punjab are 2.29E+20 sej, 4.04E+19 sej, 
3.01E+21 sej and 6.26E+20 sej respectively, and their average annual 
portion is 6.40%, 4.06%, 61.44% and 28.14% respectively. Further-
more, the comparative emergy portion of R, N, and FR were decrease by 
8.80%, 8.97% and 5.66% respectively, while that of FN, the comparative 
emery portion increase by 4.60%. likewise, the absolute emergy per-
centage of R, N, FN, and FR increase by 57.88%, 2.80%, 36.60% and 
7.08% respectively. For Sindh province as shown in Fig. 3, the total 
average emergy of agriculture production is (1.51E+22 sej) with an 
annual increase of 36.56%. The average values of R, N, FN, and FR among 
all the inputs are 5.14E+20 sej, 5.05E+20 sej, 1.31E+22 sej and 
9.40E+20 sej respectively, and their average annual portion is 3.40%, 
3.36%, 87.00% and 6.23% respectively. The combine share of emergy of 
FN increase by 2% while that of R, N and FR the portion were reduce to 
20%, 24% and 9% correspondingly. The absolute emergy values in-
crease for R, N, FN, and FR by 9%, 4%, 40% and 25% respectively. 

For Khyber-Pakhtunkhwa province, the total average emergy value 
is 8.1E+21 sej with the annual increase rate of 17%. The average values 
of R, N, FN, and FR inputs among all the inputs are 6.81E+20 sej, 
2.76E+20 sej, 6.36E+21 sej and 7.35E+20 sej respectively, and their 
average annual share is 8.49%, 3.44%, 78.88% and 9.17% respectively. 
The comparative emergy share decrease for R, N and FR by 25%, 22% 
and 30% respectively, whereas the absolute emergy share was also 
decrease by 12%, 8% and 17% respectively. Similarly, the combine and 
absolute emergy portion for FN is increase by 9% and 29% respectively. 
For Baluchistan province, the total average emergy value is 3.586E+21 
sej with the annual increase rate of 26%. The average input values of R, 
N, FN, and FR among all the inputs are 3.784E+20 sej, 1.53E+20 sej, 
2.85E+21 sej and 1.95E+20 sej respectively, and their average annual 
percentage are 10.61%, 4.28%, 79.06% and 1.96% respectively. The 
combine emergy percentage for FN, and FR increase by 2% and 27% in 
the study period respectively, whereas only emergy shares of R, N, FN 
and FR increase by 2%, 26%, 28% and 60% respectively. 

3.2. The status of R and Fr belong inputs 

In more specific details (Fig. 4) shows the comparative portion and 
the trend of various inputs belong to R inputs composition such as solar, 
wind, rain and geothermal energy for a selected time period. The total 
emergy value of R belong inputs were 3.79E+21 sej in 2001 and 
4.64E+21 sej in 2015 with an annual growth rate of 23% in Punjab. 
More specifically the annual average emergy value and percentage share 
of R belong inputs such as solar, wind, rain and geothermal were 
7.36E+20 sej/yr (18.99%), 4.89E+20 sej/yr (12.61%), 2.54E+21 sej/yr 
(64.61%) and 1.54E+20 sej/yr (3.97%) respectively. The annual 
emergy of wind, rain and geothermal were increase in the period while 
except solar energy which was decrease (% change of − 6%). The FR 
(purchase renewable inputs) comprise inputs and their average annual 
emergy share for the agriculture production in Punjab, were irrigation 
water 1.66E+22 sej/yr (96.37%) and seeds 6.30E+20 sej/yr(3.63%). 
Among these inputs the irrigation water increase the FR input 3% on 
average annually. 

For Sindh province, the total emergy value of R belong inputs were 
5.28E+20 sej in 2001 and 5.74E+20 sej in 2015 with an annual growth 
rate of 9%. More specifically, among all the inputs composition in the R, 
the solar inputs comprise the largest portion of (32.66%) with an annual 
emergy value of 1.64E+20 sej/yr, followed by wind (31.09%) 1.56E+20 
sej/yr, rain (29.90%) 1.62E+20 sej/yr and at last geothermal input 
(6.33%) 3.17E+19 sej/yr. The combine emergy share of solar, wind and 
geothermal were decrease during the period with a change of 5% each. 
Whereas for absolute emergy term, shares of all the inputs of R increase 
in which highest increasing change was found in rain 16%. The FR 
comprise inputs and their average annual emergy share was 
8.33E+20sej (88.33%) for irrigation water and 1.07E+20sej (11.33%) 
for seeds. The irrigation water inputs increase the FR inputs 5% while 
seed inputs increase it 2.3% annually. Similarly, For Khyber- 
Pakhtunkhwa province, the total emergy value of R belong inputs 
were 7.67E+20 sej in 2001 and 6.72E+20 sej in 2015. More specifically, 
the rain had the biggest portion of (80.76%) with an average annual 
emergy value of 5.52E+20 sej/yr, followed by solar (12.22%) 8.25E+19 
sej/yr. The emergy share of R belongs inputs were found decrease in 

Fig. 3. Maps indicates the average emergy values of R, N, FN and FR in selected provinces.  
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which the highest change was found in solar energy decreases by 22%. 
Among the FR comprise inputs the irrigation water inputs had the 
maximum average annual emergy share of 7.04E+20 sej/yr (95%) fol-
lowed by seed 3.12E+19 sej/yr (5%). For Baluchistan province, the total 
emergy value of R belong inputs were 3.75E+20 sej in 2001 and 
3.83E+20 sej in 2015 with an annaual growth rate of 2%. More spe-
cifically, among all the input in composition to R the rain got the highest 
annual average emergy share of 2.26E+20sej/yr (59.63%), followed by 
wind 8.37E+19 sej/yr (22.08%) and solar 5.18E+19 sej/yr (13.68%). 
The combine and absolute emergy share of solar and wind increases with 
a % change of 25%, 23% and 27%, 26% respectively, whereas for the 
rain and geothermal its share were decrease. Among the FR include 
inputs the irrigation water shares the maximum portion of (96%) with 
an annual average emergy value of 1.88E+20 sej/yr followed by seeds 
inputs (4%) 7.12E+18 sej/yr. The combine emergy share of irrigation 
water input increase by 54% with the average annual emergy value of 
1.88E+20 sej/yr. 

3.3. The status of Fn and n comprise inputs 

As shown in the (Fig. 5), In the FN comprise inputs in Punjab prov-
ince, the emergy share of nitogen fertilizers increase 44% from 2001 to 
2015, with an average annual emergy value of 9.56E+21sej/yr, whereas 
the emergy share of phosphate fertilizers rise to 48% with the average 
annual emergy value of 2.71E+21 sej/yr. Similarly, the average annual 
emergy share of potash fertilizers, pesticides, agriculture machines, 
electricity and agriculture labor grow by 27%, 16%, 73%, 69%, and 34 
respectively, except for diesel which decrease by 81% with an average 
annual emergy value of 7.36E+20 sej/yr. The N input belongs to top soil 
loss and their emergy share increase by 3% with an average annual value 
of 2.46E+21 sej/yr. Similarly, in Sindh province, the emergy share of FN 
consist inputs such as nitrogen fertilizers, phosphate fertilizers, potash 
fertilizers, pesticides, agriculture machines, electricity and agriculture 
labor increase by 53%, 22%, 72%, 16%, 12%, 33% and 34% with the 
average annual values of 2.93E+21 sej/yr, 7.96E+20 sej/yr, 6.72E+18 
sej/yr, 4.41E+19 sej/yr, 3.43E+20 sej/yr, 5.87E+20 sej/yr and 
8.28E+21 sej/yr respectively. Whereas the emergy share of diesel is 
reduced by 78% with an average annual emergy value of 1.44E+20 sej/ 

yr. The emergy value of N belong input was rise by 4% with an average 
annual emergy value of 5.05E+20 sej/yr. 

For Khyber-Pakhtunkhwa, the emergy share of the FN comprise in-
puts such as nitrogen fertilizers, phosphate fertilizers, potash fertilizers, 
pesticides, agriculture machines, electricity and agriculture labor was 
increase by 20%, 53%, 18%, 16%, 43, 16% and 34% except the diesel 
which shows change of 75% decrease and their average annual emergy 
value is 9.29E+19 sej/yr. The emergy value N comprise input was 
decrease by 8% during the study period with an average emergy value of 
2.76E+20 sej/yr. For Baluchistan, the emergy portion of the FN include 
inputs such as nitrogen fertilizers, phosphate fertilizers, potash fertil-
izers, pesticides, agriculture machines and agriculture labor was in-
crease by 10%, 13%, 12%, 16%, 34% and 34% except the diesel and 
electricity inputs which decrease by 81% and 59% respectively. The 
value of N belongs input in Baluchistan, was grow by 26% with an 
average annual emergy value of 1.54E+20 sej/yr. 

3.4. Total emergy output of agriculture production 

3.4.1. Emergy output for Punjab province 
The total average annual emergy value for agriculture production is 

2.01E+23 sej/yr and decline annually with a decline rate of 34% are 
provided in tables (supplementary materials). Among its composition 
the highest output of average combine emergy percentage of agriculture 
productions includes maize (31.96%), followed by cotton (19.21%) and 
for the least emergy percentage production include hemp (0.00006%) 
followed by tobacco (0.02%) in Punjab. The combine share emergy 
percentages increase for maize, sugarcane, millet, potato, meat, poultry, 
eggs and inland fish production while the rest of agriculture production 
shows decrease change. The minimum change in the rice production 
declined by 2%; while the maximum change is for hemp production 
declined by 99%. In absolute emergy share of agriculture productions 
was increase for all the agriculture product except the barely, beans and 
vegetables. Such decline was due to the fewer attentions of policy 
makers and farmers (Ali et al., 2019). 

3.4.2. Emergy output for Sindh province 
The average annual emergy of the agriculture production of Sindh is 

Fig. 4. The trends of R and FR comprise inputs in Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchistan province in selected duration.  
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4.94E+22 sej/yr in which in terms of relative emergy shares of all the 
other outputs of agriculture was decrease except cotton (3%), oil cops 
(9%), poultry (92%) and eggs (40%) are provided in tables (supple-
mentary materials). Among decline relative emergy portion of agricul-
ture productions barley and millet decrease by 65% each. The average 
highest combine emergy portion for the agriculture outputs are cotton 
24.63%, followed by wheat 23.19%, whereas the lowest average emergy 
share was for potato and tobacco 0.0001% each in Sindh. On the other 
hand, the annual average emergy share was declined for maize (23%), 
barely (44%), beans (68%) and potato (37%) while the for the rest the 

their absolute emergy value was increase. 

3.4.3. Emergy output for Khyber-Pakhtunkhwa province 
The average annual emergy values for agriculture production for 

Khyber-Pakhtunkhwa is 7.642E+22 sej/yr are provide in 
Tables (supplementary materials). Among all agriculture output ac-
cording to the relative or combine emergy share of some agriculture 
products increase such as wheat (5%), poultry (99%), eggs (44%) and 
inland fish production (651%) while all other agriculture products 
declined. The highest percentage increase change is found in fish 

Fig. 5. Trends of N and FN comprise inputs in selected provinces for year 2001–2015.  
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production which increase 651% while the lowest increase change is 
found in wheat production which is 5%. The highest emergy percentage 
is 22.62% for maize production whereas the lowest emergy percentage 
0.00003% for hemp. Move on the specific emergy values which increase 
for all the agriculture products except for oil crops, barely, millet, beans, 
hemp, potato and fruit productions which was in state of decline. 

3.4.4. Emergy output for Baluchistan province 
The average annual emergy value for agriculture production is 

2.25E+22 sej/yr of Baluchistan province are provided in tables (sup-
plementary materials). The average combine shares of agriculture 
products increase such as millet (168%), beans (72%), vegetables (37%), 
meat (4%), poultry (98%) and eggs (43%) whereas all other agriculture 
productions declined. The highest production is recorded as 28.87% for 
fruit production while the lowest is recorded as 0.003% for millet pro-
duction. The absolute average emergy share of agriculture production 
increase for all agriculture products except for sugarcane, oil crops, 
barely and potato which declined by 2%, 49%, 35% and 50% 
respectively. 

3.5. Emergy-based indicators 

Fig. 6 and 7 show the trends of selected emergy based indicators for 
the selected provinces during the selected time period. In Punjab, the 
situation of EYR ratio was 1.12 in 2001 and 1.11 in 2015 with an annual 
decrease of 1.06% . Similarly, the ELR ratio was 1.71 in 2001 and 2.09 in 
the year 2015 and increase with an annual growth rate of 1%. The 
annual average value of EIR was 8.6 and increase annually with a 
growth rate of 1%. The ESI, NRP% and N-ESR annual average values was 

0.5, 34.34% and 0.07 respectively, and declined as 18.91%, 12.20% and 
3.26% respectively. In Sindh province, the average annual value of EYR, 
ELR, EIR, ESI, NRP%, N-ESR ratio were 1.07, 9.5, 13.9, 0.11, 90.36%, 
0.03 respectively. The ELR, EIR and NRP% ratio was increase by 17%, 
31% and 1% respectively. Whereas the EYR, ESI and N-ESR ratio was 
declined by 2%, 16% and 22% respectively. 

In Khyber-Pakhtunkhwa province, the annual average value for the 
selected emergy indicator such as EYR, ELR, EIR, ESI, NRP%, N-ESR 
ratio are 1.13, 4.78, 7.52, 0.24, 82.32% and 0.09 respectively. In 
Khyber-Pakhtunkhwa, the emergy ratio such as EYR, ESI and N-ESR 
decrease by 4%, 36% and 28% respectively, while the ELR, EIR and NRP 
% increase by 49%, 38% and 8% respectively. Similarly, in Baluchistan 
province, the average annual value for the selected emergy base in-
dictors are 1.17%, 5.26%, 5.73%, 0.22%, 83.97% and 0.12 for EYR, ELR, 
EIR, ESI, NRP%, N-ESR ratio respectively. The emergy ratio such as EYR, 
ESI and N-ESR for Baluchistan were decline by 3%, 11% and 21% 
respectively, whereas the ELR, EIR and NRP% were rise by 10%, 20% 
and 1% respectively. 

4. Discussion 

4.1. Emergy inputs 

This study express that among all major inputs the largest emergy 
share is for FN inputs followed by FR inputs for all selected provinces. 
The average percentage of FN inputs for Punjab, Sindh, KPK and Balu-
chistan was 61.44%, 88.82%, 80.88% and 79.59% with an average 
annual increase of 4%, 2%, 9% and 2% respectively. Such increase was 
due to the area under cultivation of each province such as Punjab 

Fig. 6. The results of different emergy based indicators.  
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accounts 73% of arable land, Sindh account 14%, Khyber Pakhtunkhwa 
account 7% and Baluchistan account 5% (GOP, 2015a). In addition, the 
agricultural production of Pakistan is mainly from Punjab followed by 
Sindh that is the reason Pakistan focused its all agricultural moderni-
zation measure in Punjab and Sindh followed by Khyber Pakhtunkhwa 
and Baluchistan (Khan, 2012; GOP, 2015a,b; Zulfiqar and Thapa, 2017). 
Among all the FN belong inputs the average percent of consumptions of 
diesel input for Punjab, Sindh, KPK and Baluchistan decline by 81%, 
78%, 75% and 81% respectively such decrease in diesel consumption is 
due to increasing trends of electrification in agriculture (Ali et al., 2019). 
Whereas the average annual percent of all other FN belongs inputs were 
increase for all provinces especially the labors as agriculture is main 
source of income for rural population in Pakistan (Rehman, 2012), 
agriculture machinery for agricultural mechanization (Khan, 2012) 
followed by fertilizers inputs for maximum agricultural production 
(Hussain, 2012) . The average annual emergy percent of FR inputs for 
Punjab, Sindh, KPK and Baluchistan were 28.14%, 6.23%, 9.17% and 
5.41% respectively. The largest emergy percent share from FR belongs 
inputs was water consumptions for irrigation purposes which was 96%, 
88%, 95% and 96% for Punjab, Sindh, KPK and Baluchistan and their 
annual average share was increase by 3%, 5%, 0.001% and 55% 
respectively. Such increasing trends is mainly because, presently around 
about 90% of Pakistan fresh water is consumed in agricultural purpose 
and according the estimate the country between 2020 and 2035 will 
become water scarce (Altaf et al., 2009; Mekonnen and Hoekstra, 2016). 

4.2. Emergy outputs 

On average, the agriculture productions output in Punjab province 
such as wheat, rice, cotton, oil-crops, barley, tobacco, beans, hemp, 

vegetables and fruits are among the highest percent share of 77.32%. 
Whereas the remaining 22.67% shares are for maize, sugarcane, millet, 
potato, meat, poultry, egg and inland fish productions. The highest 
increased was recorded annually for maize production which is about 10 
time more increase followed by poultry and sugarcane. This is because 
the primary focused of farmers to increase the production of cereal crops 
leads to meet the local demands of food security of a country as mainly 
the Pakistan main agriculture production is from Punjab and also the soil 
characteristics of the province which is clay loam and sandy loam 
attributed for the production of such crops (GOP, 2015a; Khan, 2004). 
The annual output decrease change was recorded for hemp which was 
recorded as 99% decrease fallowed by barley and beans such decrease in 
selected crops was due the poor crop diversification only reliant on 
cereal crops (Sajjad and Parasad, 2014; Zulfiqar and Thapa, 2017). SIn 
Sindh province, among all the agriculture production outputs, wheat, 
cotton, oil-crops, poultry and eggs got the highest share of 63.93% and 
their annual share increase by 1%, 3%, 9%, 92% and 40% respectively. 
Whereas the remaining agriculture productions output is around 37% 
and also their annual percent share decline mainly because growing of 
cereals crops for country food security and shifting of famers towards 
cash crops such as cotton etc. (GOP, 2013a). In KPK province, the 
highest share of outputs is 59.11% for wheat, cotton, meat, poultry, eggs 
and inland fish production and their annual share also increase while all 
other agriculture outputs are around 40% and their annual share 
declined in which hemp decline by 88%. In KPK around 70% of land is 
use for cultivation of wheat use for household consumption leading the 
lowest crop diversification also the area is biophysically diverse which 
lead to not cultivated crops for commercial scale as well as unavail-
ability of agricultural inputs, weak network of transportation and weak 
transportation and unavailability of water for irrigation purposes (GOP, 

Fig. 7. The results of emergy based indicators.  
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2011; GOP, 2015; Khan, 2012). In Baluchistan province, the highest 
percent shares of agriculture output are 53.27% for cotton, millet, beans, 
vegetables, meat, poultry and eggs and their annual output share for 
each product also increase in which millet output was increase 
maximum of 168% followed by poultry and eggs production. Whereas 
the rest of outputs was on around 46% and their annual percent share for 
each outputs was declined in which the maximum declined rate was for 
potato production which was around 68% followed by oil-crops. Simi-
larly, Baluchistan province is a mountainous area having similar bio-
physical characteristics of KPK where mostly the area is rain fed. The 
adverse environmental situation such droughts and less rain in sowing 
period in past couple years lead decrease in the production of cereal 
crops such as wheat, maize, rice etc. (GOP, 2010; GOP, 2013a). 

4.3. Comparisons among selected provinces and other previous studies 

As shown by Table 2, the average value of EYR during the years 
2001–2015 for Punjab, Sindh, KPK and Baluchistan are 1.11, 1.07, 1.13 
and 1.17 respectively which are almost the same as this indicator shows 
the production contributions to the economic sector of the country/re-
gions (David et al., 2018). The comparison with other studies were based 
on the similar application of emergy based indicators and same agri-
culture inputs classification such as R, N, FR and FN. When comparing 
with previous studies evaluates by various researchers for different 
countries and regions almost greater than the selected regions such as 
1.43 for India for the 2002–2012 (Ali et al., 2019), 1.34 average value 
for Hainan, China (Liu et al., 2019), 1.16 for Campania, Italy for the year 
2010 (Ghisellini et al., 2014). The average value of ELR indicator for the 
year 2001–2015 for the Punjab, Sindh, KPK and Baluchistan are 1.9, 
9.55, 4.78 and 5.26 respectively. It shows that Punjab province is under 
the minimum environmental pressure and Sindh province is under the 
maximum environmental pressure from the non-renewable resource 
exploitation (Liu et al., 2019). When comparing with previous studies of 
different regions the highest value of ELR is 32.65 in Luancheng county, 
China due the maximum usage of non-renewable resources (Ma et al., 
2015) and 10.43 in Italy in 1989 (Ulgiati et al., 1993) whereas in other 
regions the ELR indicator values was somehow similar level to this study 

such as 8.345 ELR value in Ansai, Shaanxi, China for corn-soybean crop 
rotation (Liu et al., 2019). The value of EIR indicator for Punjab, Sindh, 
KPK and Baluchistan are 8.65, 13.99, 7.52 and 5.73 respectively. When 
comparing the EIR indicator value of this with other previous studies for 
different regions such as 13.1 for Denmark (Rydberg and Haden, 2006), 
24.7 for India (Ali et al., 2019), which shows that the agriculture pro-
ductions of this study was well in the market due to their lower eco-
nomic cost (Ma et al., 2015). The average value of ESI indicator for the 
year 2001–2015 for Punjab, Sindh, KPK and Baluchistan are 0.59, 0.11, 
0.24 and 0.22 respectively, indicating almost similar when comparing 
with previous studies of different regions except Yanchi, China (8.55) 
(Wang et al., 2014) and Jiangsu, China (1.11) (Liu and Li, 2005) as 
higher values of this indicators indicates the higher sustainability 
(Ghisellini et al., 2014; Liu et al., 2019). The average NRP% indicator 
value of Punjab, Sindh, KPK and Baluchistan are 34.54%, 90.36%, 
82.32% and 83.97% respectively, showing that Punjab Province is more 
sustainable and Sindh is unsustainable, as sustainable agriculture sup-
ports less use/dependent on non-renewable resources (Liu et al., 2019). 

4.4. Agriculture challenges and policy implications 

Agriculture sector in Pakistan is one of the main income source for 
rural peoples and also plays an important role in the country economy. 
Agriculture depends upon humans’ inputs (mainly purchased renew-
ables and non-renewable inputs) to properly functions and provide the 
agriculture products (Swinton et al., 2007; Zhang et al., 2016). Among 
such inputs in the selected provinces i.e. Punjab, Sindh, KPK and Balu-
chistan the average fertilizers usage was found to be 32%, 28%, 17% and 
18% respectively, which shows an increasing trends of usage during the 
selected years. On one hand their excessive usage produces more agri-
culture production but on the other hand it degrades land and water 
resources which is reflected in case of Pakistan where such excessive 
usage of synthetic fertilizers environmental related problems and effects 
sustainability of the agriculture production system (Zulfiqar and Thapa, 
2017). Agriculture machinery increases by 27% in Punjab and almost 
increase two fold in Sindh province. Whereas, in KPK and Baluchistan 
provinces the agriculture machinery share are 2% each which has 

Table 2 
Emergy indicators values of agriculture production system in different regions.     

Emergy based Indicators    
Countries/regions Year EYR ELR EIR ESI NRP% N-ESR References 

Punjab 2001–15 1.11 1.9 8.65 0.59 34.54% 0.071 This study 
Sindh 2001–16 1.07 9.55 13.99 0.11 90.36% 0.03 This study 
KPK 2001–17 1.13 4.78 7.52 0.24 82.32% 0.09 This study 
Baluchistan 2001–18 1.17 5.26 5.73 0.22 83.97% 0.12 This study 
Yanchi 2001 – 0.45 0.35 8.55 – – Wang et al., 2014 
Jiangsu 2001 – 3.75 3.52 1.11 – – Liu and Li, 2005 
China 2000 – 2.72 1.11 0.77 – – Chen et al., 2006 
Switzerland 1996 – 4.5 4.1 0.28 – – Pillet et al., 2001 
Italy 1989 – 10.43 8.52 0.11 – – Ulgiati et al., 1993 
Denmark 1999 – 0.56 13.1 1.92 – – Rydberg and Haden, 2006 
Japan 2005 – 1.26 11.3 0.87 – – Gasparatos, 2011 
Pakistan 2002–11 0.46 4.99 28.87 0.11 – – Ali et al., 2019 
India 2002–12 1.43 3.32 24.7 0.43 – – Ali et al., 2019 
China 2010 1.68 2.1 7.77 0.8 – – Zhang et al., 2016 
Beijing 2015 1.23 5.76 – 0.22 – – Liu et al., 2019 
Tianjin 2015 1.18 7.18 – 0.17 – – Liu et al., 2019 
Hebei 2015 1.18 7.29 – 0.16 – – Liu et al., 2019 
Shaanxi 2015 1.27 4.7 – 0.28 – – Liu et al., 2019 
Inner Mangolia 2015 1.24 5.7 – 0.22 – – Liu et al., 2019 
Shanghai 2015 1.28 4.27 – 0.3 – – Liu et al., 2019 
Henan 2015 1.24 5.25 – 0.24 – – Liu et al., 2019 
Hainan 2015 1.34 3.37 – 0.41 – – Liu et al., 2019 
Luancheng 2008 1.22 32.65 6.2 0.04 – 0.03 Ma et al., 2015 
Emilia Romagna, Italy 2010 1.15 7.05 6.83 0.16 – – Ghisellini et al., 2014 
Campania, Italy 2010 1.16 6.08 6.08 0.16 – – Ghisellini et al., 2014 
Ansai, Shaanxi, China 2013 1.166 8.345 – 0.14 89.30% – Liu et al., 2019 

Note: (-) means data not available. 
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slightly increase over the selected periods. All these machinery was just 
limited to the tractors with cultivators in Pakistan which sometime are 
not present during a specific time of cultivation for poor farmers because 
of their unaffordable prices and lack of such proper agriculture tech-
nologies negatively affects agriculture productions (Devendra et al., 
2008; Tewari et al., 2012). The pesticides usage in all selected provinces 
decrease due to the awareness in farmers as previously it was due to the 
farmer’s wasteful usage (Ali et al., 2019). The water use for irrigations 
purposes in Punjab, Sindh, KPK and Baluchistan among all inputs are 
30%, 5%, 9% and 4% respectively. In Pakistan, for agriculture purposes 
fresh water is used but actually the water is one of the scarce resources 
and according to the experts the country will be water scarce in future if 
significant conservation and protection measures were not established 
(Altaf et al., 2009; Ali et al., 2019). In addition, the country did not have 
modern ways irrigation resulting maximum quantity of water loss 
mainly due to fading and leaching (Azam and Shafiq, 2017). Another 
issue in Pakistan is the salinity mainly due to excessive usage of ground 
water for agriculture purposes especially in Sindh and Baluchistan 
provinces (Memon and Thapa, 2010). Pakistan ranks 8th in term of 
salinity affected countries (FAO, 2006). Along with salinity areas 
Pakistan also faces natural disasters such as drought in Baluchistan and 
floods during monsoon season which mostly destroy the agriculture 
crops thereby causing damages to the agriculture productions and also 
increase economic cost (Zulfiqar and Thapa, 2017; GOP, 2015; Shah 
et al., 2019). In Pakistan, 2010 the most devastating floods in the history 
of Pakistan, destroy billion acres of arable land and agricultural loss of 
2.9 billion (Azam and Shafiq, 2017). The electricity usage increase and 
diesel usage decrease during the year which as due to the unaffordable 
price of diesel and also due to the decrease of electricity consumptions 
prices for farmers by government. Weak infrastructure such as lack of 
storage facilities and insufficient transportation facilities is another 
problem faced by Pakistan which create agriculture growth disturbance 
and also create difficulties for farmer’s to transport the agriculture 
products to markets (United Nations Development Program, 2003). 

In Pakistan, various projects were initiated by the new government 
(federal and provincial government) including five-year national plan 
for enhancing, conservation, development of agriculture, water sectors 
and reduced poverty (GOP, 2015). The new government in Pakistan, 
initiated 13 agriculture and water developmental projects that will in-
crease the yield of major crops for export to reduce the food security in a 
country and also to construct the water dams (both small and large) for 
electricity as well as to conserve and store the water for irrigation, flood 
control and drought related emergency disaster (The express tribune, 
2019). A project titled “Prime minister agriculture package” was also 
initiated to support the small farmers, through providing direct money 
soft loan for enhancing and prosper the life of small farmers. Under such 
projects the various agriculture facilities will be provided for the farmers 
such as better quality of seeds, cheaper electricity for tube wells, LNG 
(liquefied natural gas) for fertilizers companies and many more to 
achieve the goals of agriculture productions per hectare and minimize 
the usage of minimum agriculture inputs (GOP, 2015). Several other 
projects related to agriculture are under progress with the collaborations 
of Chinese government to bring the poor people out of poverty and also 
to attain the goals of food security (DAWN, 2017; Ali et al., 2019). Along 
with such projects educational related projects will also to be need to 
develop the skill, knowledge of farmers regarding sustainability (Ali 
et al., 2018). Besides it will reduce the agriculture related issues in the 
country, enhances the agriculture productions, reduced poverty through 
providing jobs opportunities for rural people, and will help in food se-
curity through achieving higher amount of yields 

5. Conclusion 

In Pakistan, agriculture is considered the backbone of the country’s 
economy and provides more than 60% of employment opportunities for 
rural peoples. In this study, we evaluated the sustainability of the 

agriculture production system in four provinces of Pakistan including 
Punjab, Sindh, Khyber-Pakhtunkhwa and Baluchistan through emergy 
accounting analysis from the period of 2001 to 2015. The main finding 
of the study was, in all provinces, the maximum portion among all inputs 
were FN (purchase non-renewable inputs) and FR (purchase renewables 
input). Among in FN comprise inputs the largest portion was for labors, 
agriculture machinery and fertilizer inputs while in FR comprise inputs 
the largest share was for water use for irrigation purposes in all prov-
inces. In Punjab and Sindh, among FN comprise inputs the labor, pesti-
cides and diesel were found decreased while in Khyber-Pakhtunkhwa 
and Baluchistan the pesticides, diesel and electricity were found to 
decline. This indicates that in a selected time period farmer’s awareness 
leads to the reduction of the use of pesticides, the decline of labor in-
dicates a lack of proper facilities for farmers to get efficient agriculture 
production, diesel dependency leads due to the unavailability of facil-
ities of electricity in regions. The agriculture performance through 
emergy based indicators in which the NRP% ratio for Punjab was 
declined by 12% while for Sindh, Khyber-Pakhtunkhwa and Baluchistan 
it seems to increase by 1%, 8% and 1% respectively that’s why the EIR 
values were lower in Punjab while it was higher in other selected 
provinces. The ESI values were a decline for Punjab, Sindh, Khyber- 
Pakhtunkhwa and Baluchistan by 18.91%, 16.19%, 35.51% and 
11.21% respectively with an average value of 0.51, 0.11, 0.22, and 0.21 
respectively indicates an increase in Punjab than other provinces. This 
study was basically based on the secondary data collected from various 
governmental reports, Statistical yearbooks for each province, agricul-
ture statistics and various other reports. All the calculation was based on 
such data and specific UEVs was collected from various literatures 
(which was the limitation of the study) to calculate the averages emergy 
values of specific agriculture products. Based on such emergy values the 
overall performance including sustainability, environmental load etc. 
was evaluated in each province through emergy based indicators in a 
selected time period. As the emergy methods assess the overall efficiency 
and sustainability of agriculture productions system by means of re-
sources usage, contribution of nature and human, evaluates the cost of 
environment and helps the policy makers to find the important role of 
ecosystem on agriculture production system. Therefore, this study will 
provide resource utilization in agriculture that will help for the policy 
makers and government agencies on their ongoing agriculture related 
challenges and projects related to improve the efficiency of the agri-
culture production systems, poverty reduction (providing employment 
in agriculture) and food security (increase the production efficiency of 
agriculture). 
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