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Abstract

The countrywide imbalance between supply and water demand
is one of the most important issues of water resources
management in Iran, especially in the agricultural sector. In
this regard, international exchange of agricultural products and
virtual water trade, which is defined as the water embedded in
goods, can be regarded as a means to manage water resources.
Sugar beet is amongst the low productivity products in the
country with high water demands. In this research, the amount
of pure water demand and the virtual water associated to
production of sugar beet, sugarcane, and the corresponding
produced sugar is calculated using the Cropwat software. We
also investigated the virtual water exchange and its
dependency on other countries. During 2005-2014, the major
origins of importing sugar were from UAE, Brazil,
Switzerland, England and India. It is shown that in the case of
importing sugar from such countries instead of national
production of sugar during that period, about 13 billion cubic
meters of water could have be saved. However due to different
risks of security and climate change, increasing of country’s
water dependency on other countries should take into
consideration the long-term effects of virtual water import. The
concept of a reliable level of virtual water trade is expected to
be embedded in export/import policy making as an important
issue in terms of water and food security.
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Table 1- The sugar beet and sugarcane cultivated area and production during the period of 2005 - 2014
VAF-VTAY 0,95 b jSubs g 3380 g5 (3ljue 9 CadS 0 gbans =) g

Year
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
§ 24  Sugarcane 66.5 61 61.5 60.1 65.9 76.7 84.8 86.6 89.1 87.1
= @
9
G =2  Sugarbeet 1859 159.8 53.9 56.3 99.6 109.5 96.8 82,5 97.1 105.0
§ T Sugarcane 4958.9 53126 3097.0 28229 5647.7 5659.0 53784 6537.0 6588.6 7406.4
T &2
S36
© £ * sugarbeet 67085 5407.2 18272 20159 3866.5 47025 4651.1 3467.4 4730.7 5594.2
n_ N—r
59l Sl ©)ljg ixte
thousand tons thousand hectares
2000.0 200.0
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= = Sugarcane crop area ] The amount of suzarbeet production
— Sugar best crop area The amouvnt of sugarcans production

Fig. 1- Sugar beet and sugar cane cultivation and production over the period of 2005-2014
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Fig. 2- Steps of the research
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Table 2- The sugar beet virtual water for major cultivating areas and its countrywide average value in 2014
Jlw 53 jouiS J5' )3 wid ik (550 O (piSile 9 Wil ik Jguatmo Sl d0s (3bLn p3 (55l O Amle —F Jgua

yyray
ETc? Eff rain® Irr. Req®  Sugar beet Sugar Virtual Virtual water of The Area  Area*Virtu
Province yield yield s\ljvgaatfrbg; Sugj;a(fzsei?)on of sugar al water
mm/dec mm/dec mm/dec (kg/ha) (kg/ha) (m3/ton) (m3/ton) beet (ha)  (sugar beet)
East Azerbaijan 1381.3 133.2 1248.1 53986.7 6307.8 231.2 1978.7 120 21.7
sze;rtbaijan 1040.7 145.3 895.4 60557.8 7075.6 147.9 1265.5 30613 4526.4
Ardebil 796.8 120.5 676.3 53590.9 6261.6 126.2 1080.1 2743 346.2
Esfahan 11135 18.9 1094.6 35696 4170.7 306.6 2624.5 1642 503.5
llam 1262.8 72.7 1190.1 48470 5663.2 2455 2101.4 203 49.8
EZEEELTM' V& 9999 44.9 955 388185 45356 246 2105.6 1314 3233
SKng;i?n 1512.3 28.2 1484.1 37102.9 4335.1 400 3423.4 929 371.6
E:gj?a” 971.8 66.5 905.3 50260 58724 1801 1541.6 18305 3297.2
Northern
Khorasan 924.5 70.5 854 37748.3 4410.5 226.2 1936.3 2239 506.5
Khuzestan 594.7 199.1 395.6 69572.1 8128.8 56.9 486.7 4442 252.6
Zanjan 753.9 66.1 687.8 25000 2921 275.1 2354.7 22 6.1
Semnan 1014.6 30.3 984.3 46260.1 5405 212.8 1821.1 2000 425.6
Fars 985.3 3.7 981.6 49658.8 5802.1 197.7 1691.8 13271 2623.3
Qazvin 970.9 253 945.6 41749.2 4878 226.5 1938.5 1973 446.9
Kurdistan 1044.9 52.1 992.8 46137.4 5390.7 215.2 1841.7 945 203.3
Kermanshah 1193.2 44.5 1148.7 49999.9 5842 229.7 1966.3 12500 2871.8
Golestan 869.7 101.1 768.6 34498.6 4030.8 222.8 1906.8 66 14.7
Lorestan 1058.5 61.7 996.8 54168.9 6329.1 184 1574.9 4800 883.3
Markazi 817.6 24.6 793 45938.9 5367.5 172.6 1477.4 544 93.9
Hamedan 964.8 36 928.8 51695.9 6040.1 179.7 1537.7 6366 1143.8
Total 105037 18917.3

The average virtual water of sugar beet in 2014 (cubic meters per ton) 180
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Table 3- The countrywide average virtual water values associated to sugar beet, sugar cane, and sugar* in

2005-2014
2945 J5 3 VFAT-AY (bl (b pa bl 51 Jols * 1S g Sl i ity (g5lom0 O (0le Y Jgo
The average virtual water (m?/ton) The average virtual water (m?/ton)
Year Sugar beet Sugar produced from Sugarcane Sugar produced from sugarcane
sugar beet
2005 269 2305 304 2794
2006 304 2603 241 2213
2007 280 2402 431 3956
2008 281 2412 501 4605
2009 233 1999 242 2227
2010 242 2074 303 2779
2011 228 1953 368 3383
2012 254 2181 291 2671
2013 208 1781 288 2649
2014 180 1541 235 2157

* The calculated sugar virtual water does not include the consumed water during the industrial processes
.CA.M:\ 04U 423; ).Ié}).) c\.:l>)‘§ )) ..\:J}T &I).n ).iLa) 9 d)sl)ﬁ k)>|)/o » o.)\.é.‘;.w‘ ))90 L_J’l )S.«) Jya.’xn Lg)\.xo L‘J" Ml}m ).) L

OT s g duolre (S yas ol dlw o OSbe bl ol Lyl 0y90 ol b, nBjuise Jawe (dy s iges loie 4y
ol osald ioled 4 ¥ S5 3 a8 05 aulejlo GIS Lae 3 )3 g el o 4 bl 1 a8 5a )3 Ul Cyme ]300 YFAY-AY

The ten-year average virtual water consumption

Legend \‘\_\ /_,f“\ ' 4
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Bl 152

B s

C G g

Unit:Standard deviation

Fig. 3- Spatial distribution of mean virtual water of sugar beet in cubic meters of water consumed per ton of
root produced (2005-2014)
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Fig. 4- The trend of export and import of sugar virtual water (corresponding to sugar beet) during 2005-2014
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Fig. 5- The trend of export and import of sugar virtual water (corresponding to sugarcane) during 2005-2014
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Table 4- The exported and imported sugar virtual water income/cost during the period of 2005 - 2014
YFAF-AY 0,95 b ,Suind g Wil s 51 Jols ,Sd Jomame (1319 9 (&1)3bo (g5lxe O a3/ el yd dnwle —F Jgus

year The total amount of ~ The total amount of Total income/cost Income/cost of sugar Income/cost of sugar
sugar virtual water sugar virtual water (1000%/year) virtual water virtual water
(corresponding to (corresponding to (corresponding to sugar (corresponding to
sugar beet) sugarcane) beet) Sugarcane)
(1000 m? per year) (1000 m?® per year) ($/md) ($/m3)
Export Import Export Import Export Import Export Import Export Import
2005 291856 1633295 353142 1976267 6957 198357 0.02 0.12 0.02 0.10
2006 39231 6576470 33304 5583010 1156 1017562 0.03 0.15 0.03 0.18
2007 194374 2970074 319575 4883164 6293 428867 0.03 0.14 0.02 0.09
2008 135482 2658661 258354 5069869 4092 325032 0.03 0.12 0.02 0.06
2009 5554 1762558 6166 1956787 1855 326664 0.33 0.19 0.30 0.17
2010 102733 36006 137167 48074 31149 5698 0.30 0.16 0.23 0.12
2011 171754 2410226 297183 4170377 47092 755905 0.27 0.31 0.16 0.18
2012 358681 3667409 439031 4488964 78529 1072414 0.22 0.29 0.18 0.24
2013 35675 2812972 52859 4167982 6189 832188 0.17 0.30 0.12 0.20
2014 73180 1186666 102071 1655168 38768 352294 0.53 0.30 0.38 0.21
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Fig. 7- The sugar water footprint accounting (corresponding to sugarcane) in Iran (2005-2014)
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