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Thirsty crops and virtual water flows — making
sense of the economically invisible water flows

Gurudas Nulkar*

Water for irrigation constitutes the highest freshwater demand in any country. For a monsoon-fed
country like India, variations in precipitation lead to severe repercussions in the agricultural eco-
nomy. Water security in India has historically been approached by creating more storage capacity
and increasing the supply. Can managing the demand for water be an approach to the challenge of
water security? What could be the basis for managing the demand? This article revisits the con-
cepts of virtual water flow and water footprint, to examine their applicability in today’s context.
The present author has applied the concepts in a dip-stick manner on fruit and sugar export from
Maharashtra, India. The quantity of water flowing out of Maharashtra from such exports was
assessed. The results show a remarkable quantity of scarce water being diverted to foreign lands.
This article also discusses the use of these concepts in water policies to nudge the farmers into

making choices appropriate for the region.
Keywords:

WATER and soil are by far, the most important factors of
agricultural production. While most parts of India are
blessed with rich soil, water is a relatively scarce re-
source. A large portion of the country depends largely on
monsoon. Agriculture is the biggest consumer of water,
and this makes water resource management a critically
important agenda for every state government. To add to
the woes, the effects of climate change are most seen in
water resources. This manifests in the form of increasing
uncertainty in rainfall and higher evaporation due to tem-
perature rise. On the other hand, the demand for water
has continued to grow. The report of the Standing Com-
mittee on Water Resources, Government of India' esti-
mates the rise in water demanded for irrigation, drinking
water, industry, energy and other sectors to be from
710 billion cubic metre (BCM) in 2010 to 843 BCM by
2025, and nearly 1180 BCM by 2050. On the other hand,
the water availability will remain at 1123 BCM.

When monsoon fails in any part of the country, it trig-
gers debates on water supply and heated political spats on
rural-urban allocation. How much should cities consume
and what quantity should be diverted for irrigation? The
debates remain unresolved and the vagaries of Indian
monsoon continue to hound every state government. The
approach to addressing this problem has primarily been to
enhance water storage capacity in the states. Relentless
dam-building activities all over the country have resulted
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in over 5264 large dams’. However, by focusing on
supply side water security, policies have ignored the
potential of managing irrigation water demand.

Can managing the demand for water be an approach to
the challenge of water crisis? What could be the basis for
managing such demand? To answer these questions, the
present author revisited the concepts of virtual water flow
and water footprint, and examined their applicability in
today’s context. The present study has applied the concepts
in a dip-stick manner on fruit and sugar export from Maha-
rashtra, India. The quantity of water flowing out of Maha-
rashtra from such exports was assessed. The results show
a remarkable quantity of scarce water being diverted to
foreign lands. On this basis, the study discusses the appli-
cability of these concepts in water policies to nudge the
farmers into making choices appropriate for the region.

Methods and data used

Many international organizations on water and agricul-
ture have conducted research on virtual water and water
footprints of farm produce in several countries. Some
studies have compiled water footprint data of food crops.
These publications were referred while conducting the
present study. To assess the quantity of virtual water
flowing out Maharashtra, data on export of finished sugar,
bananas and grapes from state were used. The data were
taken from the websites of the National Horticultural
Board, MoSFI, APEDA and AgriXchange. Data on water
footprint of crops were taken from the detailed compila-
tion done by Mekonnen and Hoekstra®.
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Considering the narrow scope of the study and absence
of primary data, this article is intended to generate interest
in deeper research on the applicability of the virtual water
concept to water policy for rain-starved regions of India.

Literature review

Water scarcity is common across many regions of the
world. While parts of India are severely affected, the
Middle East and North African region (MENA) is one of
the most arid regions in the world*. Freshwater is renew-
able but limited; and fundamental to social and economic
development of any country. According to the World
Water Council®, climate change first affects water re-
sources and thus water security forms an important agen-
da in governance and takes up a significant portion of
state and national budgets. For the year 2018-19, the
Central Government had allotted Rs 8860 crores to the
Ministry of Water Resources, Riverfront Development
and Ganga Rejuvenation and Rs 22,356 crores to the
Ministry of Drinking Water and Sanitation. Some re-
searchers have suggested that managing the demand of
water is critical to achieve water security. John Allan
proposed the concept of ‘virtual water’ while studying
irrigation in arid countries. During the mid-1980s, he
observed that water-intensive oranges and avocados were
being exported from Israel. This, warned economists, was
equivalent to exporting the embedded water in the crop®.
This, according to Allan, was the ‘virtual water’ flowing
out of Israel. He coined this term at a seminar in 1993.
Bases on it, he argued that countries facing water scarcity
should not use their water to grow thirsty crops. Instead,
they would be better off by importing their requirements
from water-rich countries. He defined virtual water as the
volume of water required to produce a commodity or ser-
vice’. It is also termed as ‘embedded water’®. In explain-
ing the concept of virtual water flow, Allan’ notes that
‘more water moves into the Middle East as food trade
than flows down the Nile and the Jordan in a year’. Re-
cent studies have mapped international trading of virtual
water from import and export data'’, and evaluated the
global crop water requirements. The concept is useful
since it links water resources with food production and
has the potential for ameliorating water deficits in water
scarce regions through trade. Allan approaches water
scarcity by looking outside the watershed region. Water-
scarce countries like Jordan and Israel employ policies to
reduce export of water-intensive crops. These countries
use virtual water as an important source and are net im-
porters of virtual water. The virtual water exported from
here is largely related to crops that yield relatively high
income per cubic metre of water consumed'".

Related to the concept of virtual water is the measure-
ment of ‘water footprint’, proposed by Hoekstra'>. He de-
fines the water footprint of a nation as the total volume of
freshwater that is used to produce the goods and services
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consumed by people of that nation. Since not all goods
consumed in a country are produced in that country, the
water footprint consists of two parts: use of domestic
water resources and of water outside the borders of the
country"®. Hoekstra and Chapagain'® also propose a
method of calculating the water footprint of crops and
present a table of water footprints for the common crops
for each country. There are three categories of virtual
water: green, blue and grey. Green water is that which is
available by precipitation. Blue water is the surface or
groundwater that is extracted and used for farm irrigation
crops, and grey water is the water used up in remediating
water pollution to meet water standards'*.

The virtual water content, or the specific water demand
(SWD, m’/t) of a primary crop ¢ in a country n is com-
puted by dividing the crop water requirement (CWR,
m’/ha) by the crop yield (CY, t/ha) (ref. 12). In formula

SWD,.. = CWR,../CY,,..

This study'? suggests that in absolute terms, India has
the largest aggregate water footprint in the world
(987 Gm’/yr). However, while India contributes 17% to
the global population, its people contribute only 13%
to the global water footprint. On a relative basis, USA
has the largest water footprint, with 2480 m’/yr per
capita, followed by south European countries such as
Greece, Italy and Spain (23002400 m*/yr per capita).

The concept has been used by several researchers and
international think-tanks on water, including OECD,
UNESCO-IHE and World Water Council, to illustrate the
virtual water flows. Empirical studies have been con-
ducted in India. For example, Singh e al."’ applied the
concept to the dairy economy of Gujarat and proposed its
use for choice of fodder crop based on water require-
ments. Considering these studies, both the concepts have
potential application for managing water demand in arid
parts of the country. Since the last few years India has
been experiencing erratic monsoon due to adverse clima-
tic conditions'. There is a decline in the crop production
in some areas. For example, wheat production declined in
2014-15 by about 10 million tonnes (mt), against the
previous year’s record of 95.85 mt, due to a monsoon
deficit'’, while the Third Advance Estimates report of
2017-18 predicted a surplus wheat production of about
1.11 mt, citing a near normal monsoon for 2017 (ref. 18).
In India, the spatial patterns of water use and grain pro-
duction do not match the distribution of water resources,
and it would be useful to apply the concepts of virtual
water flows to better understand water usage.

Application and discussion

India’s varied regional climate and diverse agrarian prac-
tices have significantly contributed to the global food
basket. Indian spices and fruits have made their mark in
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Table 1. Virtual water flowing out of Maharashtra, India, through three fruit and sugar exports

Export Water required per tonne of Virtual water
Commodity (metric tonnes) produce (m*/t) exported (m’)
Sugar (government target for exports in 2018—19) 620,000 1065 660,300,000
Grapes 140,000 319 44,660,000
Bananas 5,000 256 1,280,000
Total virtual water exported (m°) 706,240,000

Source: Fruit export data taken from the National Horticultural Board and Maharashtra State Agricultural Marketing Board, Government of Maha-

rashtra.

international markets and agri-horticultural exports have
been encouraged by the government. During April-
August 2017, exports of agricultural and processed food
products totalled US$ 7.26 billion. The exports of fruits
in the financial year 2018—19 was expected to be worth
US$ 87.8 million. India exports its agricultural, horticul-
tural and processed foods to more than 100 countries,
including the Middle East, Southeast Asia, SAARC coun-
tries, EU and USA. Various agencies like the APEDA,
and Coffee, Tea and Spice Boards of India actively seek
to expand the export potential of Indian agricultural and
food products. Horticulture production is estimated to
have risen by 2.2% to 307.2 mt during 2017-18, accord-
ing to the agriculture ministry'’. Fruits output has esti-
mated to be 2% higher at 94.4 mt, whereas the production
of vegetables by 2.2% at about 182 mt in 2017-18 as
against the previous year. The total horticulture produc-
tion of the country was estimated to be 307.2 mt during
2017-18, which is 2.2% higher than the previous year
and 8.6% higher than the past five year’s average produc-
tion. This indicates that India has been actively pushing
exports of its agricultural produce®.

By the virtual water concept, India’s water resources
flow out of the country with the exports and this stresses
the water stock in water-scarce parts. To illustrate the
amount of water exported through crops, the virtual water
concept was applied to finished sugar, bananas and
grapes exported from Maharashtra. Mekonnen and Hoek-
stra'* have computed the data on green, blue and grey
water footprints of crops, derived crop products, biofuels,
livestock products and industrial products. All data are
available at the national level and aggregated to the state
level. The data are published under the creative commons
BY-SA license and open to public for use. Using the
‘green water’ component of the water footprint for Maha-
rashtra, the virtual water embodied in the sugar and fruits
being exported was computed (Table 1). The virtual
water flowing out of Maharashtra with these exports was
70.62 million cubic metres, which is nearly equivalent to
the effective storage capacity of Walwan dam. This is
Mabharashtra’s 118th dam in storage capacity, among over
1500 dams of the state.

Virtual water flow is sometimes viewed by the theory
of comparative advantage of nations. The Heckscher—
Ohlin theorem states that a nation will export a commodity
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whose production entails the intensive use of its relatively
abundant and cheap factor of production; and import a
commodity whose production requires intensive use of
the nation’s relatively scarce and expensive factor’'. By
this theorem it does not make sense to export water-
intensive crops from a region which is facing water scar-
city. However, the calculation for Maharashtra shows the
enormous quantity of virtual water flowing out of a
water-scarce region through agricultural exports. This
affects the quantity of water supplied to other crops
which contribute to the food security of the region.

In face of water scarcity, a state can apply the virtual
water observations in two ways.

(1) Curtail the production of water-intensive farm pro-
duce being grown for exports. In this situation crop
choice should be based on water footprints. While this
is possible for agricultural produce, it may not be
possible for horticultural products.

(ii) For its own consumption, a portion of the state’s
demand for thirsty crops like paddy and wheat can be
sourced from states which have surplus water.

Both these actions can reduce the water stress during
drought. However, this is easier said than done. Who will
take these decisions and for which farmers? Who com-
pensates the loss of income by planting cheaper priced
crops? Is the dependence on other states for crops a com-
promise of food security? Questions like these are chal-
lenging and although methods and datasets for evaluating
water footprints have advanced in recent years, the appli-
cation of water footprint to water policy has clearly
lagged. In India, water is a state subject and that places
the responsibility of water management squarely on the
shoulders of state governments. Especially in times of
drought, supply of water is a deeply contested issue be-
tween political parties. Its resolution is loosely based on
water demanded by a region and not on an assessment of
water use. According to Hoekstra'', the virtual water flow
of agriculture is ‘economically invisible and politically
silent’. Due to this, water decisions are influenced by
emotions rather than data, which can be unfair to some
stakeholders.

Unless each state takes up a detailed water assessment
of its crops, at the level of river basins, it is unlikely to be
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visible in water policy. Allan** mentions that the idea of
computing virtual water flow has been rejected by water
policy makers and water professionals ‘...with the same
passion that fishing communities greet proposals that
they should reduce their catches according to internation-
al collective action principles...”. He observes that in
developing countries, virtual water calculations appear to
threaten farming livelihoods and drawing attention to
where national security lies is potentially controversial.
However, when all possible sources of water are
already harnessed and diminishing returns set in for every
additional increase in water storage, then managing the
demand of the resource can offer to improve the situation.
Using the water footprint, each state can quantify how the
available water is appropriated for producing certain
commodities for certain people. Furthermore, water foot-
print of crops can be effectively related to their nutrition.
This could offer an alternate perspective to the problem
of nutritional inequity in India. A study from California,
USA® suggests linking water footprint of crops to the live-
lihood potential and to its impacts on the environments™.
This has been effectively used in Beijing, China, where the
environmental impact of water footprint was quantified**.

Criticisms to the concept and its application

It is not surprising that both the concepts of virtual water
and water footprint have their share of criticism. Apply-
ing them to agrarian markets would amount to substitut-
ing the ‘invisible hand’ with the ‘Government hand’,
which challenges the classical free market thinking.
Reimer”™ considers the virtual water concept as an ‘inhe-
rently economic concept’. Others argue that the concept
is not based on a legitimate conceptual framework and
can lead to misleading policy recommendations®®. The
arguments to the recommendation of importing thirsty
farm produce from other regions are about the dependency
imposed by imports on food. Why should a region rely on
importing its food when it can produce locally? Jia ef al.”’
suggest that the mistake in theoretical basis of virtual water
trade is to assume that water resources allocation may be
optimized considering water as the sole production factor,
while there are many other production factors. Further-
more, the conditions for optimal multi-factor allocation
are much broader and more demanding than the unrealis-
tic assumption of water alone. Iyer*™ cautions to be wary
of presentations based on the virtual water concept, in in-
ternational forums, but considers it a useful reminder of
the water implications of an economic activity.
Researchers and think tanks on water will continue
empirical studies on crop water and the accuracy of water
footprints can be expected to improve significantly. This
will perhaps encourage a more serious consideration from
policy makers. However, the major limitation of virtual
water flow as the only basis of crop decisions is that it
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does not consider the social and cultural implications of
water in a society. For a climatically and culturally diverse
country like India, this is an important consideration.

Conclusion

Arguably, water is the primary resource through which
the impacts of climate change will reach society. Manag-
ing water resources will inevitably become a focus for
adaptation. There are multiple ways in which water re-
quirements of a crop can be reduced. Efficient use of
water, reducing evaporative losses and timing irrigation
is already widely known. These efforts lead to individual
farm savings, which are important but not enough to
reduce regional water stress in times of poor monsoon.
The concepts of virtual water flow and water footprint
have the potential to offer a perspective to improve the
situation in a scarcity-affected region. The present author
does not imply that virtual water flow can be the sole
variable in any decision-making. While accepting the
limitations of the concept and its applicability to farm
decisions and policy, the present author considers virtual
water concept as a useful indicator of water use. In face
of the threats of climate change and the possible reduc-
tion in precipitation, virtual water flow offers an alterna-
tive approach to water-saving. Moreover, linking it to
crop nutrition has huge potential in improving crop
choice decisions in India.

A region’s vulnerability to climate change depends on
the biophysical and socio-economic characteristics'®, and
virtual water flow can be one of the many indicators of
water use. The arguments made here suggest that water
footprint of a crop is a factor to consider when setting
agricultural policies of a region. Moreover, the govern-
ment’s encouragement to agri-horticultural exports
through subsidies, marketing efforts, insurance covers
and credit security must be tested through the lens of
water footprints. Is the encouragement justified when a
scarce resource is used up for foreign markets? Consider-
ing the government’s obsession with food exports, these
concepts warrant at least a thought.

There is another remarkable potential of virtual water
flow and water footprint. It is a powerful tool to improve
public awareness. The water footprints of processed items
like ready-to-eat food, snacks and breakfast cereals are
huge compared to the grains used in its production. How
many consumers are aware of this? The lack of complete
information, or information asymmetry, prevents con-
sumers from making an informed choice”. The changing
dietary habits within Indian cities has manifested in
changing crop regimes while ignoring the water availabi-
lity™. Thus, a knowledge of the water footprint will serve
the interests of the community.

Lastly, there is a potential for these concepts to be fac-
tored in the pricing of water in India. Water tariffs in the
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country are largely influenced by political considerations
and are subject of debates. The application of these con-
cept scan offer a quantitative basis for the calculation.
Differential pricing can influence consumption, as seen
from the experience of Singapore®', and this offers a hope
for water conservancy in India.

The virtual water flow and water footprint have a great
potential for prioritizing water use of regional impor-
tance. The way ahead is for each state to establish the
water footprints of crops according to their regional dif-
ferences and link them to issues of regional importance,
which could be water conservation, nutrition, livelihood
or impacts on the environment. The concepts cannot pro-
vide a simple solution to the complex socio-economic
problem of irrigation water distribution. However, they
show a new aspect of water use, hitherto overlooked in
water policy.

1. Standing Committee on Water Resources. Ministry of Water Re-
sources, River Development and Ganga Rejuvenation, Govern-
ment of India, 13 March 2018; http://164.100.47.193/Isscommittee/
Water%20Resources/pr_files/press%?20release%20for%20homepage.
pdf

2. CWC, National Register of Large Dams, Central Water Commis-
sion, New Delhi, 2018.

3. Mekonnen, M. and Hoekstra, A., The green, blue, and grey water
footprint of crops and crop derived products. Hydrol. Earth Syst.
Sci., 2011, 15, 1577-1600.

4. Antonelli, M., Food—water security and virtual water trade in the
Middle East and North Africa. Int. J. Water Resour. Dev., 2015,
31(3), 326-342.

5. World Water Council, Climate is water, World Water Council, 14
May 2018; http://www.worldwatercouncil.org/sites/default/files/
Thematics/Climate_is_water FLYER.pdf

6. Allan, J., Overall perspectives on countries and regions. In Water
in the Arab World: Perspectives and Prognoses (eds Rogers, P.
and Lydon, P.), Cambridge, Massachusetts, USA, 1994, pp. 65—
100.

7. Allan, J., Fortunately, there are substitutes for water otherwise our
hydro-political futures would be impossible. In Priorities for
Water Resources Allocation and Management, Natural Resources
Institute, Southampton, UK, 1993, pp. 13-26.

8. Hoekstra, A., Perspectives on Water: An Integrated Model-based
Exploration of the Future, International Books, Utrecht, The
Netherlands, 1998.

9. Allan, J., Virtual water: A long-term solution for water short Mid-
dle Eastern Economies, British Association Festival of Science,
University of Leeds, Leeds, UK, 1997.

10. Mekonnen, M. and Hoekstra, A., National water footprint
accounts: the green, blue and grey water footprint of production
and consumption, UNESCO-IHE, Delft, The Netherlands, 2011.

11. Hoekstra, A., An instrument in relieving the pressure on the
world’s water resources? World Water Council, 15 May 2018;
www.worldwatercouncil.org: http://www.worldwatercouncil.
org/fileadmin/wwc/Programs/Virtual Water/Virtual Water voices.
pdf

12. Hoekstra, A. and Hung, P., Virtual water trade: a quantification of
virtual water flows between nations in relation to international
crop trade, UNESCO-IHE, Delft, The Netherlands, 2002;
http://www.waterfootprint.org/Reports/Report11.pdf

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

14. Mekonnen, M. M. and Hoekstra, A. Y., The green, blue and grey
water footprint of crops and derived crop products. Hydrol. Earth
Syst. Sci., 2011, 15, 1577-1600.

15. Singh, O., Sharma, A., Singh, R. and Tushaar, S., Virtual water
trade in dairy economy irrigation water productivity in Gujarat.
Econ. Polit. Wkly, 2004, 39(31), 3492-3497.

16. Tripathi, A., Agricultural vulnerability to climate change: contri-
bution of socio-economic factors. In Global Change, Ecosystems,
Sustainability (eds Mukhopadhyay, P., Nawn, N. and Das, K.),
Sage, New Delhi, 2017, pp. 165-174.

17. Gol, Second advance estimates of production of foodgrains for
2015-16, Ministry of Agriculture and Farmers Welfare, Govern-
ment of India, 2016.

18. Gol, Third advance estimates of production of major crops for
2017-18, Ministry of Agriculture and Farmers Welfare, Govern-
ment of India, 2017.

19. https://www.ibef.org/news/horticulture-output-up-22-pc-at-3072-mt-
in-201718 (accessed on 10 July 2018).

20. https://www.ibef.org/news/agri-min-suggests-green-logistics-corri-
dor-use-of-ecomm-to-boost-exports-to-us-60-bn-by-2022  (accessed
on 10 July 2018).

21. Salvatore, D., International Economics, Wiley, Hoboken, NIJ,
USA, 2007.

22. Allan, J., Virtual water — the water, food, and trade nexus useful
concept or misleading metaphor? Water Int., 2003, 28(1), 4-11.

23. Fulton, J., Cooley, H. and Gleick, P., Water footprint outcomes
and policy relevance change with scale considered: evidence from
California, Pacific Institute, 22 May 2014; http://pacinst.org/wp-
content/uploads/2014/09/pacinst-water-footprint-outcomes.pdf

24. Huang, K., Wang, Z., Yu, Y. and Yang, S., Assessing the envi-
ronmental impact of the water footprint in Beijing, China. Water
Policy, 2015, 17(5), 777-790; doi:10.2166/wp.2015.085.

25. Reimer, J., On the economics of virtual water trade. Ecol. Econ.,
2012, 135-139.

26. Antonelli, M. and Sartori, M., Unfolding the potential of the
virtual water concept. What is still under debate?, Center for
Research on Energy and Environmental Economics and Policy,
December 2014; ftp://ftp.repec.org/opt/ReDIF/RePEc/bcu/papers/
iefewp74.pdf

27. lJia, S., Longa, Q. and Liua, W., The fallacious strategy of virtual
water trade. Int. J. Water Resour. Dev., 2016, 33(2), 340-347,
doi:https://doi.org/10.1080/07900627.2016.1180591

28. Iyer, R., Water: a critique of three concepts. Econ. Polit. Wkly,
2008, 43(1), 15-18.

29. Akerlof, G.A., The market for “Lemons”: Quality uncertainty and the
market mechanism. The Quarterly Journal of Economics, 1970,
84(3), 488-500; https://doi.org/10.2307/1879431

30. Pingali, P. and Khwaja, Y., Globalisation of Indian diets and the
transformation of food supply systems. Agricultural and Deve-
lopment Economics Division, The Food and Agriculture Organiza-
tion of the United Nations, Rome, Italy, 2004; http://citeseerx.ist.
psu.edu/viewdoc/download?doi=10.1.1.539.7801 &rep=rep 1 &type=
pdf (retrieved on 14 June 2018).

31. Tan, A., Parliament: sharp drop in water use in Singapore; water
price hike among factors. Singapore, 6 March 2018; https:/www.
straitstimes.com/politics/parliament-following-water-price-hike-per-

capita-water-use-in-singapore-falls-to-143-litress (retrieved 14 June
2018).

ACKNOWLEDGEMENT. This research has been partly funded from
the SRTT Fellowship by Institute of Social and Economic Change, Benga-
luru.

Received 28 August 2018; accepted 13 February 2020

doi: 10.18520/cs/v118/i9/1349-1353

CURRENT SCIENCE, VOL. 118, NO. 9, 10 MAY 2020

1353




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


