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4- Water-intensive
5- Water-extensive
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3- Water Footprint
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Table 1- Wheat production over 15 major wheat producing provinces

My e 1S S 31 s 3,8des 3o 35
o (ton) (%) (%) (kg/ha) (kg/ha)
Province - - - -
oLt e Epe Gy LB e g LB e LB e
Irrigated  Rainfed Total Irrigated Rainfed Irrigated Rainfed Total Irrigated Rainfed Irrigated Rainfed
,ﬁbci)labil 329,954 270,715 600,668 54.9 451 3.8 6.5 46 4,240 1,145 2679 23
Aol oea104 287,902 571,006 496 504 3.2 69 44 3014 861 1113 437
Eastern Azerbaijan
‘F’;)Z 1,578,195 103,768 1,681,962 93.8 6.2 18 2.5 13 4,058 817 333.7 65.3
OGL:istan 475,667 442,123 917,790 51.8 48.2 54 105 7.1 3,067 2,021 160.1 126.8
gl 352,909 333,758 686,666 51.4 48.6 4 8 53 3,864 1,033 161.6 55.2
Hamadan
shiskes 384,030 417,436 801,466 479 52.1 4.4 10 6.2 4,638 1,192 261.4 83.6
Kermanshah
ool 994,297 206,968 1,201,265 82.8 17.2 11.3 49 93 2900 624 1925 17
Khorasan
g 1,254,269 93,022 1,347,291 931 6.9 143 22 104 2,994 498 230.8 73.7
Khuzestan
o, 149,478 492,957 642,435 23.3 76.7 1.7 118 5 4,149 993 156.4 54.4
Kurdestan
o) 215,306 291,500 506,806 425 575 2.5 7 39 3102 1,179 154.7 81.6
Lorestan
‘l\jll};llazi 286,251 169,691 455,941 62.8 37.2 3.3 4 35 3,800 943 2354 834
S;fvin 255,899 77,380 333,278 76.8 23.2 2.9 1.8 26 4,045 894 2027 26
'LF‘:;ran 424,140 2,694 426,834 994 0.6 4.8 0.1 33 4,764 1,010 2283 25
@ obelydl
Western 332,104 283,664 615,769 53.9 46.1 3.8 6.8 47 3,122 1,037 105.1 31.1
Azerbaijan
El:r?jan 85,351 341,459 426,810 20 80 1 81 33 3,700 965 1934 942

Total (15 Prov.)
Total (National)

7,400,951 3,815,03511,215,987 66 34 843 91 865 3,508 1049 -
8,778,996 4,192,80812,971,804 67.7 32.3 -- 3438 1010 ---
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Table 2- Water footprint Components for wheat production in 15 selected provinces

oo ! WF,r (m*/ton) WFge (m®/ton)
oLl Water (mm)
Province ET. IR Py @l GpSE s ggete o GimSE ggete
‘ ) Green Blue Gray  White Total Green  Gray Total

,ﬁbd)labil 494 232 262 618 547 632 854 2,651 2,289 100 2,390
ot b 536 290 246 817 963 369 17243 3391 2860 254 3,113
Eastern Azerbaijan
‘F’;’; 607 365 242 597 899 822 1,214 3,533 2,967 400 3,367
olds 419 160 259 845 521 522 773 2,661 1,282 314 1,596
Golestan
gl 574 313 261 676 811 418 1,016 2,921 2,527 267 2,794
Hamadan
ohaileys 592 267 324 699 576 564 804 2,643 2721 351 3,072
Kermanshah
ool 607 407 200 690 1,402 664 2,301 5,056 3,205 137 3,341
Khorasan
clieig> 426 218 208 693 729 771 1,094 3,287 4,166 740 4,906
Khuzestan
ol 697 377 321 773 908 377 1,346 3,404 3,231 274 3,505
Kurdestan
ol 631 314 318 1,023 1,011 499 1,632 4,165 2,693 346 3,039
Lorestan
S5 . 555 302 254 668 794 619 1,039 3,120 2,692 442 3,134
Markazi
cHP 570 300 269 666 742 501 877 2,786 3,012 145 3,158
Qazvin
o 510 272 238 499 571 479 701 2,250 2,352 123 2,475
Tehran
i ol . 93 219 275 880 700 337 956 2,872 2,648 150 2,798
Western Azerbaijan
Ezmjjan 554 275 279 753 744 523 1,067 3,086 2,887 488 3,375
Average 551 287 264 726 794 540 1,128 3,188 2,769 302 3,071
CV (%) 13 22 13 17 28 25 35 21 21 55 22
Min 419 160 200 499 521 337 701 2,250 1,282 100 1,596
Max 697 407 324 1,023 1,402 822 2,301 5,056 4,166 740 4,906
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Figure 1- Share of each water footprint component from total water footprint in irrigated areas
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Figure 2- Share of each water footprint component from total water footprint in rainfed areas
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Table 3- Total volume of water footprint components for wheat production in 15 selected provinces

ol WFT,,, (MCM) WFTgr (MCM)
Brovine @l GRSE s gt o SrwSE g
Green Blue Gray White Total Green Gray Total

de)!
Ardebil 204 181 208 282 875 620 27 647
okl 231 272 105 352 960 823 73 896
Eastern Azerbaijan
E;)é 942 1,418 1,298 1,917 5,575 308 41 349
ofls 402 248 248 368 1,266 567 139 705
Golestan
clen 238 286 148 359 1,031 843 89 933
Hamadan
otiles 269 221 216 309 1,015 1,136 146 1,282
Kermanshah
ool 686 1,394 660 2,288 5,028 663 28 692
Khorasan
cliig> 869 915 967 1,372 4,123 388 69 456
Khuzestan
o, 116 136 56 201 509 1,593 135 1,728
Kurdestan
ol 220 218 107 351 897 785 101 886
Lorestan
3 5% _ 191 227 177 297 893 457 75 532
Markazi
o9F 170 190 128 224 713 233 11 244
Qazvin
o 212 242 203 297 954 6 0 7
Tehran
@t obelydl
Western Azerbaijan 292 232 112 318 954 751 43 794
o 64 64 45 01 263 986 167 1,152
Zanjan
Total 5,107 6,244 4,679 9,026 25,055 10,158 1,145 11,303
AWF (m%ton) 690 844 632 1,220 3,385 2,663 300 2,963
WAWF (m*/ton) 1,328 571 525 825 3,249
NWF (MCM): 15 Provinces 14,891 6,404 5,887 9,257 36,439
NWF (MCM): National 17,222 7,406 6,809 10,706 42,143
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Figure 3- Share of each major producing province of water footprint components in irrigated areas

~x=Green -0-Gray -® Total

10%

8%

Sl islesy ehial 1 S pe

Share of each water footprint component

x

w23 )l 33 O (bd,y slial 51 G y2 g0z I puS BaS gl ses bl 15 o =4 IS
Figure 4- Share of each major producing province of water footprint components in rainfed areas

“or 9SGl S 4 o el S Az e sl puS 1y
=950 ol G @S o ytd 1o g Ol CodeS il Lol 23,8
Sl 10 (o 30,5 418 o5 a6y dn g5 3590 b 45 Canl
d9a ol )b sl )3 O (cLus, ggomme bawgio w0is 5
3071 m¥ton seacs y3 T cLus, gomesme bawgio 55 w3 o))
s 3aSB Ol ops 1l 9 o Of ot ¢l 3 48 395 0 391

il e

Cgonl 45’ gl 5 o Ol (s3) porio 2 oo adlllas ) )5

ol sl 3 ks g (6 S O porda i p U8 155 55 (oL
s Dy y9iS 5> pAS BALS LG e sl 19 )5 Jguazea
lodss iloid) el Y O e s Ol cd s )l
i Ol glise b O g oy Of e 4 4l (6l (olend
Egmome 45 1imd oo (L S bl Jgae Mg gl 0l
1390-1385 0,93 15 598 e 3 paiS W55 5> OF (5, o
Glde cpl il a8 il 0 42143 MCMIyear sgis )5 buwgio sk
oo 16 (N T aon 18 s LT a by pe aoyp 4l
Sl L) game pas wdloe s ] 2003 25 5 (528
2l sl ggemme jlao 0 Al sgas )9S )5 sds 5 (S



1394wl - cyatg Boslos 29wl (S g T &y pis 1466

13-
14-

15-

19-

20-

21-

22-

23-

24-

&bo

Aldaya M.M., Allan J.A., and Hoekstra A.Y. 2010. Strategic importance of green water in international crop trade.
Ecological Economics, 69(4): 887-894.

Aldaya M.M., and Hoekstra A.Y. 2010. The water needed for Italians to eat pasta and pizza. Agr. Syst, 103: 351-
360.

Allan J.A. 2003. Virtual water — the water, food, and trade nexus: Useful concept or misleading metaphor? Water
International, 28(1): 106-113.

Allen R.G., Pereira L.S., Raes D., and Smith M. 1998. Crop evapotranspiration: guidelines for computing crop
water requirements. FAO Drainage and Irrigation Paper 56, Food and Agriculture Organization, Rome.
Chapagain A.K., and Hoekstra A.Y. 2004. Water footprints of nations, Value of Water Research Report Series No.
16, UNESCO-IHE, Delft, The Netherlands.

Chapagain A.K., Hoekstra A.Y., and Savenije H.H.G. 2006. Water saving through international trade of
agricultural products. Hydrol. Earth System Science, 10: 455-468, DOI: 10.5194/hess-10-455-2006.

De Fraiture C., Cai X., Amarasinghe U., Rosegrant M., and Molden D. 2004. Does international cereal trade save
water? The impact of virtual water trade on global water use. Comprehensive Assessment Research Report, Vol. 4,
International Water Management Institute, Colombo.

Gerbens-Leenes W., Hoekstra A.Y., and Van der Meer T.H. 2009. The water footprint of bioenergy. Proceedings
of the National Academy of Sciences, 106(25): 10219-10223.

Gleick P.H. (ed.). 1993. Water in crisis: A guide to the world’s fresh water resources, Oxford University Press,
Oxford, UK.

Hoekstra A.Y. 2003. Virtual water trade: Proceedings of the International Expert Meeting on Virtual Water Trade,
Delft, The Netherlands, 12-13 December 2002, Value of Water Research Report Series No.12, UNESCO-IHE,
Delft, The Netherlands.

Hoekstra A.Y., and Chapagain A.K. 2007. Water footprints of nations: water use by people as a function of their
consumption pattern. Water Resources Management, 21(1): 35-48.

Hoekstra A.Y., and Chapagain A.K. 2008. Globalization of water: Sharing the planet’s freshwater resources.
Blackwell Publishing, Oxford, UK.

Hoekstra A.Y., Chapagain A.K., Aldaya M.M., and Mekonnen M.M. 2009. Water footprint manual: State of the
art 2009, Water Footprint Network, Enschede, the Netherlands.

Hoekstra A.Y., Chapagain A.K., Aldaya M.M., and Mekonnen M.M. 2011. The water footprint assessment
manual: setting the global standard, Water Footprint Network, Enschede, the Netherlands.

Hoekstra A.Y., and Hung P.Q. 2002. Virtual water trade: A quantification of virtual water flows between nations
in relation to international crop trade. Value of Water Research Report Series No. 11, UNESCO-IHE, Delft, the
Netherlands.

Hoekstra A.Y., and Hung P.Q. 2005. Globalisation of water resources: International virtual water flows in relation
to crop trade. Global Environmental Changes, 15(1): 45-56.

Hoff H., Falkenmark M., Gerten D., Gordon L., Karlberg L., and Rockstr’om J. 2010. Greening the global water
system. Journal of Hydrology, 384: 177-186.

Jenkinson D.S. 2001. The impact of humans on the nitrogen cycle, with focus on temperate arable agriculture.
Plant and Soil, 228(1): 3-15.

Liu J., and Yang H. 2010. Spatially explicit assessment of global consumptive water uses in cropland: green and
blue water. Journal of Hydrology, 384: 187-197.

Liu J., Williams J.R., Zehnder A.J.B., and Yang H. 2007. GEPIC — modeling wheat yield and crop water
productivity with high resolution on a global scale. Agricultural Systems, 94: 478-493.

Liu J., Zehnder A.J.B., and Yang H. 2009. Global consumptive water use for crop production: The importance of
green water and virtual water. Water Resources Research. 45, W05428, DOI: 10.1029/2007WR006051.
Mekonnen M. M., and Hoekstra A.Y. 2010. A global and high-resolution assessment of the green, blue and grey
water footprint of wheat. Hydrology and Earth System Sciences, 14: 1259-1276.

Mitchell T. D., and Jones P.D. 2005. An improved method of constructing a database of monthly climate
observations and associated high-resolution grids. International Journal of Climatology, 25: 693-712.

Molden D. 2007. Water for food, water for life: A comprehensive assessment of water management in agriculture,
Earthscan, London, UK.

Norse D. 2005. Non-point pollution from crop production: Global, regional and national issues. Pedosphere, 15(4):
499-508.

Oki T., and Kanae S. 2004. Virtual water trade and world water resources. Water Science and Technology, 49(7):
203-209.

Portmann F., Siebert S., Bauer C., and Doll P. 2008. Global data set of monthly growing areas of 26 irrigated
crops. Frankfurt Hydrology Paper 06, Institute of Physical Geography, University of Frankfurt, Frankfurt am



1467 jois ahan 3o puiS Jguamo odgi 55 0T 6oy sly2 5590

28-

29-

30-

31-

32-

33-

34-

35-

Main, Germany.

Postel S.L. 2000. Entering an era of water scarcity: The challenges ahead. Ecological Applications, 10(4): 941—
948.

Sacks W.J., Deryng D. Foley J.A., and Ramankutty N. 2009. Crop planting dates: An analysis of global patterns.
Global Ecology and Biogeography, 19(5): 607-620.

Siebert S., and Doll P. 2008. The global crop water model (GCWM): Documentation and first results for irrigated
crops, Frankfurt Hydrology Paper 07, Institute of Physical Geography, University of Frankfurt, Frankfurt am
Main, Germany.

Siebert S., and Doll P. 2010. Quantifying blue and green virtual water contents in global crop production as well as
potential production losses without irrigation. Journal of Hydrology, 384: 198-207.

Wackernagel M., and Jonathan L. 2001. Measuring sustainable development: Ecological footprints. Centre for
Sustainability Studies, Universidad Anahuac de Xalapa, Mexico.

Wackernagel M., Onisto L., Linares A.C., Falfan I.S.L., Garcia J.M., Guerrero I.S., and Guerrero M.G.S. 1997.
Ecological footprints of nations: How much nature do they use? How much nature do they have? Centre for
Sustainability Studies, Universidad Anahuac de Xalapa, Mexico.

Wackernagel M., and Rees W. 1996. Our ecological footprint: Reducing human impact on the Earth. New Society
Publishers, Gabriola Island, B.C., Canada.

WWAP. 2009. The United Nations World Water Development Report 3: Water in a changing world, World Water
Assessment Programme, UNESCO Publishing, Paris/Earthscan, London.

Yang H., Wang L., Abbaspour K.C., and Zehnder A.J.B. 2006. Virtual water trade: an assessment of water use
efficiency in the international food trade. Hydrology and Earth System Sciences, 10: 443-454, DOI: 10.5194/hess-
10-443-2006.



Journal of Water and Soil (65231 @alioo 5 pole) S g ol &y i
Vol. 29, No. 6, Jan.-Feb. 2016, p. 1458-1468 i 1458-1468 . p 1394 widuol — cyage 6 o5lost 29 ke

Estimation of Water Footprint parsts in National Wheat Production

B. Ababaei'"- H. Ramezani Etedali?
Received: 05-08-2014
Accepted: 29-09-2014

Introduction: Water use and pollution have raised to a critical level in many parts of the world. If
humankind is to meet the challenges over the coming fifty years, the agricultural share of water use has to be
substantially reduced. In this study, a modern yet simple approach has been proposed through the introduction
concept ‘Water Footprint” (WF). This concept can be used to study the connection between each product and the
water allocation to produce that product. This research estimates the green, blue and gray WF of wheat in Iran.
Also a new WF part (white) is used that is related about irrigation water loss.

Materials and Methods: The national green (Effective precipitation), blue (Net irrigation requirement), gray
(For diluting chemical fertilizers) and white (Irrigation water losses) water footprints (WF) of wheat production
were estimated for fifteen major wheat producing provinces of Iran. Evapotranspiration, irrigation requirement,
gross irrigation requirement and effective rainfall were got using the AGWAT model. Yields of irrigated and
rain-fed lands of each province were got from Iran Agricultural-Jihad Ministry. Another part of the wheat
production WF is related about the volume of water required to assimilate the fertilizers leached in runoff (gray
WF). Moreover, a new concept of white water footprint was proposed here and represents irrigation water losses,
which was neglected in the original calculation framework. Finally, the national WF parts of wheat production
were estimated by taking the average of each part over all the provinces weighted by the share of each province
in total wheat production of the selected provinces.

Results and Discussion: In 2006-2012, more than 67% of the national wheat production was irrigated and
32.3% were rain-fed, on average, while 37.9% of the total wheat-cultivated lands were irrigated and 62.1% was
rain-fed from more than 6,568 -ha. The total national WF of wheat production for this period was estimated as
42,143 MCM/year, on average. Different parts of wheat WF were estimated for 236 plains in fifteen selected
provinces. For irrigated areas, the green WFs ranged from 499 to 1,023 m*/ton, the blue WFs from 521 to 1,402
m?/ton, the gray WFs from 337 to 822 m®/ton, and the white WFs from 701 to 2,301 m*/ton. The average total
WF for irrigated areas among all the selected provinces is about 3,188 m*/ton, with almost equal shares of blue
and green water. For rain-fed areas, the green WFs ranged from 1,282 to 4,166 m*/ton and the gray WFs from
100 to 740 m*/ton. The average total WF for rainfed areas is about 3,071 m%ton with the share of green WF
being nine times the gray WF. In irrigated areas, the percentages of green, blue, gray and white WFs are 23, 25,
17 and 35% of total WF, respectively in each province. The average total WF for irrigated areas is about 3,188
m*/ton with comparable shares of blue and green water. In irrigated areas, Fars, Khorasan and Khuzestan
provinces have the largest of the total WF with 5,575, 5,028 and 4,123 MCM/year, respectively. In addition to
large cultivated areas and high rates of potential evapotranspiration, high values of gray and white water is
another reason for the high volume of total WF in these provinces.

Conclusions: The results showed that the green WF related about wheat production in our country is about
2.3 times the blue WF. It confirmed the importance of green water in wheat production. Also the gray water
footprint was assessed which is related about nitrogen application. Besides, the white water footprint was
proposed here, which represents irrigation water losses. Results showed that the total water footprint in wheat
production for the whole country is about 42,143 MCM/year on average over the period of 2006-2012. The
ratios of green, blue, gray and white water were 41, 18, 16 and 25%, respectively. Different parts of wheat WF
were estimated for 236 plains over fifteen selected provinces. Total shares of gray and white water footprint
were 41% of total wheat production water footprint. The average total WF for irrigated areas among all selected
provinces is about 3,188 m*/ton, with almost equal shares of blue and green water. The authors admit that the
accuracy of these results is subject to the quality of the input data.
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