
 
 
 

1) The definition of hydrologically-active regional aquifers 
 

A global inventory of groundwater resources1 mapped the world in three categories: 
major groundwater basins, areas with complex hydrogeologic structures, and areas with 
local and shallow aquifers. We considered regional aquifers to be the major groundwater 
basins, assuming the other two categories have locally rather than regionally important 
groundwater resources. Further, we focused on regional aquifers with a mapped recharge 
rate > 2mm·year-1. Average recharge rates from PCR-GLOBWB for these same aquifers 
were also generally > 2mm·year-1; when the estimated recharge was lower, a minimum 
recharge of 2mm·year-1 was imposed. By focusing on major groundwater basins with a 
recharge rate > 2mm·year-1 we are conservatively evaluating hydrologically-active, 
regionally to nationally important groundwater resources1. This calculation is 
conservative because lower recharge rates lead to larger groundwater footprints. 
 
 

2) Mathematical relationship between the groundwater footprint and ecological 
footprint 

 
The ecological footprint (EF) is formally defined as  
 

NaaEF ⋅=          (Equation 1) 
 
where aa (units km2/capita) is the land area appropriated per capita and N is the 
population size2. The land area appropriated per capita is calculated using  
 

caa
p

=           (Equation 2) 

 
where c is the average annual consumption per capita ( ) and p is the 
average annual yield ( ). For groundwater we consider the average annual 
yield (p) is the long-term, natural recharge plus the artificial recharge due to irrigation 
(i.e. Rnatural + Rirrigation) minus the flux out of system (i.e. discharge or D) allocated for 
environmental flows (E) as shown in Figure S1. Other expressions of P are discussed 
below in Section 4. We calculate the groundwater footprint based on area-averages rather 
than per capita population averages due to data availability. However, the groundwater 
footprint is a mathematically equivalent area-based method to the population-based 
ecological footprint.   
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Figure S1. A schematic cross-section of an aquifer with inputs and outputs. 
At steady-state, natural recharge (Rnatural) to a groundwater system equals the 
discharge (D) or baseflow to surface water systems. Abstraction of  groundwater 
(C) can increase recharge or decrease discharge3,4. Irrigation with groundwater 
can result in artificial recharge (Rirrigation)5. The minimum environmental low flow 
(E) is a component of D. The unconfined aquifer is the grey area below the water 
table (blue dashed line). 
 
 

3) Mathematical relationship between groundwater footprint and previous 
water stress indicators 

The area-normalized groundwater footprint is an indicator of groundwater stress 
worldwide that is similar to previous stress indicators (Table S1).  
 

Table S1. Summary of stress indicators 

 Previous work (surface water 
focused) 6-9 This study (groundwater focused) 

Resource stress 
indicators  R

C
A
EGF

=
= )0(

  see Table S2
 

Environmental 
stress indicators  ER

C
A

GF
−

=
 see Table 1

 

Where WSI is the water stress indicator, MAR is the mean annual runoff, EWSI is the environmental water 
stress indicator and other variables are defined in the text. 
 
 

4) Other forms of the groundwater footprint equation for local calculations 
 

We derived various expressions for the average annual yield (p) which can be applied 
depending of the type of data available at the scale of analysis. All equations assume an 
unconfined aquifer with constant saturated thickness, porosity and areal recharge flux. 
For groundwater systems where the full geometry (volume and area) are known, a useful 
expression is 
 
          (Equation 3) 
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where V (m3),  (unitless), τ (y) and A (m2) are the volume, porosity, mean residence 
time and area, respectively, of the aquifer. The mean residence time of an aquifer is 
defined as the average time for groundwater to flow from recharge to discharge areas10,11. 
It is highly heterogeneous from years to millennia and even millions of years. For 
groundwater systems where only the aquifer thickness is well constrained,  
 
 

 
         (Equation 4)  

 
where z (m) is the saturated thickness. For aquifers with assumed exponential flow paths 
the average annual yield can be simply expressed as  
 
p R E= −           (Equation 5)  

 
where R (m/y) is the areal recharge flux, respectively, of the aquifer since  
 

 
          (Equation 6)   

 
as shown by McMahon et al12. Equation 5 is used to calculate global groundwater 
footprints herein. 
 
 
 

5) Detailed Methods 
 

a. Downscaling country-based groundwater abstraction to the grid-scale 
 

Since the exact locations where groundwater is abstracted by wells are not known for 
most of the countries, we downscale country-based groundwater abstractions from the 
IGRAC GGIS data base [International Groundwater Resources Assessment Centre; 
http://www.igrac.net/], indexed for the year 2000, by taking the available surface 
freshwater into account5. We assume that grid cells with deficits (i.e., water demand in 
excess of surface water availability) are the main locations where groundwater is 
abstracted to satisfy the demand. For each month, m, in the year 2000 and for each grid 
cell, i, we calculate deficits, Defsm,i, between the surface water availability, Am,i, 
simulated by PCR-GLOBWB (after correcting for upstream water consumption) and the 
estimated net total water demand, . Because we are interested in groundwater as 
an alternative source we limit this analysis to regions where the aquifers are present 
(major groundwater regions of the world according to the IGRAC GGIS; 

imTNet
D ,,

 http://www.un-igrac.org/publications/119). We sum monthly values to obtain the annual 
deficits, Defsa,i, for the year 2000. 

( )∑∑
==

−==
12

1
,,,

12

1
,,

m
imimT

m
imia ADDefsDefs

Net
  (Equation 7) 
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The annual deficits, Defsa,i, are met by the amount of available country groundwater 
abstraction until surface water availability and groundwater abstraction satisfy the total 
water demand. Total deficits per country, Defsa, are given by: 

∑
=

=
n

i
iaa DefsDefs

1
, ,  (Equation 8) 

where n is the number of grid cells with deficits per country. If the total deficits are larger 
than the available groundwater abstraction in a country, Defsa > Groundwa, (e.g., Egypt, 
Sudan, Mali, Niger, Sudan, Turkmenistan and Uzbekistan), we distribute the country 
abstraction according to the intensities rather than the volume of the deficits. In case the 
available abstraction is larger than the total deficits in a country, the remaining country-
based abstraction (Groundwa - Defsa) is further allocated relative to the intensity of total 
water demand over its country total (again limited to cells in major groundwater regions): 

( )
∑

=

⋅−+= n

i
iaT

iaT
aaaia

Net

Net

D

D
DefsGroundwDefsGroundw

1
,,

,,
,  (Equation 9) 

We validated the downscaled groundwater abstraction against reported values for a 
number of large groundwater consumers (the conterminous USA, Mexico, India and 
China). Sources of subnational groundwater abstraction data are outlined below in 
Section 6.  In all cases these are comparisons on the basis of administrative units, 
generally at the level of states or provinces except for the USA for which also county-
level information is available (used earlier for validation in Wada et al. 5). Here, the 
match between the reported and estimated values (downscaled to cell-values and 
subsequently aggregated) is presented graphically in Figure S4 while statistics on 
performance are summarized in Table S3. Although the estimated values are derived 
from a single, country-based value, the spatial distribution agrees well with the reported 
values at the sub-national level as we explicitly account for the spatio-temporal variations 
in the deficit between total demand and surface water availability and include information 
on aquifer extent. Still, the downscaled values are generally lower than the reported ones, 
with the exception of Mexico. For Mexico, relatively large overestimations are found for 
three states (Sinaloa, Sonora and Tamaulipas) that have large irrigation water demands 
which are primarily drawn from surface water, rather than groundwater. In contrast, but 
less extreme, groundwater abstraction is underestimated in Yucatan where allegedly all 
reported water use issues from groundwater. A similar tendency can be observed also for 
the adjacent states of the Yucatan peninsula. Notwithstanding, performance is generally 
good, even at the fine level of the counties of the conterminous USA, and indicates that 
the downscaling method is adequate to downscale the country-based groundwater 
abstraction of the IGRAC dataset to the value of individual cells and that the results are 
of sufficient quality to assess the effects of groundwater exploitation on regional 
resources at the global scale.  
 

 
b. Recharge due to irrigation 
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To account for the artificial groundwater recharge due to irrigation that possibly mitigates 
groundwater depletion in areas of large irrigation water withdrawals13, we used the data 
from Wada et al.5 The return flow to groundwater during irrigation application or 
artificial recharge is estimated to be 420 km3•year-1 out of a total gross irrigation water 
demand of 2510 km3•year-1. This artificial groundwater recharge was computed from the 
principle that in irrigation practice water is supplied to wet the soil to field capacity 
during the application and the amount of irrigation water in excess of the soil water 
capacity can percolate to the groundwater system. The additional recharge rate thus 
equals the unsaturated hydraulic conductivity of the top soil layer at field capacity, 
assuming gravitational drainage. However, the total percolation losses are further 
constrained by the reported country-specific loss factor based on Rohwer et al.14. 

 
c. Environmental flows 

 
The streamflow contribution from the renewable groundwater (i.e., baseflow) is essential 
for ecosystem services, sustaining freshwater habitats and associated ecosystems, in 
particular during low-flow conditions when the contribution from other sources is small. 
To include this essential aspect of groundwater resources in our analysis in addition to the 
mere supply of human demand, we identified the environmental flow conditions as the 
monthly streamflow that is exceeded in 90%, Q90, of the simulated cases over the period 
1958-2000. This streamflow results from the specific runoff over the land surface proper, 
including baseflow, and that over the freshwater surface (streams, lakes and reservoirs), 
which consists of direct gains from precipitation and losses from evaporation. Under the 
assumption that all sources contribute equally to the streamflow, mean discharge at the 
outlet can be approximated by accumulating all positive contributions along the drainage 
network with any negative losses over freshwater surfaces acting as sink. Thus, specific 
runoff from the land surface may have to compensate for losses farther downstream and 
heighten the fraction of renewable groundwater recharge that has to be reserved to 
safeguard environmental flow at the basin outlet: 
 

Q
q

Q
Qf land

Q
∑×= 90

90
        (Equation 10) 

 
where is the fraction of groundwater recharge to be reserved to meet the 

environmental streamflow , 
90Qf

90Q Q  is the mean discharge at the outlet and ∑ landq  
is the accumulated mean specific runoff from the land surface, all flows being 
represented as volumes over the basin and per year. 

 
Here, the first ratio relates the environmental flow conditions to the mean runoff, 
including baseflow from recharge, while the second ratio compensates for downstream 
losses. Although  provides a uniform fraction over the basin it indirectly accounts for 
local variations in recharge and changes the absolute amount of renewable groundwater 

90Qf
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for abstraction on a cell-by-cell basis. The computed fractions are generally 
substantially larger than 10% of the recharge (Figure S2). 

90Qf

 

 
Figure S2. Fraction of the recharge reserved for 

environmental flow ( ) per river basin. 
90Qf

 
 

d. The global groundwater footprint 
 
The global groundwater footprint is calculated as the sum of the groundwater footprints 
for individual hydraulically-aquifer, regional aquifers. 
 

e. Population impacted by groundwater stress 
 
The population impacted by groundwater stress (Figure 2b) was calculated as people 
living on hydraulically-active, regional aquifers with a ratio of groundwater footprint to 
aquifer area >1. About 60% of the global population impacted by groundwater stress live 
in India and China. Population densities were derived from the gridded population of the 
world for year 2000 at 0.25o resolution15. To account for the uncertainty, we calculated 
the mean and standard deviation of the global populations over which a ratio of 
groundwater footprint to aquifer area > 1, as resulting from 10 000 Monte Carlo 
realizations for the groundwater footprint (see Methods Summary).  
 

f. New calories and groundwater stress 
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Foley et al16 calculated the global distribution of potential new calories that could be 
derived by bringing the world’s agricultural yields to within 95% of their potential for 
16 major crops. We directly overlaid Figure 3 from Foley et al16, with our classification 
of regional aquifers as more stressed or less stressed (Figure 1). We kept the same 
shading scale as Figure 3 of Foley et al16 so that no information was lost or re-interpreted. 
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6) Sources of Data 

 
All data used in this manuscript is freely available either by contacting the authors or 
from data download archives. The sources of data are as follows: 

 Recharge, groundwater consumption and environmental flow data is available in 
an enclosed zip file. The enclosed SI Guide.txt outlines the projection 
information. 

 Groundwater aquifer polygons are available by contacting BGR-WHYMAP: 
http://www.whymap.org/whymap/EN/Home/whymap_node.html  

 Gridded population density (persons per km2) Year 2000 can be downloaded 
from  http://sedac.ciesin.columbia.edu/gpw. 

 Potential diet gap was calculated16 in kilocalories that are potentially available if 
directly consumed but are lost post-production by going to animal feed and other 
uses as reported in FAO trade data. Kilocalories were calculated  by converting 
production in tonnage 17 (data 
available  http://www.geog.mcgill.ca/landuse/pub/Data/175crops2000/ ) to 
kilocalories following Tilman et. al.18.  
 

Sources of data for analysis of downscaled groundwater abstraction: 
 China: Ministry of Environmental Protection. 2007. Freshwater Environment. 

http://english.mep.gov.cn/standards_reports/EnvironmentalStatistics/yearbook200
6/200712/t20071218_115211.htm  

 India: Central Ground Water Board. 2004. Dynamic Ground Water Resources of 
India 2004. http://www.cgwb.gov.in/documents/DGWR2004.pdf  

 United States: USGS. 2012. Water use in the United States. 
http://water.usgs.gov/watuse/  

 Mexico: CONAGUA. 2008. Statistics on water in Mexico 2008. 
http://www.conagua.gob.mx/english07/publications/Statistics_Water_Mexico_20
08.pdf  

 
7) Aquifers with large groundwater footprints that are not well documented  

 
A number of aquifers with large groundwater footprints (e.g. the Persian, Arabian and 
Western Mexico aquifers) have not been well documented in the main hydrological 
literature. However, evidence of groundwater depletion of these aquifers been reported 
elsewhere. A recent study by Karimi et al19 indicates that in certain areas of Iran the 
groundwater table has dropped by rate of up to 1 meter per year for the last 10 years, 
primarily in regions with agricultural areas where farmers heavily rely on groundwater 
for irrigation. They also estimate that the groundwater table has declined with an average 
of 0.4 meter per year across the country for the same time period. Similarly, Soltani and 
Saboohi 20, Khodapanah et al21 and Jaghdani and Brümmer 22 indicate that excessive 
groundwater overdraft for irrigation has caused substantial groundwater depletion over 
many parts of Iran. In Mexico where 80% of water is used for agriculture, excessive 
groundwater overdraft is also prevalent according to Guevara-Sanginés23. They report 
that more than half of the 188 most important aquifers have been overexploited, and the 
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overexploitation is most severe over northern, western and central Mexico, where 
abstraction rates are considerably larger than the rate of recharge. Over Saudi Arabia 
where, compared to other regions, groundwater recharge is substantially lower due to its 
arid climate, large irrigation water use is sustained by nonrenewable groundwater 
abstraction. Foster and Loucks24 states that cumulative groundwater depletion from 1980 
to 2000 exceeds 250 km3 (average >12 km3 yr-1). 
 

8) Additional Results  
 

Table S2. Groundwater footprint (GF) and aquifer area (AA) of the aquifer with the 
largest groundwater footprints without considering environmental flows (E=0). The 
values of for GF and GF/AA are the mean and standard deviation of 10,000 Monte Carlo 
realizations based on independent estimates of recharge and abstraction5. Note that only 
15 aquifers with largest groundwater footprint are tabulated but the 768 ‘other aquifers’ 
are included in ‘all aquifers’. The GF/AA is calculated before rounding the GF to one 
decimal place. 
 

Aquifer Country 
GF (E=0)      
(106 km2) 

AA  
(106 km2) GF(E=0)/AA 

Upper Ganges India, Pakistan 17.3 ± 5.7 0.48 35.9 ± 11.9 
North Arabian Saudi Arabia 15.2 ± 4.5 0.36 42.5 ± 12.5 
South Arabian Saudi Arabia 8.1 ± 3.2 0.25 32.8 ± 12.9 
Persian Iran 6.9 ± 2.7 0.42 15.9 ± 6.3 
South Caspian Sea Iran 5.3 ± 1.8 0.06 90.8 ± 30.8 
Western Mexico Mexico 4.7 ± 1.4 0.21 22.5 ± 6.8 
High Plains USA 3.3 ± 1.0 0.50 6.5 ± 2.0 
Lower Indus India, Pakistan 2.2 ± 0.7 0.23 9.6 ± 3.2 
Nile delta Egypt 2.2 ± 0.7 0.10 22.5 ± 6.9 
Central Mexico Mexico 1.1 ± 0.3 0.20 5.3 ± 1.3 
North China Plain China 1.0 ± 0.4 0.23 4.4 ± 1.5 
Danube Basin  Hungary, Austria, Romania 1.0 ± 0.4 0.32 3.2 ± 1.2 
Northern China China 0.7 ± 0.2 0.31 2.2 ± 0.6 
North Africa Algeria, Tunisia, Libya 0.5 ± 0.2 0.36 1.3 ± 0.4 
Central Valley USA 0.4 ± 0.1 0.07 5.9 ± 1.6 
Other aquifers  6.6 ± 2.0 34.17 0.2 ± 0.1 
All aquifers  76.5 ± 15.7 38.25 2.0 ± 0.4 
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Figure S3. Scenario tests of transferring groundwater consumption from Upper 
Ganges to Lower Ganges in northern India. The upper Ganges aquifer has a 
approximately ten times lower recharge rate than the Lower Ganges aquifer so 
transferring groundwater consumption results a significant decrease in the groundwater 
footprint of the Upper Ganges and a moderate increase in the groundwater footprint of 
the Lower Ganges. The net impact is significant lower total groundwater footprint. 
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Figure S4: Comparison of reported and estimated groundwater abstraction for the 
year 2000 for selected major groundwater consumers.  Data are derived for 
conterminous USA per county, Mexico per state, India per state, China per province. (a) 
USA reported, (b) USA modeled; (c) Mexico reported, (d) Mexico modeled; (e) India 
reported, (f) India modeled; (g) China reported, (h) China modeled. Estimated values are 
derived from the spatially downscaled country-based totals. All abstractions are in 
km3·year-1 with the exception of the USA, for which the county values are given in 106 
m3·year-1. 
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  GW abstraction Regression    
Country Level  Unit Total Mean Standard 

deviation 
RMSE Regression 

coefficient 
[-] 

Standard 
error [-] 

R2 [-] Number of 
observations 

USA County Reported 106 
m3·year-1

95695.8 36.2 120.8 56.497 0.939 0.009 0.803 2644

  Estimated 90811.6 34.3 115.3  
 State Reported km3·year-

1
115.4 2.4 4.0 34.059 0.954 0.035 0.939 48

  Estimated 109.2 2.3 4.1  
Mexico State Reported km3·year-

1
28.9 0.9 0.8 0.801 0.643 0.062 0.778 32

  Estimated 36.2 1.1 1.2  
India State and 

territory 
Reported km3·year-

1
230.6 6.6 10.4 3.971 1.013 0.060 0.895 35

  Estimated 196.6 5.6 10.1  
China Province Reported km3·year-

1
103.9 3.5 4.2 1.564 1.081 0.058 0.922 30

  Estimated 96.4 3.2 3.6  
 
Table S3: Summary statistics for the comparison of reported and estimated (downscaled) groundwater abstraction of 
Figure S4. Reported abstraction is regressed on the estimated values with the regression line forced through the origin. Regression 
coefficients below unity are indicative of overestimation, over unity of underestimation. 2644 out of 3119 possible counties within the 
conterminous USA were selected for which the absolute deviation in area was less than 5%, mostly excluding the smaller states and 
those along the coast or borders.

  
WWW.NATURE.COM/NATURE | 12

doi:10.1038/nature11295 SUPPLEMENTARY INFORMATIONRESEARCH



 
References 
 
1 BGR/UNESCO.     (2008). 
2 Wackernagel, M. & Rees, W. Our ecological footprint.  (New Society Publishers, 

1996). 
3 Theis, C. V. The source of water derived from wells. Civil Engineering 10, 277-

280 (1940). 
4 Bredehoeft, J. D. The water budget myth revisited: why hydrogeologists model. 

Ground Water 40, 340-345 (2002). 
5 Wada, Y., van Beek, L. P. H. & Bierkens, M. F. P. Nonsustainable groundwater 

sustaining irrigation: A global assessment. Water Resour. Res. 48, W00L06, 
doi:10.1029/2011wr010562 (2012). 

6 Vorosmarty, C. J., Green, P., Salisbury, J. & Lammers, R. B. Global Water 
Resources: Vulnerability from Climate Change and Population Growth. Science 
289, 284-288, doi:10.1126/science.289.5477.284 (2000). 

7 Alcamo, J. et al. Global estimates of water withdrawals and availability under 
current and future business-as-usual conditions. Hydrological Sciences Journal 
48, 339-348 (2002). 

8 Oki, T. & Kanae, S. Global hydrological cycles and world water resources. 
Science 313, 1068-1072 (2006). 

9 Smakhtin, V. U., Revenga, C. & Döll, P. A pilot global assessment of 
environmental water requirements and scarcity. Water International 29, 307–317 
(2004). 

10 Kazemi, G., Lehr, J. & Perrochet, P. Groundwater age.  (Wiley-Interscience, 
2006). 

11 Cook, P. G. & Herczeg, A. L. Environmental tracers in subsurface hydrology.  
(Kluwer, 2000). 

12 McMahon, P., Plummer, L., Böhlke, J., Shapiro, S. & Hinkle, S. A comparison of 
recharge rates in aquifers of the United States based on groundwater-age data. 
Hydrogeology Journal 19, 779-800, doi:10.1007/s10040-011-0722-5 (2011). 

13 Döll, P. et al. Impact of water withdrawals from groundwater and surface water 
on continental water storage variations. Journal of Geodynamics, 
doi:10.1016/j.jog.2011.05.001. 

14 Rohwer, J., Gerten, D. & Lucht, W. Development of functional types of irrigation 
for improved global crop modelling. (PIK Report 104. Potsdam Institute for 
Climate Impact Research, Potsdam, Germany, 2007). 

15 CIESIN. Gridded Population of the World Version 3 (GPWv3): Population 
Density Grids. Palisades, NY: Socioeconomic Data and Applications Center 
(SEDAC), Columbia University. Available at 
http://sedac.ciesin.columbia.edu/gpw. (Feb.17/2011). (2005). 

16 Foley, J. A. et al. Solutions for a cultivated planet. Nature 478, 337-342, 
doi:http://www.nature.com/nature/journal/v478/n7369/abs/nature10452.html#sup
plementary-information (2011). 

17 Monfreda, C., Ramankutty, N. & Foley, J. A. Farming the planet: 2. Geographic 
distribution of crop areas, yields, physiological types, and net primary production 

    
WWW.NATURE.COM/NATURE | 13

SUPPLEMENTARY INFORMATIONRESEARCHdoi:10.1038/nature11295

http://sedac.ciesin.columbia.edu/gpw
http://www.nature.com/nature/journal/v478/n7369/abs/nature10452.html#supplementary-information
http://www.nature.com/nature/journal/v478/n7369/abs/nature10452.html#supplementary-information


in the year 2000. Global Biogeochem. Cycles 22, GB1022, 
doi:10.1029/2007gb002947 (2008). 

18 Tilman, D., Balzer, C., Hill, J. & Befort, B. L. Global food demand and the 
sustainable intensification of agriculture. Proceedings of the National Academy of 
Sciences 108, 20260-20264, doi:10.1073/pnas.1116437108 (2011). 

19 Karimi, P., Qureshi, A. S., Bahramloo, R. & Molden, D. Reducing carbon 
emissions through improved irrigation and groundwater management: A case 
study from Iran. Agr. Water Manage. 108, 52-60 (2012). 

20 Soltani, G. & Saboohi, M. Economic and Social Impacts of Groundwater 
Overdraft : The Case of Iran. (Tech. rep., Economic Research Forum, Egypt 
2008). 

21 Khodapanah, L., Sulaiman, W. N. A. & Khodapanah, N. Groundwater Quality 
Assessment for Different Purposes in Eshtehard District, Tehran, Iran. Eur. J. Sci. 
Res. 36, 553-553 (2009). 

22 Jaghdani, T. J. & Brümmer, B. Demand for Irrigation Water from Depleting 
Groundwater Resources in Pistachio Production, Case Study from Iran. (Tech. 
rep., International Iranian Economic Association, Iran 2011). 

23 Guevara-Sanginés, A. Water Subsidies and Aquifer depletion in Mexico’s Arid 
Regions. ( Tech. rep., Human development report, 2006). 

24 Foster, S. S. D. & Loucks, D. P. Non-renewable groundwater resources: a 
guidebook on socially-sustainable management for water-policy makers.  
(UNESCO, 2006). 

 
 
 

    
WWW.NATURE.COM/NATURE | 14

SUPPLEMENTARY INFORMATIONRESEARCHdoi:10.1038/nature11295



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




