Assessment of Water Productivity and Comparison of Alternative Cropping-
Pattern Scenarios in the Yamchi and Ghorichay Irrigation Networks, Ardabil
Plain, Iran

Abstract

Water scarcity and increasing agricultural water demand make it important to assess water supply, water productivity, and the
economic implications of cropping patterns together. This study assessed water-supply conditions and compared four predefined
cropping-pattern scenarios in the upstream Yamchi sprinkler irrigation network and the Ghorichay low-pressure irrigation
network in the Ardabil Plain, Iran. Crop water requirements were estimated using meteorological data from the Ardabil synoptic

station and CROPWAT. Water-supply adequacy was evaluated using the Agricultural Relative Irrigatio ly (ARIS) index
Physical water productivity (WP), irrigation water productivity (IWP), gross benefit per unit of irrigatio BPD), and net
benefit per unit of irrigation water (NBPD) were used to assess water productivity. Four scenari ping pattern,
replacement of potato with sugar beet, replacement of potato with canola, and a red under
deficit-irrigation and full-water-supply conditions. During the historical study per i cgi@ported as

28% for Yamchi and 43% for Ghorichay. Mean WP was 1.52 and 2.15 kg/m?, Y08 kg/m?,
respectively. Replacing potato with canola in Yamchi was a potentially suitable option 1 ulated water requirement
and the smaller reduction in cropped area needed under full-water-supply conditios i he exi* pattern was
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EXTENDED ABSTRACT

Introduction

Water scarcity, rising food demand, and climate change have made sustainable water-
resource management a major challenge in agriculture, particularly in arid and semi-arid regions.
Deficit irrigation and cropping-pattern adjustment are strategies for managing agricultural water
demand, but their effects depend on crop type, growth stage, climate, yield, and economic value.
This study evaluated water-supply conditions and compared predefined cropping-pattern
scenarios in the upstream Yamchi sprinkler network and the Ghorichay low-pressure network in
the Ardabil Plain, Iran. The study objectives were to assess irrigation-wate ly adequacy
uslng ARIS, compare physwal and economlc water- product|V|ty indicatgrs, mine four

o Assess the adequacy of irrigation-water supply in
Relative Irrigation Supply (ARIS) index.

o Assess physical water productivity (WP), irrigation w.
benefit per unit of irrigation water (BPD), and net be
(NBPD).

o Compare the existing cropping
replacement of potato with canola, a
irrigation and full-water-supply condit
mathematical optimization model.
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Method
Meteorological data_from the Ardab ic Blation and network-level information on
cultivated area, croppi?lh)attern, irrngati e, crop yield, and production costs and

revenues were used. Water r
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mated using CROPWAT. The available source

calendars, growth-st
therefore not been inferre supply adequacy was evaluated using ARIS, defined as the
i d to net irrigation requirement. WP and IWP were calculated
plied water (irrigation plus effective rainfall) and irrigation water,
PD were calculated from gross revenue and net benefit per unit of
es and production costs were obtained from the Agriculture Jihad
defined cropping-pattern scenarios were compared under deficit-irrigation
and full-w. pply conditions; in the latter case, cropped area was reduced to match the
available watersupply.
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Results

The historical mean irrigation deficits were reported as approximately 28% for Yamchi and
43% for Ghorichay. Mean WP was 1.52 kg/m3 in Yamchi and 2.15 kg/m3 in Ghorichay; mean
IWP was 2.16 and 4.08 kg/m3, respectively. The scenario-level deficit percentages derived from
ARIS differ from these historical means. In Yamchi, replacing potato with canola required a
smaller reduction in cropped area under full-water-supply conditions than the other alternatives,
making it a potentially useful option for further evaluation. In Ghorichay, the existing pattern
was comparatively favorable for economic water-productivity indicators under the historical



price and cost assumptions. Sugar-beet replacement showed favorable values for some relative
productivity indicators, but it also increased water demand and could require a substantial
reduction in cropped area under full-water-supply conditions. Crop yield responses to deficit
irrigation were not independently measured in this study, so yield-loss statements should be
interpreted as potential risks rather than quantified predictions.

Conclusions

The two irrigation networks experienced irrigation-water supply limitations during the
historical period examined. The results support evaluating cropping-pattern scenarios using
water-supply adequacy, physical productivity, and economic indicators together. Because the
networks differ in irrigation system, crop mix, and water-supply conditions,gilieir productivity

in Yamchi and retention of the existing pattern in Ghorichay are options
the historical assumptions, not universally optimal recomngendations. The
historical economic data, incomplete reporting of some CROQWAT inputs,
analysis, and absence of independently measured crop-speci
response functions.
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