Analysis of Wheat Water Productivity During the Period 2012-2022
Using Various Water Productivity Indicators in Iran

ABSTRACT

Water productivity is an indicator used to compare and evaluate crops across different regions and growing seasons. In this
paper, the water productivity of irrigated wheat over a decade (2012-2022) in Iran has been estimated and assessed using
physical and economic productivity relationships, the economic productivity gap, as well as relative physical and economic
water productivity (with and without considering agricultural land rent). The water productivity indicators for wheat were
calculated and presented based on: 1- the average national data for each cropping year over the decade, 2- the average
provincial data for each province over the decade, and 3- the weighted average of county-level data for each county over
the decade. The required data were obtained from the National Water Requirement Reference System and the statistical
yearbooks of the Ministry of Agricultural Jihad. The findings revealed that: 1- different water productivity indicators yield

from 2020 to 2022, influenced by drought and rising input costs (particularly fertilizers); and 4- th
physical productivity, economic productivity, economic gap, and relative physical and eco
were obtained as 0.79 kg/m3, 9,842 IRR/m3, 21,956 IRR/m3, 0.47, and 0.31, Rgspectively
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EXTENDED A%STRAC
Introduction |

Water productivity, as an indicator, is used t he status of agriculture, compare
different field and horticultural crops, andw etermine the cropping pattern and
composition. Water productivity reflects the intégactive effects of factors involved in the
production of a crop, such as regionghclimate, fiell soil, quantity and quality of irrigation
water, agronomy and plant breedin@ and agricul@ral economics, indicating that through
proper management and utilization o , maximum benefit can be obtained from
a unit volume of irrigation wateg. years, various indices have been used for this
purpose, including th‘physical uctivity index (ratio of yield to irrigation water
volume), the agoge er pro ity index (ratio of net profit to irrigation water
volume), the eogno r productivity gap (difference between economic water
productivity under ac potential conditions), the relative physical water productivity
index (ratiQof ac sical water productivity to potential), and the relative economic
water produCtl d@ifiex (ratio of actual economic water productivity to potential). Each of
these indices ha; antages and disadvantages. Some of these indices are simple and require
less da do not possess high accuracy; they are suitable for a single crop but are
not suita r comparing different crops across different locations and times. Some show
a strong reaction to inflation rates, and some require extensive data, including field soil and
regional climate data, and are dimensionless, making them suitable for comparing and
evaluating different crops in different regions.

Numerous investigations have been conducted on water productivity in different crops of a
region and for a single growing season, but investigating the trend of changes in water
productivity in a strategic crop such as wheat, over a decade (2012-2022), at the national
level on a county scale, and using different water productivity indices, has not been carried
out so far. Therefore, two objectives are considered in this paper: (a) investigating the trend
of changes in water productivity of wheat at the national level from 2012 to 2022 on a county
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scale, and (b) evaluating the water productivity trend of wheat using different water
productivity indices and selecting the best index for this purpose.

Method
In order to evaluate wheat water productivity across the entire country, data on actual

yield (the yield harvested by the farmer, in kg ha™), potential yield (the potential production
capacity of wheat, in kg ha™'), irrigation water volume (m? ha™!), irrigation water requirement
(potential evapotranspiration minus effective precipitation, in m* ha™') were obtained from
the NIWR , and production costs from planting to harvest, wheat price, and agricultural land
rental costs for each growing season (2012—-2022) in Rials per hectare were collected from
the statistical yearbooks of the Ministry of Agriculture-Jahad. The NIWR is mputer-
based program that calculates potential and actual evapotranspiration of w using
meteorological data, estimates actual and standard yields using the Dooren Kassanmilyield
response relationship, and has been validated against field data. Bas tio# water
application efficiency data collected throughout the countMgthe irrigationWwaggr volume is
calculated in this system. This NIWR was officially adopted byNge Ministry@bf Agriculture-
Jahad in 2022 as the national reference for estimating, MygaNon
agricultural and horticultural crops across the cgtry.

After data collection, wheat water prodQgtivity w
using five methods: physical water producti ic water productivity, economic
water productivity gap, relative physical wa ctivity, and relative economic water
productivity, at three levels: the entire country (anfwally from 2012 to 2022), provinces (10
year average for each province), ang#®eunties (1Of§year average for each county). Since in
Iran land rental is usually paid folyo gricy#lral year and another crop is typically
cultivated after wheat harvest, the lan al cost is not exclusively attributable to wheat;
so calculated without including land rental costs

ted including land rental costs

at the aforemerdoied thr

The results ofWh a
provinces of the cquntr,
county scal
the studied indi

productivity by year and wheat water productivity in the 31
ere presented in tables, but the results of water productivity at the
nted as maps. For spatial analysis and preparation of zoning maps of
Geographic Information System (GIS) and ArcGIS software were used.
The datﬂe to water productivity indices were imported into the GIS environment after
preprocesSI]. In order to generate continuous surfaces from point data, after examining and
evaluating the performance of a set of interpolation methods, the kriging method was
selected for map preparation due to its ability to account for the spatial structure and spatial
autocorrelation of the data.

Results
The average water productivity of wheat over the decade (2012-2022) using the physical,

economic, relative physical, relative economic, and economic gap methods was 0.79 kg m3,
9,842 Rial m3, 0.47, 0.31, and 21,956 Rial m™, respectively. The values of the economic
water productivity index and the economic water productivity gap of wheat were the lowest

Abbreviation Journal title, 2021; vol(no): page



3

Running title/author name, et al

and highest, respectively, in the first and last years of the studied decade, which was due to
the increase in wheat price from 8,000 Rials in the 2012-2013 growing season to 115,000
Rials in the 2022-2023 growing season, indicating that these two indices, because they are
affected by wheat price, are not suitable indicators for evaluating and comparing water
productivity across consecutive growing seasons.

The results showed that wheat in the eastern and central provinces of the country had lower
physical productivity, and among them, Kerman and Yazd provinces had the lowest physical
productivity with values of 0.57 and 0.49, respectively. The highest physical water
productivity was related to Kohgiluyeh and Boyerahmad, Golestan, and Mazandaran
provinces, where precipitation played the greatest role in increasing wpeat water
productivity in these provinces.

The results of wheat water productivity at the county level using differeligindices yjelded
different outcomes. The results of the economic water productivity i ch ingicated
low water productivity in the eastern regions and the cent lateau, were p@te to those
of the water productivity gap index in these regions, demoRgirating that@ilifferent water
productivity indices may provide different and sometimes

vity, such that except in the
northern (Tonekabon, Nowshahr, Amol, Q a, Gomishan, Babol, Maraveh
Tappeh, and Kordkuy) and western regio country (llam, Sardasht, Sanandaj,
Bostanabad, Masjed Soleyman, Maragheh, Izeh, Bgghmalek, Bahmai, Landeh, Ashtian, and
Farahan), where substantial precipagtion occur other regions had very low water
productivity.

Conclusions
The cultivated area &
hectares) reflec® # farme
country. HoweveT,
production costs from
productive 4
ecological poten}

at dur studied decade (ranging from 1.9 to 2.8 million
cceptance and willingness to cultivate wheat across the entire
ductivity indices that do not take into account the full
ing to harvest and land rental costs indicate that this crop is not
ions of the country. Therefore, failing to consider the different
in wheat production and excluding production costs causes these
indices ngt to de a correct representation of water productivity. In contrast, indices such
as the %e economic water productivity index, which takes into account both the
ecologicaN@®nditions of the region through production potential and the costs from planting
to harvest, provided a better assessment of wheat water productivity.

The economic water productivity index is not a suitable indicator for evaluating wheat water
productivity across different growing seasons because it is affected by inflation. Meanwhile,
the relative economic water productivity index is the only index that, while incorporating
the farmer's income and costs, is not influenced by inflation and is recommended as a
suitable index for calculating wheat water productivity.
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