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Harirud

Water, food, and energy, as intertwined and interconnected systems, have
significant mutual impacts on each other, and quantitative and qualitative
changes in each system can adversely affect the others. The Harirud River
located on the border between Iran and Afghanistan, as a prime example of
an intertwined system, is a major supplier of drinking water for the
metropolis of Mashhad and supports the agricultural needs of the Sarakhs
Plain in Iran and also this river plays a vital role in Herat’s agriculture and
hydropower energy supply in Afghanistan. However, in recent years, water
supply as a key factor for the development of agriculture and energy in this
basin, has faced serious challenges. Reasons such as political, social, and
hydrological issues, along with inefficiencies in resources management are
factors for such challenges at the basin level. This study provides an
analytical framework that examines and compares the performance and
processes of water, food, and energy systems at the national and basin levels
using the concept of metabolism. The quantification of this approach is
carried out based on reliable data and resources available at the watershed
level. The results of this study reveal the significant dependence on water,
food, and energy systems at the basin level and within the riparian countries,
in such a way that Iran consumed 1,914 million cubic meters of water and
10,701 terajoules of energy annually to produce approximately 2.7 million
tons of selected agricultural products. Afghanistan, meanwhile, produced
740,000 tons of agricultural products by consuming 1400 million cubic
meters of water and 3,153 terajoules of energy. Additionally, the Salma
powerplant has generated 197,000 megawatt-hours of electricity to meet the
region’s energy demands by utilizing a flow volume of 755 million cubic
meters through its turbines. However, they remain highly dependent on food
and energy imports. The results emphasize the necessity of strengthening
cooperation between Iran and Afghanistan and establishing joint
mechanisms to ensure the optimal management of the Harirud water
resources.
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Table 1. References and data sources

. Method of Source/Reference
Main Sector Data Type Collection/Calculation Iran Afghanist:
Evapotranspiration Remote Sensing Data Global Land Data Assimilation System (GLDAS)
Precipitation g Data period: 2011-2021

Ministry of Energy, Macro
Planning Office for Water and
Wastewater. Final Report (2011).

Nagheeby et al. (2019)

Dam information Data collection Updated Studies of the Country
(Ghareh Ghum Basin)
Volume 4: Surface Water
Resources
Input and output flows D . Volume 11: Balance of Based on statistics provided in
ata collection . ;
Values Resources and consumption the Iran section
Based on the cultivated area, Regional Water Company of  Agriculture:  Gross — water
Gross Water Requirement, and ~ Khorasan Razavi, Profile Water  requirement Based on ETO
Water Withdraw the application of irrigation of the Study area Calculator Fao/KC extracted
system efficiency Data Period:2016-2022 from Fao irrigation and
(Afghanistan) drainage paper No.56
Data Collection (Iran)
Drink Water and Services:  Drink water: Based on the
Regional Water Company of  study by Ahmadi and heravi
Water Data collection Khorasan Razavi, Per Capita and ~ (2024)  and Population
Profile Water (Calculating  per  capita
Data Period: 2016-2022 consumption)
Water Withdraw Industries: Iran Water Resourses  Industries: Based on the
Management, Report of Ministry =~ number of industrial units
Data collection of Industry, Mine and Trade extracted from the study area
(2021) map and the amount of water
consumed by similar units in
the Iranian sector
Ministry of Energy, Iran water  --
resources management
Company, Water Resources
Operating wells . Basic Studies Statistics
Information Data Collection Regional Water Company of

Khorasan Razavi, Profile Water
of the Study area
Data Period:2016-2022

Electricity for groundwater
pumping
Fuel consumption for
groundwater pumping

Calculation with Formula 1
and 2: Monem et al (2019)
Calculation with Formula 3

Calculating fuel and electricity for the pumping process is not
possible for the Afghanistan sector due to lack of data
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Continued table 1. References and data sources

. Method of Source/Reference
Main Sector Data Type Collection/Calculati Iran Afghanistan
Ministry of Jihad Agriculture ~ Land Use Map ESA
Khorasan Razavi, Statistical — Data Period:2000-2021
Cultivated surface Data Collection yearbook Ministry of  Agriculture,
Crop Pattern Crop Production Data period:2011-2021 Irrigation and Livestock, Annual
report of agriculture
Data Period:2019-2022
Based on the amount of Based on the USDA method:

Separation of blue and green water

effective precipitation and
Potential evapotranspiration

Pe=min (Total Precipitation, Etp)
ET blue = max (0, ETp-Pe)
ET green = min (Etp, Pe)

FAO STAT, Food Balance Data

Data Collection od-
Losses > . Data Period:2010-2021
per capita consumption Based on per capita national
consumption
Food Calculation based on the
difference between agricultural
. product imports and exports app.indexbox.io, Market Data
Trade Quantity and estimation of the basin's (For years without statistics in FAO)
share of the country's total
trade. FaizAbadi (2022)
Agricultural consumables Calculation with Formula 4: El - -
(Chemical fertilizers, seeds, Labor) Gafy (2017)
Ministry of Agriculture Jihad,  Basiri(2013)
Deputy of Planning and  Soltani and khajehpour (2020)
Technical coefficients Data Collection (Annex2) glceono(r:r(l)lsct,sAng?al ztgag(szﬁlctil?zﬁ
product cultivation
Data Period:2011-2021
Ministry of Energy, Energy  Report of GIZ Afghanistan
C . balance book (2015)
Technical information of Data Collection Data Period:2018-2021
Generating Plant
Safai (2018)
Energy Khorasan Regional Electric  Report of Asian Development
Amount of energy exchanges Data Collection Company, Summary of power  Bank, Power Sector Master Plan

plant production status (2021)

Afghanistan (2013)

The amount of carbon dioxide
emitted in the electricity generation
process

Calculation with Formula 5
Bakhsi (2023)

The annual flow rate passing through
the turbine for generating electricity
(Hydropower plant)

Calculation with Formula 6

The hydropower plant exists only in the Afghanistan sector
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Table 2. Energy coefficient used in the calculation

Reference Unit Energy coefficients (MJ/unit) Energy source
Ozkan et al. (2004) h 1/96 Human labor
Rafiee ez al. (2010) Kg 66/14 Nitrogen
Rafiee et al. (2011) Kg 12/44 Phosphate
Yilmaz et al. (2011) Kg 11/11 Potassium
Yilmaz et al. (2012) Kg 24/88 Seed
Erdal et al. (2007) L 56/31 Fuel (Diesel)
Ozkan rt al. (2004) kwh 3/6 Electricity
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Figure 4. Sized processor of the functional element local water withdraw (Iran)
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Figure 5. Sized processor of the functional element lol water withdraws (Afghanistan)
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Figure 6. Sized processor of the functional element local crop production (Iran)
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Annex 1. Energy inputs per hectare of the studies food crops
Crop Fertilizers (Kg/ha) Seed (Kg/ha) Human labor (Person-day/ha)
IRAN AFG IRAN AFG IRAN AFG

Wheat (Irrigated) 306.6 325 280.12 175 15 25
Wheat (Rainfed) 30.2 23.9 62.24 73 5 8
Barley (Irrigated) 278.6 200 257.52 110 11 16
Barley (Rainfed) 42 33 66.4 80 5 7
Rice 195 30 50
Sugar Beet 4752 324.9 2.4 2.4 47 67
Cotton 527.8 250 95.05 14 61 70
Sesame 100 6 75
**Pulses 100 65 45 15 7 22
Onion 573.9 300 10.9 15 62 75
Potato 402.6 400 2043 1000 44 60
Tomato 488.5 1 91
Leafy Vegetables 573.9 12 27
Watermelon 490.7 267 33 2 34 27
Melon and Cantaloupe 490.7 250 2.5 3.5 34 32
cucumber 511.75 3.5 74
Alfalfa 258.1 41 27
Maize 449.5 150 454 20 13 24
Millet 120 30 28
Sunflower 207 4.5 35
Grape 285 290 - - 89 80
Apple 195 184 - 60
Apricot 170 - 60
Pistachio 366 - 27
Saffron 210 400 4300 5000 233 555

* For Afghanistan, data on barley cultivation area differentiated by rain-fed and irrigated systems was not available; therefore, the assumption was
based on irrigated barley.
** Based on the predominant cultivation, chickpeas and Lentil Rainfed were considered for Iran and mung beans for Afghanistan.
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