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Main research questions 

 Which is the evolution in the use and distribution of 
Virtual Water due to International Trade (VWT)? 

 

 Which is the impact of technological evolution and of 
final demand change? 

 

 Which is the structure and the topology of VWT? 



Related literature 
Two main research fields: 

1 Input-Output and VWT 

  Hoekstra, A.Y., Hung, P.Q., (2002); 

  Antonelli et al. (2012); 

  Mubako et al. (2013). 

 

2 VWT NETWORK 

  Konar M., Dalin C., Suweis S., Hanasaki N., Rinaldo A. (2011); 

  D’Odorico P., Carr J., Laio F. and Ridolfi L. (2012); 

  Dalin qt al. (2012). 

 



DATA 
Three main data-sets: 

1 WIOD: World Input Output Database (trade of 
intermediate and final goods); 

2 FAOSTAT: water estimation (Mekonnen and Hoekstra, 
2011); 

3 WORLD BANK: data on population. 

Subject 

 Countries: 40 (EU27, Usa, Japan, Brazil, China, India 
among others) + Rest of the World; 

 Sectors: 35 (primary, secondary and tertiary); 

 Period: from 1995 to 2009. 



"Virtual"? 
The water footprint, originally proposed by Hoekstra and Hung (2002), 

originates from the concept of virtual water proposed by Allan (1994). 
 
Virtual water is a term that links water, goods and trade: it accounts the (direct 

and indirect) amount of water need to produce an unit of output. 
 
  BLUE (B) water: it is an indicator of "consumptive" use of fresh surface or 

groundwater (possible alternative use); 
 
  GREEN (GN) water: it is an indicator which refers to the precipitation 
on land stored in the soil or vegetation (rainfall); 
 
  GREY (GY) water: it is the volume of freshwater that is required to assimilate 

the load of pollutants based on existing ambient water quality standards. 
 



Global Distribution 
Insights from direct water consumption (2009). 
 Skewed and stable distribution: the top 3 (China, India and USA) 

consume the 41,37% of B, the 31,02% of GN and the 57,81% of GY. But at 
per capita level (1000 m3): 

  USA (B = 0,62; GN = 2,62; GY = 0,72) 
  China (B = 0,24; GN = 0,62; GY = 0,44) 
  India (B = 0,26; GN = 0,72; GY = 0,19) 
 The average growth rate (per year) of consumption at national level (B 

= 1,67%; GN = 2,03%; GY = 3,19%) has increased more than the world’s 
population growth (Pop = 1,34%). 

 
Why? 

 Technological improvement; 
 International trade; 
 Final demand shift. 



MODELS 

+ = 

Z = intermediate goods (IO trade);               F = final demand;          x = total output.  
 

GLOBAL Multi-Sectoral Multi-Regional Input-Output 

Directed-Weighted 
Network 
with 
self-loops. 
 



Water “Debt” 

 main net IMPORTERS: USA, Japan, Germany and Great Britain 

 (and Russia in 2009 of GN); 

 main net EXPORTERS: China, India, ROW, Canada, Australia 
(GN), Brazil (GN); 

 main sectors: AFF (B, GN, GY), EWG (B), DUS (GY); 



Structural Decomposition Analysis 

 Additive SDA, let the total variation from 1995 to 2009 
be: 

  Δw = w2009 - w1995 = Στ (WIE,τ + WL, τ + WFD,τ) 

 

 IE represents the intensity effect, that is the variation 
of water use for any unit of output (v); 

 L represents the variation of Leontief coefficients; 

 FD represents the variation of virtual water due to 
changes in the volume of final demand, both at 
domestic and international level. 



RESULT 

• Each efficiency improvement, which saves resources per unit of output, is more 
than compensated by the increase in consumption; 
•  We should care about the great heterogeneity between countries, in fact 
previous percentages show a big range of variation. 

In order to trace the change due TRADE (T) from the TECHNOLOGICAL 
development (H), we rewrite WL as a function of T and H: 
  WL = w(WT , WH )  
By the same reasoning we decomposed FD with the respect of POPULATION size 
(POP), consumption PER-CAPITA (CAP), consumption due to TRADE (D) and of  
consumption-bundle DISTRIBUTION (DIB): 
  WFD = w(WD , WPOP  ,WDIB , WCAP ) 



BLUE % T and H trend: China (top); USA (bottom). 



BLUE % POP and CAP trend: China (top); USA (bottom). 



BLUE % D and DIB trend: China (top); USA (bottom). 



SDA - SUMMARY 
 B: in every case the effect of H overwhelms T, but China 

and India show higher variance. POP itself has a low 
impact, most of the variation is explained by the evolution 
of consumption per capita. Each country seems affected by 
the economic crisis. 

 GN: as expected the change in T and H has almost no effect 
here since that the only important sector is AFF. Here again 
the changes in CAP overcome POP, but China and India 
seem not affected by the crisis which reduced the water 
consumption of USA and Italy. 

 GY: here the crisis has a major impact. T and H are more 
balanced, fluctuating around zero. Only in the last years 
China shows higher dynamics with a positive impact of 
both T and H. 



Q Modularity 

 Newman and Girvan (2004): based on the idea that 
from a comparison between the density of the edges in 
a subgraph and that one would expect in a random 
graph, it is possible to detect cluster structures. 

 

 Notice that by allowing intra-national trade, we can 
confirm that the domestic exchanges are the main 
important ones, nevertheless the emergence of 
international communities, whose are not always 
explained by geographical proximity, is confirmed. 



BLUE Community: 1995(left), 2009 (right) 



BLUE Community 

 Globalization? most of the communities are based on a 
single economy (big countries) => domestic amount of 
virtual water traded is much higher than what they 
exchange at international level, moreover they are linked 
with many countries so they differentiate, without forming 
any significant cluster. 

 

  EU: European countries tend to create more communities 
than that of other continents, secondly the emergence of 
communities is not always explained by local proximity as 
the presence of Canada in an EU community demonstrates. 



GREEN Community: 1995(left), 2009 (right) 



GREEN Community 

 Interesting is the behaviour of Russia which led a 
Community formed by many eastern European countries 
in 2001, but during the following years it lost its key role. 

 

 Outside Europe we find and interesting evolution of Japan 
that until 2001 was mostly linked with Australia and Korea, 
while in 2009 formed a small community with USA. 

 

 It seems that in case of green water the geographical 
proximity is more important in explain the emergence of 
community. 



GREEN Community: 1995(left), 2009 (right) 



GREY Community 

 The European community has increased its size from 
1995 to 2009 with Germany and Italy always among the 
most important in terms of VWT. Also here Russia lost 
the leading role, covered in 1995, within the eastern 
European community. 

 

 Japan is very volatile: in 1995 it was strictly linked with 
Canada, in 2001 it created a community with Australia, 
Korea and Taiwan, while in 2009 it kept its relation 
with South Korea and Taiwan only through the 
following sectors: DUS, Fd and Othd. 



CONCLUSIONS 

 Care about sectoral level of disaggregation => shock 
diffusion and aggregate fluctuations. 

 

  Heterogeneity within and across country; 

 

 Care about inequalities since that income per capita is 
more important than population growth per se; 

 

 Relative importance of International trade. 



THANKS FOR THE 
ATTENTION. 



References 

 Allan, J.A., (1994):"Overall perspectives on countries and regions", P. Rogers and P. Lydon, Editors, Water in the Arab 
World: Perspectives and prognoses, Harvard University Press, Cambridge, MA (1994), pp. 65-100. 
 Antonelli et al. (2012): "Systemic IO computation of green and blue VW flows with an illustration for the 

Mediterranean Region". 
 Arto, Andreoni, and Rueda-Cantuche (working paper): "Water Use, Water Footprint and Virtual Water Trade: a time 

series analysis of worldwide water demand." 
 Barnaby, W. (2009): "Do nations go to war over water.", Nature. 
 Bin Su and Ang B. W. (2012): "Structural Decomposition Analysis applied to energy and emissions: aggregation issues", 
Economic System Research,Vol 24(3), pp. 299-317. 
 Brian R. Copeland and M. Scott Taylor (2004): "Trade, Growth, and the Environment", Journal of Economic Literature, 

Vol. 42, No. 1, pp. 7-71. 
 Carr et al. (2013): "Recent History and Geography of Virtual Water Trade". 
 Dalin qt al. (2012): "Evolution of the global VWT network.", PNAS. 
 Dietzenbacher E., Los B. (1999): "Structural Decomposition Analysis with Dependent Determinants", Economic 

Systems Research 10 (4), 307-324. 
 D’Odorico P, Laio F, Ridolfi L (2010): "Does globalization of water reduce societal resilience to drought.", Geophysical 
Research Letters 37. 
 D’Odorico P, Carr J, Laio F, Ridolfi L (2012): "Spatial organization and drivers of the virtual water trade: A community-

structure analysis". 
 Gabaix X. (2009): "Power Laws in Economics and Finance, Annual Review of Economics", 1: 255-93. 



References 

 Hoekstra A, Chapagain AK (2008): "Globalization of water: Sharing the planet’s freshwater resources". Oxford, UK: 
Blackwell Publishing. 
 Hoekstra, A., Chapagain, A., Aldaya, M., Mekonnen, M. (2011): "The Water Footprint assessment manual. Setting the 
global standard", Earthscan, London and Washington. 
 Hoekstra, A.Y., Hung, P.Q., (2002): "Virtual water trade: A quantification of virtual water flows between nations in 

relation tointernational crop trade". (UNESCO-IHE, Delft, The Netherlands) Value of Water Research Report Series 
No. 16 

 Konar M, Dalin C, Suweis S, Hanasaki N, Rinaldo A (2011): "Water for food: The global virtual water trade network". 
Water Resources Research 47. 

 Miller R., Blair P. (2009): "Input-Output Analysis. Foundation and Extensions.", the Cambridge University Press, Secon 
Edition. 
 Stanley Mubako, Sajal Lahiri, Christopher Lant (2013): "Input-output analysis of virtual water transfers: Case study of 
California and Illinois", Ecological Economics, 93, pag.230-238. 
 Newman M. and Girvan M. (2004): "Finding and evaluating community structure in networks", Physical Review E, 

69(2): 026113. 
 Leung C. , Chau F. (2007): "Weighted Assortative And Disassortative Networks Model", Physica A: Statistical 

Mechanics and its Applications, Volume 378, Issue 2, Pages 591-602. 
 Reimer JJ (2012): "On the economics of virtual water trade". Ecol Econ 75:135-139. 
 Zhen Zhu, Cerina F., Chessa A., Caldarelli G. and Riccaboni M. (2014): "The rise of China in the International Trade 
Network: A community Core Detection Approach", arXiv:1404.6950vl. 



APPENDIX 


