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The water footprint has been introduced as a potential sustainability indicator for human-induced water
consumption, and has frequently been studied at local, national and international scales during the last decade.
While water footprints are sometimes understood as a measure that includes environmental impact
assessment, the water footprint as used in this paper refers to volumes of water consumed, without including
weighting procedures to allow for the assessment of impacts. Two types of approaches have been applied to
calculate the water footprint in the literature: bottom-up and top-down approaches. This study compares and
discusses advantages and limitations of the water footprint of nations based on two input–output top-down
approaches (Water Embodied in Bilateral Trade (WEBT) and Multi-regional Input–Output Analysis (MRIO))
and of the existing national water footprint accounts from the literature based on the bottom-up approach. The
differences in the bottom-up and WEBT approaches are caused by inter-sectoral cut-off, because bottom-up
approaches do not consider the entire industrial supply chains, while the WEBT method covers the water
footprint by tracing the whole domestic supply chain of each country. The differences in the WEBT and
MRIO approaches are due to an inter-regional cut-off effect, as the WEBT approach only traces domestic
supply chains whereas the MRIO approach traces entire global supply chains. We found that both bottom-up
and top-down approaches are heavily dependent on the quality of existing datasets, and differ substantially.
The total water footprints of nations based on different approaches vary by up to 48%, and this variation is
even larger at the sector level.

Keywords: Water footprint; Input–output analysis; Virtual water; Natural resources; Life-cycle analysis; Hybrid
approaches

1. INTRODUCTION

Water footprints can be used for assessing the impacts of production and consumption

activities on both domestic and global water resources. For example, the production

and consumption activities in the UK may indirectly impose pressure on water resources

in China through importing goods and services produced in China. Thus, it is very impor-

tant to calculate the water footprint by taking the global supply chain effects into

account. The water footprint was initially introduced by Hoekstra and Hung (2002,

p. 7) as an analogy to the ‘ecological footprint’ showing “the volume of water needed

for the production of goods and services consumed by the inhabitants of the country”.
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The water footprint partly overlaps with the concept of virtual water, a term coined by

Allan (1998a, 1998b, 2001) and inspired by his investigation into the suitability of virtual

water imports as a partial solution to the problems of water scarcity in the Middle East.

He argued that the trade of water-intensive products to the Middle East region relieved

the need for the importing countries to use their own water resources to produce these

products. The water footprint has been discussed as a potential sustainability indicator

for human-induced water consumption and has been frequently studied at local, national

and international scales (e.g. Chapagain and Hoekstra, 2004; Feng et al., 2011a, 2011b;

Yu et al., 2010; Aldaya and Llamas, 2008; Hoekstra and Chapagain, 2007). Recently, the

water footprint has also been used to include potential environmental impacts caused by

water consumption (Pfister et al., 2009; Ridoutt and Pfister, 2010; Berger and Finkbeiner,

2010). Due to its simplicity and the accessibility of data sources, in this paper we focus

on the volumetric water footprint as defined in Hoekstra et al. (2009b). The water foot-

print provides a consumption-based indicator of water use tracing water consumption

associated with different consumption items along the whole supply chain, compared

with the traditional production based water use indicator allocating water consumption

to production processes. The total volume of water consumption includes three types

of water defined in the literature as blue, green and grey water. Blue water is surface

and groundwater; green water is the effective rainfall and soil moisture that is used

directly by plants; grey water is the volume of fresh water required to dilute pollution

(WFN, 2008).

In general, the ‘footprint family’, such as the ecological footprint, carbon footprint and

water footprint, is a set of life cycle analysis (LCA) tools that analyze the resource require-

ments throughout the whole life cycle (Galli et al., 2011). LCA has been widely applied in

both academic research and industrial applications in the last few decades (Vigon et al.,

1993; Suh and Huppes, 2005; Guinée, 2002; ISO, 2006). Two groups of approaches

have been used for LCA: bottom-up approaches (e.g. Mitchell and Hyde, 1999; Jansen

and Thollier, 2006; Curran, 1996) and top-down approaches (e.g. Lenzen, 2001; Weber

and Matthews, 2008; Weber et al., 2008; Minx et al., 2009; Wiedmann, 2009a).

Bottom-up refers to process analysis, which uses detailed descriptions of individual pro-

duction processes. Top-down refers to input–output analysis (IOA), which is an economic

approach that is frequently used for environmental or LCA-type analyses. A number of

researchers developed and applied hybrid approaches to LCA studies combining the

advantages of both bottom-up and top-down approaches (e.g. Treloar, 1997; Lenzen,

2002; Lenzen and Crawford, 2009; Wiedmann et al., 2011b; Acquaye et al., 2011; Suh

and Huppes, 2002, 2005; Suh et al., 2004). For a detailed description on hybrid approaches

see Suh and Huppes (2005) and Suh et al. (2004).

To calculate the volumetric water footprint, we distinguish between the bottom-up

water footprint accounting approach (e.g. Water Footprint Network, WFN) and the top-

down approach based on input–output analysis. We further distinguish the top-down

approaches between Water Embodied in Bilateral Trade (WEBT) and Multi-Regional

Input-Output analysis (MRIO) (Peters et al., 2011b). The differences in the bottom-up

and WEBT approaches capture inter-sectoral cut-off effects, because the bottom-up

approach does not trace the entire industrial supply chain, while the WEBT calculates

the water footprint by tracing whole domestic supply chains. The differences in the

WEBT and MRIO approaches capture inter-regional cut-off effects, as the WEBT
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approach only traces domestic supply chains, whereas the MRIO approach traces the

whole global supply chains.

2. METHODOLOGY

This section depicts the methodological frameworks of the bottom-up approach and top-

down IOA approaches to calculate the total water footprint for 113 global regions, further

distinguished as domestic and foreign water footprints. The total water footprint is the total

water consumption of local and global water resources by the population of the study

region; the domestic water footprint refers to the share of the total water footprint that con-

sumes domestic water resources, whereas the foreign water footprint refers to the con-

sumption of water resources situated in other countries (Chapagain and Hoekstra, 2004).

To better understand the differences between bottom-up and top-down approaches, it is

important to clarify the distinction between intermediate and final use. Intermediate use

refers to goods used as inputs in the production of other goods; final use refers to goods

consumed by end-users such as households, government or exports. The bottom-up

approach estimates water footprints by calculating the virtual water content of internation-

ally traded goods and services from detailed process data. It has become one of the most

popular approaches in water footprinting studies due to its simplicity and relatively good

data availability. However, the bottom-up, process-based approach, does not distinguish

between intermediate and final users, in terms of water consumption. Therefore, it

cannot comprehensively describe supply chains that are crucial for allocating responsibil-

ity to the final consumer and identify driving forces. In addition, the bottom-up approach

mainly concentrates on agricultural and food products, but lacks detail describing industry

and products and services. The top-down approaches calculate the water footprint through

tracing the whole regional, national or global supply chains depending on the accounting

framework used. In the top-down approach, water consumed in production is allocated to

the final rather than the intermediate consumers. However, a problem with the top-down

approach is the aggregation of processes and products at the level of economic sectors and

the relatively high aggregation level of different agricultural sectors provided in national

accounts.

2.1. Bottom-up Approach

The first comprehensive water footprints of nations based on the bottom-up approach were

calculated by Chapagain and Hoekstra (2004) for the period 1997–2001. This approach

was further revised by Hoekstra et al. (2009b), and applied by Mekonnen and Hoekstra

(2011) to calculate the water footprints of nations, separating out green, blue and grey

water. The total water footprint of a product in volumetric units comprised two com-

ponents: the direct and indirect water footprint (Hoekstra et al., 2009b). The direct

water footprint is calculated as the sum of the volume of water either used or polluted

(in the case of the grey water footprint). The indirect water footprint is equal to the sum

of upstream effects, i.e. total water consumption during previous production stages.

WFi = WFd
i + WFsc

i (1)
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where WFi is the total water footprint of the product at production stage i, WFd
i is the direct

water footprint of the product at stage i, and WFsc
i is the indirect water footprint of the

product at stage i.

Figure 1 shows how the water footprint along the production processes of one typical

agricultural product is calculated. The direct water footprint of the product at stage i for

product m from the operation at stage i, WFd
i,m is calculated as:

WFd
i,m = WUi,m

Qi,m

×
v

f
i,m

p
f
i,m

=
Water evaporatedi,m + Water pollutedi,m

{ }
Qi,m

×
v

f
i,m

p
f
i,m

=
Water evaporatedblue

i,m + Water evaporated
green
i,m + Water pollutedi,m

{ }
Qi,m

×
v

f
i,m

p
f
i,m

= BWevaporated

Qi,m

×
v

f
i,m

p
f
i,m

{ }
+ GWevaporated

Qi,m

×
v

f
i,m

p
f
i,m

{ }
+ Water polluted

Qi,m

×
v

f
i,m

p
f
i,m

{ }

= WFblue
i,m + WF

green
i,m + WF

grey
i,m

(2)

where WFd
i,m, expressed in m3/ton, is the water footprint of output m and Qi,m is the quan-

tity of the product m in ton produced from the supplier i. WUi,m is the volume of water use

in the operation of the supplier, which is made up of the volume of water evaporated and

required to dilute pollution. The volume of water evaporated is further separated based on

the source of water use: blue water (BWevaporated, evaporation from the use of surface

FIGURE 1. Water footprint of an agricultural product.
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and ground water) and green water (GWevaporated, evaporation from the use of rain

water).

The p
f
i,m is the product fraction, and v

f
i,m is the value fraction of the product m. If a sup-

plier has more than one output product, the total water footprints of the supplier should be

attributed to each product such that there is no double counting of water footprints. The

distribution of water footprints among different output products is based on the concept

of product fraction and value fraction; for detailed explanations please refer to Hoekstra

and Chapagain (2008), and Hoekstra et al. (2009b).

A product tree has a product fraction (ratio of the weight of the individual output pro-

ducts to the weight of the input product) and value fraction (ratio of the market value of

individual output product to the total market value of all the output products combined)

at each stage of production. The total volume of water evaporated in the stage of crop

growth is calculated using the maximum daily crop water requirement and the available

effective rainfall are calculated using the model CROPWAT (FAO, 1992). Using the out-

comes of the CROPWAT, the volumes of blue and green water evaporated are separated

following the methodology presented in Chapagain and Orr (2009).

The total consumption water footprint of a region or country has two components: dom-

estic water footprint and foreign water footprints.

WFTot = WFDom + WFForeign (3)

where WFTot refers to the total water footprint; WFDom refers to the domestic water foot-

print; and WFForeign refers to the foreign water footprint. The virtual water content of

goods consumed in a country is calculated based on the share of import and domestic pro-

duction of goods in a country following the methods presented in Mekonnen and Hoekstra

(2011).

The domestic water footprint is calculated by:

WFDom = WFAgr + WFInd + WFHH − WFDom−exp (4)

where WFAgr is the agricultural water consumption with 106 agricultural products; WFInd

is the industrial water consumption (only one aggregate industrial sector including ser-

vices); WFHH is the water consumption by households; WFDom – exp is the water consump-

tion of exporting goods and services produced domestically.

The foreign water footprint is equal to the virtual water imported into the region minus

the volume of virtual water exported to other countries as a result of the re-export of

imported products.

WFForeign = WFImp − WFRe−exp (5)

where WFImp is the imported virtual water to the region and WFRe – exp is the export of

virtual water as a result of imported goods from the region.
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2.2. Environmental Input–Output Approaches

Environmental input–output analysis has been applied in water studies for about half a

century. For example, an early study undertaken by Hartman (1965) examined features

of input–output models in terms of their usefulness for analyzing regional water consump-

tion and allocation; and Carter and Ireri (1970) developed a water extended interregional

input–output model to assess the embedded water in product flows between California and

Arizona. Examples of more recent studies of water-related input–output models include

Lange’s (1998) national resource accounting approach to examine water policies in

Southern Africa using Namibia as a case study; Lenzen’s analysis of water usage in Aus-

tralia (Lenzen and Foran, 2001); Duarte et al. (2002) employed an input–output model

using a Hypothetical Extraction Method (HEM) to assess the water use in the Spanish

economy; Hubacek and Sun (2005) compared water supply and demand for all major

watersheds in China using hydro-ecological regions to match watersheds with administra-

tive boundaries; Guan and Hubacek (2008) extended this work by taking the pollution

absorption capacity (grey water) into account using North China as a case study;

Hubacek et al. (2009) carried out a study on environmental implications of urbanization

and lifestyle change in China by calculating ecological and water footprints; Lenzen

and Peters (2010) analyzed the direct and indirect water requirements of two Australian

Cities in their domestic Hinterland in a spatially explicit model; Yu et al. (2010) carried

out a study on assessing the regional and global water footprint for the UK by applying

a unidirectional MRIO framework; Feng et al. (2011b) carried out a spatially explicit

analysis of the UK water footprints by applying a multi-directional MRIO framework.

2.2.1. WEBT Approach

Total direct and indirect water consumption in region s in order to produce the products

that are exported to region r can be determined by:

WFsr = es(I − Ass)−1tsr (6)

where WFsr is the foreign water footprint of region r from region s; es is a row vector of

water coefficients in region s, which is calculated by dividing direct sectoral water con-

sumption by total sectoral input; (I − Ass)−1 is Leontief Inverse matrix in region s; tsr

is a vector of bilateral trade from region s to region r.

Therefore, the total foreign water footprint in region r is:

WFr
Foreign =

∑
s
WFsr (7)

and total domestic water footprint of region s can be calculated by:

WFr
Dom = er(I − Arr)−1yr + WFr

hh (8)

where WFr
Dom is total domestic water footprint in region r; (I − Arr)−1 is the Leontief

Inverse matrix in region r; yr is a vector of domestic final demand in region r; WFr
hh is

the direct household water footprint in region r.
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2.2.2. MRIO Approach

In a MRIO framework, different regions are connected by trade flows. The technical coef-

ficient matrix A can be calculated by asr = zsr
ij /xr

i , where zsr
ij is the trade between economic

sectors from region s to region r, xr
j is the total sectoral output in region r. The subscripts i

and j denote the selling and purchasing sector, respectively. ysr is the trade from industries

in region s to final consumers in regions r. A row vector of compound water coefficients is

shown by:

e∗ = e1 e2 · · · em
[ ]

Here, m indicates different regions. Thus, e∗ is a vector of water coefficient for 113

regions.

The total water footprints of 113 world regions can be calculated by extending the water

coefficients to the MRIO framework.

WFTot = e∗L∗Y∗ + WFhh (9)

Here, L
∗

is Leontief inverse matrix; Y
∗

is final demand matrix of 113 regions; WFhh is

the household water consumption.

To calculate domestic and foreign water footprint, we introduce er∗, e∗r, and y∗r:

er∗ = 0 · · · er · · · 0[ ]; er∗ = e1 · · · 0 · · · em
[ ]

; y∗r =

y1r

y2r

..

.

ymr

⎡
⎢⎢⎢⎣

⎤
⎥⎥⎥⎦

where er∗ is a vector only containing water coefficients in region r, with zeros for the water

coefficients in all other regions, whereas e∗r is a vector containing the water coefficients in

all other regions with zeros for the coefficients in region r. y∗r is a vector of the goods pro-

duced in the exporting regions directly consumed by the final consumers in region r.

The domestic and foreign water footprints in region r based on the MRIO framework

can be calculated by Equations 10 and 11:

WFr
Dom = er∗L∗y∗r + WFhh (10)

WFr
Foreign = e∗rL∗y∗r (11)

2.3. Data

The FAOSTAT database provides crop productivity, areas of crop land and water require-

ments per unit of land for different crops, which are used for calculating the direct water

use of different crops in different countries (FAO, 2010). The consumption data of agri-

cultural products are taken from the Food Balance Sheet of FAOSTAT. The international

virtual water flows are based on The Personal Computer Trade Analysis System (PCTAS)
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(ITC, 2009). AQUASTAT as a part of FAO database provides industrial and commercial

water use at an aggregated level (FAO, 2011). Water footprints of nations based on the

bottom-up approach are taken from Mekonnen and Hoekstra (2011). The bottom-up

approach considers only one layer of trade.

The 113-regions MRIO tables are based on the Global Trade Analysis Project version 7

database (GTAP, 2010) and extracted by the method described in Peters et al. (2011a).

The 113-regions MRIO tables have 14 agricultural sectors and 43 industrial and

service sectors. In order to be consistent with the 113-regions global MRIO model, the

water use for 106 agricultural commodities provided by FAOSTAT are aggregated into

14 agricultural sectors and the highly aggregated water use for industrial and commercial

sector from AQUASTAT database are disaggregated into 43 sub-sectors. This disaggre-

gation is based on national water data provided by statistical bureaus in other sources in

Australia, Canada, China, Germany, India, South Africa, Namibia, the US and the UK

(ONS, 2011; Australian Bureau of Statistics, 2006; Canada, 2007; FSO, 2008; SSA,

2006; MWR, 2004; Lange, 1998; CSE, 2004; USGS, 2005). Since these national data

sources still leave some gaping holes on the map, sectoral water intensities of represen-

tative countries are used for similar countries (e.g. Germany for EU-OECD countries,

Australia for Oceania countries; Namibia for other African countries; China for other

Non-OECD countries). To make the derived industrial water data consistent with the

bottom-up approach, water intensities and sectoral total output are used for each

country to parameterize the sectoral water use and scale the water use to match the

water data collected from AQUASTAT.

For consistency and as a precondition for comparison, the same water data sources are

used for the bottom-up and top-down approaches. Thus, the direct water use in each

country and/or region is the same for the proposed approaches.

It is useful to mention the recent development of two MRIO databases including water

accounting data: EXIOPOL (EXIOPOL, 2011) and OPEN - EU (Weinzettel et al., 2011).

However, none of them provides a comparison of approaches.

3. RESULTS

3.1. Domestic and Foreign Water Footprints

Figure 2 shows domestic and foreign water footprints in eight key water consuming

countries from different world regions. The results show that the differences in total

water footprints based on bottom-up, WEBT and MRIO approaches vary between 8

and 48%. These differences are mainly caused by two issues: inter-sectoral cut-off and

inter-regional cut-off. The differences in water footprints based on the bottom-up and

WEBT approaches were mainly caused by inter-sectoral cut-off. In the bottom-up

approach, agricultural and industry water footprints are calculated independently from

each other, whereas in the WEBT approach the water footprint is calculated as being inter-

dependent, tracing the entire domestic supply chain of interacting sectors and their respect-

ive demands. The results show that inter-sectoral cut-off may, for example, lead to a 71%

difference for the domestic water footprints (as in the case of Russia) and a 72% difference

in foreign water footprint (for Australia). For most selected countries, the foreign water

footprints based on the WEBT approach were higher than the footprints based on the
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bottom-up approach. This can be explained by the way the WEBT approach captures both

direct water use and indirect water use along the domestic supply chains in foreign

countries. For example, Japan’s foreign water footprint based on the WEBT is 64%

higher than the foreign water footprint based on the bottom-up approach because it not

only includes the water consumption of producing the imported products for Japan, but

also captures all upstream domestic water consumption in foreign countries.

In addition to foreign water footprints, domestic water footprints based on the bottom-

up approach are larger than the water footprints based on the WEBT approach for most

developing and emerging countries, such as China, Brazil and South Africa. This is due

to the large amount of agricultural water use through export production of industrial

goods in these countries. The differences in domestic water footprints based on the

bottom-up and WEBT approaches are very small.

The differences in total water footprints based on the WEBT and MRIO approaches are

much smaller than the differences based on the bottom-up and WEBT approaches due to

the inter-regional cut-off effects being smaller than the inter-sectoral cut-off effects.

3.2. Sectoral Water Footprints

Figure 3 shows domestic water footprints distinguished by crops and livestock, industry

and households. There are strong similarities in sectoral water footprints based on the

WEBT and MRIO approaches, as the inter-regional cut-off has less effect on the compo-

sition of domestic water footprints. However, we can observe substantial differences in

water footprints in crops and livestock and industry sectors between the bottom-up and

the top-down approaches. This is mainly caused by a large proportion of agricultural

FIGURE 2. Domestic and foreign water footprints in eight selected countries (billion m3).

Note: BU is bottom-up analysis; WEBT is water embodied in bilateral trade analysis; MRIO is multi-
regional input-output analysis.
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water use consumed by industrial sectors when agricultural products are used as pro-

duction inputs based on top-down approaches.

Although the WEBT and MRIO approaches provide similar results in domestic water

footprints of nations, there are apparent differences in foreign water footprints. Figure 4

shows that the total foreign water footprints based on the WEBT approach in export domi-

nated countries, such as China and Brazil, are much higher than the foreign water foot-

prints based on the MRIO approach, due to the fact that when tracing the global supply

chains, a large amount of imported water in China and Brazil is re-exported to other

FIGURE 3. Sectoral domestic water footprints in eight selected countries (billion m3).

FIGURE 4. Sectoral foreign water footprints in eight selected countries (billion m3).
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countries. However, the results were showing the opposite effects in many developed, net

importing countries, such as the US, Japan and Germany, in which cases the exported

water may be imported back.

Figure 4 shows huge differences in sectoral water footprints. The share of agriculture

contributing to the foreign water footprint based on MRIO is much larger than the one

based on WEBT. It indicates that after tracing global supply chains, more agricultural

water is used in industrial sectors in the MRIO compared with the WEBT approach.

Water footprints for the agricultural sector differed by up to 86% between the WEBT

and MRIO approaches, while the differences are up to 60% for the industrial sector. It

can also clearly be seen that the industrial water footprint based on the bottom-up approach

shared a very small proportion of total foreign footprints due to the inter-sectoral cut-off.

4. DISCUSSION AND CONCLUSIONS

There are substantial differences in the results provided by the three modeling

approaches. The inter-regional cut-off based on two top-down approaches could lead

to a large difference in foreign water footprints and the water footprints at the sector

level. MRIO provides a comprehensive system boundary, in terms of both inter-regional

and inter-sectoral supply chains; imports and exports and their associated virtual water

flows are captured along the whole global supply chain. The cut-off on both inter-sec-

toral and inter-regional supply chains based on the bottom-up approach may lead to sig-

nificant differences in domestic and foreign water footprints and consequently does not

allow us to properly track water consumption to final demand. For example, the con-

sumption water footprint in China based on the bottom-up approach is about 25%

higher than using the two top-down approaches; agricultural products consumed by

industry sectors and then exported to other regions cannot be captured by the bottom-

up approach.

On the other hand, the bottom-up approach provides a modeling framework with great

detail, especially for the agricultural and food products sectors. At the national level, this

approach estimates the virtual water contents for more than 100 agricultural and food pro-

ducts, which allows us to calculate the water footprints for individual products. The

bottom-up approach also has an advantage with regard to ease of updating data as the

FAO provides very detailed and annually updated trade flows of agricultural and food pro-

ducts for most countries. The calculations used in the bottom-up approach are based on the

PCTAS database. However, as frequently discussed, imports and exports are not consistent

between the exporting countries and importing countries.

In contrast, for the IO study, national IO tables are generally a few years old and might

be produced in some instances only every 5 years. However, this data issue may be solved

by updating the old IO tables based on the latest national accounts, which are published

annually by the national statistical offices (Wiedmann et al., 2011a). Another reason for

GTAP data to be updated rather slowly is because all the trade flows have to be made

compatible and issues of inconsistency between import and export data occurring in

COMTRADE data need to be solved.

The bottom-up approach presented here considers impact assessment as an additional

step to be carried out in detailed local analyses (Hoekstra et al., 2009a). Based on ISO stan-

dards and guidelines, an environmental impact assessment can be integrated into LCA and
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consequently should be part of the water footprint (Pfister and Hellweg, 2009). While there

is disagreement about the term “water footprint” among different research groups as well

as different stakeholders, there is an agreement that pure water volumes are insufficient to

take decisions about hotspots of water scarcity, as the link to water availability is missing.

MRIO estimates of water footprints, in contrast to the bottom-up approach, have nations or

even larger multistate regions as spatial units of analysis and therefore a specific impact

assessment, as suggested by Hoekstra et al. (2009a), is not possible. In order to account

for the environmental relevance of water consumption caused by the provision of goods

and services, it seems inevitable to include weighting by location-specific impact assess-

ment metrics before aggregating the water consumption to MRIO sectors and regions, e.g.

as done for a bottom-up case study by Ridoutt and Pfister (2010). While detailed analysis

of national water footprints including impact assessments have recently been published for

160 crops (Pfister et al., 2011), data for industrial sectors and corresponding trade analyses

have still to be developed. It is clear that such global characterization of impacts cannot

replace detailed local case studies, but it would enable the identification of potential hot-

spots for analyses of supply-chains.

In summary, using different approaches may lead to a substantial difference in terms

of water footprints, even when based on the same database. Top-down approaches have

a comprehensive system boundary that allows tracing whole industry supply chain

effects. It can also provide relatively detailed water footprints of industrial products.

However, due to the lack of detail in agricultural products and the lack of spatial

detail, it is difficult to provide policy recommendations and guidance for water resource

management. The bottom-up approach based on individual processes provides very

detailed information on agricultural products and associated virtual water content. The

cut-off effect of supply chains may lead to significant truncation error, particularly in

calculating consumption water footprints for a region or country taking imports and

exports into account. For the top-down approach with highly aggregate sectoral infor-

mation, characterization of water consumption should be included, as tracing the

origins of water consumption beyond the regional level is not possible. In this study,

we find – similar to Wiedmann (2009b) – that there is a big difference in water foot-

prints at the sector level based on bottom-up versus top-down approaches. This supports

the call for utilizing hybrid approaches as suggested in LCA studies combining the

advantages of both approaches. The bottom-up approach can be used to capture the

direct water use of detailed agricultural products, while the MRIO approach can be

used to capture the upstream supply chain effects. However, due to the bottom-up

approach not being able to distinguish intermediate and final use of commodities, the

system boundaries for the two approaches in a hybrid framework need to be considered

very carefully, in order to avoid double counting (Suh et al., 2004; Strømman, 2009;

Lenzen, 2008, 2009).
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