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(Feng et al. 2011)5� .
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2�� Y�Z' /
251'�
��)3' !" `

�,%P� �	X6 �5��
�	Z58� %���%&#� 0���� ��#	3' (Khosravi 
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(Salah 2014) . G	X�	<' �, 0�OV &' /��*?&'�G	&X�	<' �&, 4��&�
Deisenroth & Bond 2010 /Blackhurst et al. 2010(.

Faramarzi et al. 2010 /Dehghan Menshadi et al. 2013 /
Mohammadi 2012 /Mohammadi Kani Golzar 2012 /

Shekari & Kohabi 2012 Mohammadi & Taali 
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)s(VWF [e,i,p] = PT [e,i,p] * VWC [e,p] 

�� �* $���<,�� 
VWF w����	[' !" 4	 W1-�, �/(	&# �� WX�'�5'PT '&
4�U

G�	[� ���' GD�Z3' W1-�, 0)++* ��	F �2<+' �� (	# �� $� 

e0)++*���� �2<+' �,i�P.%#� (�Z3' ��� 

1 Virtual Water Content (VWC) 
2 Industrial Water Withdrawal (IWW) 
3 Virtual Water Exported (VWE) 
4 Export Value of Industrial Products (EVIP) 5 Virtual Water Flows (VWF) 



����� � ����������	
��


�  ����� JE ����� ;3�#���.... .dx.doi.org/10.22093/wwj.2016.40799 

39

/%�?��((�� A��)�5X+F %
�	X6 �� ��	� �����	F !" `[- � ��	[' !" ��)2' ��#	3' n�	5� (amar.org) 
Table 1. Computed volumes of virtual and export water due to industrial activities (First method) (amar.org) 

Code 
ISIC Activity 

Water 
consumption

(m3)

AddedValue 
(million 
Rials) 

Virtual 
Water 

Volume 
(m3/million 

Rials) 

Export 
Value 

(million 
Rials) 

Exported 
Virtual 

Water (m3)

15 Food products and beverages 5082394 665278 7.64 24383 186274 
17 Textile manufacturing 6152701 900100 6.84 102718 702137 
18 Apparel, and fur dyeing 662 893 0.74 0 0
19 Leather tanning and dressing 300 1713 0.17 0 0
20 Wood and cellulosic industries 230061 37762 6.09 0 0
21 Paper manufacturing 53652 5422 9.9 0 0
22 Printing 835 1972 0.42 0 0
23 Coke manufacturing and refineries 1155213 30388 38.02 30900 1174677 
24 Chemical manufacturing plants 235522 154993 1.52 16906 25690 
25 Rubber and plastics manufacturing 142255 371923 0.38 9992 3822 
26 Non-metallic mineral manufacturing 2105544 577594 3.65 12787 46613 
27 Basic metal extraction and processing 4481910 1744341 2.57 958928 2463870 
28 Manufacture of fabricated metal 

products 358873 104536 3.43 371 1274 

29 Machinery and equipment 
manufacturing 21359 59653 0.36 1138 407 

31 Poer generation and sdistribution 
equipment 913753 2431406 0.38 318644 119750 

33 Medical, precision and optical 
instruments 73526 48750 1.51 0 0

34 Motor vehicle manufacturing 113539 331155 0.34 0 0
35 Transport equipment manufacturing 108347 105766 1.02 0 0

�	&[' !" �&, q�,�' G	�#	3' �, 0�OV���&,��	X6 &
%	&��
5X+&&F��� /�&&�X� �&&, 9��M&&@ $
&&
 !" Y�&&Z' G)&&� {�	&&� $

)cWIL51,�� {�	� /(�) !" �,eWD 	&b*��� {�	� � (��!"
)WSSs(�5����@)�) !" Y�Z' G)� {�	� .WI �&, ( G��&F

���� %����, =* %�1����, !"�Y�	Z' )WUt�,	&+' =&* �&, (
) 4	[�� 4	5#� ����' !"WAw' =F	- (���� (Salah 2014) 

)t(100
WA
WUWI *=

{�	�WI )F�� W1- �, ' ��*?' {�	� .%#��, )����
$
f	�cff _5'
' �: �� .)�	, �
%�# �, 4" 4�Ucff '&
)&+* =/�&,

$�� +X'�, /�&X�	<' ���' 9a, �� !" Y�Z' G)� �* %#�
�5&P
.%#� 

1 Water use Intensity (WI) 2 Water Dependency (WD) 3 Water Self-Sufficiency (WSS) 4 Water Use (WU) 5 Water Available (WA) 

+m��
L51,�� {�	� $�) !" �,WD4	P� ( 	&��� 0)&+���4	5&#�
��	� !" �,	+' �, 4	[����. ����	[' !" G����� C�� .%#� &� $

�, {�	� �	&[' !" {�	� G����� =* %�1� G��F �)NVWI (
Za� !" =* �, 4	[�� 4	5#�
{���, �56	���� &
 5X+&F )��X� &� �

'���� (Shekari & Kokabee 2013) 
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��	[' %#�.������F �l�L51,�� �,�&, �&2<+' p&� !" cff 

)F�� p��U� /��� 0	L�" 4" �2<+' oO'	l G����� �, !" ��	[' 



;3�#���� ����� JE �����.... .dx.doi.org/10.22093/wwj.2016.40799 

40 ��������	
��
����� � ��

Fig. 1. Water consumption and added value for different industrial activities (the first method) 
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1 International Standard Industrial Classification (ISIC) 
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Fig. 2. Values and quantities of virtual water exported by different industrial activities (the first method) 
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Table 2. Computed volumes of virtual water available and water exports by different industrial activities 

(the second method) (amar.org) 

Code 
ISIC Activity 

Water 
consumption

(m3)

AddedValue 
(million Rials)

Virtual 
Water 

Volume 
(m3/million 

Rials) 

Export Value
(million Rials)

Exported 
Virtual 

Water (m3)

15 Food products and beverages 7736700 665278 11.63 24383 283557 
17 Textile manufacturing 472200 900100 0.52 102718 53887 
18 Apparel, and fur dyeing 1050 893 1.18 0 0 
19 Leather tanning and dressing 1100 1713 0.64 0 0
20 Wood and cellulosic industries 18900 37762 0.5 0 0 
21 Paper manufacturing 141750 5422 26.14 0 0
22 Printing 1500 1972 0.76 0 0 
23 Coke manufacturing and refineries 993650 30388 32.7 30900 1010392 
24 Chemical manufacturing plants 1294800 154993 8.35 16906 141231 
25 Rubber and plastics manufacturing 208800 371923 0.56 9992 5610 
26 Non-metallic mineral manufacturing 853200 577594 1.48 12787 18888 
27 Basic metal extraction and processing 2795100 1744341 1.6 958928 1536569 
28 Manufacture of fabricated metal products 57100 104536 0.55 371 203 
29 Machinery and equipment manufacturing 22800 59653 0.38 1138 435 
31 Poer generation and sdistribution equipment 377800 2431406 0.16 318644 49512 
33 Medical, precision and optical instruments 60800 48750 1.25 0 0 
34 Motor vehicle manufacturing 121200 331155 0.37 0 0
35 Transport equipment manufacturing 83700 105766 0.79 0 0 

:?�;'�56	� 4���� �	'" U*�' � C
23� �	� (amar.org) 

Fig. 3. Water consumption and added value for different industrial activities (the second method) 
<G>��(
�� A��)�5X+F %
�	X6 �5�� ��	[' !" G���	F ��)2' � G���	F A��� 

0	LP�D	@ 	�)l)es(�&, ��� &
 	&, Wxt/x/yf/e/ez/c�zz/f
'
�
� .���� C�X� /(	# �� WX�'�5' 4���	- �� $�' �� �* %#�
4	

4" 0	L&P�D	@ � p&l (	&�� )
��� ��	+F 	� 	&# �&, %�&1� 	&����$
������5�*�' 0��U6� A��� $���&�� 	&, ��*?&' %X+&F �?&� .)�	,

���&&8 &&7�
�	&& : �&&��� �� $56��&&53' �	&&3� �� /!" Y�&&Z'�!"
�	['�' ��
�	X6 �5�� 4	
%	&��5X+&F��&��� �� /4	&[�� 4	5&#�

	5� k	#� �, .���� ���8 %1a����53' n�!"��	[' GD�&Z3' 

5X+&F��S;&5' �� '&
� !" Y�&Z' 4�U � 0��U&6� A����0)&� �	&[ 

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

15 17 18 19 20 21 22 23 24 25 26 27 28 29 31 33 34 35

water consumption(m3) added-value(million rials)



����� � ����������	
��


�  ����� JE ����� ;3�#���.... .dx.doi.org/10.22093/wwj.2016.40799 

43

�' 4" �, 0�OV .)�	, =E� C,	<'t� ���� 	, /�, ��+
�5P�' $&
4�U
����&&, G���	&&F A���&&
�	X6 �&&, W&&
%	&&���&&#	#� G�U&&�6 )&&
��� 
)*)ex��&, (	&25�� � )&��' GD� $
&�	' )
��� /()&* )sc)&
��� /(

G	��1+' )* )cx	&� 0	LP�D	@ � pl (	�� )
��� ��	+F � ())&l
es���� C�X� /(/, =,	2' �� 	'�
�5P�' $
�	&[' !" G���	&F 4�U�

	+F �� h@���� �
#	#� G�U�6 )�/	+&F �&,���� �&
� p&l (	&�� )
	� 0	LP�D	@ )l)es(	+F /��?&� ���' ���'	&�" �
�)�)&*)cw� (

)*)��	
�
� GD�Z3' � ���' )
��� ��	+Fet�, (���
	, Wfc/c/
ey/f�ct/f'
�
�	&[' !" G���	&F WX�'�5' 4���	&Z5��

�V �* ����&' �� 4" %�&, �, 4���
��&53' 4��&, �5P�&[' !"&�	�
	+F�	+F �, %�1� ��*?' ����&, (	25�� � )��' GD� $
�	' )
��� �
)* )scG	��1+' )
��� � ()*)cxA��� 
�&# � 
�� ���� �� �* ( 

����	F�+m�� .��� %�1� /)���� ���8
	&5� k	&#� �, $���&�[' /n 

�	[' !" G���	F =*��	��&5#� �� %X+F 9a, ��&&[�� 4	&/4	 
(�	X'cf/s'
�
WX�'�5' 4�%#�.�	&'" U*�' {�	� �� 0�	b5#� 

' ��&&#	3' �� (
�� A��)&&
, /!" Y�&&Z' 4�U
�5&&P�' $&&
 !" 4�U

6�Z'�9a, �, 	��	+F��?� ���' ���'	�" �
�)�)*)cw��� /(
)
L+# G�U�6
)*) $ex	+F /(���� �
&� GD�&Z3' � ���&' )
�
	��

)*)et0	LP�D	@ � pl (	�� )
��� ��	+F � (	�)l)es(�,���
W
,	xt/x/yf/e/ez/c�zz/f'
�
C&�X� /(	&# �� WX�'�5' 4�

� .������	- �� $�' �� �* %#�
4" 4	 � p&l (	&�� )
��� ��	+F 	�
0	LP�D	@ 	# �, %�1� 	�������� $��5�*�' 0��U6� A��� $�.)�	,

���8 ���� 	, ��*?' %X+F �?� 7�/!" Y�&Z' 
�	& : �&��� �� $56
��53' �	3� ����	&[' !"�' �� &
 �	X6 �5&�� 4	 &
%	&��5X+&F�

	&5� k	&#� �&, .���� ���&8 %1a� ���� �� /4	[�� 4	5#����&53' n�
!" ��	[' GD�Z3' 5X+F��S;5' �� '
� !" Y�Z' 4�U A���

� 0��U6��0)� �	[ �' {�	&� /4	[�� 4	5#� %X+F .)�	, L5&1,���
�	[' !" G����� �,���.)� �56�7 �R� �� �bF (�	X' 4	5#� �bF

 0)++*��	&F 
�& b' �, ��*?' {�	� 4��, 4	5&#� 4��&, 4	&[�� �� 

0	7)�� !" %X+F 9a, ��	[' +m�� .%#�
	, $���� �, {�	� 

	b*������,	+' /!" !" ����� 4	[�� 4	5#� ���&, )&
��� D	&* �
G	')� d���' 6	* /%X+F 9a, 	,�%#�0�OV . �,4"	,���� �,
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Table 3. Computed values of consumption intensity, dependency, and self-suffieciency indices of the industrial sector 

in Zanjan Province 

Description 

Industrial 
water 

consumption 
(million m3)

Total 
water 

supply of 
the 

province 
(million m3)

Total 
virtual 
water 

exported 
(million m3)

Water use 
intensity 

(%) 

Water 
dependency 

(%) 

Water Self-
sufficiency 

(%) 

Results 19.42 4158 3.1 0.47 0 100 
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