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Extended Abstract

Introduction

Growing water scarcity in arid and semi-arid\regions makeSi\accurate assessment of agricultural water
productivity a policy priority. In Iran, agriculture acGoutits forsmofenthan 90% of water withdrawals.
South Khorasan Province, with a long-term mean an;krainfall of about 113 mm, is among the
driest regions in the country. Physical water productivity (kg ni7®) does not reflect the market value of
crops. Economic water productivity accounts for prices and production costs, and the two indicators
do not necessarily move together. Although many studies have optimized cropping patterns in Iran,
few have compared physical @nd economic watégptoductivity across field and horticultural crops, in
all counties and ovelseveral years, while eontrolling for crop, location and time simultaneously. This
study therefore calculated and compated both types of water productivity for eight crops in eight
counties over three crop years. It also aimed to provide evidence-based guidance for revising cropping
patterns with long-tefim,groundwater sustainability in mind.

Materials and Method

Eight crops (wheat, barley, cotton, pistachio, jujube, barberry, pomegranate and date palm) were
analyzed in eight C(Nes (Boshrooyeh, Birjand, Khusf, Qaen, Nehbandan, Ferdows, Tabas and
Sarayan)hovernthe 2020-21 to 2022-23 crop years, giving 135 crop—county—year observations.
Cultivated areﬁxield, production cost, and price were taken from the provincial agricultural statistics
yearbooks. ‘Gross’ irrigation water requirement was obtained from the national Soil and Water
Research Institute database, which is based on the FAO Penman—Monteith method. Three indicators
were calculated, relative to this requirement: physical water productivity (CPD), gross economic water
productivity (GBPD) and net economic water productivity (NBPD). All monetary values are nominal
and were not adjusted for inflation. Because NBPD departed from normality (Shapiro—Wilk, p <
0.001), the primary analysis was a rank-based factorial ANOVA with crop, county and crop year as
factors. Supporting analyses included Spearman correlation, Dunn's post hoc test with Holm
correction and the Mann—Whitney U test. Area-weighted means and a +10% sensitivity analysis of
price, cost and water requirement were also performed.

Results and Discussion

Crop (F = 33.34, p < 0.001, 2 = 0.664) and crop year (F=5/97 «p=0/003, 32 = 0/092) significantly
affected NBPD, whereas county did not (p = 0.231). Crop choice therefore matters more for cropping-
pattern decisions than location does. The ranking of crops reversed almost completely between the
two indicators. Pomegranate had the highest CPD (1.55 kg m™) and pistachio the lowest (0.15 kg
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m~3). Even so, pistachio (about 220,000 Rial m), jujube (191,000) and pomegranate (120,000)
achieved the highest mean NBPD. Across the 135 observations, the Spearman correlation between
CPD and NBPD was weak, negative, and significant (rho =—0.219, p = 0.011). Because both indices
share the same denominator, this was not interpreted causally. Horticultural crops significantly
outperformed field crops (mean NBPD of about 162,000 vs. 21,500 Rial m™3; r =—-0.813, p < 0.001).
All 14 observations with negative NBPD (10.4% of the data) belonged to wheat (10) and barley (4),
and in each case the cost-to-revenue ratio exceeded one. This points to a structural economic
vulnerability of the two staple cereals. Pistachio occupied the largest cultivated area (30,057 ha), yet
its NBPD varied considerably among counties and years. In Nehbandan, for example, it fell from
148,608 to 15,347 Rial m™3, indicating substantial yield and price risk. The crop ranking was fully
stable under the sensitivity analysis (Spearman's tho = 1 in all scenarios). Theyindicators are based on
modeled irrigation requirements rather than actual withdrawals, and monetary yvalues are nominal.
The results therefore cannot be used directly to judge aquifer sustainability.

Conclusions \

Crop type and crop year were the main determinants of differences in_econ@mic water'productivity,
and producing more per unit of water did not necessarily mean high€r profitability. Wheat and barley
were the most economically vulnerable crops, while pistachig_and jujube w§\the most profitable.
Given the strategic role of wheat and barley in food security, reducing their cultivated area is not
recommended. Instead, the findings support better irrigation management, regulated deficit irrigation,
lower production costs, and a review of guaranteed-price policy.JExpansion of pistachio and jujube
should be accompanied by controls on new well permits, smart metering, and continuous groundwater
monitoring. Because the indicators rely onimodeled irrigation requirements and nominal prices,
extending these findings to real aquifer conditions will reqli(independent hydrogeological data and
inflation-adjusted values. \

Keywords: Physical Water Pteductivity, Economic Water Productivity, Cropping Pattern, South
Khorasan.
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Table 1. Physical water productivity (kg/m?) of major crops by county in the 2022-2023 crop year
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.Fig 2. Distribution of physical water productivity (CPD) by crop (135 observations)
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Table 2. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Boshrooyeh County, 2020—2023 crop years.

A ol oobaidl g9 0y olaidl 559 0y S Gr9e e
. . . .. 3

(Rial/ha) Rial/m®) 2> Rial/m?) WG (kg/m*) 1) Jl Jypazo

Net Income (NBPD) (GBPD) Pll;yshcal t‘iv?t‘;r Crop Year Crop
. ) . roductivi

(Rial/ha) (Rial/m3) (Rial/m3) (kg/m?)
-43,140,018 -6,344 14,706 0.294 1399-1400 .
164,068,813 24,307 49,407 0.430 1400-1401 wheat
164,464,917 24,186 77,154 0.441 1401-1402

VO



36,153,477 5,562 25,385 0.231 1399-1400

233,961,103 35,994 59,077 0.492 1400-1401 =
130,454,050 19,766 68,921 0.530 1401-1402 Barley
1,338,848,857 295,486 417,126 0.209 1399-1400 -
33,695,625 7,150 305,538 0.102 1400-1401 o
638,464,750 106,767 402,677 0.094 1401-1402 Pistachio
101,307,972 24,922 123,001 0.246 1399-1400 e
274,988,116 64,657 183,400 0.229 1400-1401 -
586,039,875 140,638 286,824 0.239 1401-1402 Jujube
425,853,302 73,613 135,523 0.484 1399-1400 -
405,687,000 64,425 146,736 0.445 1400-1401 T
370,270,000 55,438 138,196 0.419 1401-1402 Cotton

)L.\M l) ;.)L..C Cwl 00 w U] B u""Q5)" JS ).n)l.‘bo L}.;).)w); aS ..\.C!:Ju;n uLﬁ-AA) ‘) o o OL..»J).QM GL.) Y Ja..\?
ooy plaslogs 4y oaalin VYO S ole jo 1) Jlade o yYL « SLL Jlo o oS e o b, ?Y&K& L »NBPD
o P 5l 55 T CPD (lojed g a8l iol38l plp ez oga> (VOVYEY) Jol@)loWduslie (8% lade oyl col
(OLew g SCPD YL 5 VFASAQY Jlase L SKoj5 9 FAPPYA Jlaae L JBL L ol 58 aiy el oo 25 #Y)
Lo pasd g cwnlasls Jb, V5= YYNBPD  JLL Jls jo o>« blael @ il 48 (camslaas, jo +»29% Joles
e 5 dy el 08,5 a0 |, _5alS Wiy, opgd Jlw yo THVAY gl ELS ) }\M&AH 2 J, VOAF e
Ol eolamdl ool M ] o aS el Sl i 5l by, digll dix ottt pln. cenl 00,5 eS|, 9000 b

3l e Y gaazmo (A sl 55 9 (NBPD) ol ol ‘(GBPNL&U BB8Lassl (CPD) S 5d o902 ¥ Jso
V- VFY 61TV FRILely) slo Lo b i

Table 3. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops.in Birjand County,2020-2023 crop years.
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-43,140,018 -8.346 19,346 0.387 1399-1400 e
152,568:813 29,793 62,878 0.547 1400-1401 f’h
79,239,917 15,1 84,213 0.481 1401-1402 wheat
4,826,523 020 36,962 0.336 1399-1400
173,96135103 36,895 68,717 0.573 1400-1401 b
-33,215,950 -7,033 61,656 0.474 1401-1402 Barley
69,0815288 11,717 92,608 0.712 1399-1400 e
119,716,366 18,967 97,434 0.650 1400-1401 2
940,663,750 148,957 249,089 0.996 1401-1402 Barberry
1,208,848,857 199,184 289,998 0.145 1399-1400 .
1,233,695,625 189,799 406,154 0.135 1400-1401 anl
2,848,664,750 496,629 805,125 0.187 1401-1402 Pistachio
811,307,972 157,261 234,542 0.469 1399-1400 "
1,430,988,116 259,472 351,043 0.439 1400-1401 -
3,503,239,875 635,105 745,540 0.621 1401-1402 Jujube
33,853,302 4,185 48,460 0.173 1399-1400 N
347,607,000 41,800 104,127 0.316 1400-1401 =
41,260,000 4,505 64,855 0.197 1401-1402 Cotton
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Table 4. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Khosf County, 2020-2023 crop years.

AL sl e obaidl (559 0 pie &oLaBl (559 0 p S (5390 4
(Rial/ha) Rial/m*) all> (Rial/m?) @G (kg/m) =l Jle Jyazs
Net Income (NBPD) (GBPD) Pll;ysidcal tYVf'tt;r Crop Year Crop
. . . roductivi
(Rial/ha) (Rial/m?3) (Rial/m?3) (kg/ms)
-68,140,018 11,518 12,677 0.254 1399-1400 e
175,568,813 29,150 57,280 0.498 1400-1401 f’h
252,314,917 45,520 110,501 0.631 1401-1402 wheat
63,653,477 14,674 44375 0:403 1399-1400
149,961,103 33,676 67,370 561 1400-1401 il
38,804,050 8,598 80,480 0619 1401-1402 Barley
43,081,288 7,258 87,601 0.674 1399-1400 i
74,716,366 11,665 88,993 0.593 1400-1401 2
242,663,750 38,065 137,255 0.549 1401-1402 Barberry
1,088,848,857 175,678 264,602 0.132 1399-1400 o
1,359,695,625 203,182 413,329 0.138 1400-1401 s
2,564,864,750 440,926 746,090 0.173 1401-1402 Pistachio
926,307,972 180,005 257,481 0.515 1399-1400 e
1,174,988,116 222,536 318,182 0.398 1400-1401 .
1,910,839,875 333,131 439330 0.366 1401-1402 Jujube
425,853,302 54,387 100,128 0.358 1399-1400 n
405,687,000 47,195 107,492 0.326 1400-1401 ‘
371,590,000 440518 103,276 0.313 1401-1402 Cotton
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Table 5. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Qaen County, 2020-2023 crep years.

A sl o @olaidl sygop  dbamdl gygepe U G900
Rialhay ~ (Rialm) 6 Rialm?) 25t (ke/m?) =3 Jlo Jsas
Net Income (NBPD) (GBPD) ngsgal Wf'te\ Crop Year Crop
(Rial/ha) (Rial/m3) (Rial/m?) r(()k;/f::)’l v
-58,140,018 -12,514 18,295 01366 1399-1400 s
152,568,813 33,972 71,699 623 1400-1401 F
6,685,083 -1,487 78,642 0449, 1401-1402 wheat
47,153,477 13,208 49,300 0.448 1399-1400
185,961,103 54,343 98,188 0.818 1400-1401 sz
-61,815,950 -15,381 65,340 0.503 1401-1402 Barley
225,081,288 47,808 149,108 1.147 1399-1400 o
374,716,366 72,620 168,605 1.124 1400-1401 2
1,002,913,750 194,062 316,418 1.266 1401-1402 Barberry
1,248,848,857 274,774 396,040 0.198 1399-1400 —
798,695,625 162,800 449,450 0.150 1400-1401 s
2,582.,064,750 526,093 886,634 0.206 1401-1402 Pistachio
401,307,972 96363 1 192,632 0.385 1399-1400 e
1,054,988, 116 250,532 370,458 0.463 1400-1401 i
1,038,439,875 243}35;1 387,579 0.323 1401-1402 Jujube
2184653,302 g;t,s 91,208 0.326 1399-1400 "
306,687,000 ,987 123,707 0.375 1400-1401 i
272,260,000 38,153 115,611 0.350 1401-1402 Cotton
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Table 6. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Nehbandan County, 2020-2023 crop years.

S9 ox! S9 oxl .
Al Al eolaml G gelazsl S G290
3 .
(Rial/ha) (Rial/m?) (Rial/m?) o (l_(g/:nw) =y b Jypaxe
ysical Water Crop Year Crop

Net Income (NBPD) (GBPD) Productivity

(Rial/ha)

(kg/m?)
(Rial/m®) (Rial/m®) \

-43,140,018 -8,320 19,286 0.386 1399-1400 )
118,068,813 20,717 50,446 01439 1400-]401 il
40,985,083 ~7,107 55,351 0.316 1401-1402 wheat
102,153,477 23,127 52,297 0.475 \ 1399-1400
113,961,103 24,392 56,506 0.471 1400-1401 5z
-120,705,950 -25,546 435113 0.332 1401-1402 Barley
153,581,288 27,767 113,902 0.877 1399-1400 <
314,716,366 53,964 138,890 0:926 1400-1401 2
779,913,750 123,560 223,740 0.895 1401-1402 Barberry
848,848,857 148,608 245,098 0.423 1399-1400 -
663,695,625 109,792 342,430 0.114 1400-1401 s
100,964,750 15,347 284,323 0.066 1401-1402 Pistachio
276,307,972 57,684 140,918 0.282 1399-1400 e
614,988,116 119,881 218,324 0.273 1400-1401 -
1,158,439,875 223,249 340,643 0.284 1401-1402 Jujube
285,573,302 36,777 92,724 0.296 1399-1400 -
240,687,000 29,417 92,766 0.281 1400-1401 =
206,260,000 25,056 92,202 0.279 1401-1402 Cotton
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Table 7. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Ferdows County, 2020-2023 crop years.

A sl o olaidl sy ope  @olaidlsygopme S Gsor
(Rial/ha) (Rial/m?) I (Rial/m?) I ({(g/ms) el Jlw Jgazeo
Net Income (NBPD) (GBPD) Pll:yshcalt\.V?Itter Crop Year Crop
(Rial/ha) (Rial/m?) (Rial/m?) kg
53,140,018 10,849 18,375 0.367 1399-1400 e
158,318,813 27,912 57,784 0.502 1400-1401 V:heat
126,314,917 21,497 82,795 0.473 1401-1402
5,096,523 1,476 35,849 0.326 1399-1400 -
187,281,103 45358 81,695 0.681 1400-1401\ Barie
37,114,050 8,809 85,813 0.660 140151402 y
1,494,848,857 272,435 372,881 0.186 1399-1400 -
1,413,695,625 242,861 484,453 0.161 1400-1401 o
526,664,750 91,817 400,314 0.145 1401-1402 Pistachio
351,307,972 78,034 166,593 0.333 1399-1400 e
774,988,116 155,902 257,494 0.322 1400-1401 "
1,123,639.,875 220,408 339,898 0.283 1401-1402 Jujube
895,125,800 122,335 181,085 1.811 1399-1400 i
1,541,304,540 196,545 306,044 1.530 1400-1401 2
329,081,550 41,948 233,988 300 1401-1402 ~ Pomegranate
17,081,288 3,070 88,786 \0. 83 1399-1400 .
344,716,366 58,318 142,108 0.947 1400-1401 2
745,913,750 122,021 225,462 0.902 1401-1402 Barberry
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Table 8. Physical (CPD), gross economic (GBPD) and net economic (NBPD) water productivity and net
income of crops in Tabas County, 2020-2023 crop years.

AL ol ©olasdl 659 0y 6obasl 559 0yt S (530 ¢
. . . .. 3

(Rial/ha) Rial/m’) Q> (Rial/m*) A5G ch/ o) =3 b Jyazmo

Net Income (NBPD) (GBPD) P ;:ys1dcal t\.Vflter Crop Year Crop
. . . roductivi

(Rial/ha) (Rial/m3) (Rial/m3) (kg/m?) ty
-28,140,018 -6,590 26,932 0.442 1399-1400 pusS
175,568,813 30,582 60,094 0.523 1400-1401 wheat
143,639,917 25,020 87,759 0.490 1401-1402

91,153,477 24,844 59,962 0.406 1399-1400 Jes
148,761,103 30,218 60,695 0.506 1400-1401 Barley

9,034,050 1,835 67,734 0.506 1401-1402



968,848,857 162,859 255,505 0.149 1399-1400 L

978,695,625 176,246 429,498 0.143 1400-1401 Pistachio
1,072,764,750 193,187 511,849 0.117 1401-1402

1,104,359,585 181,251 238,388 0.415 1399-1400 Loyt
1,407,593,497 131,073 172,642 0.384 1400-1401 Date
486,595,460 45311 138,197 0.291 1401-1402
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Table 9. Physical (CPD), gross economic (GBPD) and net economic (N ) water productivity and net
income of crops in Sarayan County, 2020-2023 crop years.

AL el ooladl gy o, (golaidl )5 040 S (5790 74
(Rial/ha) (Rial/m®) > (Rial/m Q@b (kg/m?) =3 b Jgazmo
Net Income (NBPD) (GBPD) hysd F'Water Crop Year Crop
(Rial/ha) (Rial/m?) Rial/m?) mk;,f:sv)lty

-3,140,018 735 32,788 0.656 1399-1400 .
175,568,813 39,748 78,107 0.679 1400-1401 ”h .
146,746,167 30,053 103,816 0.593 1401-1402 whea
135,153,477 36,837 71,954 0.654 1399-1400

209,961,103 56,502 96,878 0.807 1400-1401 =

54,008,850 12,820 89,823 0.691 1401-1402 Barley
348,581,288 58,595 138,763 1.067 1399-1400 i
442.216,366 71,325 151,210 1.008 1400-1401 2
730,163,750 115,899 216,270 0.865 1401-1402 Barberry
1,848,848.857 3%28 393,895 0.197 1399-1400 —
993,6951625 1605610 387,910 0.129 1400-1401 el
1,851,064,750 \ggﬂ 9 621,562 0.145 1401-1402 Pistachio
601,307,972 120,720 200,763 0.402 1399-1400 .
1,094,988)11 213,199 311,526 0.389 1400-1401 -
1,159,639,87(5\ 222,452 339,306 0.283 1401-1402 Jujube
152,0131302 19,162 64,308 0.230 1399-1400 -
273,687,000 34,207 98,988 0.300 1400-1401 ‘

48,520,000 6,185 76,642 0.232 1401-1402 Cotton
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Table 10. Mean values and rankings of physical water productivity (CPD) and net economic water
productivity (NBPD) by crop (135 observations).

NBPD .Silw CPD Sl
ady s A’y (Rial/m?) CPD oy, (kg/m®) Jgazxo
Rank Difference NBPD Mean NBPD CPD Rank Mean CPD Crop
N (Rial/m?) (kg/m?)
7 \1\ 219,727 8 0.15 e
Pistachio
ole
4 2 191,462 6 0.36 "
\ Jujube
Ll
-2 3 120,276 1 1.55 Pomegranate
Lo y>
+1 4 119,212 5 0.36
Date
-3 5 65,869 2 0.88 2
Barberry
-1 6 36,477 7 0.32 o
Cotton
-4 7 18,293 3 0.52 ”~
Barley
4 8 13,493 4 0.47 i
wheat
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CPD versus NBPD, 135 observations
(squares = field crops, circles = orchard crops; Spearman rho = -0.219, p = 0.011)
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Figure 6. Scatter plot of CPD versus NBPD for 135 o tiated by field and horticultural
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Table 11. Results of the rank-based factorial analysis of variance (primary analysis) and the Kruskal—
Wallis one-way test (supplementary analysis) for NBPD (a = 0.05).
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Table 12. Cultivated area in the 2022-2023 crop year and comparison of unweighted and area-weighted
mean CPD and NBPD by crop.
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Table 13. Top 10 cases among the 14 observations with negative NBPD, along with their cost-to-revenue
ratios.
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