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Figure 1- The Location of study area
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Table 1 - Plant characteristics of the studied products (Dehgan et al., 2013)
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Table2- Product water footprint, groundwater footprint, groundwater stress, water consumption
intensity and productivity in normal condition (without increasing efficiency)
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Table 3- blue and green water Footprints of crops with increasing irrigation efficiency
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Figure 2- Changes in water Efficiency and intensity with increasing irrigation efficiency of crops, wheat
(a), barley (b), beans and chickpeas (c), sugar beet (d), potato (e), tomato French (f), alfalfa (g) and corn

Lol 09 oo (S0 sl @ es)ly g pals el
‘_gl.ibu] » °~3)|3 Lng)LMJ ..\J‘}JGA.’ g_gll'er‘" LY J.al.c U"‘
cis 5l Jols (i g 0y G 3l STy G
ol wiley Jbop mhw 4 1) 50k @Y game
zhw 0350loml 9 S oSl ol 4 axg g3
dnwgs «Jolge opl 4 dxg e 4S5 b ol o

& S A
2 L 25 052y 5l S ol
$5taS SVgame bwg aibie ejn; ool
g Jud 5l il Jelse 5 36 55 opl 45 0oy
pas «s)lal Hul pleadly (V¥ gaxe YL S
Syl pae pimen g el CiS (6651 3929
Jol> mls el (65,0l idu 10 ax LSS g el
oleadly Lalislas ols las 50 g kel Hleaily s



VEe e bl g sl o) oylad ol wolid 5 sl alme VA

50,5 oo Sy wals @l Gldgs 5 odel Cawoay
sl sl il s 55 el ans Slallas i
s 5 ool i oF ol wilata e
SYgame CiS 6l Gbole 5 skl Glaptans
S50 GRIP Saa oY Sbeladl plxl 9 9,5 &) 50
e 3 088 @Bly (o) 12 3550 Y grazme rhans w2y 5
ol gloclen 53,5 5 o b asY ol

Dpdy Ope ol Hglas g dgo

1. Agricultural  Statistics.  (2006-2015).
Ministry of Agriculture, Deputy of Planning
and Economy, Information and
Communication Technology Center. Volume
One, Crops. 10-26.

2. Allen, R.G., Pereira, L.S., Raes, D., Smith,
M. (1998). Crop Evapotranspiration -
Guidelines for Computing Crop Water
Requirements. FAO Irrigation and Drainage
Paper 56, FAO, 1998, ISBN 92(5):104-119.

3. Aligholinia, T., Rezaie, H., Behmanesh, j
and Montaeri, M. (2016). Sustainable
management of water resources in order to
maximize extractable water with a water
footprint approach. Master Thesis, Faculty of
Agriculture, Urmia University.

4. Dehgan. A., Zabihi Afrooz. R., Hosseini
Sabet, M. (2013). Productivity of crops in
exchange for water consumption in Iran and
its comparison with other countries. A series
of reports related to the Agricultural
Economics and Rural Development Planning
Research Institute.

5. Esnault, L., Gleeson, T., Wada, Y.,
Heinke, J., Gerten, D., Flanary, E., Bierkens,
M.F. and van Beek, L.P. 2014. Linking
groundwater use and stress to specific crops
using the groundwater footprint in the Central
Valley and High Plains aquifer systems, US.
Water Resources Research, 50(6):4953-4973.

OS5 ol 4 b eizren 08l o 3] adlaie jo
5 ol solitwl b Il drwgs a5 cils axgi o)lgen

Cialidl Byo addlhae 590 ddlate j3 45 CiS (g oo

SialiS Sl Gh e g anws 5 kel el
ol ollas ‘al:ge.sl g ddlaie il 4 d>gi o
A e NEYY) 9 00¢s uaﬁla 6)15 6))5Lm5 ,..Ju .. o
Sl 5355 5 555 IW 9 Vb Jbo sloas 0 By
@l @ azg b Giaghy ol )0 W og wales )15

&b
6. FAO. (2005-2014) ‘FAOSTAT database’,
FAO, Rome, http://faostat.fao.org.
7. Farspand Ab Consulting Engineers.
(2010). Water Balance Update Project of
Urmia Lake Basin Study Areas (Urmia Study
Area  Water Balance Report). West
Azerbaijan Regional Water Company, Office
of Basic Studies of Water Resources.
8. Gleeson, T., Wada, Y., Bierkens, M.F. and
van Beek, L.P. (2012). Water balance of
global aquifers revealed by groundwater
footprint. Nature, 488(2012):197-200.

9. Gleeson, T. and Wada, Y. (2013).
Assessing regional groundwater stress for
nations using multiple data sources with the
groundwater footprint. Environmental
Research Letters, 8(4):44-64.

10.Hoekstra, A.Y., 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 ReportSeries No. 11,
UNESCOIHE, Delft, The Netherlands,
www.waterfootprint.org/Reports/Report11.
11.Hoekstra, A. Y., Chapagain, A. K,
Aldaya, M. M. & Mekonnen, M. M.
(2011).The Water Footprint Assessment
Manual:  Setting the Global Standard
(Earthscan).

12.Kourgialas, N. N., Karatzas, G. P., Dokou,
Z., & Kokorogiannis, A. (2018).
Groundwater footprint methodology as policy
tool for balancing water needs (agriculture &



VAl gloaily Gal33l b 65,5lsS S game wdg oo Sam 5 L Jinle

tourism) in water scarce islands-The case of
Crete, Greece. Science of the Total
Environment, 615: 381-389.

13.Masoudi, M., Barzegar, s. (2015).
Assessment and Mapping of Qualitatative
and Quantitative Severity Degradation of
Groundwater Resourses using the Modified
IMDPA Desertification Model and GIS. A
Case Study: Firuz-abad Plain of Fars
province. Irrigation and Water Engineering,
5(4), 86-95.

14.0buobie, E., Gachanja, P. M., & Dorr, A.
C. (2005). The role of green water in food
trade. Bonn: Zentrum fiir Entwicklungs
Forschung (ZEF) (Term paper for the
interdisciplinary course, International
Doctoral Studies).

15.Perez, A. J., Hurtado-Patifio, J., Herrera,
H. M., Carvajal, A. F., Perez, M. L.,
Gonzalez-Rojas, E., & Perez-Garcia, J.
(2019). Assessing sub-regional water scarcity
using the groundwater footprint. Ecological
Indicators, 96: 32-39.

16.Rahmani. N., Rezaei. H. and Montaseri,
M. (2016). Study and evaluation of
fluctuations in the water level of Lake Urmia
with water footprints of agricultural products.
Master Thesis, Faculty of Agriculture, Urmia
University.

17.Rasouli Majd. N., Montaseri, M.,
Behmanesh. J and Rezaei, H. (2016). Identify
the evaluation of blue, green and gray water

footprint index by applying climate change.
Master Thesis, Faculty of Agriculture, Urmia
University.

18.Ringersma, J. (2003). Optimizing Green
Water Use and Improved Crop Water
Productivity under Rain Fed Agriculture in
Sub-Sahara Africa. ISRIC Abstract of a Data
Search and Literature Study.

19.Rizzo, D. M., and J.M. Mouser. 2000.
Evaluation of Geostatistics for Combined
Hydrochemistry and Microbial Community
Fingerprinting at a Waste Disposal Site.
20.Rouhani, N., Yang, H., Amin Sichani, S.,
Afyuni, M., Mousavi, S.and Kamgar
Haghighi, A. (2009). Assessment of Food
Products and Virtual Water Trade as Related
to Available Water Resources in Iran. JWSS.
2009; 12 (46):417-432

21.Soltani, Gh and Zibaie, M. (2011).
Agricultural water consumption management
is a challenge to deal with drought.
Conference on  water  consumption
optimization in the country. Academy of
Sciences. Iran.

22.Thapinta, A. and P. Hudak. 2003. Use of
geographic information systems for assessing
groundwater pollution potential by pesticides
in  Central Thailand. = Environmental
International Journal, 29: 87-93.
23.Wackernagel, M. & Rees, W. 1996. Our
Ecological Footprint (New Society
Publishers).



Journal of Aqiufer and Qanat (semi-annual)

Vol.3, No.1, Spring & Summer, 2021 *
P 66-80
http://dx.doi.org/10.22077/jaaq.2021.1865 University of Birjand
Original Article:

Investigation of groundwater stress using groundwater footprint
indicator in agricultural products

Tohid Aliglinia ', Monireh Faghani *>*, Khalil Ghorbani *

1- PhD in Water Science and Engineering, Expert in Aquatic Habitats of West Azerbaijan Department of
Environment, Urmia, Iran.
2- PhD in Water Science and Engineering, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran.
3- Associate Professor, Department of Water Engineering, Faculty of Water and Soil, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.
*Corresponding Author E-mail: monir.faghani@yahoo.com

Received: 12-09-2020; Accepted: 17-05-2021

Abstract

Agricultural activities have grown more due to population growth and increasing demand
for more products in the Urmia plain in recent years and have mainly been expanded with
groundwater withdrawal, and because of the limited availability of surface water resources,
this issue has led to a sharp drop in groundwater resources in the area. In this research, the
groundwater footprint indicator was used to study the agricultural products’ effect on
groundwater stresses. For this purpose, eight crops were selected, and the indices of water
footprints, groundwater footprints, groundwater stresses, water use intensity, and efficiency
were calculated. The results showed that the groundwater footprint indicator and the stress
on groundwater resources for all studied products in Urmia plain were respectively 464.5
km® and 5.97 units. Among the studied crops, wheat and alfalfa put the most stress on the
groundwater of the region with 1.78 and 2.8 units, respectively. By increasing the irrigation
efficiency to 25%, the stress index applied to groundwater for wheat yield became less than
1 unit. The study results on the water use intensity and products’ efficiency also showed
that water consumption decreases with increasing efficiency, and products’ efficiency
increases. However, increasing irrigation efficiency alone will not eliminate the entire
stresses on the agricultural sector, the environment, and in particular, groundwater
resources, and it is only an additional factor along with other factors.

Keywords: Productivity, Urmia Plain, Underground Water Footprint, Water use Intensity.



