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Chapter 1

1.1 Background
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direct indirect

1.2 The water footprint concept

another catchment area or the sea or is incorporated into a product. The green 

quality standards.
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not

1.3 Water footprint assessment

Figure 1.1 Schematic representation of the components of a water footprint. 
It shows that the non-consumptive part of water withdrawals (the return flow) 
is not part of the water footprint. It also shows that, contrary to the measure 
of ‘water withdrawal’, the ‘water footprint’ includes green and grey water and 

the indirect water-use component

 

Water footprint of a consumer or producer 

Indirect water use Direct water use 

                    

W
at

er
 

co
ns

um
pt

io
n Green water footprint 

Blue water footprint 

                    

W
at

er
 

po
llu

tio
n 

Grey water footprint 

Green water footprint 

Blue water footprint 

Grey water footprint 

Non-consumptive 

water use (return flow) 

Water withdrawal 

 



4 The Water Footprint Assessment Manual

1. Setting goals and scope.

Figure 1.2 Four distinct phases in water footprint assessment

 

Water footprint 
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accounting 

Water footprint 
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Setting goals 
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sustainability assessment.

1.4 Guide for the reader
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Chapter 2

 
Footprint Assessment

2.1 Goals of water footprint assessment

i strative unit

– 
unit
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Box 2.1 Goals of water footprint assessment

General

Process water footprint assessment

Product water footprint assessment

Consumer or community water footprint assessment

Assessment of the water footprint within a geographically 

delineated area
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National water footprint assessment (water footprint within a 

nation and water footprint of national consumption)

of national consumption, impacts of the water footprint of national 

Business water footprint assessment

product water footprint assessment.)

certification, identification of critical water footprint components, 

2.2 Scope of water footprint accounting
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Blue, green and/or grey water footprint?

– 

Where to truncate the analysis when going back along the supply chain?
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in nearly all processes. The argument could be made that employees are an 

embodying indirect resource use.



12 The Water Footprint Assessment Manual

Which level of spatiotemporal explication?

Table 2.1 Spatiotemporal explication in water footprint accounting

Spatial 

explication

Temporal 

explication

Source of required 

data on water use

Typical use of the 

accounts

average
water consumption and 

process.

of components 

projections of water 
consumption. 

National, 
regional or 
catchment-

monthly nationally, regionally or spatial spreading and 

allocation decisions.
Level C Small 

catchment 
Monthly or 
daily 

water consumption and 

location and over the 
year.

carrying out a water 

of a strategy to reduce 
water footprints and 
associated local impacts.
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2

Which period of data?

Direct and/or indirect water footprint?



14 The Water Footprint Assessment Manual

Box 2.2 Are there ‘scopes’ in water footprint accounting as there are in the       
case of corporate carbon footprint accounting?

footprint accounting. The total water footprint of a consumer or producer 

case of water footprint accounting. In water footprint accounting there are 
thus two ‘scopes’ only: ‘direct’ and ‘indirect’ water footprint.

Consider the water footprint within a nation or the water footprint of national 
consumption?
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2.3 Scope of water footprint sustainability assessment

aggregate 
contribution



16 The Water Footprint Assessment Manual

2.4 Scope of water footprint response formulation



Goals and Scope of   Water Footprint Assessment 17





Chapter 3

Water Footprint Accounting

3.1 Human appropriation of fresh water:  
What do we measure and why?
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Figure 3.1 
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Precipitation 
Non 

production-related 
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Water contained 
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Water contained 
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3.2 Coherence between different sorts of  
water footprint accounts
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lead to double counting.

Figure 3.2 
water footprints

 

add product water footprints 
of all products produced 

Water footprint of a group of 
consumers (e.g. of a nation, 

province or municipality) 

Water footprint of a group of 
producers (e.g. a sector) 

Water footprint within a 
geographically delineated area 

(e.g. a nation or river basin) 

Water footprint of a producer 
(business, company) 

Product water footprints 

Process water footprints 

Water footprint of consumer 

add product water footprints 
of all products consumed 

add process water footprints of all 
processes in a production system of a product 

add process 
water footprints 
of all processes 
occurring within 
the area 
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3.3 Water footprint of a process step

3.3.1 Blue water footprint

Box 3.1 The relation between the different sorts of water footprints

production and supply chain).
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Figure 3.3 The direct and indirect water footprint in each stage of the supply 
chain of an animal product

Figure 3.4 
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export 
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Water 
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Virtual-water 
export 
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Box 3.2 Unit of a water footprint

volume per product unit.

– water volume per unit of mass (for products where weight is a good 
indicator of quantity)

– water volume per unit of money (for products where value tells more 
than weight)

– water volume per piece (for products that are counted per piece 
rather than weight)

joule for electricity or fuels)

unit of time per capita. 

volume per monetary unit when divided over the income in the area.
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WFproc,blue = BlueWaterEvaporation + BlueWaterIncorporation + 
WFproc,blue = LostReturnflow       
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Box 3.3 Data sources for the calculation of a blue water footprint

Industrial processes:

during storage, transport, processing and disposal is generally not measured 

data on consumptive water use for various types of manufacturing processes. 

paper mills and so on) rather than per manufacturing process. Two data-

Agricultural processes:

consumptive
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Water recycling and reuse

on-site for the same 
purpose 

that counts. Water recycling and reuse can be instrumental in reducing the blue 

use. Water recycling and reuse may also be instrumental in reducing the grey 

Figure 3.5 
and reuse
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Abstraction 
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Inter-basin water transfer

3.3.2 Green water footprint
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WFproc,green = GreenWaterEvaporation + GreenWaterIncorporation 

3.3.3 Grey water footprint

L

cmax
cnat



Water Footprint Accounting 31

Box 3.4 The history of the grey water footprint concept

The grey water footprint refers to the volume of water that is required to 

These generic dilution factors do not account for the sort of pollution and 

quantify the dilution requirement. The term ‘grey water footprint’ was for 

water footprint in the case of diffuse pollution.

requirement’, we prefer not to use that term since it appeared to cause 
confusion with some people who thought that the term implies we need to 
dilute pollutants instead of reduce their emission. This is, of course, not the 
meaning of the concept. The grey water footprint is an indicator of pollution 
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,    proc grey
max nat

L
WF

c c
=

−
 

cnat = 0. 
cnat

cnat 

remaining assimilation 
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assimilation capacity has been consumed already. As long as the calculated 

concentrations.
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Point sources of water pollution

Effl
ceffl

Abstr
cact

,     effl act
proc grey

max nat max nat

Effl c Abstr cL
WF

c c c c

× − ×
= =

− −

The pollutant load L

Box 3.5 The concept of critical load

off is appropriated for waste assimilation. The critical load (Lcrit

is the load of pollutants that will fully consume the assimilation capacity of 

R

Lcrit R × (cmax – cnat

water quality standards for that particular pollutant and allocates that load 

cmax – cnat 
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Effl × ceffl
Abstr × cact

ceffl < cact or because Effl < Abstr

Abstr 

,
effl act

proc grey
max nat

c c
WF Effl

c c

−
= ×

−

Effl
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Box 3.6 The grey water footprint in different cases of point-source pollution

Let us consider the common case in which the effluent volume is equal (or 

 ceffl cact

remain unchanged.
 ceffl cmax the grey water footprint is equal to a certain fraction 

cact cnat then the grey water 

from cnat in the direction of cmax

river is withdrawn and returned as effluent with a concentration equal to 
cmax

ceffl < cact

water. ‘Cleaning’ when the river is actually still under natural conditions 

The issue of compensation or ‘offsetting’ of water footprints is discussed 

 cmax

cnat

cmax cnat
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o

o

,
max

effl act
proc grey

nat

T T
WF Effl

T T

−
= ×

−

Tmax – Tnat

o

Diffuse sources of water pollution

,     proc grey
max nat max nat

L Appl
WF

c c c c

α ×= =
− −

α

Appl 
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The effect of evaporation on water quality

Box 3.7 Three-tier approach in estimating diffuse pollution loads

similar to the one of the Intergovernmental Panel on Climate Change (IPCC) 

applied to the soil to an estimate of the amount of chemicals that enter 

relevant factors such as soil type, agricultural practice, soil hydrology and 

derived from widely accepted and validated models.
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evaporates and chemicals accumulate. 

cnat 
in mass per m cnat

Integration over time and different pollutants

substance is good enough.

enter into

some downstream
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has the advantage that it is relatively simple – because one does not need to 

3.3.4 Calculation of the green, blue and grey water 
footprint of growing a crop or tree

WFproc

, , ,proc proc green proc blue proc greyWF WF WF WF= + +
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WFproc,green
CWUgreen Y
WFproc,blue

,
green

proc green

CWU
WF

Y
=

,
blue

proc blue

CWU
WF

Y
=

WFproc,grey
m
AR α

cmax
cnat Y

( ) ( )max
,

nat
proc grey

AR c c
WF

Y

α × −
=

CWU
ET

lgp

1

10green green
d

CWU ET
=

= ×∑

lgp

1

10blue blue
d

CWU ET
=

= ×∑
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ETgreen ETblue

lgp

ET

ET
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be more easily available.

CWUgreen to 
CWUblue

crop.

Figure 3.6 

 

Storing 

water 

Transport of 

water 

Irrigation of 

the field 

Water footprint Water footprint Water footprint 
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Box 3.8 Data sources for the calculation of the water footprint of ‘growing a crop’

the nearest and most representative meteorological station(s) located 

region considered. For regions with more than one climate station, one 

average precipitation and reference evapotranspiration with a spatial 

upon the climate and many other factors such as local customs, traditions, 

‘medium soil’ as a default.
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types and major countries.

 in receiving water bodies: In more or less 
pristine rivers, one can assume that natural concentrations are equal to 
the actual concentrations and thus rely on long-term daily or monthly 

one will have to rely on historical records or model studies. For some 
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3.4 Water footprint of a product

3.4.1 Definition

chain.1

Box 3.9 Terminology: Water footprint, virtual-water content, embedded water

water was used. The water footprint of a product is thus a multidimensional 
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3.4.2 Schematization of the production system into  
process steps
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3.4.3 Calculation of a product water footprint

The chain-summation approach

p

p

WFproc s s
and P p p

Figure 3.7 p 
into k process steps. Some steps are in series, others are parallel. The water 
footprint of output product p is calculated as the sum of the process water 
footprints of the processes that constitute the production system. Note: this 

p is the only output product following 
from the production system

 

Process s=3 

WFproc[3] 

Process s=4 Process s=k 

WFproc[4] WFproc[k] 

P[p] 

Process s=1 Process s=2 

WFproc[1] WFproc[2] 

][

][
][ 1

pP

sWF
pWF

k

s
proc

prod  
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The stepwise accumulative approach

p y input products. 
i=1 to y

y input products results in z output products. We number the output products 
p=1 to z.

Figure 3.8 
to produce product p. The water footprint of output product p is calculated 

footprint when processing the inputs into the outputs

 

Output products Input products 

Input product i=1 

Input product i=2 

Input product i=y 

Output product p=1 

Output product p=2 

Output product p=z WFproc 

WFprod[1] 

WFprod[2] 

WFprod[m] 
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product p

1

[ ]
[ ] [ ] [ ]

[ , ]

y prod
prod proc v

i p

WF i
WF p WF p f p

f p i=

⎛ ⎞
= + ×⎜ ⎟∑⎜ ⎟⎝ ⎠

WFprod p p
WFprod i i and WFproc p

y input products into the z 
p

 fp p,i fv p

processed
input
that input product.

p
product i fp p,i
w p w i

][
][

],[
iw
pw

ipf p =

p fv p

p=1 to z

( )
1

[ ] [ ]
[ ]

[ ] [ ]
v z

p

price p w p
f p

price p w p
=

×=
×∑

price p p
denominator is summed over the z p=1 to z
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[ ]
[ ] [ ]

[ , ]
prod

prod proc
p

WF i
WF p WF p

f p i
= +
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3.5 Water footprint of a consumer or  
group of consumers

3.5.1 Definition

3.5.2 Calculation

WFcons

, ,cons cons dir cons indirWF WF WF= +

( )*
, [ ] [ ]cons indir prod

p

WF C p WF p= ×∑

C p p * [ ]prodWF p

section.
p

x p

( )
*

[ , ] [ , ]
[ ]

[ , ]

prod
x

prod

x

C x p WF x p
WF p

C x p

×
=

∑
∑

C x,p p x
and WFprod x,p p x
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WF*
prod p

or shared goods and services are allocated to consumers based on the share that 

3.6 Water footprint within a geographically  
delineated area

3.6.1 Definition

administrative spatial unit.

3.6.2 Calculation

WFarea

[ ]area proc
q

WF WF q= ∑

WFproc q q
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exported.

Vi,net
Vi Ve

,i net i eV V V= −

3.7 National water footprint accounting

3.7.1 The national water footprint accounting scheme
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extended. 
WFcons,nat

, , , , ,cons nat cons nat int cons nat extWF WF WF= +

WFcons,nat,int

WFarea,nat
Ve,d

, , , ,cons nat int area nat e dWF WF V= −

WFcons,nat,ext

Vi
Ve,r

, , ,cons nat ext i e rWF V V= −

Ve
Ve,d Ve,r

, ,e e d e rV V V= +

WFcons,nat,ext
Ve,r

, , ,i cons nat ext e rV WF V= +

Vi and WFarea,nat Ve and WFcons,nat. This sum is 
Vb

, ,b i area nat e cons natV V WF V WF= + = +
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3.7.2 Calculation of the water footprint within a nation

WFarea,nat

, [ ]area nat proc
q

WF WF q= ∑
WFproc q q

3.7.3 Calculation of the water footprint of national 
consumption

WFcons,nat

Figure 3.9 The national water footprint accounting scheme. The 

cons,nat), the water footprint 

area,nat e) 

i). 

 

Internal water 

footprint of 

national 

consumption 

External water 

footprint of 

national 

consumption 

+ 

Water footprint 

of national 

consumption 
= 

Virtual water 

export related 

to domestically 

made products 

Virtual water 

re-export + 
Virtual water 

export = 

+ + + 

Water footprint 

within the area 

of the nation 

Virtual water 

import + 
Virtual water 

budget = 

= = = 
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Top-down approach

WFcons,nat
WFarea,nat Vi Ve

, ,cons nat area nat i eWF WF V V= + −

( )[ , ] [ , ]
e

i i e prod e
n p

V T n p WF n p= ×∑∑

Ti ne,p p
nation ne WFprod ne,p
p as in the exporting nation ne

*[ ] [ ]e e prod
p

V T p WF p= ×∑
Te p p

WF*
prod p

product p

( )
*

[ ] [ ] [ , ] [ , ]

[ ]
[ ] [ , ]

e

e

prod i e prod e
n

prod
i e

n

P p WF p T n p WF n p

WF p
P p T n p

× + ×
=

+

∑
∑

P p p
Ti ne,p p ne WFprod p

p
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WFprod ne,p p as in the exporting nation ne. The 

imports according to their relative volumes. 

Bottom-up approach

, , , , ,cons nat cons nat dir cons nat indirWF WF WF= +

( )*
, , [ ] [ ]cons nat indir prod

p

WF C p WF p= ×∑
C p p

WF*
prod p

p

p consumed in a nation is estimated by applying the same 

( )
*

[ ] [ ] [ , ] [ , ]

[ ]
[ ] [ , ]

e

e

prod i e prod e
n

prod
i e

n

P p WF p T n p WF n p

WF p
P p T n p

× + ×
=

+

∑
∑

imports according to their relative volumes. 

The bottom-up versus the top-down approach
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WFarea,nat plus Vi becomes WFcons,nat 
plus Ve WFarea,nat plus 
Vi becomes WFcons,nat plus Ve

single year.

External water footprint of national consumption

WFcons,nat
Vi

WFarea,nat
WFcons,nat,ext
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,
, ,

,

cons nat
cons nat ext i

area nat i

WF
WF V

WF V
= ×

+

consumption.2

export nation ne and product p

 

, ,
, , [ , ] [ , ]cons nat ext

cons nat ext e i e
i

WF
WF n p V n p

V
= ×

3.7.4 Water savings related to trade

Sn 
product p

[ ] [ ] [ ]( ) [ ]-n i e prodS p T p T p WF p= ×

WFprod p p in the 
Ti p p

and Te p
Sn

Sg p 
ne to an importing nation ni

[ ] [ ] [ ] [ ]( ), , , , , - ,g e i e i prod i prod eS n n p T n n p WF n p WF n p= ×
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T p 

3.7.5 National water dependency versus water self-
sufficiency

WD, 

, ,

,

100cons nat ext

cons nat

WF
WD

WF
= ×

WSS, 

, ,

,

100cons nat int

cons nat

WF
WSS

WF
= ×

3.8 Water footprint accounting for  
catchments and river basins
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full catchment 

Figure 3.10 The catchment water footprint accounting scheme. The 

footprint of consumers living within the catchment, the water footprint within 

total virtual-water import into the catchment
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3.9 Water footprint accounting for municipalities, 
provinces or other administrative units

3.10 Water footprint of a business

3.10.1 Definition
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Figure 3.11 

Table 3.1 Examples of the components of a business water footprint
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3.10.2 Choosing the organizational boundaries of  
the business

Box 3.10 What is new for companies when considering their business 
water footprint?

approach. Most companies will discover that their supply chain water 

companies may conclude that it is more cost-effective to shift investments 
from efforts to reduce their operational water use to efforts to reduce 

The water footprint shows water use in terms of consumption rather 

standards (which are formulated in terms of concentrations) can easily 

related to the total load of chemicals added to the environment, not the 
concentration of chemicals in the effluent. (This is nicely illustrated in the 
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can also distinguish service units providing only goods or services to primary 
production units.
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Figure 3.12 

u

u
*
u

the part of Pu

P*
1[A] P*

2[B] 
P*

3[C] 

Business unit 3 

Business 

Business unit 1 Business unit 2 

WFbus,oper,2 WFbus,oper,1 WFbus,oper,3 

Product flows 

Operational business water footprint 

Input products i I1[x,i] I2[x,i] I3[x,i] 
from origins x 

Output products p P1[A] – P*
1[A] P2[B] – P*

2[B] P3[C] – P*
3[C] 

P1[A] P2[B] P3[C] 
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3.10.3 Calculation of the business water footprint

WFbus

, ,bus bus oper bus supWF WF WF= +

, , , , ,bus oper bus oper inputs bus oper overheadWF WF WF= +

, , , , ,bus sup bus sup inputs bus sup overheadWF WF WF= +

products i x
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( ), [ , ] [ , ]bus sup prod
x i

WF WF x i I x i
⎛ ⎞= ×⎜ ⎟
⎝ ⎠

∑ ∑

WFbus,sup
WFprod x,i i x 

I x,i i
x

product p WFprod p

[ ]
[ ] [ ]

bus
prod

p

WF  E[p]
WF p

E p P p
= ×

∑

P p  p
E p  p

E p  

[ ]
[ ]

bus
prod

WF  
WF p

P p
=

u
WFbus,tot
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( )*
, [ ] [ , ] [ , ]bus tot bus prod

u u p

WF WF u WF u p P u p= − ×∑ ∑∑

P* u,p  p
unit u

Notes

2 This assumption implies that , , , , ,

, ,

cons nat ext cons nat int cons nat

e r e d e

WF WF WF

V V V
= =  and that 

, , ,

, , , ,

cons nat ext e r i

cons nat int e d area nat

WF V V

WF V WF
= = . 

WFcons,nat,ext and Vi is not a 
WFcons,nat,ext to Vi 

valid to the product category considered.





Chapter 4

Water Footprint Sustainability Assessment

4.1 Introduction
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Box 4.1 History of water footprint sustainability assessment

on water footprint accounting. The water footprint is primarily an innovation 

water was not measured along supply chains and green and grey water were 

water withdrawals, ignoring the fact that it is particularly consumptive use 
that determines the impact on the water system of a catchment. From the 

it was called ‘impact assessment’. Comparing water footprints to actual water 

Water Footprint Manual, the term ‘impact assessment’ was changed 

a too restricted view. Since freshwater resources in the world are limited, one 

commodities reduces the need to use water for producing those commodities 

assessment’ was made in the Water Footprint Manual
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producer or consumer contributes to the unsustainable situation observed 
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4.2 Geographic sustainability: Sustainability of the 
water footprint within a catchment or river basin

4.2.1 Introduction

catchment or basin can no longer be considered sustainable. 

Figure 4.1 

 

Identification and 
quantification of the 

primary impacts in the 
hotspots 

Identification of 
hotspots (specific 
sub-catchments, 

periods of the year) 

Identification and 
quantification of the 

secondary impacts in 
the hotspots 

Identification of the 
(environmental, social 

and economic) 
sustainability 

criteria 

Step 1 Step 2 Step 3 Step 4 
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Box 4.2 Sustainability criteria for water use and allocation within a catchment 
or river basin

The water footprint within a catchment needs to meet certain criteria in 

well as a social and economic dimension.

addition, river and groundwater flows should remain within certain limits 
compared to natural run-off, in order to maintain river and groundwater-
dependent ecosystems and the livelihoods of the people that depend 
on those ecosystems. In the case of rivers, the so-called ‘environmental 

human purposes.

level of food supply to all. This criterion implies that only the fraction of 

through food imports.

footprint that results from using water for a certain purpose should 
outweigh the full cost associated with this water footprint, including 
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2

and economic goods or services that are impaired in a catchment area as a result 

4.2.2 Environmental sustainability criteria for identifying 
environmental hotspots 
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exceed a certain environmental threshold. 

Environmental sustainability of the green water footprint

WAgreen x in a certain period t
ETgreen

ETenv

[ , ] [ , ] [ , ] [ , ]green green env unprodWA x t ET x t ET x t ET x t= − −

ETenv 

livelihoods that depend on the natural ecosystems. The environmental green 

ETunprod

ET

2

ETgreen
2
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ETenv
2 . Further 

2 . The annual 
2

2 . 
The total evapotranspiration in the catchment that cannot be made productive 

ETunprod . From this example 
ETgreen

million m .

x in a period t 

[ , ]
[ , ]

[ , ]
green

green
green

WF x t
WS x t

WA x t

∑
=

values beyond 100 per cent are not sustainable.

be made productive in crop production. These quantities severely limit green 
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Box 4.3 Environmental green water requirement

were nearly three times as high as those recommended in policy-driven 
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Box 4.4 The effect of the green water footprint on blue water availability

The green water footprint in a catchment can result in a changed run-off 

increased or reduced run-off respectively. This means that a green water 
footprint can affect blue

evapotranspiration from the crop and the evapotranspiration under natural 

not the only human factor that affects the fraction of the precipitation that 

Environmental sustainability of the blue water footprint

WAblue
in a catchment x in a certain period t

Rnat EFR

[ , ] [ , ] [ , ]blue natWA x t R x t EFR x t= −
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x WSblue
ΣWFblue

WAblue

Figure 4.2 

minus environmental flow requirements

 

 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Environmental flow requirement, met 

Environmental flow requirement, not met 

Blue water availability 

Run-off (under undeveloped conditions) 

Blue water availability 

Blue water footprint 

m 3 /s 

Run-off 

Environmental 
flow requirement 



84 The Water Footprint Assessment Manual

Box 4.5 The sustainability of a blue water footprint depends on how it affects both 
blue-water flows and stocks

river on the other side. For simplicity, we assume that precipitation on and 

so that the river outflow is equal to the river inflow. Suppose that the river 

reduction in 
river flow decrease in the lake 
water volume and corresponding lake level decline
depends on the environmental flow requirements. The latter depends on the 

fraction of natural groundwater outflow required to sustain environmental 
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[ , ]
[ , ]

[ , ]
blue

blue
blue

WF x t
WS x t

WA x t
∑=

monthly

water footprint in the catchment, one should verify that the drop is not due 
to changes in climatic parameters within the period considered. Similar to 

separately per catchment.
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Box 4.6 How the ‘blue water scarcity’ as defined in water footprint studies differs 
from conventional water scarcity indicators

in a certain area to the total annual run-off in that area, called variously 

more sense to compare water use to natural run-off from the catchment, in 
other words, the run-off that would occur without consumptive water use 
within the catchment. Finally, it is not so accurate to consider water scarcity 

annual
reality, water scarcity manifests itself at a monthly rather than annual scale, 

Environmental sustainability of the grey water footprint

WPL

ΣWFgrey Ract



Water Footprint Sustainability Assessment 87

catchment x and time t

[ , ]
[ , ]

[ , ]
grey

act

WF x t
WPL x t

R x t

∑
=

calculation per month is probably good enough to represent the variation in 

4.2.3 Social sustainability criteria for identifying social 
hotspots
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4.2.4 Economic sustainability criteria for identifying 
economic hotspots

can be an indicator. 

4.2.5 Assessing primary and secondary impacts in the 
hotspots identified

the assessment.
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4.3 Sustainability of the water footprint of a process

1. Geographic context:
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2. Characteristics of the process itself:

overall

even though the contribution may be relatively small. This notion is based on the 

the second criterion.
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evaporation in industrial processes can generally be avoided by recapturing the 

unnecessary additional evaporation. 

4.4 Sustainability of the water footprint of a product

4.4.1 Identifying the unsustainable components in the 
water footprint of a product
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a product can be unsustainable either because it contributes to a geographically 

that can be avoided altogether or reduced at reasonable societal cost or they 

can most rapidly and easily be achieved.
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4.4.2 Water footprint impact indices reflecting local 
environmental impacts

volume of freshwater 
appropriation local environmental impacts 
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catchment is. 

 is not necessarily equivalent 

WFIIgreen

catchment x and by month t

( )[ , ] [ , ]green green green
x t

WFII WF x t WS x t= ×∑ ∑

WFIIblue

x and by month 
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t

( )[ , ] [ , ]blue blue blue
x t

WFII WF x t WS x t= ×∑ ∑

WFIIgrey

x and by month 
t

( )[ , ] [ , ]grey grey
x t

WFII WF x t WPL x t= ×∑ ∑

such highly aggregated impact indices.
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noted that the impact indices discussed here aim to measure environmental 

4.5 Sustainability of the water footprint of a business

products can be immediately translated to a conclusion about the sustainability 

4.6 Sustainability of the water footprint of a consumer
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and basic human needs.



Chapter 5

 

5.1 Shared responsibility

5.2 Reducing the water footprint of humanity:  
What is possible?
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m
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Table 5.1 Possible water footprint reduction targets per sector and water footprint 
component

  Agriculture Industry

Green water 
footprint (m

and irrigated agriculture. Increase 
total production from rain-fed 
agriculture.

Not relevant.

footprint (m
) in irrigated 

losses through evaporation 

water footprint related to the 
incorporation of water into a 

Grey water 
footprint

application. Grey water footprint can 
no pollution – full recycling, 
recapturing heat from heated 
effluents and treatment of 
remaining return flows.
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 in one 
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5.3 Consumers

Table 5.2 Priorities in water footprint reduction

  Non-hotspots Hotspots*

Little reduction potential +
Large reduction potential** + ++
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Box 5.1 Water neutrality

‘ ’ is an idea similar to ‘ ’

‘water neutral’
to offset their water consumption during the ten-day summit, with the 

‘water neutral’ refers to (i) 
reduce water use in its own operations, (ii) return the water used in its own 

‘Thames Gateway’ 

some form of ‘offsetting’

water neutral concept put different weights to ‘reducing water use’ versus 

offsetting, while the Coca-Cola case uses ‘offsetting’ only for that part of the 

indirect water use as well. In some particular cases, when interference with 
–

– ‘water neutral’

‘water neutral’ does not always mean that water consumption is 
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which the impacts of the remaining water footprint are located. In the latest 

water-neutral concept is also that the focus will shift from water footprint 

Box 5.2 Water footprint offsetting

of compensation measures and which level of compensation are good enough 
to offset a certain water footprint impact and (ii) it does not specify which 

aimed at full compensation. For this reason, we strongly recommend focusing 

where the water footprint is located. This drives the attention to a company’s 
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5.4 Companies
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and more easily degradable. 
Among the various alternative or supplementary tools that can help improving 

5.5 Farmers 

changing irrigation technique and application philosophy can greatly reduce 
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Table 5.3 Corporate water footprint response options

areas or in areas where environmental flow requirement in a river are violated or where 

showerheads, water-saving washing machines, water-saving irrigation equipment).

water use in the catchment where the company’s (residual) water footprint is located.

access to clean water supply and sanitation.

upstream water use in the catchment where the company’s (residual) water footprint is 
located.

water footprint accounting and assessment as laid down in this manual.

and conform to it.
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Table 5.4 Options for crop farmers to reduce their water footprint

Reduce green water footprint in crop growth

) will 
increase and the green water footprint (m

Shift to an irrigation technique with lower evaporation loss.

irrigation water.

Reduce evaporation losses from water storage in reservoirs and from the water 

Reduce grey water footprint in crop growth

are reduced.

leaches or runs off. 

5.6 Investors 
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environmental concerns in companies are mostly related to energy issues. 

5.7 Governments 
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Table 5.5 Options for governments to reduce water footprints and mitigate related 
impacts

that enlarge water productivities and thus reduce water footprints per unit of production.

produces goods for which it has a comparative advantage relative to other countries. 

National environmental policy

largest. Translate catchment targets to operational plans involving the relevant sectors.

helping to raise ‘water awareness’ among consumers, farmers and company leaders. 

to household losses) and formulate appropriate measures. This loss of food is equivalent 
to a loss in water.

National agricultural policy

national food security policy.

irrigation demand.

timing, volumes and techniques of irrigation and on application of chemicals), water use 

irrigation techniques, compulsory water metering, awareness-raising.
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measures).

National energy policy

footprint of the energy sector and that water policies do not increase the energy use and 

National trade policy

footprint) if considered necessary from a national security perspective.

National foreign policy and international cooperation

footprint.

procurement policy.

intensive commodities are truly international. 

Table 5.5 Options for governments to reduce water footprints and mitigate related 
impacts (continued)
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concerted action.





Chapter 6

Limitations

individual processes and products put a claim on this limited resource. Water 

There is a tendency in both governments and companies to reduce the complex 
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challenges.

or river basin.

catchment perspective
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management.
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here.



Chapter 7

7.1 Water footprint assessment methodology and data

respectively.
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analysis.
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7.2 Application of the water footprint in  
different contexts

Table 7.1 An overview of water footprint studies

national water 
footprint and virtual 
water trade studies

National water 
footprint and virtual 
water trade studies

footprint and virtual 
water trade studies

Product water 
footprint studies
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footprint studies

7.3 Embedding the water footprint in existing water 
and environmental accounts and reports
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corporate environmental and sustainability reporting.

7.4 Linking to ecological, energy and carbon  
footprint methods

2 equivalents. Although the 

product and are expressed in Joules. 
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7.5 Linking to material flow analysis, input-output 
modelling and life cycle assessment
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local environmental impacts related to 

cycle impact assessment. 

Table 7.2 How water footprint assessments can feed LCA

Water footprint 

assessment 

phase

Outcome Physical 

meaning

Resolution LCA phase

Product water 
footprint 
accounting 

and grey water 
footprints 
(volumetric)

consumed or 
polluted per unit 
of product

Spatiotemporally Life cycle 
inventory

Product water 
footprint 

assessment 
of a green, 

product water 
footprint from an 
environmental, 
social and 
economic 
perspective 

Spatiotemporally Life cycle impact 
assessment

of selected 
information 
from the water 
footprint 

assessment 

footprint impact 
indices 

None Non 
spatiotemporally 
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2

2





Chapter 8
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Appendix I

 
 

The ‘CWR option’ in the CROPWAT model

CWR

requirements. 

ETo Kc CWR = Kc × ETo
ETc

ETc = CWR.
ETo is the evapotranspiration rate 

ETo are climatic parameters. ETo expresses the 
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Kc
Kc

calculate Kc Kcb and Ke Kcb
and Ke

ETc
ETo

Kcb × ETo represents 
ETc

Ke 
ETc

Ke Ke is small and 

Ke Kc and thus 
ETc Kcb 

and Ke Kc Kc cannot 

Kc
Kc

that separates Kcb and Ke.
Peff

IR

IR = 
CWR – Peff

ETgreen
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ETc Peff ETblue

Peff

ETgreen = min (ETc , Peff ) 

ETblue = max (0, ETc – Peff ) 

The ‘irrigation schedule option’ in the  
CROPWAT model

input data on soil type. The calculated evapotranspiration is called ETa
ETc

optimal conditions. ETa is calculated as the crop evapotranspiration under 
ETc  Ks

ETa = Ks × ETc = Ks × Kc × ETo

Ks 
Ks Ks = 

Kc

Rain-fed conditions can be simulated by the model by choosing to apply no 
ETgreen

is equal to the total evapotranspiration as simulated by the model and the blue 
ETblue
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Irrigated conditions

application depth per irrigation period is related to the irrigation method 

ETa

ETblue

ETgreen ETa
ETblue

evapotranspiration under irrigation conditions can be estimated by assuming 
it to be equal to the total evapotranspiration as simulated in the scenario 



Appendix II

Beta vulgaris var. vulgaris

Green and blue components of the  
process water footprint
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Figure II.1 
harvested area in Spain (unit: proportion of grid cell area)

Table  II.1 Planting and harvesting dates and yield for sugar beet production in 
Valladolid (Spain)

Crop Planting date* Harvesting date* Yield (ton/ha)**

Crop water requirement option

ETc
CWR

ETc

ETc
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c c oET K ET= ×

Kc
ETo

ETgreen
ETc Peff

up ETgreen ETblue
ETc

Peff
greater than the crop total crop evapotranspiration ETblue
total blue ETblue

Table II.2 Total green-blue water evapotranspiration based on the CWR output 
table of CROPWAT 8.0

Month Period Stage K
c

ET
c

ET
c

P
eff

Irr. req. ET
green

ET
blue

– mm/day mm/

period

mm/

period

mm/

period

mm/

period

mm/

period

Init
Init
Init

May Init
May Init
May
Jun
Jun
Jun Mid
Jul Mid
Jul Mid
Jul Mid

Mid
Late
Late

Sep Late
Sep Late
Sep Late

the total 
growing 
period
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ETgreen = min (ETc , Peff ) 

ETblue = max ( ETc - Peff ) 

Irrigation schedule option

ETa ETa may be smaller than ETc due to 

the soil. ETa  Ks

ETa = Ks × ETc = Ks × Kc × ETo 

Ks 
Ks Ks = 1.

ETgreen

ETgreen

ETblue

irrigation application depth per irrigation is related to the irrigation method 

ETa
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Table II.3 Irrigation schedule under the rain-fed scenario: Output table of CROPWAT 8.0

Crop scheduling options
Timing:        No irrigation (rain-fed)

Stage Rain Ks a Net Irr Loss Gr. Irr Flow
mm – mm mm mm mm mm

Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init

…

Totals: 
Total gross irrigation mm Total rainfall mm
Total net irrigation mm mm
Total irrigation losses mm Total rain loss mm

mm mm

crop
mm

requirement
mm

schedule
–

schedule

Yield reductions:
C Season

c

Yield response factor
Yield reduction
Cumulative yield 
reduction
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Table II.4 Irrigation schedule under the irrigation scenario: Output table of 
CROPWAT 8.0

Crop scheduling options

Stage Rain Ks a Net Irr Loss Gr. Irr Flow
mm – mm mm mm mm mm

Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init
Init

…

Totals: 
Total gross irrigation mm Total rainfall mm
Total net irrigation mm mm
Total irrigation losses mm Total rain loss mm

mm mm

crop
mm

requirement
mm

schedule

schedule

Yield reductions:
C Season

c

Yield response factor
Yield reduction
Cumulative yield reduction
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ETa

ETblue

ETgreen
ETa ETblue

simulated in the irrigation scenario.

evapotranspiration in mm is converted to m
WFproc,green

CWUgreen
divided by the crop yield Y WFproc,blue

,
green

proc green

CWU
WF

Y
=

,
blue

proc blue

CWU
WF

Y
=

respect to the total ET

Table  II.5 Calculation of the green and blue components of the process water 
footprint (m3/ton) for sugar beet in Valladolid (Spain) using the CWR-option and 
irrigation schedule option for a medium soil

option
ETgreen ETblue ETa CWUgreen CWUblue CWUtot Y* WFproc,green WFproc,blue WFproc

m m

Crop water 
requirement 
option
Irrigation 
schedule 
option
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Grey component in the process water footprint

cmax
cnat

Table II.6 Calculation of the grey component of the process water footprint (m3/ton) 
for sugar beet in Valladolid (Spain)

Average 

fertilizer 

application 

rate*

Area Total 

fertilizer 

applied

Nitrogen 

leaching or 

running off to 

water bodies 

10%

max. 

conc.

Total 

WF
proc,grey

 

sugar beet

Production** WF
proc,grey

 

sugar beet

ha  m ton m
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clean beet is then sliced in cutting machines. The sugar in these beet strips is 
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2 2

2. This 

Figure III.1 
including product fractions 

SUGAR BEET

Dry beet pulp

Molasses

Sugar refined

Raw centrifugal beet sugar

5.4%

4.7%

14%
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promising results. The sugar industry molasses is sold to the alcohol industry 

biogas is produced. 

1

[ ]
[ ] [ ] [ ]

[ , ]

y prod
prod proc v

i p

WF i
WF p WF p f p

f p i=

⎛ ⎞
= + ×⎜ ⎟∑⎜ ⎟⎝ ⎠

WFproc p
WFprod i

fp p,i
fv p

( )
1

[ ] [ ]
[ ]

[ ] [ ]
v z

p

price p w p
f p

price p w p
=

×=
×∑

ton.

WFproc p
WFprod i

fp p,i

. .

. .

rawcentr beetsugar rawcentr beetsugar
v

drybeetpulp drybeetpulp molasses molasses rawcentr beetsugar rawcentr beetsugar

price weight
f p

price w price w price w
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fv p

Table III.1 Green, blue and grey water footprint for sugar beet in Valladolid (Spain) 
(m3/ton)

Process water footprint of sugar beet crop 

(m3/ton)

Product water footprint of refined sugar  

(m3/ton)

WF
proc,green

WF
proc,blue

WF
proc,grey

WF
total

WF
proc,green

WF
proc,blue

WF
proc,grey

WF
total
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Example 1: Grey water footprint from point  
source pollution

cnat cact

ceffl . The maximum 
cmax

 

 

 

 

Process 

 

Abstr = 0.10 m3/s 

Cact = 1 g/m3 
Effl = 0.09 m3/s 

ceffl = 15 g/m3 

Freshwater body 
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same.

abstraction is 0.10 m

ceffl

Example 2: Calculating the water pollution level  
at different scales 

catchment 2 is 0.2 million m
m
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Total catchment 

Load = 6000 kg/month 

Grey water footprint = 0.6 million m3/month 

Run-off = 2 million m3/month 

Water pollution level = 0.3 

Sub-catchment 1 

Load = 2000 kg/month 

Grey water footprint = 0.2 million m3/month 

Run-off = 1 million m3/month 

Water pollution level = 0.2 

Sub-catchment 2 

Load = 2000 kg/month 

Grey water footprint = 0.2 million m3/month 

Run-off = 0.2 million m3/month 

Water pollution level = 1 

Sub-catchment 3 

Load = 2000 kg/month 

Grey water footprint = 0.2 million m3/month 

Run-off = 0.8 million m3/month 

Water pollution level = 0.25 



150 The Water Footprint Assessment Manual



Appendix V

Rnat
EFR

WAblue

WAblue = Rnat – EFR

WFblue
WAblue. When WFblue approaches or exceeds WAblue

WFblue to WAblue can be done on an annual 

EFR in a particular 

easily applicable standard on estimating EFR
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EFR
parameters used and the resultant EFR estimates. According to Arthington et 

requirements.

EFR

EFR estimates 
based on this approach.

condition.
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EFR

rather than decisive. 
EFR is the catchment level. EFR 

EFR
that together constitute the river basin. Given that EFR can best be expressed 

EFR

EFR
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Practical questions

1. Why should we bother about our water footprint?

2. Why should my business bother about its water 
footprint?
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corporate image or to strengthen the brand name. 

3. What can consumers do to reduce their water footprint?

direct 

indirect

4. What can businesses do to reduce their water footprint?

operational

supply 
chain
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5. Why should governments make national water footprint 
accounts?

depletion or pollution in the producing countries. Governments can and should 

international cooperation.

6. When is my water footprint sustainable?

7. How can I offset my water footprint?

2 2 
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8. I already pay for the water, is that not enough?

people or ecosystems.

9. Why should we reduce green water footprints?
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10. Why should we reduce blue water footprints in areas 
with sufficient run-off?

11. What are reasonable water footprint reduction targets?
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12. Is the water footprint similar to the carbon footprint?

another place. 

13. Freshwater can be obtained by desalinating seawater, so 
why is water scarce?
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14. Should products get a water label?

can be provided on a label or can be made available through the internet. This 

Technical questions

1. What is a water footprint?
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goods and services consumed by the individual or community or produced by 

2. What is new about the water footprint?

3. Is the water footprint more than a nice metaphor?

reduction targets.
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4. Water is a renewable resource, it remains in the cycle,  
so what is the problem?

healthy aquatic ecosystems.

5. Is there agreement regarding how to measure a water 
footprint?

6. Why distinguish between a green, blue and grey water 
footprint?
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7. Why should we look at the total green water footprint 
of a crop? Why not look at the additional evaporation if 
compared to evaporation from natural vegetation?
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8. Is it not too simplistic to add all cubic metres of water 
used into one aggregate indicator?

9. Should we not weigh the different water footprint 
components based on their local impact?
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10. How does water footprint accounting relate to life cycle 
assessment?

11. How does the water footprint relate to ecological and 
carbon footprints?
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12. What is the difference between water footprint and 
virtual water?





Hydrology and Earth System Sciences

Aquatic Sciences

Agricultural Systems

Ecological Economics

Water Policy in Spain

Water Resources Management

Water International
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Ecological 
Applications

Sustainability

Water Resources Management

Hydrology and Earth System 
Sciences

Water International

Ecological Economics

Water International
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Symbol Unit a Explanation

α –

Abstr
Appl

AR

C b

cact

ceffl
cmax

cnat

CWR
CWUblue
CWUgreen
E

business unit
Effl
EFR
ETa

ETblue
ETc

ETenv
natural vegetation

ETgreen
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Symbol Unit a Explanation

ETo
ETunprod

made productive in crop production
fp p,i – p that is 

i
fv p – p
IR irrigation requirement
Kc –
Kcb –
Ke –
Ks –
L
Lcrit
P b

Peff
price
Ract
Rnat

Sg
Sn
T  b

Te
 b

Ti
 b

Teffl temperature
Tmax temperature

Tnat temperature
Vb

Ve

Ve,d

Ve,r

Vi
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Symbol Unit a Explanation

Vi,net

w i mass i
w p mass p
WAblue
WAgreen
WD %
WFarea

delineated area
WFarea,nat
WFbus
WF
WFbus,sup
WFcons
WFcons,dir
WFcons,indir
WFcons,nat
WFcons,nat,dir

nation
WFcons,nat,indir

nation
WFcons,nat,ext

nation
WFcons,nat,int

nation
WFproc

c

WFproc,blue
c

WFproc,green
c

WFproc,grey
c

WFprod
b

WF*
prod

b

WFIIblue –
WFIIgreen –
WFIIgrey –
WPL –

WSblue –
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Symbol Unit a Explanation

WSgreen –

WSS %
Y crop yield

Dimension Explanation

i input product
n nation
ne exporting nation
ni importing nation 
p
q process
s process step
t time
u business unit
x
a

the units used.  
b

c



Glossary

Ambient water quality standards 

Blue water 

Blue water availability 

Blue water footprint

Blue water footprint impact index

components occur. 

Blue water scarcity 
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Business water footprint

Corporate water footprint 

Critical load

Crop water requirement

Crop yield

Dilution factor

concentration level.

Direct water footprint

services consumed by the consumer or the inputs used by the producer.

Effective precipitation 

End-use water footprint of a product 

Environmental flow requirements

Environmental green water requirement

human livelihoods that depend on the ecosystems in the natural areas. 



Glossary 189

Evapotranspiration

External water footprint of national consumption

considered.

Geographic sustainability 

Global water saving through trade 

Green water

Green water availability 

Green water footprint

Green water footprint impact index
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components occur. 

Green water scarcity 

Grey water footprint

Grey water footprint impact index

components occur.

Hotspot

Indirect water footprint

producer.

Internal water footprint of national consumption

that are consumed domestically.



Glossary 191

Irrigation requirement 

Maximum acceptable concentration

National water footprint

National water saving through trade – A nation can preserve its domestic 

it domestically.

Natural concentration 

Operational water footprint of a business

Organizational water footprint

Overhead water footprint
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Primary impacts 

quality.

Production system 
sequential process steps applied to produce it. A production system can be a 

Product tree

Return flow

and used again.

Secondary impacts 

Supply-chain water footprint of a business

business.

Sustainability criteria 

Virtual-water balance
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Virtual-water content 

Virtual-water export

Virtual-water flow 

Virtual-water import 

Water abstraction  

Water appropriation 

Water consumption
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Water footprint

Water footprint accounting 

Water footprint assessment 

Water footprint impact indices 

Water footprint of a business

Water footprint of a consumer



Glossary 195

Water footprint of national consumption

Water footprint of national production

Water footprint of a product

Water footprint offsetting 

Water footprint sustainability assessment 

Water footprint within a geographically delineated area 

nation.

Water footprint within a nation 

Water neutral 
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Water pollution level 

Water productivity 

Water scarcity 

Water self-sufficiency versus water dependency of a nation

de 
facto
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Water withdrawal

return to another catchment or the sea.
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comparative advantage  111

 

energy
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integrated river basin management  

irrigation

121
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remote sensing  121

 

sustainability

sustainable procurement  112

trade
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People use a lot of water for drinking, cooking and washing, but 
significantly more for producing things such as food, paper and cotton 
clothes. The water footprint is an indicator of water use that looks at both 
direct and indirect water use of a consumer or producer. Indirect use refers 
to the ‘virtual water’ embedded in tradable goods and commodities, such 
as cereals, sugar or cotton. The water footprint of an individual, community 
or business is defined as the total volume of fresh water that is used to 
produce the goods and services consumed by the individual or community 
or produced by the business.

This book offers a complete and up-to-date overview of the global standard 
on water footprint assessment as developed by the Water Footprint Network. 
More specifically it:

provides a comprehensive set of methods for water footprint assessment

shows how water footprints can be calculated for individual processes 
and products, as well as for consumers, nations and businesses

contains detailed worked examples of how to calculate green, blue and 
grey water footprints 

describes how to assess the sustainability of the aggregated water 
footprint within a river basin or the water footprint of a specific product

includes an extensive library of possible measures that can contribute to 
water footprint reduction.

Arjen Y. Hoekstra is Professor in Water Management at the University of Twente, the 
Netherlands; creator of the water footprint concept and Scientific Director of the Water 
Footprint Network.

Ashok K. Chapagain was an irrigation engineer in Nepal for more than a decade, has 
worked as a researcher at the University of Twente and currently works for the WWF in the UK.

Maite M. Aldaya works as a consultant for the United Nations Environment Programme 
(UNEP) and is a researcher at the Water Footprint Network.

Mesfin M. Mekonnen was an energy expert at the Ministry of Mines and Energy in Ethiopia, 
and is currently a PhD student at the University of Twente.
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