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Abstract
With the increase in the world population, access to sufficient food, sufficient water and energy resources has become
the most important global challenge and concern in recent decades. Providing sufficient food has caused significant
pressure on water and energy resources. Agriculture, as the largest source of food production, is the most important
consumer of water and energy, so a balance must be created between consumption and production. In this study, six
indicators of water consumption, energy consumption, water mass productivity, energy productivity, water economic
productivity, energy economic productivity and finally the Water, Energy, Food (WEF) index were used to determine
the proposed cultivation pattern of five important agricultural crops of the Varamin irrigation network in the crop year
(2020-2021). The results of data analysis showed that the calculated WEF for wheat, barley, alfalfa, silage corn and
canola were 0.28, 0.32, 0.11, 0.87 and 0.33 respectively, with silage corn having the highest and alfalfa having the
lowest index. Considering the overall WEF index, a cropping pattern was proposed for the crops of the Varamin
irrigation network. Considering the proposed cropping pattern, the cultivated area of alfalfa, wheat and barley
decreased and the cultivated area of canola and silage corn increased.

Introduction

With the increase in the world population, access to sufficient food, sufficient water and energy resources
has become the most important global challenge and concern in recent decades. Providing sufficient food
has caused significant pressure on water and energy resources. Agriculture, as the largest source of food
production, is the most important consumer of water and energy, so a balance must be created between
consumption and production. In this study, six indicators of water consumption, energy consumption, water
mass productivity, energy productivity, water economic productivity, energy economic productivity and
finally the Water, Energy, Food (WEF) index were used to determine the proposed cultivation pattern of
five important agricultural crops of the Varamin irrigation network in the crop year (2020-2021). The results
of data analysis showed that the calculated WEF for wheat, barley, alfalfa, silage corn and canola were
0.28, 0.32, 0.11, 0.87 and 0.33 respectively, with silage corn having the highest and alfalfa having the
lowest index. Considering the overall WEF index, a cropping pattern was proposed for the crops of the
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Varamin irrigation network. Considering the proposed cropping pattern, the cultivated area of alfalfa, wheat
and barley decreased and the cultivated area of canola and silage corn increased.

Methodology

In this research, water consumption- Energy consumption indicator- Water mass productivity-Energy
mass productivity- Water economic productivity and Energy economic productivity indicators were used
for the mutual influence of resource consumption, productivity, and financial issues in agricultural activities
to plan the cropping pattern. The study area is in Varamin City, limited to Peshwa and Pakdasht cities from
the northeast, Qarchak city from the northwest, Ray city from the west, Qom province from the south, and
Semnan province from the southeast and east. Varamin Plain has always been very popular for various
reasons, such as suitable climate, fertile and suitable soil, proximity to the consumption market, and it is
considered an important hub for agriculture in Tehran province. The Varamin Plain is located in the
northern part of Iran and on the southern slopes of Alborz, which is located about 40 kilometers southeast
of Tehran at 51 degrees and 40 minutes east longitude and between 35 degrees and 5 minutes and 35 degrees
and 30 minutes north latitude. (Omran Gostar Maharab Consulting Engineers Company, 2014). In this
study, the data of water requirement, cultivated area, yield of crops, and average cost of production of one
hectare of crops by separating the different stages of cultivation, and selling price of crops from 2019 to
2020 were used. Available data were collected from the Ministry of Agricultural Jihad's system
https://www.maj.ir, referring to the experts of the Regional Water Organization and Agricultural Jihad of
Varamin City.

Results and Discussion

The main purpose of this study was to determine the proposed cropping pattern using WEF indices. In this
research, all indicators of water, energy, and food were combined and calculated to create an integrated
WEF nexus index. For this purpose, all the indices used in this study were normalized and converted into
dimensionless indices using the Min-Max Normalization method. Then the mentioned indices were
calculated and used to evaluate the WEF index. Then the WEF index was calculated for the studied crops
in the Varamin irrigation network and its results are shown in Table (1). The values of this index, from the
highest to the lowest, respectively, silage corn, canola, barley, wheat, and alfalfa with 0.87, 0.33, 0.32, 0.28,
and 0.11. Compared to other studied crops, silage corn obtained the highest Water economic productivity,
energy economic productivity, as well as Water mass productivity, and Energy mass productivity. The
highest value of the WEF index for silage corn was equal to 0.87. on the other hand, alfalfa has the lowest
WEF score due to high economic productivity and good performance per unit of water consumed, but due
to high consumption of water and Energy. The results of this research showed that if the proposed
cultivation model is implemented in the lands of Varamin irrigation network, the cultivated area of crops
such as canola, which has low water consumption, will increase; and the area under cultivation for crops
such as alfalfa, which require a lot of water, will decrease. As a result, the annual water consumption will
decrease by 3.7%. The findings of this research also showed that if the model is implemented, energy
consumption will decrease by 14.7%. Based on the proposed model, the economic efficiency of water will
increase by 35% and the economic efficiency of energy will increase by 38.2% .

Table 1- The values of the WEF index and the normalized values of the different indices applied in the WEF
nexus index for the agricultural products of the Varamin irrigation network

Indicators Wheat Barely Alfalfa Silage corn canola
wcC 0.88 1.00 0.00 0.75 0.97

EC 0.51 0.62 0.00 0.49 1.00

EMP 0.06 0.06 0.17 1.00 0.00
WMP 0.09 0.10 0.13 1.00 0.00
EE 0.02 0.03 0.18 1.00 0.00

WE 0.09 0.11 0.16 1.00 0.00

WEF 0.28 0.32 0.11 0.87 0.33
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Conclusions

This research was carried out to investigate and to evaluate the Integrated Water, Energy and Food
Index (WEFNI), in irrigation networks to increase the productivity and also to determine the proposed
cropping pattern using WEFNI. The range of WEF changes in the studied crops was 0.87 (highest score)
for silage corn and 0.11 (lowest score) for alfalfa. Alfalfa has the highest amount of water consumption and
canola has the lowest amount. Due to the limited water resources, we should go towards the cultivation of
crops that have the lowest annual water consumption. Silage corn and canola had the highest and lowest
Water economic productivity index. Based on the proposed cropping pattern, the economic water
productivity index increases by 35%. The results of this study showed that optimizing the allocation of
agricultural land area improves the yield of farm products and leads to greater profitability, one of the most
important patterns considered by agricultural officials, which is called sustainable agriculture.
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Table 1- Energy footprint of inputs in the production of agricultural in Varamin irrigation network

Input unit Energy equivalent (MJ/unit) References
Human labor h 1.95 (Zahedi et al., 2015)
Machinery h 62.7 (Zahedi et al., 2015)
Diesel fuel L 50.23 (Zahedi et al., 2015)
Water for irrigation m3 1.02 (Zahedi et al., 2015)
Chemical fertilizers
Nitrogen (N) kg 75.46 (Zahedi et al., 2015)
Phosphate (P205) kg 13.07 (Zahedi et al., 2015)
Potassium (K20) kg 11.15 (Zahedi et al., 2015)
Chemicals
Herbicides L 238.32 (Zahedi et al., 2015)
Pesticide L 101.2 (Zahedi et al., 2015)
Fungicide kg 181.9 (Zahedi et al., 2015)
Seeds
Wheat kg 20.1 (Zahedi et al., 2015)
Barely kg 14.7 (Zahedi et al., 2015)
Alfalfa kg 10 (Zahedi et al., 2015)
Silage corn kg 14.7 (Zahedi et al., 2015)
canola kg 24 (Sadeghi, Moghadam et al. 2020)
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Table 2- The values of the WEF index and the normalized values of the different indices applied in
the WEF nexus index for the agricultural products of the Varamin irrigation network

Indicators Wheat Barely Alfalfa Silage corn canola
WC 0.88 1.00 0.00 0.75 0.97
EC 0.51 0.62 0.00 0.49 1.00

EMP 0.06 0.06 0.17 1.00 0.00
WMP 0.09 0.10 0.13 1.00 0.00
EE 0.02 0.03 0.18 1.00 0.00
WE 0.09 0.11 0.16 1.00 0.00
WEF 0.28 0.32 0.11 0.87 0.33

138 (8391 T Lol wlal g (Solghing Cuis™ (5981 -V Jou>
Table 3- Proposed cultivation pattern based on water, energy, food index

crops Current cultivated Cultivated area of the proposed Percentage change
area model (ha)
(ha) According to the WEF index
Wheat 12999 4881 -62.4
Barely 10988 5578 -49.2
Alfalfa 4003 1917 -52.1
Silage corn 4860 15166 +212
canola 444 5752 +1195
total 33294 33294
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