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Abstract 
In Iran’s sustainability puzzle, the role of human time activities, specifically in agriculture, has long been overlooked. For this reason, we 
applied the MuSIASEM analytical tool on the Aras river basin, as a case study, in order to analyze its socio-ecological development during 
2006-2016. Our results show the biophysical pressure both on water and energy pillars. Energy metabolic rate (EMR) and Water metabolic 
rate (WMR) both were shifted 34%, and 21% during the decade of analysis. The household and paid work sectors both have experienced an 
increase of 83% and 108% in their EMR and WMR, respectively. For assessing the underlying socio-economic factor, we continued the 
analysis into the lower level compartments of the societal hierarchy. In the agriculture, industry, and service sectors, while there was a 
reduction of 28%, 36%, and 29% in human time investments, EMR and WMR were increased by 64%, 84 and 123 for energy, and 74% and 
105% for water. We conclude the result by generating composite indicators in agriculture based on the concept of a metabolic processor. 
This shows that a crop like irrigated legume consumed 7 times more water, 9 times more land, 6 times more energy than fruits in one ton of 
their output. Also, legumes brought 37% more net added value with 5 times human time investment compared to fruits. 
 
Keywords: Economic-Ecological Indicators, Interdisciplinary Analysis, MuSIASEM, Sustainable Development, Urban Metabolism. 
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Figure 1. Schematic map of area study 
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Figure 2. Population Variations of Aras river basin 2006-2016 
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Table 1. Water End-use matrix of Aras river basin. 

Hierarchical Level 

2006 2011 2016 

HA WMR  

 

(l/h) 

WC HA WMR  

 

(l/h) 

WC HA WMR  

 

(l/h) 

WC 

(mh) 
(million 

m³) 
(mh) 

(million 

m³) 
(mh) 

(million 

m³) 

Level n Whole Society 22,910.00 117 2,688.21 21,822.00 140 3,060.12 22,211.00 157 3,497.70 

Level n-1 
Household 20,705 7 151.00 20,278.00 11 216.89 20,684.00 15 311.52 

Paid work 2,205 1151 2,537.21 1,544.00 1841 2,843.24 1,527.00 2087 3,186.19 

Level n-2 
Agriculture 713.69 3532 2,521.00 478.82 5899 2,824.59 514.12 6156 3,164.74 

Industry 633.66 26 16.21 398.22 47 18.65 407.08 53 21.44 
 

mh, l/h and WC stand for million hours, liter per hour and water consumption 
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Table 2. Energy End-use matrix of Aras river basin. 

Hierarchical Level 

2006 2011 2016 

HA 
(mh) 

EMR 
(MJ/h) 

ET 
HA 

(mh) 
EMR 

(MJ/h) 
ET 

HA 
(mh) 

EMR 
(MJ/h) 

ET 

Level n Whole Society 22,910 9.22 211.33 21,822 10.42 227.36 22,211 11.23 249.47 

Level n-1 
Household 20,705 3.47 71.85 20,278 3.36 68.21 20,684 3.62 74.84 
Paid work 2,205 63.26 139.48 1,544 103.07 161.43 1,527 114.36 177.12 

Level n-2 

Agriculture 713.69 11.84 8.45 478.82 18.99 9.09 514.12 19.41 9.98 

Industry 633.66 156.75 99.32 398.22 285.48 113.68 407.08 288.02 117.25 
Service 857.44 36.97 31.70 667.04 57.94 38.65 605.28 82.43 49.89 

mh, MJ/h and ET stand for million hours, Mega Joule per hour and Exosomatic throughput. 
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Figure 3. Human activity variations in paid work sub-sectors in Aras river basin during 2006-2016 
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Figure 4. Bar chart normalized indicators of staples in Aras river basin for 2006 
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