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XBUFS�GPPUQSJOU�PG�OBUJPOBM�DPOTVNQUJPO�JT�FRVBM�UP�UIF�XBUFS�GPPUQSJOU�XJUIJO�
UIF�OBUJPO�JOTPGBS�BT�JU�JT�OPU�SFMBUFE�UP�QSPEVDJOH�FYQPSU�QSPEVDUT��ɨF�AFYUFSOBM��
XBUFS�GPPUQSJOU�PG�OBUJPOBM�DPOTVNQUJPO�DBO�CF�GPVOE�CZ�MPPLJOH�BU�UIF�JNQPSU�
PG�QSPEVDUT�	BOE�UIVT�XBUFS�JO�WJSUVBM�GPSN
�BOE�UIF�BTTPDJBUFE�XBUFS�GPPUQSJOU�
XJUIJO�UIF�FYQPSUJOH�OBUJPO�

"�XBUFS�GPPUQSJOU�JT�FYQSFTTFE�JO�UFSNT�PG�B�XBUFS�WPMVNF�QFS�VOJU�PG�QSPEVDU�
PS�BT�B�XBUFS�WPMVNF�QFS�VOJU�PG�UJNF�	#PY����
��ɨF�XBUFS�GPPUQSJOU�PG�B�QSPDFTT�
JT�FYQSFTTFE�BT�XBUFS�WPMVNF�QFS�VOJU�PG�UJNF��8IFO�EJWJEFE�PWFS�UIF�RVBOUJUZ�
PG�QSPEVDU�UIBU�SFTVMUT�GSPN�UIF�QSPDFTT�JU�DBO�BMTP�CF�FYQSFTTFE�BT�XBUFS�WPMVNF�
QFS�QSPEVDU�VOJU��"�QSPEVDU�XBUFS�GPPUQSJOU�JT�BMXBZT�FYQSFTTFE�JO�UFSNT�PG�XBUFS�
WPMVNF�QFS�VOJU�PG�QSPEVDU�	VTVBMMZ�N��UPO�PS�MJUSF�LH
��ɨF�XBUFS�GPPUQSJOU�PG�B�
DPOTVNFS�PS�QSPEVDFS�PS�UIF�XBUFS�GPPUQSJOU�XJUIJO�BO�BSFB�JT�BMXBZT�FYQSFTTFE�
BT�XBUFS�WPMVNF�QFS�VOJU�PG�UJNF��%FQFOEJOH�PO�UIF�MFWFM�PG�EFUBJM�UIBU�POF�BJNT�
UP�QSPWJEF�UIF�XBUFS�GPPUQSJOU�DBO�CF�FYQSFTTFE�QFS�EBZ�NPOUI�PS�ZFBS�

3.3 Water footprint of a process step

3.3.1 Blue water footprint

ɨF�CMVF�XBUFS�GPPUQSJOU� JT�BO�JOEJDBUPS�PG�DPOTVNQUJWF�VTF�PG�TP�DBMMFE�CMVF�
XBUFS� JO�PUIFS�XPSET� GSFTI�TVSGBDF�PS�HSPVOEXBUFS��ɨF�UFSN� ADPOTVNQUJWF�
XBUFS�VTF��SFGFST�UP�POF�PG�UIF�GPMMPXJOH�GPVS�DBTFT�

Box 3.1 The relation between the different sorts of water footprints

r� 5IF�XBUFS�GPPUQSJOU�PG�B�QSPEVDU���UIF�TVN�PG�UIF�XBUFS�GPPUQSJOUT�PG�
UIF�QSPDFTT�TUFQT�UBLFO�UP�QSPEVDF�UIF�QSPEVDU�	DPOTJEFSJOH�UIF�XIPMF�
production and supply chain).

r� 5IF�XBUFS�GPPUQSJOU�PG�B�DPOTVNFS���UIF�TVN�PG�UIF�XBUFS�GPPUQSJOUT�PG�
BMM�QSPEVDUT�DPOTVNFE�CZ�UIF�DPOTVNFS�

r� 5IF�XBUFS�GPPUQSJOU�PG�B�DPNNVOJUZ���UIF�TVN�PG�UIF�XBUFS�GPPUQSJOUT�PG�
JUT�NFNCFST�

r� 5IF�XBUFS� GPPUQSJOU�PG�OBUJPOBM�DPOTVNQUJPO���UIF�TVN�PG� UIF�XBUFS�
GPPUQSJOUT�PG�JUT�JOIBCJUBOUT�

r� 5IF�XBUFS�GPPUQSJOU�PG�B�CVTJOFTT���UIF�TVN�PG�UIF�XBUFS�GPPUQSJOUT�PG�
UIF�àOBM�QSPEVDUT�UIBU�UIF�CVTJOFTT�QSPEVDFT�

r� 5IF�XBUFS�GPPUQSJOU�XJUIJO�B�HFPHSBQIJDBMMZ�EFMJOFBUFE�BSFB�	GPS�FYBNQMF�
B�NVOJDJQBMJUZ�QSPWJODF�TUBUF�OBUJPO�DBUDINFOU�PS�SJWFS�CBTJO
���UIF�TVN�
PG�UIF�QSPDFTT�XBUFS�GPPUQSJOUT�PG�BMM�QSPDFTTFT�UBLJOH�QMBDF�JO�UIF�BSFB�
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��� 8BUFS�FWBQPSBUFT�
��� 8BUFS�JT�JODPSQPSBUFE�JOUP�UIF�QSPEVDU�
��� 8BUFS�EPFT�OPU�SFUVSO�UP�UIF�TBNF�DBUDINFOU�BSFB�GPS�FYBNQMF�JU�JT�SFUVSOFE�

UP�BOPUIFS�DBUDINFOU�BSFB�PS�UIF�TFB�
��� 8BUFS�EPFT�OPU�SFUVSO�JO�UIF�TBNF�QFSJPE�GPS�FYBNQMF�JU�JT�XJUIESBXO�JO�B�

TDBSDF�QFSJPE�BOE�SFUVSOFE�JO�B�XFU�QFSJPE�

ɨF�ëSTU�DPNQPOFOU�FWBQPSBUJPO�JT�HFOFSBMMZ�UIF�NPTU�TJHOJëDBOU�POF��ɨFSFGPSF�
POF�XJMM�PGUFO�TFF�UIBU�DPOTVNQUJWF�VTF� JT�FRVBUFE�XJUI�FWBQPSBUJPO�CVU�UIF�
PUIFS� UISFF�DPNQPOFOUT� TIPVME�CF� JODMVEFE�XIFO�SFMFWBOU��"MM�QSPEVDUJPO�
SFMBUFE�FWBQPSBUJPO�DPVOUT� JODMVEJOH�UIF�XBUFS� UIBU�FWBQPSBUFT�EVSJOH�XBUFS�
TUPSBHF�	GPS�FYBNQMF� GSPN�BSUJëDJBM�XBUFS�SFTFSWPJST
� USBOTQPSU�	GPS�FYBNQMF�

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

Figure 3.4 5IF�SFMBUJPO�CFUXFFO�UIF�XBUFS�GPPUQSJOU�PG�OBUJPOBM�
DPOTVNQUJPO�BOE�UIF�XBUFS�GPPUQSJOU�XJUIJO�B�OBUJPO�JO�B�TJNQMJàFE�

FYBNQMF�GPS�UXP�USBEJOH�OBUJPOT
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GSPN�PQFO�DBOBMT
�QSPDFTTJOH�	GPS�FYBNQMF�FWBQPSBUJPO�PG�IFBUFE�XBUFS�UIBU�JT�
OPU�SFDPMMFDUFE
�BOE�DPMMFDUJPO�BOE�EJTQPTBM�	GPS�FYBNQMF�GSPN�ESBJOBHF�DBOBMT�
BOE�GSPN�XBTUFXBUFS�USFBUNFOU�QMBOUT
�

A$POTVNQUJWF�XBUFS�VTF��EPFT�OPU�NFBO�UIBU�UIF�XBUFS�EJTBQQFBST�CFDBVTF�
XBUFS�XJMM� SFNBJO�XJUIJO�UIF�DZDMF�BOE�BMXBZT�SFUVSO�TPNFXIFSF��8BUFS� JT�B�
SFOFXBCMF�SFTPVSDF�CVU�UIBU�EPFT�OPU�NFBO�UIBU� JUT�BWBJMBCJMJUZ� JT�VOMJNJUFE��
*O�B�DFSUBJO�QFSJPE�UIF�BNPVOU�PG�XBUFS�UIBU�SFDIBSHFT�HSPVOEXBUFS�SFTFSWFT�
BOE�UIBU�ìPXT�UISPVHI�B�SJWFS�JT�BMXBZT�MJNJUFE�UP�B�DFSUBJO�BNPVOU��8BUFS�JO�
SJWFST�BOE�BRVJGFST�DBO�CF�VTFE�GPS�JSSJHBUJPO�PS�JOEVTUSJBM�PS�EPNFTUJD�QVSQPTFT��
#VU�JO�B�DFSUBJO�QFSJPE�POF�DBOOPU�DPOTVNF�NPSF�XBUFS�UIBO�JT�BWBJMBCMF��ɨF�
CMVF�XBUFS�GPPUQSJOU�NFBTVSFT�UIF�BNPVOU�PG�XBUFS�BWBJMBCMF�JO�B�DFSUBJO�QFSJPE�
UIBU� JT�DPOTVNFE�	JO�PUIFS�XPSET�OPU� JNNFEJBUFMZ�SFUVSOFE�XJUIJO�UIF�TBNF�
DBUDINFOU
��*O�UIJT�XBZ�JU�QSPWJEFT�B�NFBTVSF�PG�UIF�BNPVOU�PG�BWBJMBCMF�CMVF�
XBUFS�DPOTVNFE�CZ�IVNBOT��ɨF�SFNBJOEFS�UIF�HSPVOEXBUFS�BOE�TVSGBDF�XBUFS�
ìPXT�OPU�DPOTVNFE�GPS�IVNBO�QVSQPTFT�JT�MFGU�UP�TVTUBJO�UIF�FDPTZTUFNT�UIBU�
EFQFOE�PO�UIF�HSPVOEXBUFS�BOE�TVSGBDF�XBUFS�ìPXT�

Box 3.2 Unit of a water footprint

r� 5IF�XBUFS�GPPUQSJOU�PG�B�QSPDFTT�JT�FYQSFTTFE�BT�XBUFS�WPMVNF�QFS�VOJU�
PG�UJNF��8IFO�EJWJEFE�PWFS�UIF�RVBOUJUZ�PG�QSPEVDU�UIBU�SFTVMUT�GSPN�UIF�
QSPDFTT�	QSPEVDU�VOJUT�QFS�VOJU�PG�UJNF
�JU�DBO�BMTP�CF�FYQSFTTFE�BT�XBUFS�
volume per product unit.

r� 5IF�XBUFS�GPPUQSJOU�PG�B�QSPEVDU� JT�BMXBZT�FYQSFTTFE�BT�XBUFS�WPMVNF�
QFS�QSPEVDU�VOJU��&YBNQMFT�
– 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)
m� XBUFS�WPMVNF�QFS�VOJU�PG�FOFSHZ�	QFS�LDBM�GPS�GPPE�QSPEVDUT�PS�QFS�

joule for electricity or fuels)
r� 5IF�XBUFS� GPPUQSJOU�PG�B�DPOTVNFS�PS�CVTJOFTT� JT�FYQSFTTFE�BT�XBUFS�

WPMVNF�QFS�VOJU�PG�UJNF��*U�DBO�CF�FYQSFTTFE�BT�XBUFS�WPMVNF�QFS�NPOF�
UBSZ�VOJU�XIFO�UIF�XBUFS�GPPUQSJOU�QFS�VOJU�PG�UJNF�JT�EJWJEFE�CZ�JODPNF�
	GPS�DPOTVNFST
�PS�UVSOPWFS�	GPS�CVTJOFTTFT
��5IF�XBUFS� GPPUQSJOU�PG�B�
DPNNVOJUZ�PG�DPOTVNFST�DBO�CF�FYQSFTTFE�JO�UFSNT�PG�XBUFS�WPMVNF�QFS�
unit of time per capita. 

r� 5IF�XBUFS�GPPUQSJOU�XJUIJO�B�HFPHSBQIJDBMMZ�EFMJOFBUFE�BSFB�JT�FYQSFTTFE�
BT�XBUFS�WPMVNF�QFS�VOJU�PG�UJNF��*U�DBO�CF�FYQSFTTFE�JO�UFSNT�PG�XBUFS�
volume per monetary unit when divided over the income in the area.
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ɨF�CMVF�XBUFS�GPPUQSJOU�JO�B�QSPDFTT�TUFQ�JT�DBMDVMBUFE�BT�

WFproc,blue = BlueWaterEvaporation + BlueWaterIncorporation + 
WFproc,blue = LostReturn"ow       <WPMVNF�UJNF>� 	�


ɨF�MBTU�DPNQPOFOU�SFGFST� UP�UIF�QBSU�PG� UIF�SFUVSO�ìPX�UIBU� JT�OPU�BWBJMBCMF�
GPS� SFVTF�XJUIJO�UIF�TBNF�DBUDINFOU�XJUIJO�UIF�TBNF�QFSJPE�PG�XJUIESBXBM�
FJUIFS�CFDBVTF�JU�JT�SFUVSOFE�UP�BOPUIFS�DBUDINFOU�	PS�EJTDIBSHFE�JOUP�UIF�TFB
�PS�
CFDBVTF�JU�JT�SFUVSOFE�JO�BOPUIFS�QFSJPE�PG�UJNF��

*O�BTTFTTJOH�UIF�CMVF�XBUFS�GPPUQSJOU�PG�B�QSPDFTT�JU�NBZ�CF�SFMFWBOU�	EFQFOEJOH�
PO�UIF�TDPQF�PG�UIF�TUVEZ
�UP�EJTUJOHVJTI�CFUXFFO�EJêFSFOU�TPSUT�PG�CMVF�XBUFS�
TPVSDFT��ɨF�NPTU�SFMFWBOU�EJWJTJPO�JT�CFUXFFO�TVSGBDF�XBUFS�ìPXJOH�	SFOFXBCMF
�
HSPVOEXBUFS�BOE�GPTTJM�HSPVOEXBUFS��0OF�DBO�NBLF�UIF�EJTUJODUJPO�CZ�TQFBLJOH�
SFTQFDUJWFMZ�PG�UIF�CMVF�TVSGBDF�XBUFS�GPPUQSJOU�UIF�CMVF�SFOFXBCMF�HSPVOEXBUFS�
GPPUQSJOU�BOE�UIF�CMVF�GPTTJM�HSPVOEXBUFS�GPPUQSJOU�	PS�UIF�MJHIU�CMVF�EBSL�CMVF�
BOE�CMBDL�XBUFS�GPPUQSJOU�JG�POF�SFBMMZ�MJLFT�UIF�VTF�PG�UIF�DPMPVST
��*O�QSBDUJDF�JU�
JT�PGUFO�WFSZ�EJïDVMU�UP�NBLF�UIF�EJTUJODUJPO�CFDBVTF�PG�JOTVïDJFOU�EBUB�XIJDI�
JT�UIF�SFBTPO�UIF�EJTUJODUJPO�JT�PGUFO�OPU�NBEF��*U� JT�QPTTJCMF�IPXFWFS� JG�EBUB�
BMMPX�UP�TQFDJGZ�UIF�CMVF�XBUFS�GPPUQSJOU�CZ�TPVSDF�	TFF�FYBNQMFT�JO�"MEBZB�BOE�
-MBNBT�������"MEBZB�BOE�)PFLTUSB�������.FLPOOFO�BOE�)PFLTUSB�����C
�

8IFO�TQFDJGZJOH�UIF�UPUBM�CMVF�XBUFS�GPPUQSJOU�CZ�TPVSDF�POF�NBZ�BMTP�MJLF�
UP�FYQMJDJUMZ�EJTUJOHVJTI�UIF�DPOTVNQUJWF�VTF�PG�IBSWFTUFE�SBJOXBUFS��3BJOXBUFS�
IBSWFTUJOH�JT�B�CJU�PG�B�QBSUJDVMBS�DBTF�TJODF�POF�NBZ�BSHVF�XIFUIFS�IBSWFTUFE�
SBJOXBUFS� JT� HSFFO�PS�CMVF�XBUFS��.PTUMZ� SBJOXBUFS�IBSWFTUJOH� SFGFST� UP� UIF�
DPMMFDUJPO�PG�SBJO�UIBU�PUIFSXJTF�XPVME�CFDPNF�SVO�Pê��4JODF�DPOTVNQUJWF�VTF�
PG�IBSWFTUFE�SBJOXBUFS�XJMM� TVCUSBDU� GSPN�SVO�Pê�XF�SFDPNNFOE�UP�DPOTJEFS�
TVDI�XBUFS�VTF�BT�B�CMVF�XBUFS�GPPUQSJOU��7BSJPVT�TPSUT�PG�SBJOXBUFS�IBSWFTUJOH�
UFDIOJRVFT� FYJTU� UP�QSPWJEF�ESJOLJOH�XBUFS�XBUFS� GPS� MJWFTUPDL�PS�XBUFS� GPS�
JSSJHBUJOH�DSPQT�PS�HBSEFOT��"T�MPOH�BT�POF�TQFBLT�PG�MPDBM�DPMMFDUJPO�PG�SVO�Pê�
o�BT�JO�UIF�DBTF�PG�SBJOXBUFS�IBSWFTUJOH�GSPN�SPPGUPQT�PS�PUIFS�IBSE�TVSGBDFT�PS�
JO�UIF�DBTF�PG�MFBEJOH�UIF�SBJO�UP�TNBMM�QPOET�o�POF�DBO�DBUFHPSJ[F�DPOTVNQUJWF�
VTF�PG�UIJT�XBUFS�VOEFS�UIF�CMVF�XBUFS�GPPUQSJOU��*G�PO�UIF�DPOUSBSZ�POF�TQFBLT�
PG�NFBTVSFT�UP�JODSFBTF�UIF�TPJM�XBUFS�IPMEJOH�DBQBDJUZ�PS�BCPVU�HSFFO�SPPGUPQT�
UP�SFUBJO�SBJOXBUFS�DPOTVNQUJWF�VTF�PG�UIJT�XBUFS�GPS�DSPQ�QSPEVDUJPO�XJMM�GBMM�
VOEFS�UIF�HSFFO�XBUFS�GPPUQSJOU�

ɨF�VOJU�PG�UIF�CMVF�QSPDFTT�XBUFS�GPPUQSJOU�JT�XBUFS�WPMVNF�QFS�VOJU�PG�UJNF�
GPS�FYBNQMF�QFS�EBZ�NPOUI�PS�ZFBS��8IFO�EJWJEFE�PWFS�UIF�RVBOUJUZ�PG�QSPEVDU�
UIBU�TUFNT�GSPN�UIF�QSPDFTT�UIF�QSPDFTT�XBUFS�GPPUQSJOU�DBO�BMTP�CF�FYQSFTTFE�
JO�UFSNT�PG�XBUFS�WPMVNF�QFS�VOJU�PG�QSPEVDU��*O�#PY�����XF�SFìFDU�PO�XIFSF�UP�
PCUBJO�UIF�EBUB�OFDFTTBSZ�GPS�CMVF�XBUFS�GPPUQSJOU�BDDPVOUJOH�
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Box 3.3 Data sources for the calculation of a blue water footprint

Industrial processes:�&BDI�DPNQPOFOU�PG�UIF�CMVF�QSPDFTT�XBUFS�GPPUQSJOU�
DBO�CF�NFBTVSFE�EJSFDUMZ�PS�JOEJSFDUMZ��*U�JT�HFOFSBMMZ�LOPXO�IPX�NVDI�XBUFS�
JT�BEEFE�JO�PSEFS�UP�CFDPNF�QBSU�PG�UIF�QSPEVDU��)PX�NVDI�XBUFS�FWBQPSBUFT�
during storage, transport, processing and disposal is generally not measured 
EJSFDUMZ�CVU�DBO�CF� JOGFSSFE� GSPN�UIF�EJGGFSFODF�CFUXFFO�BCTUSBDUJPO�BOE�
àOBM�EJTQPTBM�WPMVNFT��*EFBMMZ�POF�DBO�SFMZ�PO�EBUBCBTFT�UIBU�DPOUBJO�UZQJDBM�
data on consumptive water use for various types of manufacturing processes. 
4VDI�EBUBCBTFT� IPXFWFS� EP�IBSEMZ� FYJTU� BOE� HFOFSBMMZ� DPOUBJO� EBUB�PO�
XBUFS�XJUIESBXBMT� 	BCTUSBDUJPOT
�OPU�PO�DPOTVNQUJWF�XBUFS�VTF��#FTJEFT�
UIFTF�EBUBCBTFT�HFOFSBMMZ� MBDL� UIF�OFDFTTBSZ�EFUBJMT�BOE�DPOUBJO�EBUB�PO�
XBUFS�VTF�QFS�JOEVTUSJBM�TFDUPS�	GPS�FYBNQMF�TVHBS�SFàOFSJFT�UFYUJMF�NJMMT�
paper mills and so on) rather than per manufacturing process. Two data-
SJDI�DPNQFOEJVNT�BSF�(MFJDL�	����
�BOE�7BO�EFS�-FFEFO�FU�BM�	����
�CVU�
CPUI�BSF�64�GPDVTFE�BOE�NBJOMZ�MJNJUFE�UP�EBUB�PO�XBUFS�XJUIESBXBMT��0OF�
DBO�BMTP�DPOTVMU�QSPQSJFUBSZ�EBUBCBTFT�TVDI�BT�&DPJOWFOU�	����
�CVU�TVDI�
EBUBCBTFT�HFOFSBMMZ�QSPWJEF�EBUB�PO�XBUFS�XJUIESBXBMT�OPU�DPOTVNQUJWF�
XBUFS�VTF��5IF�CFTU�TPVSDFT�GPS�CMVF�XBUFS�DPOTVNQUJPO�JO�NBOVGBDUVSJOH�
QSPDFTTFT�BSF�UIF�NBOVGBDUVSFST�UIFNTFMWFT�PS�SFHJPOBM�PS�HMPCBM�CSBODI�
PSHBOJ[BUJPOT�

Agricultural processes:�"WBJMBCMF� TUBUJTUJDT�PO�CMVF�XBUFS�VTF� JO�BHSJ�
DVMUVSF�HFOFSBMMZ�TIPX�UPUBM�XBUFS�XJUIESBXBMT�GPS�JSSJHBUJPO�POMZ�OPU�CMVF�
consumptive�XBUFS�VTF��.FBTVSJOH�XBUFS�FWBQPUSBOTQJSBUJPO�GSPN�B�àFME�JT�B�
MBCPSJPVT�UBTL��"OE�FWFO�XIFO�UPUBM�FWBQPUSBOTQJSBUJPO�XBT�NFBTVSFE�POF�
XPVME�OFFE�UP�FTUJNBUF�XIJDI�QBSU�PG�UIF�UPUBM�JT�CMVF�XBUFS��5IFSFGPSF�POF�
XJMM�HFOFSBMMZ�SFMZ�PO�XBUFS�CBMBODF�NPEFMT� UIBU�VTF�EBUB�PO�DMJNBUF�TPJM�
DSPQ�DIBSBDUFSJTUJDT�BOE�BDUVBM� JSSJHBUJPO�BT� JOQVU��4FDUJPO�������TIPXT� JO�
NPSF�EFUBJM�IPX�POF�DBO�FTUJNBUF�UIF�CMVF�XBUFS�GPPUQSJOU�JO�DSPQ�HSPXUI�
CBTFE�PO�B�XBUFS�CBMBODF�NPEFM��#BTFE�PO�HMPCBM�NBQT�PO�XIFSF�EJGGFSFOU�
DSPQT�BSF�HSPXO�BOE�PO�HMPCBM�NBQT�PG�DMJNBUF�TPJMT�BOE� JSSJHBUJPO�B� GFX�
SFTFBSDI�HSPVQT�JO�UIF�XPSME�IBWF�TUBSUFE�UP�NBLF�TQBUJBM�FYQMJDJU�FTUJNBUFT�
PG�CMVF�	BOE�HSFFO
�XBUFS�GPPUQSJOUT�PG�DSPQ�HSPXJOH��'PS�XIFBU�BMPOF�GPS�
FYBNQMF� GPVS�HMPCBM�EBUBTFUT�BSF�BWBJMBCMF��-JV�FU�BM� 	���������
�4JFCFSU�
BOE�%ÕMM�	����
�.FLPOOFO�BOE�)PFLTUSB�	����B
�BOE�;XBSU�FU�BM�	����
��
"U� UIF�XFCTJUF�PG� UIF�8BUFS�'PPUQSJOU�/FUXPSL�m�XXX�XBUFSGPPUQSJOU�
PSH�m�HFPHSBQIJDBMMZ�FYQMJDJU�EBUB�PO�UIF�XBUFS� GPPUQSJOU�PG�DSPQ�HSPXJOH�
BSF�BWBJMBCMF� GPS�BMM�NBKPS�DSPQT� JO�UIF�XPSME��5IFTF�EBUBTFUT�DBO�CF�VTFE�
GPS�XBUFS�GPPUQSJOU�BDDPVOUJOH�BU�-FWFM�#�	TFF�5BCMF����
��'PS�BDDPVOUJOH�BU�
-FWFM�$�POF�XJMM�IBWF�UP�BQQMZ�BO�BQQSPQSJBUF�XBUFS�CBMBODF�NPEFM�POFTFMG�
UPHFUIFS�XJUI�MPDBMMZ�TQFDJàD�JOQVU�EBUB�
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8F�ëOBMJ[F�UIJT�TFDUJPO�CZ�DPOTJEFSJOH�UXP�TQFDJëD�DBTFT�GPS�XIJDI�JU�NBZ�
OPU�CF�JNNFEJBUFMZ�DMFBS�UP�UIF�SFBEFS�IPX�UP�QSPQFSMZ�BDDPVOU��ɨF�ëSTU�DBTF�
DPODFSOT�UIF�JTTVF�PG�XBUFS�SFDZDMJOH�BOE�SFVTF��ɨF�TFDPOE�DBTF�DPODFSOT�UIF�
RVFTUJPO�PG�IPX�UP�BDDPVOU�JO�UIF�DBTF�PG�BO�JOUFS�CBTJO�XBUFS�USBOTGFS��

Water recycling and reuse
8BUFS�SFDZDMJOH�BOE�SFVTF�BSF�PGUFO�VTFE�BT� UXP�JOUFSDIBOHFBCMF�UFSNT��)FSF�
XF�EFëOF�AXBUFS�SFDZDMJOH��TQFDJëDBMMZ�BT�UIF�on-site�SFVTF�PG�XBUFS�for the same 
purpose BOE�AXBUFS�SFVTF��BT�UIF�SFVTF�PG�XBUFS�FMTFXIFSF�QPTTJCMZ�GPS�BOPUIFS�
QVSQPTF��*O�UIF�DBTF�PG�SFDZDMJOH�XF�DBO�NBLF�BO�BEEJUJPOBM�EJTUJODUJPO�CFUXFFO�
SFDZDMJOH�PG�XBTUFXBUFS� 	CZ�USFBUJOH� JU� GPS�SFVTF
�BOE�SFDZDMJOH�PG�FWBQPSBUFE�
XBUFS� 	CZ� DPOEFOTJOH�XBUFS� WBQPVS� GPS� SFVTF
��ɨF�EJêFSFOU� TPSUT� PG�XBUFS�
SFDZDMJOH�BOE�SFVTF�BSF�TIPXO�GPS�B�TJNQMF�FYBNQMF� JO�'JHVSF������ɨF�ëHVSF�
TIPXT�UXP�QSPDFTTFT�UIF�TFDPOE�PG�XIJDI�SFVTFT�	USFBUFE
�XBTUFXBUFS�GSPN�UIF�
ëSTU��ɨF�TDIFNF�TIPXT�UIBU�GPS�UIF�CMVF�XBUFS�GPPUQSJOUT�PG�CPUI�QSPDFTTFT�JU�
JT� UIF�DPOTVNQUJWF�XBUFS�VTF� 	FWBQPSBUJPO�BOE� JODPSQPSBUJPO� JOUP�QSPEVDUT
�
that counts. Water recycling and reuse can be instrumental in reducing the blue 
XBUFS�GPPUQSJOU�PG�B�QSPDFTT�POMZ�XIFO�JU�FêFDUJWFMZ�SFEVDFT�DPOTVNQUJWF�XBUFS�
use. Water recycling and reuse may also be instrumental in reducing the grey 
XBUFS�GPPUQSJOU�PG�XBUFS�VTFST�CVU�UIJT�XJMM�CF�EJTDVTTFE�JO�4FDUJPO�������

Figure 3.5 #MVF�XBUFS�GPPUQSJOU�BDDPVOUJOH�JO�UIF�DBTF�PG�XBUFS�SFDZDMJOH�
and reuse
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Inter-basin water transfer
"O�JOUFS�CBTJO�XBUFS�USBOTGFS�JT�UIF�BCTUSBDUJPO�PG�XBUFS�GSPN�B�SJWFS�CBTJO�"�BOE�
NPWF�JU�o�UISPVHI�QJQFMJOFT�DBOBMT�PS�CVML�USBOTQPSU�	GPS�FYBNQMF�CZ�MPSSZ�PS�
TIJQ
�o�UP�BOPUIFS�SJWFS�CBTJO�#��"DDPSEJOH�UP�UIF�CMVF�XBUFS�GPPUQSJOU�EFëOJUJPO�
NPWJOH�XBUFS�BXBZ�GSPN�B�SJWFS�CBTJO�JT�B�CMVF�XBUFS�GPPUQSJOU�XJUIJO�UIBU�CBTJO�
CFDBVTF�JU�JT�ADPOTVNQUJWF�XBUFS�VTF���ɨF�CMVF�XBUFS�GPPUQSJOU�PG�UIF�UPUBM�USBOTGFS�
XJMM�CF�BMMPDBUFE�UP�UIF�CFOFëDJBSJFT�PG�UIF�XBUFS� JO�UIF�SFDFJWJOH�SJWFS�CBTJO��
ɨVT�QSPDFTTFT�JO�CBTJO�#�UIBU�VTF�XBUFS�GSPN�BOPUIFS�CBTJO�"�IBWF�B�CMVF�XBUFS�
GPPUQSJOU�MPDBUFE�JO�CBTJO�"�UIF�TJ[F�PG�XIJDI�JT�FRVBM�UP�UIF�BNPVOU�PG�XBUFS�
UIFZ�SFDFJWF�QMVT�UIF�QPTTJCMF�MPTTFT�PO�UIF�XBZ��*G�UIF�XBUFS�VTFST�JO�UIF�SFDFJWJOH�
SJWFS�CBTJO�#�SFUVSO�	QBSU�PG 
� UIF�VTFE�XBUFS� UP�UIFJS�PXO�CBTJO�XF�TFF�UIBU�
XBUFS�JT�ABEEFE��UP�UIF�XBUFS�SFTPVSDFT�JO�SJWFS�CBTJO�#��ɨJT�ABEEFE��XBUFS�NBZ�
DPNQFOTBUF�GPS�UIF�CMVF�XBUFS�GPPUQSJOU�PG�PUIFS�VTFST�UIBU�IBWF�DPOTVNFE�XBUFS�
GSPN�CBTJO�#��JO�UIBU�TFOTF�POF�NBZ�BSHVF�UIBU�UIF�JOUFS�CBTJO�XBUFS�USBOTGFS�DSFBUFT�
B�AOFHBUJWF�CMVF�XBUFS�GPPUQSJOU��JO�UIF�SFDFJWJOH�SJWFS�CBTJO�	JOTPGBS�BT�UIF�XBUFS�
EPFT�OPU�FWBQPSBUF�BOE�JOEFFE�BEET�UP�UIF�XBUFS�TZTUFN�PG�UIF�SFDFJWJOH�CBTJO
��
ɨF�OFHBUJWF�CMVF�XBUFS�GPPUQSJOU�JO�CBTJO�#�QBSUMZ�DPNQFOTBUFT�UIF�QPTJUJWF�CMVF�
XBUFS�GPPUQSJOU�PG�PUIFS�VTFST�JO�CBTJO�#��/PUF�UIBU�JU�EPFT�OPU�DPNQFOTBUF�GPS�UIF�
CMVF�XBUFS�GPPUQSJOU�JO�SJWFS�CBTJO�"��8IFO�UIF�HPBM�JT�UP�BTTFTT�UIF�PWFSBMM�XBUFS�
GPPUQSJOU�PG�IVNBOT�JO�CBTJO�#�XF�SFDPNNFOE�UP�JODMVEF�B�QPTTJCMF�AOFHBUJWF�
CMVF�XBUFS�GPPUQSJOU��UIBU�FYJTUT�BT�B�SFTVMU�PG�SFBM�XBUFS�USBOTGFS�JOUP�UIF�CBTJO�
	QSPWJEFE�UIBU�JU�JOEFFE�DPNQFOTBUFT�GPS�B�QPTJUJWF�CMVF�XBUFS�GPPUQSJOU�JO�UIF�
CBTJO�JO�UIF�TBNF�QFSJPE
��*O�UIF�DBTF�PG�XBUFS�GPPUQSJOU�BDDPVOUT�GPS�JOEJWJEVBM�
QSPDFTTFT�QSPEVDUT�DPOTVNFST�PS�QSPEVDFST�POF�TIPVME�MFBWF�DBMDVMBUFE�OFHBUJWF�
CMVF�XBUFS� GPPUQSJOUT�PVU�PG� UIF� GPPUQSJOU�BDDPVOUT� JO�PSEFS� UP�NBLF�B�DMFBS�
TFQBSBUJPO�CFUXFFO�UIF�EJTDVTTJPO�BCPVU�UIF�HSPTT�XBUFS�GPPUQSJOU�PG�B�QSPDFTT�
QSPEVDU�DPOTVNFS�PS�QSPEVDFS�BOE�UIF�EJTDVTTJPO�BCPVU�QPTTJCMF�DPNQFOTBUJPO��
ɨF�JTTVF�PG�DPNQFOTBUJPO�	TVCUSBDUBCJMJUZ
�JT�EFCBUBCMF�BOE�TIPVME�CF�EFBMU�XJUI�
TFQBSBUFMZ�GSPN�UIF�BDDPVOUJOH�QIBTF��*U�IBT�CFFO�BSHVFE�UIBU�EPJOH�HPPE�JO�POF�
CBTJO�	GPS�FYBNQMF�UISPVHI�B�OFHBUJWF�CMVF�XBUFS�GPPUQSJOU�JO�UIBU�CBTJO
�DBOOPU�
DPNQFOTBUF�GPS�UIF�QPTJUJWF�CMVF�XBUFS�GPPUQSJOU�JO�BOPUIFS�CBTJO�TJODF�XBUFS�
EFQMFUJPO�BOE�SFTVMUJOH�JNQBDUT�JO�POF�QMBDF�XJMM�OPU�CF�TPMWFE�CZ�BEEJOH�XBUFS�
TPNFXIFSF�FMTF��*O�UIJT�DBTF�BEEJOH�B�DBMDVMBUFE�OFHBUJWF�CMVF�XBUFS�GPPUQSJOU�UP�
UIF�DBMDVMBUFE�QPTJUJWF�CMVF�XBUFS�GPPUQSJOU�XPVME�SFTVMU�JO�B�NJTMFBEJOH�ëHVSF��
3FBE�NPSF�PO�UIF�JNQPTTJCJMJUZ�UP�DPNQFOTBUF�B�XBUFS�GPPUQSJOU�JO�POF�CBTJO�CZ�
BEEJOH�XBUFS�JO�BOPUIFS�CBTJO�JO�$IBQUFS���	#PY����
�

3.3.2 Green water footprint

ɨF�HSFFO�XBUFS�GPPUQSJOU�JT�BO�JOEJDBUPS�PG�UIF�IVNBO�VTF�PG�TP�DBMMFE�HSFFO�
XBUFS��(SFFO�XBUFS�SFGFST�UP�UIF�QSFDJQJUBUJPO�PO�MBOE�UIBU�EPFT�OPU�SVO�Pê�PS�
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SFDIBSHF�UIF�HSPVOEXBUFS�CVU�JT�TUPSFE�JO�UIF�TPJM�PS�UFNQPSBSJMZ�TUBZT�PO�UPQ�
PG� UIF� TPJM�PS�WFHFUBUJPO��&WFOUVBMMZ� UIJT�QBSU�PG�QSFDJQJUBUJPO�FWBQPSBUFT�PS�
USBOTQJSFT�UISPVHI�QMBOUT��(SFFO�XBUFS�DBO�CF�NBEF�QSPEVDUJWF�GPS�DSPQ�HSPXUI�
	CVU�OPU�BMM�HSFFO�XBUFS�DBO�CF�UBLFO�VQ�CZ�DSPQT�CFDBVTF�UIFSF�XJMM�BMXBZT�CF�
FWBQPSBUJPO�GSPN�UIF�TPJM�BOE�CFDBVTF�OPU�BMM�QFSJPET�PG�UIF�ZFBS�PS�BSFBT�BSF�
TVJUBCMF�GPS�DSPQ�HSPXUI
�

ɨF�HSFFO�XBUFS�GPPUQSJOU�JT�UIF�WPMVNF�PG�SBJOXBUFS�DPOTVNFE�EVSJOH�UIF�
QSPEVDUJPO�QSPDFTT��ɨJT� JT�QBSUJDVMBSMZ�SFMFWBOU� GPS�BHSJDVMUVSBM�BOE�GPSFTUSZ�
QSPEVDUT�	QSPEVDUT�CBTFE�PO�DSPQT�PS�XPPE
�XIFSF�JU�SFGFST�UP�UIF�UPUBM�SBJOXBUFS�
FWBQPUSBOTQJSBUJPO�	GSPN�ëFMET�BOE�QMBOUBUJPOT
�QMVT� UIF�XBUFS� JODPSQPSBUFE�
JOUP�UIF�IBSWFTUFE�DSPQ�PS�XPPE��ɨF�HSFFO�XBUFS�GPPUQSJOU�JO�B�QSPDFTT�TUFQ�JT�
FRVBM�UP�

WFproc,green = GreenWaterEvaporation + GreenWaterIncorporation 
<WPMVNF�UJNF>� 	�


ɨF� EJTUJODUJPO� CFUXFFO� UIF� CMVF� BOE� HSFFO� XBUFS� GPPUQSJOU� JT� JNQPSUBOU�
CFDBVTF� UIF� IZESPMPHJDBM� FOWJSPONFOUBM� BOE� TPDJBM� JNQBDUT� BT�XFMM� BT� UIF�
FDPOPNJD�PQQPSUVOJUZ�DPTUT�PG� TVSGBDF�BOE�HSPVOEXBUFS�VTF� GPS�QSPEVDUJPO�
EJêFS�EJTUJODUJWFMZ�GSPN�UIF�JNQBDUT�BOE�DPTUT�PG�SBJOXBUFS�VTF�	'BMLFONBSL�BOE�
3PDLTUSÚN�������)PFLTUSB�BOE�$IBQBHBJO�����
�

(SFFO�XBUFS� DPOTVNQUJPO� JO� BHSJDVMUVSF� DBO� CF�NFBTVSFE� PS� FTUJNBUFE�
XJUI�B�TFU�PG�FNQJSJDBM� GPSNVMBT�PS�XJUI�B�DSPQ�NPEFM�TVJUBCMF�GPS�FTUJNBUJOH�
FWBQPUSBOTQJSBUJPO�CBTFE�PO�JOQVU�EBUB�PO�DMJNBUF�TPJM�BOE�DSPQ�DIBSBDUFSJTUJDT��
*O�4FDUJPO�������XF�XJMM�QSFTFOU�JO�NPSF�EFUBJM�IPX�POF�DBO�FTUJNBUF�UIF�HSFFO�
XBUFS�GPPUQSJOU�JO�DSPQ�HSPXUI�

3.3.3 Grey water footprint

ɨF�HSFZ�XBUFS� GPPUQSJOU� PG� B� QSPDFTT� TUFQ� JT� BO� JOEJDBUPS� PG� UIF� EFHSFF� PG�
GSFTIXBUFS�QPMMVUJPO�UIBU�DBO�CF�BTTPDJBUFE�XJUI�UIF�QSPDFTT�TUFQ��*U�JT�EFëOFE�
BT�UIF�WPMVNF�PG�GSFTIXBUFS�UIBU�JT�SFRVJSFE�UP�BTTJNJMBUF�UIF�MPBE�PG�QPMMVUBOUT�
CBTFE�PO�OBUVSBM�CBDLHSPVOE�DPODFOUSBUJPOT�BOE�FYJTUJOH�BNCJFOU�XBUFS�RVBMJUZ�
TUBOEBSET��ɨF�HSFZ�XBUFS�GPPUQSJOU�DPODFQU�IBT�HSPXO�PVU�PG�UIF�SFDPHOJUJPO�
UIBU�UIF�TJ[F�PG�XBUFS�QPMMVUJPO�DBO�CF�FYQSFTTFE�JO�UFSNT�PG�UIF�WPMVNF�PG�XBUFS�
UIBU�JT�SFRVJSFE�UP�EJMVUF�QPMMVUBOUT�TVDI�UIBU�UIFZ�CFDPNF�IBSNMFTT�	#PY����
�

ɨF�HSFZ�XBUFS�GPPUQSJOU�JT�DBMDVMBUFE�CZ�EJWJEJOH�UIF�QPMMVUBOU�MPBE�	L�JO�
NBTT�UJNF
�CZ�UIF�EJêFSFODF�CFUXFFO�UIF�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSE�GPS�
UIBU�QPMMVUBOU�	UIF�NBYJNVN�BDDFQUBCMF�DPODFOUSBUJPO� cmax� JO�NBTT�WPMVNF
�
BOE�JUT�OBUVSBM�DPODFOUSBUJPO�JO�UIF�SFDFJWJOH�XBUFS�CPEZ�	cnat�JO�NBTT�WPMVNF
��
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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 
BTTJNJMBUF�XBTUF�RVBOUJàFE�BT�UIF�WPMVNF�PG�XBUFS�OFFEFE�UP�EJMVUF�QPMMVUBOUT�
UP�TVDI�BO�FYUFOU�UIBU�UIF�RVBMJUZ�PG�UIF�BNCJFOU�XBUFS�SFNBJOT�BCPWF�BHSFFE�
XBUFS�RVBMJUZ�TUBOEBSET��5IF�JEFB�PG�FYQSFTTJOH�XBUFS�QPMMVUJPO�JO�UFSNT�PG�
B�XBUFS�WPMVNF�OFFEFE� UP�EJMVUF� UIF�XBTUF� JT�OPU�OFX��'BMLFONBSL�BOE�
-JOEI�	����
�QSPQPTFE�BT�B�SVMF�PG�UIVNC�UP�SFDLPO�XJUI�B�EJMVUJPO�GBDUPS�
PG���m���UJNFT�UIF�XBTUFXBUFS�áPX��1PTUFM�FU�BM�	����
�BQQMJFE�B�EJMVUJPO�
GBDUPS� GPS�XBTUF�BCTPSQUJPO�PG���� MJUSFT�QFS�TFDPOE�QFS������QPQVMBUJPO��
These generic dilution factors do not account for the sort of pollution and 
UIF� MFWFM�PG�USFBUNFOU�CFGPSF�EJTQPTBM�CVU� JNQMJDJUMZ�BTTVNF�TPNF�BWFSBHF�
DIBSBDUFSJTUJDT�PG�IVNBO�XBTUF�áPXT��$IBQBHBJO�FU�BM�	����C
�QSPQPTFE�UP�
NBLF�UIF�EJMVUJPO�GBDUPS�EFQFOEFOU�PO�UIF�UZQF�PG�QPMMVUBOU�BOE�UP�VTF�UIF�
BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSE� GPS�B�DFSUBJO�QPMMVUBOU�BT� UIF�DSJUFSJPO�UP�
quantify the dilution requirement. The term ‘grey water footprint’ was for 
UIF�àSTU� UJNF� JOUSPEVDFE�CZ�)PFLTUSB�BOE�$IBQBHBJO� 	����
�BOE�EFàOFE�
BT�UIF�QPMMVUBOU�MPBE�EJWJEFE�CZ�UIF�NBYJNVN�BDDFQUBCMF�DPODFOUSBUJPO�JO�
UIF�SFDFJWJOH�XBUFS�CPEZ��"�CJU�MBUFS�JU�XBT�SFDPHOJ[FE�UIBU�UIF�HSFZ�XBUFS�
GPPUQSJOU�JT�CFUUFS�DBMDVMBUFE�BT�UIF�QPMMVUBOU�MPBE�EJWJEFE�CZ�UIF�EJGGFSFODF�
CFUXFFO�UIF�NBYJNVN�BDDFQUBCMF�BOE�UIF�OBUVSBM�CBDLHSPVOE�DPODFOUSBUJPO�
	)PFLTUSB�FU�BM�����B
��5IF�XPSL�PG�UIF�8BUFS�'PPUQSJOU�/FUXPSL�T��HSFZ�
XBUFS� GPPUQSJOU�XPSLJOH�HSPVQ� 	;BSBUF�����B
�IBT� GVSUIFS�SFTVMUFE� JO�B�
OVNCFS�PG�SFàOFNFOUT�JODMVEJOH�UIF�SFDPHOJUJPO�UIBU�UIF�RVBMJUZ�PG�JOUBLF�
XBUFS�TIPVME�CF�UBLFO� JOUP�BDDPVOU�BOE�UIF� JEFB�PG�B�NVMUJ�UJFS�BQQSPBDI�
JO�PSEFS�UP�EJTUJOHVJTI�CFUXFFO�EJGGFSFOU�MFWFMT�PG�EFUBJM�JO�BTTFTTJOH�B�HSFZ�
water footprint in the case of diffuse pollution.

"MUIPVHI�UIF�HSFZ�XBUFS�GPPUQSJOU�DBO�CF�VOEFSTUPPE�BT�B�AEJMVUJPO�XBUFS�
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 
BOE�UIF�MFTT�QPMMVUJPO�UIF�CFUUFS��5SFBUNFOU�PG�XBTUFXBUFS�CFGPSF�EJTQPTBM�
XJMM�PCWJPVTMZ�SFTVMU�JO�B�SFEVDFE�HSFZ�XBUFS�GPPUQSJOU�QPTTJCMZ�EPXO�UP�[FSP�

4PNF�SFDFOU�TUVEJFT�UIBU�JODMVEF�RVBOUJàDBUJPO�PG�HSFZ�XBUFS�GPPUQSJOUT�
JODMVEF��%BCSPXTLJ�FU�BM� 	����
��&SDJO�FU�BM� 	����
��(FSCFOT�-FFOFT�BOE�
)PFLTUSB�	����
��7BO�0FM�FU�BM�	����
��"MEBZB�BOE�)PFLTUSB�	����
��#VMTJOL�
FU�BM�	����
��$IBQBHBJO�BOE�)PFLTUSB�	����
��BOE�.FLPOOFO�BOE�)PFLTUSB�
	����B�C
�
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,    proc grey
max nat

L
WF

c c
=

−
 <WPMVNF�UJNF>� 	�


ɨF�OBUVSBM�DPODFOUSBUJPO� JO�B� SFDFJWJOH�XBUFS�CPEZ� JT� UIF�DPODFOUSBUJPO� JO�
UIF�XBUFS�CPEZ�UIBU�XPVME�PDDVS� JG� UIFSF�XFSF�OP�IVNBO�EJTUVSCBODFT� JO�UIF�
DBUDINFOU��'PS�IVNBO�NBEF�TVCTUBODFT�UIBU�OBUVSBMMZ�EP�OPU�PDDVS�JO�XBUFS�
cnat = 0. 8IFO�OBUVSBM�DPODFOUSBUJPOT�BSF�OPU�LOPXO�QSFDJTFMZ�CVU�BSF�FTUJNBUFE�
UP�CF�MPX�GPS�TJNQMJDJUZ�POF�NBZ�BTTVNF�cnat������ɨJT�XJMM�IPXFWFS�SFTVMU�JO�BO�
VOEFSFTUJNBUFE�HSFZ�XBUFS�GPPUQSJOU�XIFO�cnat JT�BDUVBMMZ�OPU�FRVBM�UP�[FSP�

0OF�NBZ� BTL�XIZ� UIF� OBUVSBM� DPODFOUSBUJPO� JT� VTFE� BT� B� SFGFSFODF� BOE�
OPU� UIF�BDUVBM�DPODFOUSBUJPO� JO� UIF�SFDFJWJOH�XBUFS�CPEZ��ɨF�SFBTPO� JT� UIBU�
UIF�HSFZ�XBUFS� GPPUQSJOU� JT�BO� JOEJDBUPS�PG�BQQSPQSJBUFE�BTTJNJMBUJPO�DBQBDJUZ��
ɨF�BTTJNJMBUJPO�DBQBDJUZ�PG�B�SFDFJWJOH�XBUFS�CPEZ�EFQFOET�PO�UIF�EJêFSFODF�
CFUXFFO�UIF�NBYJNVN�BMMPXBCMF�BOE�UIF�OBUVSBM�DPODFOUSBUJPO�PG�B�TVCTUBODF��
*G�POF�XPVME�DPNQBSF�UIF�NBYJNVN�BMMPXBCMF�DPODFOUSBUJPO�XJUI�UIF�BDUVBM�
DPODFOUSBUJPO�PG�B� TVCTUBODF�POF�XPVME� MPPL�BU� UIF� remaining assimilation 
DBQBDJUZ�XIJDI�JT�PCWJPVTMZ�DIBOHJOH�BMM�UIF�UJNF�BT�B�GVODUJPO�PG�UIF�BDUVBM�
MFWFM�PG�QPMMVUJPO�BU�B�DFSUBJO�UJNF�

(SFZ� XBUFS� GPPUQSJOU� DBMDVMBUJPOT� BSF� DBSSJFE� PVU� VTJOH� BNCJFOU� XBUFS�
RVBMJUZ�TUBOEBSET�GPS�UIF�SFDFJWJOH�GSFTIXBUFS�CPEZ� JO�PUIFS�XPSET�TUBOEBSET�
XJUI� SFTQFDU� UP�NBYJNVN�BMMPXBCMF� DPODFOUSBUJPOT��ɨF� SFBTPO� JT� UIBU� UIF�
HSFZ� XBUFS� GPPUQSJOU� BJNT� UP� TIPX� UIF� SFRVJSFE� BNCJFOU� XBUFS� WPMVNF� UP�
BTTJNJMBUF�DIFNJDBMT��"NCJFOU�XBUFS�RVBMJUZ�TUBOEBSET�BSF�B� TQFDJëD�DBUFHPSZ�
PG�XBUFS�RVBMJUZ�TUBOEBSET��0UIFS�TPSUT�PG�TUBOEBSET�BSF�GPS�FYBNQMF�ESJOLJOH�
XBUFS�RVBMJUZ�TUBOEBSET�JSSJHBUJPO�RVBMJUZ�TUBOEBSET�BOE�FNJTTJPO�	PS�FðVFOU
�
TUBOEBSET��0OF�TIPVME�UBLF�DBSF�VTJOH�BNCJFOU�XBUFS�RVBMJUZ� TUBOEBSET��'PS�
POF�QBSUJDVMBS� TVCTUBODF� UIF�BNCJFOU�XBUFS�RVBMJUZ� TUBOEBSE�NBZ�WBSZ� GSPN�
POF�UP�BOPUIFS�XBUFS�CPEZ��#FTJEFT�UIF�OBUVSBM�DPODFOUSBUJPO�NBZ�WBSZ�GSPN�
QMBDF�UP�QMBDF��"T�B�SFTVMU�B�DFSUBJO�QPMMVUBOU�MPBE�DBO�SFTVMU�JO�POF�HSFZ�XBUFS�
GPPUQSJOU�JO�POF�QMBDF�BOE�BOPUIFS�HSFZ�XBUFS�GPPUQSJOU�JO�BOPUIFS�QMBDF��ɨJT�
JT� SFBTPOBCMF� CFDBVTF� UIF� SFRVJSFE�XBUFS� WPMVNF� GPS� BTTJNJMBUJOH� B� DFSUBJO�
QPMMVUBOU�MPBE�XJMM�JOEFFE�CF�EJêFSFOU�EFQFOEJOH�PO�UIF�EJêFSFODF�CFUXFFO�UIF�
NBYJNVN�BMMPXBCMF�BOE�UIF�OBUVSBM�DPODFOUSBUJPO�

"MUIPVHI�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSET�PGUFO�FYJTU� JO�OBUJPOBM�PS�TUBUF�
MFHJTMBUJPO�PS�IBWF�UP�CF� GPSNVMBUFE�CZ�DBUDINFOU�BOE�PS�XBUFS�CPEZ� JO�UIF�
GSBNFXPSL�PG�OBUJPOBM�MFHJTMBUJPO�PS�CZ�SFHJPOBM�BHSFFNFOU�	MJLF�JO�UIF�&VSPQFBO�
8BUFS�'SBNFXPSL�%JSFDUJWF�o�TFF�&6�����
�UIFZ�EP�OPU�FYJTU�GPS�BMM�TVCTUBODFT�
BOE�GPS�BMM�QMBDFT��.PTU�JNQPSUBOU�JT�PG�DPVSTF�UP�TQFDJGZ�XIJDI�XBUFS�RVBMJUZ�
TUBOEBSET�BOE�OBUVSBM�DPODFOUSBUJPOT�IBWF�CFFO�VTFE�JO�QSFQBSJOH�B�HSFZ�XBUFS�
GPPUQSJOU�BDDPVOU�
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#PUI�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSET�BOE�OBUVSBM�CBDLHSPVOE�DPODFOUSBUJPOT�
WBSZ� GPS� TVSGBDF� BOE� HSPVOEXBUFS� CPEJFT��5ISFTIPMET� JO� HSPVOEXBUFS� BSF�
PGUFO�CBTFE�PO�SFRVJSFNFOUT� GPS�ESJOLJOH�XBUFS�XIJMF�NBYJNVN�BDDFQUBCMF�
DPODFOUSBUJPOT�JO�TVSGBDF�XBUFST�BSF�UZQJDBMMZ�EFUFSNJOFE�CZ�FDPMPHJDBM�DPOTJEFSB�
UJPOT��0OF�DPVME�UIFSFGPSF�QSPQPTF�UP�DBMDVMBUF�UIF�HSFZ�XBUFS�GPPUQSJOU�TFQBSBUFMZ�
GPS�TVSGBDF�BOE�HSPVOEXBUFS�TZTUFNT��ɨF�QSPCMFN�XJUI�EPJOH�TP�IPXFWFS�JT�
UIBU�HSPVOEXBUFS�HFOFSBMMZ�FOET�VQ�BT� TVSGBDF�XBUFS� TP� UIBU� GPS�B�QPMMVUBOU�
MPBE�UP�HSPVOEXBUFS�POF�DBO�CFUUFS�UBLF�UIF�EJêFSFODF�CFUXFFO�XBUFS�RVBMJUZ�
TUBOEBSE�BOE�OBUVSBM�CBDLHSPVOE�DPODFOUSBUJPO�GPS�UIF�NPTU�DSJUJDBM�XBUFS�CPEZ�
	FJUIFS�UIF�HSPVOEXBUFS�TZTUFN�PS�UIF�TVSGBDF�XBUFS�TZTUFN
��'PS� MPBET�UP�UIF�
TVSGBDF�XBUFS� TZTUFN�POF�DBO�UBLF� UIF�SFMFWBOU�EBUB�BT� GPS� UIF� TVSGBDF�XBUFS�
TZTUFN��8IFO�JU�JT�QSFDJTFMZ�LOPXO�XIJDI�MPBET�BSSJWF�	ëSTU
�JO�UIF�HSPVOEXBUFS�
TZTUFN�BOE�XIJDI�MPBET�JO�UIF�TVSGBDF�XBUFS�TZTUFN�JU�NBLFT�TFOTF�UP�TIPX�UXP�
DPNQPOFOUT�PG�UIF�HSFZ�XBUFS�GPPUQSJOU��UIF�HSFZ�HSPVOEXBUFS�GPPUQSJOU�BOE�UIF�
HSFZ�TVSGBDF�XBUFS�GPPUQSJOU��

"�HSFZ�XBUFS� GPPUQSJOU� MBSHFS�UIBO�[FSP�EPFT�OPU�BVUPNBUJDBMMZ� JNQMZ�UIBU�
BNCJFOU�XBUFS�RVBMJUZ� TUBOEBSET� BSF� WJPMBUFE�� JU� KVTU� TIPXT� UIBU�QBSU�PG� UIF�
assimilation capacity has been consumed already. As long as the calculated 
HSFZ�XBUFS�GPPUQSJOU�JT�TNBMMFS�UIBO�UIF�FYJTUJOH�SJWFS�ìPX�PS�HSPVOEXBUFS�ìPX�
UIFSF� JT�TUJMM� TVïDJFOU�XBUFS�UP�EJMVUF�UIF�QPMMVUBOUT�UP�B�DPODFOUSBUJPO�CFMPX�
UIF�TUBOEBSE��8IFO�UIF�DBMDVMBUFE�HSFZ�XBUFS� GPPUQSJOU� JT�QSFDJTFMZ�FRVBM� UP�
UIF�BNCJFOU�XBUFS�ìPX�UIFO�UIF�SFTVMUBOU�DPODFOUSBUJPO�XJMM�CF�FYBDUMZ�BU�UIF�
TUBOEBSE��8IFO� UIF� FðVFOU� DPOUBJOT� B� WFSZ�IJHI� MPBE�PG� DIFNJDBMT� JU�NBZ�
IBQQFO�UIBU�UIF�DBMDVMBUFE�HSFZ�XBUFS�GPPUQSJOU�FYDFFET�UIF�FYJTUJOH�SJWFS�ìPX�PS�
HSPVOEXBUFS�ìPX��*O�UIJT�DBTF�QPMMVUJPO�HPFT�CFZPOE�UIF�BTTJNJMBUJPO�DBQBDJUZ�
PG�UIF�SFDFJWJOH�XBUFS�CPEZ��ɨF�GBDU�UIBU�UIF�HSFZ�XBUFS�GPPUQSJOU�DBO�CF�MBSHFS�
UIBO�UIF�FYJTUJOH�XBUFS�ìPX�JMMVTUSBUFT�UIBU�UIF�HSFZ�XBUFS� GPPUQSJOU�EPFT�OPU�
TIPX�AUIF�QPMMVUFE�XBUFS�WPMVNF��	CFDBVTF�POF�XPVME�OPU�CF�BCMF� UP�QPMMVUF�
B�MBSHFS�WPMVNF�UIBO�UIF�FYJTUJOH�POF
��*OTUFBE�UIF�HSFZ�XBUFS�GPPUQSJOU�JT�BO�
JOEJDBUPS�PG�UIF�TFWFSJUZ�PG�XBUFS�QPMMVUJPO�FYQSFTTFE�JO�UFSNT�PG�UIF�GSFTIXBUFS�
WPMVNF�SFRVJSFE�UP�BTTJNJMBUF�UIF�FYJTUJOH�MPBE�PG�QPMMVUBOUT�

ɨF�BQQSPBDI�UBLFO�JO�HSFZ�XBUFS� GPPUQSJOU�BDDPVOUJOH�JT� UIF�TBNF�BT�UIF�
TP�DBMMFE�DSJUJDBM�MPBE�BQQSPBDI�	#PY����
��*O�CPUI�DBTFT�UIF�CBTJD�SFDPHOJUJPO�
JT�UIBU�UIF�SPPN�GPS�XBTUF�VQUBLF�PG�B�XBUFS�CPEZ�JT�MJNJUFE�CZ�UIF�EJêFSFODF�
CFUXFFO�UIF�NBYJNVN�BOE�UIF�OBUVSBM�DPODFOUSBUJPO��ɨF�DSJUJDBM� MPBE�SFGFST�
UP�UIF�TJUVBUJPO�XIFSF�UIF�SPPN�GPS�XBTUF�VQUBLF�IBT�CFFO�GVMMZ�DPOTVNFE��"U�
UIF�DSJUJDBM� MPBE�UIF�HSFZ�XBUFS� GPPUQSJOU�XJMM�CF�FRVBM� UP�UIF�BWBJMBCMF�XBUFS�
ìPX�XIJDI�JT�UIFO�SFRVJSFE�JO�GVMM�UP�EJMVUF�UIF�DIFNJDBMT�EPXO�UP�BDDFQUBCMF�
concentrations.
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Point sources of water pollution
*O�UIF�DBTF�PG�QPJOU�TPVSDFT�PG�XBUFS�QPMMVUJPO�JO�PUIFS�XPSET�XIFO�DIFNJDBMT�
BSF�EJSFDUMZ� SFMFBTFE� JOUP� B� TVSGBDF�XBUFS�CPEZ� JO� UIF� GPSN�PG� B�XBTUFXBUFS�
EJTQPTBM�UIF�MPBE�DBO�CF�FTUJNBUFE�CZ�NFBTVSJOH�UIF�FðVFOU�WPMVNF�BOE�UIF�
DPODFOUSBUJPO�PG�B�DIFNJDBM�JO�UIF�FðVFOU��.PSF�QSFDJTFMZ��UIF�QPMMVUBOU�MPBE�
DBO�CF�DBMDVMBUFE�BT�UIF�FðVFOU�WPMVNF�	E#� JO�WPMVNF�UJNF
�NVMUJQMJFE�CZ�
UIF�DPODFOUSBUJPO�PG�UIF�QPMMVUBOU�JO�UIF�FðVFOU�	ce#�JO�NBTT�WPMVNF
�NJOVT�
UIF�XBUFS�WPMVNF�PG�UIF�BCTUSBDUJPO�	Abstr�JO�WPMVNF�UJNF
�NVMUJQMJFE�CZ�UIF�
BDUVBM�DPODFOUSBUJPO�PG�UIF�JOUBLF�XBUFS�	cact�JO�NBTT�WPMVNF
��ɨF�HSFZ�XBUFS�
GPPUQSJOU�DBO�UIFO�CF�DBMDVMBUFE�BT�GPMMPXT�

,     effl act
proc grey

max nat max nat

Effl c Abstr cL
WF

c c c c

× − ×
= =

− −
� <WPMVNF�UJNF>� 	�


!e pollutant load L�JT�UIVT�EFëOFE�BT�UIF�MPBE�UIBU�DPNFT�PO�UPQ�PG�UIF�MPBE�
UIBU�XBT�BMSFBEZ�DPOUBJOFE�JO�UIF�SFDFJWJOH�XBUFS�CPEZ�CFGPSF� JOUFSGFSFODF�CZ�
UIF�BDUJWJUZ�DPOTJEFSFE��"O�FYBNQMF�PG� UIF�BQQMJDBUJPO�PG� UIJT�FRVBUJPO� JO�B�
DPODSFUF�DBTF�JT�HJWFO�JO�"QQFOEJY�*7��6OEFS�NPTU�DJSDVNTUBODFT�UIF�BNPVOU�PG�

Box 3.5 The concept of critical load

8IFO�UIF�MPBE�JOUP�B�áPXJOH�XBUFS�CPEZ�SFBDIFT�B�DFSUBJO�ADSJUJDBM�MPBE��UIF�
HSFZ�XBUFS�GPPUQSJOU�XJMM�CF�FRVBM�UP�UIF�SVO�PGG�XIJDI�NFBOT�UIBU�GVMM�SVO�
off is appropriated for waste assimilation. The critical load (Lcrit�JO�NBTT�UJNF
�
is the load of pollutants that will fully consume the assimilation capacity of 
UIF�SFDFJWJOH�XBUFS�CPEZ��*U�DBO�CF�DBMDVMBUFE�CZ�NVMUJQMZJOH�UIF�SVO�PGG�PG�
UIF�XBUFS�CPEZ�	R�JO�WPMVNF�UJNF
�CZ�UIF�EJGGFSFODF�CFUXFFO�UIF�NBYJNVN�
BDDFQUBCMF�BOE�OBUVSBM�DPODFOUSBUJPO�

Lcrit���R × (cmax – cnat
� <NBTT�UJNF>

5IF� DPODFQU�PG� UIF�ADSJUJDBM� MPBE�� JT� TJNJMBS� BT� UIF�AUPUBM�NBYJNVN�EBJMZ�
MPBE��	5.%-
�EFWFMPQFE�CZ�UIF�64�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�	&1"�
����B
��5IF�5.%-�DBMDVMBUFT�UIF�NBYJNVN�BNPVOU�PG�B�QPMMVUBOU�BMMPXFE�UP�
FOUFS�B�XBUFS�CPEZ�TP�UIBU�UIF�XBUFS�CPEZ�XJMM�NFFU�BOE�DPOUJOVF�UP�NFFU�
water quality standards for that particular pollutant and allocates that load 
UP�QPJOU�BOE�EJGGVTF�TPVSDFT�XIJDI�JODMVEF�CPUI�BOUISPQPHFOJD�BOE�OBUVSBM�
CBDLHSPVOE�TPVSDFT�PG�UIF�QPMMVUBOU��"OPUIFS�DPODFQU�DMPTFMZ�SFMBUFE�UP�UIF�
DPODFQU�PG�ADSJUJDBM� MPBE�� JT� UIF�DPODFQU�PG�ANBYJNVN�QFSNJTTJCMF�BEEJUJPO��
	.1"
�XIJDI�JT�EFàOFE�BT�UIF�ANBYJNVN�QFSNJTTJCMF�DPODFOUSBUJPO��	.1$
�
NJOVT� UIF� CBDLHSPVOE� DPODFOUSBUJPO� BOE� UIVT� FRVJWBMFOU� UP� cmax – cnat 
	$SPNNFOUVJKO�FU�BM�����
�
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DIFNJDBMT�EJTDIBSHFE�JOUP�B�XBUFS�CPEZ�	E# × ce#
�XJMM�CF�FRVBM�PS�MBSHFS�UIBO�UIF�
BNPVOU�BCTUSBDUFE�DIFNJDBMT�	Abstr × cact
�TP�UIF�MPBE�JT�QPTJUJWF��*O�FYDFQUJPOBM�
DJSDVNTUBODFT� 	FJUIFS� CFDBVTF� ce# < cact or because E# < Abstr
� POF� DPVME�
DBMDVMBUF�B�OFHBUJWF�MPBE�XIJDI�IBT�UP�CF�OFHMFDUFE�GPS�XBUFS�GPPUQSJOU�BDDPVOUT�
	TP�POF�TIPVME�BDDPVOU�GPS�B�[FSP�XBUFS�GPPUQSJOU�JO�TVDI�B�DBTF
��ɨF�QPTJUJWF�
DPOUSJCVUJPO�NBEF�UP�UIF�FOWJSPONFOU�JO�UIF�FYDFQUJPOBM�DBTF�PG�B�AOFHBUJWF�MPBE��
JT�UP�CF�BQQSFDJBUFE�CVU�TIPVME�OPU�CF�DPVOUFE�JO�UIF�XBUFS�GPPUQSJOU�BDDPVOUT�JO�
PSEFS�UP�TFQBSBUF�UIF�EJTDVTTJPO�PG�QPTTJCMF�XBUFS�GPPUQSJOU�DPNQFOTBUJPO�GSPN�
FYJTUJOH�QPTJUJWF�XBUFS�GPPUQSJOUT��8BUFS�GPPUQSJOU�DPNQFOTBUJPO�PS�APêTFUUJOH��
JT�B�EFCBUF�JO�JUTFMG�	TFF�#PY�����JO�$IBQUFS��
�XIJDI�TIPVME�CF�IFME�BOE�NBEF�
FYQMJDJU�OPU�IJEEFO�JO�UIF�BDDPVOUT��*U�JT�GVSUIFS�UP�CF�OPUFE�UIBU�XIFO�XBUFS�
GPS�B�DFSUBJO�QSPDFTT�JT�BCTUSBDUFE�JO�DBUDINFOU�"�XIJMF�UIF�FðVFOU�JT�EJTDIBSHFE�
JOUP�DBUDINFOU�#�POF�TIPVME�UBLF�Abstr ����GPS�UIF�DBMDVMBUJPO�PG�UIF�HSFZ�XBUFS�
GPPUQSJOU�JO�DBUDINFOU�#�

8IFO�UIFSF�JT�OP�DPOTVNQUJWF�XBUFS�VTF�JO�PUIFS�XPSET�XIFO�UIF�FðVFOU�
WPMVNF�FRVBMT�UIF�BCTUSBDUJPO�WPMVNF�BCPWF�FRVBUJPO�TJNQMJëFT�JOUP�

,
effl act

proc grey
max nat

c c
WF Effl

c c

−
= ×

−
� <WPMVNF�UJNF>� 	�


ɨF�GBDUPS�UIBU�TUBOET� JO�GSPOU�PG�E#� JT� UIF�TP�DBMMFE� AEJMVUJPO�GBDUPS��XIJDI�
SFQSFTFOUT�UIF�OVNCFS�PG�UJNFT�UIBU�UIF�FðVFOU�WPMVNF�IBT�UP�CF�EJMVUFE�XJUI�
BNCJFOU�XBUFS�JO�PSEFS�UP�BSSJWF�BU�UIF�NBYJNVN�BDDFQUBCMF�DPODFOUSBUJPO�MFWFM��
)PX�UIJT�FRVBUJPO�XPSLT�PVU�VOEFS�B�OVNCFS�PG�QBSUJDVMBS�DBTFT�JT�EJTDVTTFE�JO�
#PY������

8BUFS�SFDZDMJOH�BOE�SFVTF
'SPN�&RVBUJPO���POF�DBO�TFF� UIBU�XBUFS�SFDZDMJOH�PS�XBUFS�SFVTF�XJMM�BêFDU�
UIF�HSFZ�XBUFS� GPPUQSJOU��8IFO�o�BGUFS� USFBUNFOU�XIFO�OFDFTTBSZ�o�XBUFS� JT�
GVMMZ�SFDZDMFE�PS�SFVTFE�GPS�UIF�TBNF�PS�BOPUIFS�QVSQPTF� UIFSF� JT�OP�FðVFOU�
UP�UIF�FOWJSPONFOU�TP�UIF�HSFZ�XBUFS�GPPUQSJOU�XJMM�CF�[FSP��*G�BGUFS�POF�UJNF�
PS�B�OVNCFS�PG� UJNFT�PG� SFVTF�IPXFWFS� UIF�XBUFS� JT� TUJMM�EJTQPTFE� JOUP� UIF�
FOWJSPONFOU�UIFSF�XJMM�CF�B�HSFZ�XBUFS�GPPUQSJOU�SFMBUFE�UP�UIF�RVBMJUZ�PG�UIF�
FðVFOU�PG�DPVSTF��

8BTUFXBUFS�USFBUNFOU
8IFO�XBTUFXBUFS� JT� USFBUFE�CFGPSF� JU� JT�EJTQPTFE� JOUP� UIF�FOWJSPONFOU� UIJT�
PCWJPVTMZ�MPXFST�UIF�DPODFOUSBUJPO�PG�QPMMVUBOUT�JO�UIF�ëOBM�FðVFOU�TP�JU�XJMM�
MPXFS�UIF�HSFZ�XBUFS�GPPUQSJOU��*U�TIPVME�CF�OPUFE�UIBU�UIF�HSFZ�XBUFS�GPPUQSJOU�
PG�B�QSPDFTT�EFQFOET�PO�UIF�RVBMJUZ�PG�UIF�FðVFOU�BT�JU�JT�ëOBMMZ�EJTQPTFE�JOUP�
UIF�FOWJSPONFOU�OPU�PO�UIF�RVBMJUZ�CFGPSF�USFBUNFOU��8BTUFXBUFS� USFBUNFOU�
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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 ef"uent volume is equal (or 
DMPTF
�UP�UIF�BCTUSBDUJPO�WPMVNF�

r� �8IFO cef!���cact�UIF�BTTPDJBUFE�HSFZ�XBUFS�GPPUQSJOU�JT�OJM��5IJT�DBO�FBTJMZ�CF�
VOEFSTUPPE�CFDBVTF�UIF�DPODFOUSBUJPO�PG�UIF�SFDFJWJOH�XBUFS�CPEZ�XJMM�
remain unchanged.

r� 8IFO cef!���cmax the grey water footprint is equal to a certain fraction 
PG�UIF�FGáVFOU�WPMVNF��8IFO�JO�BEEJUJPO�cact���cnat then the grey water 
GPPUQSJOU�JT�QSFDJTFMZ�FRVBM�UP�UIF�FGáVFOU�WPMVNF��0OF�NBZ�BTL��XIZ�UIFSF�
JT�B�HSFZ�XBUFS�GPPUQSJOU�MBSHFS�UIBO�[FSP�XIFO�UIF�FGáVFOU�DPODFOUSBUJPO�
NFFUT�UIF�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSE �5IF�BOTXFS�JT�UIBU�TPNF�PG�UIF�
DBQBDJUZ�UP�BTTJNJMBUF�QPMMVUBOUT�IBT�CFFO�DPOTVNFE��%VF�UP�UIF�FGáVFOU�
UIF�DPODFOUSBUJPO�PG�UIF�DIFNJDBM�JO�UIF�SFDFJWJOH�XBUFS�CPEZ�IBT�NPWFE�
from cnat in the direction of cmax��*O�UIF�FYUSFNF�DBTF�UIBU�BMM�XBUFS�JO�B�
river is withdrawn and returned as ef"uent with a concentration equal to 
cmax�UIFO�UIF�GVMM�BTTJNJMBUJPO�DBQBDJUZ�PG�UIF�SJWFS�IBT�CFFO�DPOTVNFE�TP�
UIF�HSFZ�XBUFS�GPPUQSJOU�XPVME�CF�FRVBM�UP�UIF�UPUBM�SJWFS�SVO�PGG�

r� 8IFO�cef! < cact� UIF�DBMDVMBUFE�HSFZ�XBUFS� GPPUQSJOU�XPVME�CF�OFHBUJWF�
XIJDI�JT�FYQMBJOFE�CZ�UIF�GBDU�UIBU�UIF�FGáVFOU�JT�DMFBOFS�UIBO�UIF�JOUBLF�
water. ‘Cleaning’ when the river is actually still under natural conditions 
EPFT�OPU�NBLF�NVDI�TFOTF�CFDBVTF�TPNF�CBDLHSPVOE�DPODFOUSBUJPO�JT�
BQQBSFOUMZ�OBUVSBM�� *G�IPXFWFS�PUIFS�BDUJWJUJFT�IBWF�CSPVHIU�UIF�OBUVSBM�
DPODFOUSBUJPO�VQ�BMSFBEZ�DMFBOJOH�BDUVBMMZ�DPOUSJCVUFT� UP�CSJOHJOH� UIF�
BNCJFOU�XBUFS�RVBMJUZ�CBDL� JO� UIF�EJSFDUJPO�PG�OBUVSBM� DPOEJUJPOT� TP�
UIJT�QPTJUJWFMZ�DPOUSJCVUFT�UP�XBUFS�RVBMJUZ��)PXFWFS�DBMDVMBUFE�OFHBUJWF�
HSFZ�XBUFS�GPPUQSJOUT�IBWF�UP�CF�JHOPSFE�GSPN�UIF�BDDPVOUT�JO�PSEFS�UP�
TFQBSBUF� UIF�EJTDVTTJPO�PO�TPNFCPEZ�T�BDUVBM�QPTJUJWF�XBUFS� GPPUQSJOU�
GSPN�UIF�EJTDVTTJPO�PO�TPNFPOF�T�QPTTJCMF�SPMF�JO�UFSNT�PG�DPNQFOTBUJPO��
The issue of compensation or ‘offsetting’ of water footprints is discussed 
JO�$IBQUFS���	#PY����
�

r� 8IFO cmax����� 	UIF�DBTF�PG� B�DPNQMFUF�CBO�PG� B�IJHIMZ�QFSTJTUFOU�PS�
UPYJD�QPMMVUBOU�GPS�XIJDI�BMTP�cnat����
�BOZ�FGáVFOU�XJUI�B�DPODFOUSBUJPO�
MBSHFS�UIBO�[FSP�XJMM�DSFBUF�BO�JOàOJUFMZ�MBSHF�HSFZ�XBUFS�GPPUQSJOU��5IJT�
JOàOJUFOFTT�DPSSFTQPOET� UP� UIF�BCTPMVUF�CBO��BCTPMVUFMZ�VOBDDFQUBCMF�
NFBOT�UIF�GPPUQSJOU�HPFT�TLZ�IJHI�

r� 5IF�DBTF�PG�cmax���cnat�DSFBUFT�BO�JOàOJUFMZ�MBSHF�HSFZ�XBUFS�GPPUQSJOU�BT�
XFMM�CVU�UIJT�DBTF�XJMM�OPU�PDDVS�CFDBVTF�TFUUJOH�TUBOEBSET�FRVBM�UP�UIF�
OBUVSBM�DPODFOUSBUJPO�EPFT�OPU�NBLF�TFOTF�BOE�XJMM�OPSNBMMZ�OPU�IBQQFO�
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DBO�CSJOH�UIF�HSFZ�XBUFS� GPPUQSJOU�EPXO�UP�[FSP�XIFO�UIF�DPODFOUSBUJPOT�PG�
QPMMVUBOUT�JO�UIF�FðVFOU�BSF�FRVBM�UP�PS�MPXFS�UIBO�UIF�DPODFOUSBUJPOT�JO�UIF�
XBUFS�BT�JU�XBT�BCTUSBDUFE��"T�B�TJEF�SFNBSL�JU�JT�OPUFE�IFSF�UIBU�UIF�QSPDFTT�PG�
XBTUFXBUFS�USFBUNFOU�JO�JUTFMG�XJMM�IBWF�B�CMVF�XBUFS�GPPUQSJOU�XIFO�FWBQPSBUJPO�
UBLFT�QMBDF�EVSJOH�UIF�USFBUNFOU�QSPDFTT�JO�PQFO�CBTJOT�

'PS�UIFSNBM�QPMMVUJPO�XF�DBO�BQQMZ�B�TJNJMBS�BQQSPBDI�BT�GPS�QPMMVUJPO�CZ�
DIFNJDBMT��ɨF�HSFZ�XBUFS�GPPUQSJOU�JT�OPX�DBMDVMBUFE�BT�UIF�EJêFSFODF�CFUXFFO�
UIF�UFNQFSBUVSF�PG�BO�FðVFOU�ìPX�BOE�UIF�SFDFJWJOH�XBUFS�CPEZ�	o$
�EJWJEFE�
CZ�UIF�NBYJNVN�BDDFQUBCMF�UFNQFSBUVSF�JODSFBTF�	o$
�UJNFT�UIF�FðVFOU�WPMVNF�
	WPMVNF�UJNF
�

,
max

effl act
proc grey

nat

T T
WF Effl

T T

−
= ×

−
� <WPMVNF�UJNF>� 	�


ɨF�NBYJNVN�BDDFQUBCMF�UFNQFSBUVSF�JODSFBTF�	Tmax – Tnat
�EFQFOET�PO�UIF�UZQF�
PG�XBUFS�BOE�MPDBM�DPOEJUJPOT��*G�OP�MPDBM�HVJEFMJOF�JT�BWBJMBCMF�XF�SFDPNNFOE�
SFDLPOJOH�XJUI�B�EFGBVMU�WBMVF�PG��o$�	&6�����
�

Diffuse sources of water pollution
&TUJNBUJOH�UIF�DIFNJDBM�MPBE�JO�UIF�DBTF�PG�EJêVTF�TPVSDFT�PG�XBUFS�QPMMVUJPO�JT�
OPU�BT�TUSBJHIUGPSXBSE�BT�JO�UIF�DBTF�PG�QPJOU�TPVSDFT��8IFO�B�DIFNJDBM�JT�BQQMJFE�
PO�PS�QVU�JOUP�UIF�TPJM�BT�JO�UIF�DBTF�PG�TPMJE�XBTUF�EJTQPTBM�PS�VTF�PG�GFSUJMJ[FST�
PS�QFTUJDJEFT�JU�NBZ�IBQQFO�UIBU�POMZ�B�GSBDUJPO�TFFQT�JOUP�UIF�HSPVOEXBUFS�PS�
SVOT�Pê�PWFS�UIF�TVSGBDF�UP�B�TVSGBDF�XBUFS�TUSFBN��*O�UIJT�DBTF�UIF�QPMMVUBOU�
MPBE�JT�UIF�GSBDUJPO�PG�UIF�UPUBM�BNPVOU�PG�DIFNJDBMT�BQQMJFE�	QVU�PO�PS�JOUP�UIF�
TPJM
� UIBU�SFBDIFT�UIF�HSPVOEXBUFS�PS�TVSGBDF�XBUFS��ɨF�BNPVOU�PG�DIFNJDBMT�
BQQMJFE�DBO�CF�NFBTVSFE�CVU�UIF�GSBDUJPO�PG�BQQMJFE�DIFNJDBMT�UIBU�SFBDIFT�UIF�
HSPVOEXBUFS�PS�TVSGBDF�XBUFS�DBOOPU�CF�NFBTVSFE�TJODF�JU�FOUFST�UIF�XBUFS�JO�
B�EJêVTF�XBZ�TP�JU�JT�OPU�DMFBS�XIFSF�BOE�XIFO�UP�NFBTVSF��"T�B�TPMVUJPO�POF�
DBO�NFBTVSF�UIF�XBUFS�RVBMJUZ�BU�UIF�PVUMFU�PG�B�DBUDINFOU�CVU�EJêFSFOU�TPVSDFT�
PG�QPMMVUJPO�DPNF�UPHFUIFS� TP� UIBU� UIF�DIBMMFOHF�CFDPNFT� UP�BQQPSUJPO�UIF�
NFBTVSFE�DPODFOUSBUJPOT�UP�EJêFSFOU�TPVSDFT��ɨFSFGPSF�JU�JT�DPNNPO�QSBDUJDF�
BOE�BMTP�SFDPNNFOEFE�IFSF�UP�FTUJNBUF�UIF�GSBDUJPO�PG�BQQMJFE�DIFNJDBMT�UIBU�
FOUFS�UIF�XBUFS�TZTUFN�CZ�VTJOH�TJNQMF�PS�NPSF�BEWBODFE�NPEFMT��ɨF�TJNQMFTU�
NPEFM�JT�UP�BTTVNF�UIBU�B�DFSUBJO�ëYFE�GSBDUJPO�PG�UIF�BQQMJFE�DIFNJDBMT�ëOBMMZ�
SFBDI�UIF�HSPVOE��PS�TVSGBDF�XBUFS�

,     proc grey
max nat max nat

L Appl
WF

c c c c
α ×= =

− −
� <WPMVNF�UJNF>� 	�


ɨF�EJNFOTJPOMFTT�GBDUPS�α�TUBOET�GPS�UIF�MFBDIJOH�SVO�Pê�GSBDUJPO�EFëOFE�BT�
UIF�GSBDUJPO�PG�BQQMJFE�DIFNJDBMT�SFBDIJOH�GSFTIXBUFS�CPEJFT��ɨF�WBSJBCMF�Appl 
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SFQSFTFOUT�UIF�BQQMJDBUJPO�PG�DIFNJDBMT�PO�PS�JOUP�UIF�TPJM�JO�B�DFSUBJO�QSPDFTT�
	JO�NBTT�UJNF
��ɨJT�NPEFM�JT�UIF�TJNQMFTU�MFBTU�EFUBJMFE�NFUIPE�UP�FTUJNBUF�UIF�
HSFZ�XBUFS�GPPUQSJOU�JO�UIF�DBTF�PG�EJêVTF�QPMMVUJPO��TP�JU�JT�SFDPNNFOEFE�POMZ�
BT�UIF�EFGBVMU�NFUIPE�UP�CF�VTFE�JG�UJNF�EPFT�OPU�BMMPX�B�NPSF�EFUBJMFE�TUVEZ��
)JHIFS�MFWFMT�PG�EFUBJM�BSF�QPTTJCMF��JU�JT�QSPQPTFE�UP�EJTUJOHVJTI�UISFF�MFWFMT�PG�
EFUBJM��GSPN�5JFS���	UIF�EFGBVMU�NFUIPE
�UP�5JFS���	UIF�NPTU�EFUBJMFE�NFUIPE
��*O�
5JFST���BOE���NPSF�TQFDJëD�EBUB�BOE�BEWBODFE�NFUIPET�BSF�UP�CF�VTFE�	#PY����
��

The effect of evaporation on water quality
"�TQFDJëD� GPSN�PG� AQPMMVUJPO��DBO�PDDVS�XIFO�XBUFS�RVBMJUZ�EFUFSJPSBUFT�BT�B�
SFTVMU�PG�FWBQPSBUJPO��8IFO�B�QBSU�PG�B�XBUFS�ìPX�FWBQPSBUFT�UIF�DPODFOUSBUJPOT�
PG�DIFNJDBMT� JO� UIF�SFNBJOJOH�XBUFS�ìPX�XJMM� JODSFBTF� 	CFDBVTF�XIFO�XBUFS�
FWBQPSBUFT�UIF�DIFNJDBMT�JO�UIF�XBUFS�TUBZ�CFIJOE
��$POTJEFS�BT�BO�FYBNQMF�UIF�
DBTF�PG�IJHI�TBMU�DPODFOUSBUJPOT�JO�ESBJOBHF�XBUFS�GSPN�JSSJHBUFE�ëFMET��8IFO�

Box 3.7 Three-tier approach in estimating diffuse pollution loads

"�UISFF�UJFS�BQQSPBDI�JT�SFDPNNFOEFE�GPS�FTUJNBUJOH�EJGGVTF�QPMMVUJPO�MPBET�
similar to the one of the Intergovernmental Panel on Climate Change (IPCC) 
GPS�FTUJNBUJOH�HSFFOIPVTF�HBT�FNJTTJPOT�	*1$$�����
��'SPN�5JFS���UP���UIF�
BDDVSBDZ�JODSFBTFT�CVU�UIF�GFBTJCJMJUZ�EFDSFBTFT�

r� 5JFS���VTFT�B�àYFE�GSBDUJPO�UP�USBOTMBUF�EBUB�PO�UIF�BNPVOU�PG�DIFNJDBMT�
applied to the soil to an estimate of the amount of chemicals that enter 
UIF�HSPVOEXBUFS�PS�TVSGBDF�XBUFS�TZTUFN��5IF�GSBDUJPO�JT�UP�CF�EFSJWFE�
GSPN�FYJTUJOH�MJUFSBUVSF�BOE�NBZ�EFQFOE�PO�UIF�DIFNJDBM�DPOTJEFSFE��5IJT�
5JFS���FTUJNBUF�XJMM�TVGàDF�BT�B�àSTU�SPVHI�FTUJNBUF�CVU�PCWJPVTMZ�FYDMVEFT�
relevant factors such as soil type, agricultural practice, soil hydrology and 
JOUFSBDUJPO�CFUXFFO�EJGGFSFOU�DIFNJDBMT�JO�UIF�TPJM�

r� 5JFS���BQQMJFT�TUBOEBSEJ[FE�BOE�TJNQMJàFE�NPEFM�BQQSPBDIFT�XIJDI�DBO�
CF�VTFE�CBTFE�PO�XJEFMZ� BWBJMBCMF�EBUB� 	TVDI� BT� BHSJDVMUVSBM� OVUSJFOU�
CBMBODFT�TPJM�MPTT�EBUB�CBTJD�IZESPMPHJD�QFUSPMPHJD�BOE�IZESPNPSQIPMPHJD�
JOGPSNBUJPO
��5IFTF�TJNQMF�BOE�TUBOEBSEJ[FE�NPEFM�BQQSPBDIFT�TIPVME�CF�
derived from widely accepted and validated models.

r� 5JFS���VTFT�TPQIJTUJDBUFE�NPEFMMJOH� UFDIOJRVFT�HJWFO�UIBU� UIF�BWBJMBCMF�
SFTPVSDFT�BMMPX� JU�BOE� UIF�DIPTFO� UPQJD�SFRVJSFT� JU��8IFSFBT�EFUBJMFE�
NFDIBOJTUJD�NPEFMT� PG� DPOUBNJOBOU� áPXT� UISPVHI� TPJM� BSF� BWBJMBCMF�
UIFJS� DPNQMFYJUZ�PGUFO� SFOEFST� UIFN� JOBQQSPQSJBUF� GPS� VTF� JO�5JFS� ��
UZQF�NPEFMMJOH�PG�UIF�EJGGVTF�QPMMVUJPO�MPBE��)PXFWFS�WBMJEBUFE�FNQJSJDBM�
NPEFMT�ESJWFO�CZ�JOGPSNBUJPO�PO�GBSN�QSBDUJDFT�BOE�XIJDI�VTF�TJNQMJàFE�
TPJM�BOE�XFBUIFS�EBUB�BSF�QSFTFOUMZ�BWBJMBCMF�GPS�VTF�JO�EJGGVTF�MPBE�TUVEJFT��
5JFS���TUVEJFT�TIPVME�CF�VTFE�UP�GVSUIFS�SFàOF�5JFS���BQQSPBDIFT�
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UIFSF�JT�DPOUJOVFE�JSSJHBUJPO�XJUI�MJUUMF�ESBJOBHF�DPNQBSFE�UP�UIF�WPMVNF�PG�XBUFS�
FWBQPSBUJOH�UIF�TBMUT�OBUVSBMMZ�DPOUBJOFE�JO�UIF�JSSJHBUJPO�XBUFS�BDDVNVMBUF�JO�
UIF�TPJM�	TJODF�UIF�XBUFS�FWBQPSBUFT�OPU�UIF�TBMU
��"T�B�SFTVMU�BMTP�UIF�ESBJOBHF�
XBUFS�XJMM�IBWF�B�SFMBUJWFMZ�IJHI�TBMU�DPOUFOU��0OF�NBZ�DBMM�UIJT�AQPMMVUJPO���#VU�
PCWJPVTMZ� JU� JT�BOPUIFS�TPSU�PG�QPMMVUJPO�UIBO�XIFO�IVNBOT�BEE�DIFNJDBMT�UP�
UIF�XBUFS�CFDBVTF�JO�UIJT�DBTF�UIFSF�JT�OP�BEEJUJPO�PG�DIFNJDBMT�CZ�IVNBOT�CVU�
UIF�OBUVSBMMZ�QSFTFOU�DIFNJDBMT�HFU�DPODFOUSBUFE�CZ�XBUFS�FWBQPSBUJPO��8F�DBO�
HFOFSBMJ[F�UIJT�DBTF�UP�BMM�DBTFT�XIFSF�AXBUFS�JT�UBLFO�PVU�PG�UIF�TZTUFN�UISPVHI�
FWBQPSBUJPO���*U�BMTP�IBQQFOT� GPS� JOTUBODF� JO�BSUJëDJBM�SFTFSWPJST�XIFSF�XBUFS�
evaporates and chemicals accumulate. 

*ODSFBTJOH� UIF� DIFNJDBM� DPODFOUSBUJPO� JO� B�XBUFS�CPEZ�CZ� AUBLJOH�XBUFS�
PVU�UISPVHI�FWBQPSBUJPO�XIJMF�MFBWJOH�UIF�DIFNJDBMT�JO��JT�FêFDUJWFMZ�UIF�TBNF�
BT�BEEJOH�B�DFSUBJO�BEEJUJPOBM� MPBE��*G�POF�UBLFT�PVU�9�N��PG�QVSF�XBUFS� UIF�
AFRVJWBMFOU�MPBE��JT�9�N��UJNFT�UIF�OBUVSBM�DPODFOUSBUJPO�JO�UIF�XBUFS�CPEZ�	cnat 
in mass per m�
��ɨF�AFRVJWBMFOU�MPBE��PG�9�¨�cnat�	FYQSFTTFE�BT�B�NBTT
�JT�OBUVSBM�
CVU�OP� MPOHFS�FNCFEEFE�JO�OBUVSBM�XBUFS�CFDBVTF�UIF�XBUFS�XBT�UBLFO�BXBZ�
	JU�FWBQPSBUFE
��ɨJT� AFRVJWBMFOU� MPBE��IBT� UP�CF�BTTJNJMBUFE�CZ�PUIFS�OBUVSBM�
XBUFS��ɨF�HSFZ�XBUFS�GPPUQSJOU�SFMBUFE�UP�UIJT�AFRVJWBMFOU�MPBE��DBO�CF�DBMDVMBUFE�
XJUI�UIF�TUBOEBSE�FRVBUJPO�XIFSFCZ�UIF�HSFZ�XBUFS� GPPUQSJOU� JT�FRVBM� UP�UIF�
AFRVJWBMFOU�MPBE��EJWJEFE�CZ�UIF�EJêFSFODF�CFUXFFO�UIF�NBYJNVN�BOE�OBUVSBM�
DPODFOUSBUJPO�	&RVBUJPO��
��ɨJT�HSFZ�XBUFS�GPPUQSJOU�XJMM�DPNF�PO�UPQ�PG�HSFZ�
XBUFS�GPPUQSJOUT�JO�UIF�DBUDINFOU�SFMBUFE�UP�SFBM�MPBET�	JO�PUIFS�XPSET�DIFNJDBM�
MPBET�BEEFE�CZ�IVNBO�BDUJWJUJFT
��

Integration over time and different pollutants
%BJMZ�WBMVFT�GPS�UIF�HSFZ�XBUFS�GPPUQSJOU�DBO�CF�BEEFE�PWFS�UIF�ZFBS�UP�HFU�BOOVBM�
WBMVFT��8IFO�B�XBTUF�ìPX�DPODFSOT�NPSF� UIBO�POF� GPSN�PG�QPMMVUJPO�BT� JT�
HFOFSBMMZ�UIF�DBTF�UIF�HSFZ�XBUFS�GPPUQSJOU�JT�EFUFSNJOFE�CZ�UIF�QPMMVUBOU�UIBU�
JT�NPTU�DSJUJDBM� � UIBU� JT� UIF�POF�UIBU� JT�BTTPDJBUFE�XJUI�UIF� MBSHFTU�QPMMVUBOU�
TQFDJëD�HSFZ�XBUFS� GPPUQSJOU��'PS�UIF�QVSQPTF�PG�ëOEJOH�BO�PWFSBMM� JOEJDBUPS�
PG�XBUFS�QPMMVUJPO�UIF�HSFZ�XBUFS�GPPUQSJOU�CBTFE�PO�UIF�DSJUJDBM�TVCTUBODF� JT�
TVïDJFOU��*G�POF�JT�JOUFSFTUFE�JO�UIF�QPMMVUBOU�TQFDJëD�HSFZ�XBUFS�GPPUQSJOUT�POF�
DBO�PG�DPVSTF�SFQPSU�UIPTF�WBMVFT�TFQBSBUFMZ��'PS�GPSNVMBUJOH�SFTQPOTF�NFBTVSFT�
UBSHFUFE�BU� TQFDJëD�QPMMVUBOUT� UIJT� JT�PG�DPVSTF�WFSZ�SFMFWBOU��'PS� UIF�PWFSBMM�
QJDUVSF�PG�QPMMVUJPO�IPXFWFS�TIPXJOH�UIF�HSFZ�XBUFS�GPPUQSJOU�GPS�UIF�DSJUJDBM�
substance is good enough.

"T�B�ëOBM�OPUF� JU� JT�PCTFSWFE�IFSF�UIBU�HSFZ�XBUFS�GPPUQSJOUT�BSF�NFBTVSFE�
CBTFE�PO�UIF�	IVNBO�JOEVDFE
�MPBET�UIBU�enter into�GSFTIXBUFS�CPEJFT�OPU�PO�UIF�
CBTJT�PG�UIF�MPBET�UIBU�DBO�ëOBMMZ�CF�NFBTVSFE�JO�UIF�SJWFS�PS�HSPVOEXBUFS�ìPX�BU�
some downstream�QPJOU��4JODF�XBUFS�RVBMJUZ�FWPMWFT�PWFS�UJNF�BOE�JO�UIF�DPVSTF�PG�
UIF�XBUFS�ìPX�BT�B�SFTVMU�PG�OBUVSBM�QSPDFTTFT�UIF�MPBE�PG�B�DFSUBJO�DIFNJDBM�BU�B�
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EPXOTUSFBN�QPJOU�DBO�CF�EJTUJODUMZ�EJêFSFOU�GSPN�UIF�TVN�PG�UIF�MPBET�UIBU�PODF�
FOUFSFE�UIF�TUSFBN�	VQTUSFBN
��ɨF�DIPJDF�UP�NFBTVSF�UIF�HSFZ�XBUFS�GPPUQSJOU�
BU� UIF�QPJOU�XIFSF�QPMMVUBOUT�FOUFS� UIF�HSPVOEXBUFS�PS�TVSGBDF�XBUFS�TZTUFN�
has the advantage that it is relatively simple – because one does not need to 
NPEFM�UIF�QSPDFTTFT�UIBU�DIBOHF�XBUFS�RVBMJUZ�BMPOH�UIF�SJWFS�o�BOE�TBGF�o�CFDBVTF�
XBUFS�RVBMJUZ�NBZ�JNQSPWF�BMPOH�UIF�ìPX�PG�B�SJWFS�CZ�EFDBZ�QSPDFTTFT�o�CVU�JU�JT�
VODMFBS�XIZ�POF�TIPVME�UBLF�JNQSPWFE�XBUFS�RVBMJUZ�EPXOTUSFBN�BT�BO�JOEJDBUPS�
JOTUFBE�PG�NFBTVSJOH�UIF�JNNFEJBUF�JNQBDU�PG�B�MPBE�BU�UIF�QPJOU�XIFSF�JU�FOUFST�
UIF�TZTUFN��8IJMF�UIF�HSFZ�XBUFS�GPPUQSJOU�JOEJDBUPS�UIVT�EPFT�OPU�BDDPVOU�GPS�
OBUVSBM�QSPDFTTFT�UIBU�NBZ�JNQSPWF�XBUFS�RVBMJUZ�BMPOH�UIF�XBUFS�ìPX�JU�EPFT�
BMTP�OPU�BDDPVOU�GPS�QSPDFTTFT�UIBU�DPOTJEFS�UIF�DPNCJOFE�FêFDU�PG�QPMMVUBOUT�
XIJDI�NBZ�TPNFUJNFT�CF�HSFBUFS�UIBO�XIBU�POF�NBZ�FYQFDU�PO�UIF�CBTJT�PG�UIF�
DPODFOUSBUJPOT�PG�DIFNJDBMT�XIFO�DPOTJEFSFE�TFQBSBUFMZ��*O�UIF�FOE�UIF�HSFZ�
XBUFS�GPPUQSJOU�TUSPOHMZ�EFQFOET�PO�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSET�	NBYJNVN�
BDDFQUBCMF�DPODFOUSBUJPOT
�XIJDI�JT�SFBTPOBCMF�HJWFO�UIF�GBDU�UIBU�TVDI�TUBOEBSET�
BSF�TFU�CBTFE�PO�UIF�CFTU�BWBJMBCMF�LOPXMFEHF�BCPVU�UIF�QPTTJCMF�IBSNGVM�FêFDUT�PG�
DIFNJDBMT�JODMVEJOH�UIFJS�QPTTJCMF�JOUFSBDUJPO�XJUI�PUIFS�DIFNJDBMT��

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

.BOZ�QSPEVDUT�DPOUBJO�JOHSFEJFOUT�GSPN�BHSJDVMUVSF�PS�GPSFTUSZ��$SPQT�BSF�VTFE�
GPS�GPPE�GFFE�ëCSF�GVFM�PJMT�TPBQT�DPTNFUJDT�BOE�TP�PO��8PPE�GSPN�USFFT�BOE�
TISVCT� JT�VTFE�GPS� UJNCFS�QBQFS�BOE�GVFM��4JODF�UIF�BHSJDVMUVSBM�BOE�GPSFTUSZ�
TFDUPST�BSF�NBKPS�XBUFS�DPOTVNJOH�TFDUPST�QSPEVDUT�UIBU�JOWPMWF�BHSJDVMUVSF�PS�
GPSFTUSZ�JO�UIFJS�QSPEVDUJPO�TZTUFN�XJMM�PGUFO�IBWF�B�TJHOJëDBOU�XBUFS�GPPUQSJOU��
'PS�BMM�UIPTF�QSPEVDUT�JU�JT�SFMFWBOU�UP�QBSUJDVMBSMZ�MPPL�JOUP�UIF�XBUFS�GPPUQSJOU�
PG�UIF�QSPDFTT�PG�HSPXJOH�UIF�DSPQ�PS�USFF��ɨJT�TFDUJPO�EJTDVTTFT�UIF�EFUBJMT�PG�
BTTFTTJOH�UIF�QSPDFTT�XBUFS�GPPUQSJOU�PG�HSPXJOH�DSPQT�PS�USFFT��ɨF�NFUIPE�JT�
BQQMJDBCMF�UP�CPUI�BOOVBM�BOE�QFSFOOJBM�DSPQT�XIFSF�USFFT�DBO�CF�DPOTJEFSFE�B�
QFSFOOJBM�DSPQ��*O�UIF�GPMMPXJOH�UIF�UFSN�ADSPQ��JT�VTFE�JO�B�CSPBE�TFOTF�UIVT�
BMTP�JODMVEJOH�AUSFFT��HSPXO�GPS�UIF�XPPE�

ɨF�UPUBM�XBUFS�GPPUQSJOU�PG�UIF�QSPDFTT�PG�HSPXJOH�DSPQT�PS�USFFT�	WFproc
�JT�
UIF�TVN�PG�UIF�HSFFO�CMVF�BOE�HSFZ�DPNQPOFOUT�

, , ,proc proc green proc blue proc greyWF WF WF WF= + + � <WPMVNF�NBTT>� 	�


8F�XJMM�FYQSFTT�BMM�QSPDFTT�XBUFS�GPPUQSJOUT�JO�UIJT�TFDUJPO�QFS�VOJU�PG�QSPEVDU�
OBNFMZ�JO�XBUFS�WPMVNF�QFS�NBTT��6TVBMMZ�XF�FYQSFTT�QSPDFTT�XBUFS�GPPUQSJOUT�JO�
BHSJDVMUVSF�PS�GPSFTUSZ�BT�N��UPO�XIJDI�JT�FRVJWBMFOU�UP�MJUSF�LH�
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ɨF�HSFFO�DPNQPOFOU� JO�UIF�QSPDFTT�XBUFS�GPPUQSJOU�PG�HSPXJOH�B�DSPQ�PS�
USFF�	WFproc,green�N��UPO
�JT�DBMDVMBUFE�BT�UIF�HSFFO�DPNQPOFOU�JO�DSPQ�XBUFS�VTF�
	CWUgreen�N��IB
�EJWJEFE�CZ�UIF�DSPQ�ZJFME�	Y�UPO�IB
��ɨF�CMVF�DPNQPOFOU�
	WFproc,blue�N��UPO
�JT�DBMDVMBUFE�JO�B�TJNJMBS�XBZ�

,
green

proc green

CWU
WF

Y
= � <WPMVNF�NBTT>� 	�


,
blue

proc blue

CWU
WF

Y
= � <WPMVNF�NBTT>� 	��


:JFMET�GPS�BOOVBM�DSPQT�DBO�CF�UBLFO�BT�HJWFO�JO�ZJFME�TUBUJTUJDT��*O�UIF�DBTF�PG�
QFSFOOJBM� DSPQT�POF� TIPVME�DPOTJEFS� UIF� BWFSBHF� BOOVBM�ZJFME�PWFS� UIF� GVMM�
MJGFTQBO�PG�UIF�DSPQ��*O�UIJT�XBZ�POF�BDDPVOUT�GPS�UIF�GBDU�UIBU�UIF�ZJFME�JO�UIF�
JOJUJBM�ZFBS�PG�QMBOUJOH�JT�MPX�PS�[FSP�UIBU�ZJFMET�BSF�IJHIFTU�BGUFS�TPNF�ZFBST�BOE�
UIBU�ZJFMET�PGUFO�HP�EPXO�BU�UIF�FOE�PG�UIF�MJGF�TQBO�PG�B�QFSFOOJBM�DSPQ��"MTP�GPS�
UIF�DSPQ�XBUFS�VTF�POF�OFFET�UP�UBLF�UIF�BWFSBHF�BOOVBM�DSPQ�XBUFS�VTF�PWFS�UIF�
MJGF�TQBO�PG�UIF�DSPQ�

ɨF�HSFZ�DPNQPOFOU�JO�UIF�XBUFS�GPPUQSJOU�PG�HSPXJOH�B�DSPQ�PS�USFF�	WFproc,grey�
m��UPO
� JT�DBMDVMBUFE�BT� UIF�DIFNJDBM�BQQMJDBUJPO�SBUF�UP�UIF�ëFME�QFS�IFDUBSF�
	AR�LH�IB
�UJNFT�UIF� MFBDIJOH�SVO�Pê�GSBDUJPO�	α
�EJWJEFE�CZ�UIF�NBYJNVN�
BDDFQUBCMF�DPODFOUSBUJPO�	cmax�LH�N�
�NJOVT�UIF�OBUVSBM�DPODFOUSBUJPO�GPS�UIF�
QPMMVUBOU�DPOTJEFSFE�	cnat�LH�N�
�BOE�UIFO�EJWJEFE�CZ�UIF�DSPQ�ZJFME�	Y�UPO�IB
�

( ) ( )max
,

nat
proc grey

AR c c
WF

Y

α × −
= �� <WPMVNF�NBTT>� 	��


ɨF�QPMMVUBOUT�HFOFSBMMZ�DPOTJTU�PG�GFSUJMJ[FST�	OJUSPHFO�QIPTQIPSVT�BOE�TP�PO
�
QFTUJDJEFT�BOE�JOTFDUJDJEFT��0OF�IBT�UP�DPOTJEFS�POMZ�UIF�AXBTUF�ìPX��UP�GSFTIXBUFS�
CPEJFT�XIJDI� JT�HFOFSBMMZ�B� GSBDUJPO�PG� UIF� UPUBM�BQQMJDBUJPO�PG� GFSUJMJ[FST�PS�
QFTUJDJEFT�UP�UIF�ëFME��0OF�OFFET�UP�BDDPVOU�GPS�POMZ�UIF�NPTU�DSJUJDBM�QPMMVUBOU�
UIBU�JT�UIF�QPMMVUBOU�XIFSF�BCPWF�DBMDVMBUJPO�ZJFMET�UIF�IJHIFTU�XBUFS�WPMVNF��

ɨF� HSFFO� BOE� CMVF� DPNQPOFOUT� JO� DSPQ� XBUFS� VTF� 	CWU� N��IB
� BSF�
DBMDVMBUFE�CZ�BDDVNVMBUJPO�PG�EBJMZ�FWBQPUSBOTQJSBUJPO�	ET�NN�EBZ
�PWFS�UIF�
DPNQMFUF�HSPXJOH�QFSJPE�

lgp

1

10green green
d

CWU ET
=

= ×∑ � <WPMVNF�BSFB>� 	��


lgp

1

10blue blue
d

CWU ET
=

= ×∑
 

<WPMVNF�BSFB>� 	��
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JO�XIJDI�ETgreen�SFQSFTFOUT�HSFFO�XBUFS�FWBQPUSBOTQJSBUJPO�BOE�ETblue�CMVF�XBUFS�
FWBQPUSBOTQJSBUJPO��ɨF�GBDUPS����JT�NFBOU�UP�DPOWFSU�XBUFS�EFQUIT�JO�NJMMJNFUSFT�
JOUP�XBUFS�WPMVNFT�QFS�MBOE�TVSGBDF�JO�N��IB��ɨF�TVNNBUJPO�JT�EPOF�PWFS�UIF�
QFSJPE�GSPN�UIF�EBZ�PG�QMBOUJOH�	EBZ��
�UP�UIF�EBZ�PG�IBSWFTU�	lgp�TUBOET�GPS�MFOHUI�
PG�HSPXJOH�QFSJPE�JO�EBZT
��4JODF�EJêFSFOU�DSPQ�WBSJFUJFT�DBO�IBWF�TVCTUBOUJBM�
EJêFSFODFT� JO� UIF� MFOHUI�PG� UIF�HSPXJOH�QFSJPE� UIJT� GBDUPS�DBO�TJHOJëDBOUMZ�
JOìVFODF�UIF�DBMDVMBUFE�DSPQ�XBUFS�VTF��'PS�QFSNBOFOU�	QFSFOOJBM
�DSPQT�BOE�
QSPEVDUJPO�GPSFTU�POF�TIPVME�BDDPVOU�GPS�UIF�FWBQPUSBOTQJSBUJPO�UISPVHIPVU�
UIF�ZFBS��#FTJEFT�JO�PSEFS�UP�BDDPVOU�GPS�EJêFSFODFT�JO�FWBQPUSBOTQJSBUJPO�PWFS�
UIF� GVMM� MJGFTQBO�PG�B�QFSNBOFOU�DSPQ�PS� USFF�POF�TIPVME� MPPL�BU� UIF�BOOVBM�
BWFSBHF�PG�FWBQPUSBOTQJSBUJPO�PWFS�UIF�GVMM�MJGFTQBO�PG�UIF�DSPQ�PS�USFF��4VQQPTF�
GPS�FYBNQMF�UIBU�B�DFSUBJO�QFSFOOJBM�DSPQ�IBT�B�MJGFTQBO�PG����ZFBST�XIJMF�JU�HJWFT�
B�ZJFME�POMZ�GSPN�UIF�TJYUI�ZFBS�PO��*O�UIJT�DBTF�UIF�DSPQ�XBUFS�VTF�PWFS�UIF����
ZFBST�OFFET�UP�CF�EJWJEFE�PWFS�UIF�UPUBM�ZJFME�PWFS�UIF����ZFBST�PG�QSPEVDUJPO��
ɨF�AHSFFO��DSPQ�XBUFS�VTF�SFQSFTFOUT�UIF�UPUBM�SBJOXBUFS�FWBQPSBUFE�GSPN�UIF�
ëFME�EVSJOH�UIF�HSPXJOH�QFSJPE��UIF� ACMVF��DSPQ�XBUFS�VTF�SFQSFTFOUT�UIF�UPUBM�
JSSJHBUJPO�XBUFS�FWBQPSBUFE�GSPN�UIF�ëFME��

&WBQPUSBOTQJSBUJPO�GSPN�B�ëFME�DBO�CF�FJUIFS�NFBTVSFE�PS�FTUJNBUFE�CZ�NFBOT�
PG�B�NPEFM�CBTFE�PO�FNQJSJDBM�GPSNVMBT��.FBTVSJOH�FWBQPUSBOTQJSBUJPO�JT�DPTUMZ�
BOE�VOVTVBM��(FOFSBMMZ�POF�FTUJNBUFT�FWBQPUSBOTQJSBUJPO�JOEJSFDUMZ�CZ�NFBOT�
PG�B�NPEFM�UIBU�VTFT�EBUB�PO�DMJNBUF�TPJM�QSPQFSUJFT�BOE�DSPQ�DIBSBDUFSJTUJDT�BT�
JOQVU��ɨFSF�BSF�NBOZ�BMUFSOBUJWF�XBZT�UP�NPEFM�ET�BOE�DSPQ�HSPXUI��0OF�PG�
UIF�NPEFMT�GSFRVFOUMZ�VTFE�JT�UIF�&1*$�NPEFM�	8JMMJBNT�FU�BM�������8JMMJBNT�
����
�BMTP�BWBJMBCMF�JO�HSJE�CBTFE�GPSN�	-JV�FU�BM�����
��"OPUIFS�NPEFM�JT�UIF�
$3018"5�NPEFM�EFWFMPQFE�CZ�UIF�'PPE�BOE�"HSJDVMUVSF�0SHBOJ[BUJPO�PG�UIF�
6OJUFE�/BUJPOT�	'"0�����C
�XIJDI�JT�CBTFE�PO�UIF�NFUIPE�EFTDSJCFE�JO�"MMFO�
FU�BM�	����
��:FU�BOPUIFS�NPEFM�JT�UIF�"26"$301�NPEFM�TQFDJëDBMMZ�EFWFMPQFE�
GPS�FTUJNBUJOH�DSPQ�HSPXUI�BOE�ET�VOEFS�XBUFS�EFëDJU�DPOEJUJPOT�	'"0�����F
��

ɨF�$3018"5�NPEFM� PêFST� UXP�EJêFSFOU� PQUJPOT� UP� DBMDVMBUF� FWBQP�
USBOTQJSBUJPO��UIF�ADSPQ�XBUFS�SFRVJSFNFOU�PQUJPO��	BTTVNJOH�PQUJNBM�DPOEJUJPOT
�
BOE�UIF�AJSSJHBUJPO�TDIFEVMF�PQUJPO��	JODMVEJOH�UIF�QPTTJCJMJUZ�UP�TQFDJGZ�BDUVBM�
JSSJHBUJPO�TVQQMZ�JO�UJNF
��8F�SFDPNNFOE�UP�BQQMZ�UIF�TFDPOE�PQUJPO�XIFOFWFS�
QPTTJCMF�CFDBVTF� JU� JT�BQQMJDBCMF� GPS�CPUI�PQUJNBM�BOE�OPO�PQUJNBM�HSPXJOH�
DPOEJUJPOT�BOE�CFDBVTF� JU� JT�NPSF�BDDVSBUF�	BT�UIF�VOEFSMZJOH�NPEFM� JODMVEFT�
B�EZOBNJD�TPJM�XBUFS�CBMBODF
��"�DPNQSFIFOTJWF�NBOVBM� GPS�UIF�QSBDUJDBM�VTF�
PG� UIF�$3018"5�QSPHSBN� JT� BWBJMBCMF� POMJOF� 	'"0�����C
��"QQFOEJY� *�
TVNNBSJ[FT�IPX�UP�VTF�UIF�ADSPQ�XBUFS�SFRVJSFNFOU�PQUJPO��UP�FTUJNBUF�HSFFO�
BOE�CMVF�XBUFS�FWBQPUSBOTQJSBUJPO�VOEFS�PQUJNBM�DPOEJUJPOT��JU�BMTP�TVNNBSJ[FT�
UIF�AJSSJHBUJPO�TDIFEVMF�PQUJPO��UIBU�DBO�CF�BQQMJFE�GPS�BMM�DPOEJUJPOT��"�QSBDUJDBM�
FYBNQMF�PG�UIF�DBMDVMBUJPO�PG�UIF�QSPDFTT�XBUFS�GPPUQSJOU�PG�HSPXJOH�B�DSPQ�JT�
HJWFO�JO�"QQFOEJY�**�
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&TUJNBUJOH�UIF�HSFFO�CMVF�BOE�HSFZ�XBUFS�GPPUQSJOUT�PG�HSPXJOH�B�DSPQ�SFRVJSFT�
B�MBSHF�OVNCFS�PG�EBUB�TPVSDFT�	#PY����
��*O�HFOFSBM� JU� JT�BMXBZT�QSFGFSBCMF�UP�
ëOE� MPDBM�EBUB�QFSUBJOJOH� UP� UIF�DSPQ�ëFME� MPDBUJPO�� *O�NBOZ�DBTFT� JU� JT� UPP�
MBCPSJPVT�UP�DPMMFDU�MPDBUJPO�TQFDJëD�EBUB�HJWFO�UIF�QVSQPTF�PG�UIF�BTTFTTNFOU��*G�
UIF�QVSQPTF�PG�UIF�BTTFTTNFOU�BMMPXT�B�SPVHI�FTUJNBUF�POF�DBO�EFDJEF�UP�XPSL�
XJUI�EBUB�GSPN�OFBSCZ�MPDBUJPOT�PS�XJUI�SFHJPOBM�PS�OBUJPOBM�BWFSBHFT�UIBU�NBZ�
be more easily available.

*O�UIF�BCPWF�DBMDVMBUJPOT�XF�IBWF�OPU�ZFU�BDDPVOUFE�GPS�UIF�HSFFO�BOE�CMVF�
XBUFS� JODPSQPSBUFE�JOUP�UIF�IBSWFTUFE�DSPQ��0OF�DBO�ëOE�UIBU�DPNQPOFOU�PG�
UIF�XBUFS� GPPUQSJOU�CZ�TJNQMZ� MPPLJOH�BU� UIF�XBUFS� GSBDUJPO�PG� UIF�IBSWFTUFE�
DSPQ��'PS�GSVJUT�UIJT�JT�UZQJDBMMZ�JO�UIF�SBOHF�PG���o���QFS�DFOU�PG�UIF�XFU�NBTT�
GPS�WFHFUBCMFT�PGUFO���o���QFS�DFOU��ɨF�HSFFO�CMVF� SBUJP� JO� UIF�XBUFS� UIBU�
JT� JODPSQPSBUFE� JO�UIF�DSPQ�DBO�CF�BTTVNFE�FRVBM� UP�UIF�SBUJP�PG�CWUgreen to 
CWUblue��)PXFWFS�BEEJOH�JODPSQPSBUFE�XBUFS�UP�FWBQPSBUFE�XBUFS�XJMM�BEE�MJUUMF�
UP�UIF�ëOBM�XBUFS�GPPUQSJOU�OVNCFS�CFDBVTF�JODPSQPSBUFE�XBUFS�JT�UZQJDBMMZ�JO�
UIF�PSEFS�PG�����QFS�DFOU�PG�UIF�FWBQPSBUFE�XBUFS�VQ�UP���QFS�DFOU�BU�NPTU�

*O�UIJT�TFDUJPO�XF�IBWF�MPPLFE�JOUP�UIF�DBMDVMBUJPO�PG�UIF�XBUFS�GPPUQSJOU�PG�
HSPXJOH�B�DSPQ�JO�UIF�ëFME��ɨF�CMVF�XBUFS�GPPUQSJOU�DBMDVMBUFE�IFSF�SFGFST�UP�
UIF�FWBQPUSBOTQJSBUJPO�PG�JSSJHBUJPO�XBUFS�GSPN�UIF�DSPQ�ëFME�POMZ��*U�FYDMVEFT�
UIF�FWBQPSBUJPO�PG�XBUFS�GSPN�BSUJëDJBM�TVSGBDF�XBUFS�SFTFSWPJST�CVJMU�GPS�TUPSJOH�
JSSJHBUJPO�XBUFS�BOE�UIF�FWBQPSBUJPO�PG�XBUFS�GSPN�USBOTQPSU�DBOBMT�UIBU�CSJOH�
UIF�JSSJHBUJPO�XBUFS�GSPN�UIF�QMBDF�PG�BCTUSBDUJPO�UP�UIF�ëFME��8BUFS�TUPSBHF�BOE�
USBOTQPSU�BSF�UXP�QSPDFTTFT�UIBU�QSFDFEF�UIF�QSPDFTT�PG�HSPXJOH�UIF�DSPQ�JO�UIF�
ëFME�BOE�IBWF�UIFJS�PXO�XBUFS�GPPUQSJOU�	'JHVSF����
��ɨF�FWBQPSBUJPO�MPTTFT�JO�
UIFTF�UXP�QSFDFEJOH�QSPDFTT�TUFQT�DBO�CF�WFSZ�TJHOJëDBOU�BOE�TIPVME�JEFBMMZ�CF�
JODMVEFE�XIFO�POF�JT�JOUFSFTUFE�JO�UIF�QSPEVDU�XBUFS�GPPUQSJOU�PG�UIF�IBSWFTUFE�
crop.

Figure 3.6 5IF�TVCTFRVFOU�QSPDFTTFT�JO�JSSJHBUJPO��TUPSJOH�XBUFS�USBOTQPSU�PG�
XBUFS�JSSJHBUJPO�PO�UIF�àFME��&BDI�QSPDFTT�TUFQ�IBT�JUT�PXO�XBUFS�GPPUQSJOU
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Box 3.8 Data sources for the calculation of the water footprint of ‘growing a crop’

r� $MJNBUF�EBUB��5IF�DBMDVMBUJPO�TIPVME�CF�EPOF�VTJOH�DMJNBUF�EBUB�GSPN�
the nearest and most representative meteorological station(s) located 
OFBS� UIF�DSPQ�àFME�DPOTJEFSFE�PS�XJUIJO�PS�OFBS� UIF�DSPQ�QSPEVDJOH�
region considered. For regions with more than one climate station, one 
DBO�NBLF�DBMDVMBUJPOT�GPS�FBDI�TUBUJPO�BOE�XFJHI�UIF�PVUQVUT��5IF�DMJNBUF�
EBUBCBTF�$-*.8"5�����	'"0�����B
�QSPWJEFT�UIF�DMJNBUJD�EBUB�OFFEFE�
JO� UIF�BQQSPQSJBUF� GPSNBU�SFRVJSFE�CZ� UIF�$3018"5�����NPEFM��5IF�
EBUBCBTF�EPFT�OPU�QSPWJEF�EBUB�GPS�TQFDJàD�ZFBST�CVU����ZFBS�BWFSBHFT��
"OPUIFS�TPVSDF�JT�-PD$MJN�����	'"0�����
�XIJDI�QSPWJEFT�FTUJNBUFT�PG�
BWFSBHF�DMJNBUJD�DPOEJUJPOT�BU� MPDBUJPOT� GPS�XIJDI�OP�PCTFSWBUJPOT�BSF�
BWBJMBCMF��0OF�DBO�BMTP�VTF�HSJE�CBTFE�DMJNBUF�EBUBCBTFT��NPOUIMZ�WBMVFT�
PG�NBKPS�DMJNBUJD�QBSBNFUFST�XJUI�B�TQBUJBM�SFTPMVUJPO�PG����BSD�NJOVUF�
DBO�CF�PCUBJOFE� GSPN�$36�54����� UISPVHI�UIF�$(*"3�$4*�(FP1PSUBM�
	.JUDIFMM�BOE�+POFT�����
��5IF�64�/BUJPOBM�$MJNBUJD�%BUB�$FOUSF�QSPWJEFT�
EBJMZ�DMJNBUJD�EBUB�GPS�B�MBSHF�OVNCFS�PG�TUBUJPOT�HMPCBMMZ�	/$%$�����
��
*O�BEEJUJPO�'"0�QSPWJEFT�UISPVHI� JUT�(FP/FUXPSL�XFCTJUF� MPOH�UFSN�
average precipitation and reference evapotranspiration with a spatial 
SFTPMVUJPO�PG����BSD�NJOVUF�	'"0�����H
�

r� $SPQ�QBSBNFUFST��$SPQ�DPFGàDJFOUT�BOE�DSPQQJOH�QBUUFSO� 	QMBOUJOH�
BOE�IBSWFTUJOH�EBUFT
�DBO�CFTU�CF�UBLFO�GSPN�MPDBM�EBUB��5IF�DSPQ�WBSJFUZ�
BOE�TVJUBCMF�HSPXJOH�QFSJPE�GPS�B�QBSUJDVMBS�UZQF�PG�DSPQ�MBSHFMZ�EFQFOET�
upon the climate and many other factors such as local customs, traditions, 
TPDJBM�TUSVDUVSF�FYJTUJOH�OPSNT�BOE�QPMJDJFT��5IFSFGPSF�UIF�NPTU�SFMJBCMF�
DSPQ�EBUB�BSF�UIF�EBUB�PCUBJOFE�GSPN�MPDBM�BHSJDVMUVSBM�SFTFBSDI�TUBUJPOT��
(MPCBM�EBUBCBTFT�UIBU�DBO�CF�VTFE�BSF��"MMFO�FU�BM� 	�����5BCMFT���m��
�
'"0�	����C
�64%"�	����
��'"0�T�POMJOF�(MPCBM� *OGPSNBUJPO�BOE�&BSMZ�
8BSOJOH�4ZTUFN�	(*&84
�QSPWJEFT�DSPQ�DBMFOEBST� GPS�NBKPS�DSPQT� GPS�
EFWFMPQJOH�DPVOUSJFT��0OF�DBO�BDDFTT�UIF�[JQQFE�DSPQ�DBMFOEBS�JNBHFT�GPS�
FBDI�DPOUJOFOU�EJSFDUMZ�GSPN�UIF�XFC�	'"0�����G
��

r� $SPQ�NBQT��$SPQ�IBSWFTU�BSFBT�BOE�ZJFMET�GPS�����DSPQT�BU���BSD�NJOVUF�
HSJE�DFMM�SFTPMVUJPO�BSF�BWBJMBCMF�GSPN�UIF�XFCTJUF�PG�UIF�-BOE�6TF�BOE�
(MPCBM�&OWJSPONFOUBM�$IBOHF�SFTFBSDI�HSPVQ�%FQBSUNFOU�PG�(FPHSBQIZ�
.D(JMM�6OJWFSTJUZ�	.POGSFEB�FU�BM�����
�

r� $SPQ� ZJFMET��:JFME� EBUB� DBO� CFTU� CF� PCUBJOFE� MPDBMMZ� BU� UIF� TQBUJBM�
SFTPMVUJPO�MFWFM�SFRVJSFE��0OF�IBT�UP�NBLF�TVSF�UIBU�JU�JT�DMFBS�IPX�ZJFMET�
BSF�NFBTVSFE�	GPS�FYBNQMF�XIBU�QBSU�PG�UIF�DSPQ�ESZ�PS�XFU�XFJHIU
��"�
HMPCBM�EBUBCBTF�JT�BWBJMBCMF�UISPVHI�UIF�'"0�	����E
�

r� 4PJM�NBQT�� *43*$�8*4&� QSPWJEFT� B� HMPCBM� EBUB� TFU� GPS� EFSJWFE� TPJM�
QSPQFSUJFT�CPUI�BU���BSD�NJOVUF�BOE����BSD�NJOVUF�SFTPMVUJPO�	#BUKFT�
����
�� *O�BEEJUJPO� UIF�'"0�(FP/FUXPSL�XFCTJUF�QSPWJEFT�NBYJNVN�
BWBJMBCMF� TPJM�NPJTUVSF�EBUB� BU��� BSD�NJOVUF� SFTPMVUJPO� 	'"0�����I
��
8IFO�BQQMZJOH�UIF�AJSSJHBUJPO�TDIFEVMF�PQUJPO��JO�UIF�$3018"5�NPEFM�
POF�OFFET�TPJM�EBUB�� JG�OP�TPJM�EBUB�BSF�BWBJMBCMF�XF�BEWJTF� UP�DIPPTF�
‘medium soil’ as a default.
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r� *SSJHBUJPO�NBQT��5IF�(MPCBM�.BQ�PG� *SSJHBUJPO�"SFBT� 	(.*"
�WFSTJPO�
������	4JFCFSU�FU�BM�����
�XJUI�B�TQBUJBM�SFTPMVUJPO�PG���BSD�NJOVUF�EFàOFT�
BSFBT�FRVJQQFE� GPS� JSSJHBUJPO�� *SSJHBUJPO�NBQT� GPS����NBKPS�DSPQT�CPUI�
BU���BOE����BSD�NJOVUF�SFTPMVUJPOT�DBO�CF�PCUBJOFE�GSPN�6OJWFSTJUZ�PG�
'SBOLGVSU�XFCTJUF�	1PSUNBOO�FU�BM����������
��5IFTF�EBUB�BMTP�QSPWJEF�
SBJO�GFE�DSPQ�HSPXJOH�BSFBT�GPS�UIF�TBNF����DSPQT�

r� 'FSUJMJ[FS�BQQMJDBUJPO�SBUFT��1SFGFSBCMZ�POF�VTFT� MPDBM�EBUB��"�VTFGVM�
HMPCBM� EBUBCBTF� JT� 'FSUJ4UBU� 	'"0�����D
��5IF� *OUFSOBUJPOBM� 'FSUJMJ[FS�
"TTPDJBUJPO� 	*'"� ����
� QSPWJEFT� BOOVBM� GFSUJMJ[FS� DPOTVNQUJPO� QFS�
DPVOUSZ��)FGGFS� 	����
�QSPWJEFT� GFSUJMJ[FS�VTF�QFS�DSPQ� GPS�NBKPS�DSPQ�
types and major countries.

r� 1FTUJDJEFT� BQQMJDBUJPO� SBUFT�� 1SFGFSBCMZ� POF� VTFT� MPDBM� EBUB��5IF�
/BUJPOBM�"HSJDVMUVSBM�4UBUJTUJDT�4FSWJDF�	/"44�����
�QSPWJEFT�BO�POMJOF�
EBUBCBTF� GPS� UIF�64�XJUI�DIFNJDBM�VTF�QFS�DSPQ��$SPQ-JGF�'PVOEBUJPO�
	����
�QSPWJEFT�B�EBUBCBTF�PO�QFTUJDJEFT�VTF�JO�UIF�64"��&VSPTUBU�	����
�
HJWFT�EBUB�GPS�&VSPQF�

r� -FBDIJOH�SVO�PGG�GSBDUJPO��/P�EBUBCBTFT�BWBJMBCMF��0OF�XJMM�IBWF�UP�XPSL�
XJUI�FYQFSJNFOUBM�EBUB�GSPN�àFME�TUVEJFT�BOE�NBLF�SPVHI�BTTVNQUJPOT��
0OF�DBO�BTTVNF����QFS�DFOU�GPS�OJUSPHFO�GFSUJMJ[FST�GPMMPXJOH�$IBQBHBJO�
FU�BM�	����C
�

r� "NCJFOU�XBUFS�RVBMJUZ� TUBOEBSET�� 1SFGFSBCMZ�VTF� MPDBM� TUBOEBSET�
BT�SFHVMBUFE� JO� MFHJTMBUJPO��5IJT� JOGPSNBUJPO� JT�BWBJMBCMF� GPS�TPNF�QBSUT�
PG�UIF�XPSME�TVDI�BT� GPS�UIF�&VSPQFBO�6OJPO�	&6�����
�UIF�64�	&1"�
����C
�$BOBEB� 	$BOBEJBO�$PVODJM� PG�.JOJTUFST� PG� UIF� &OWJSPONFOU�
����
�"VTUSBMJB�/FX�;FBMBOE�	"/;&$$�BOE�"3.$"/;�����
�$IJOB�
	$IJOFTF�.JOJTUSZ�PG�&OWJSPONFOUBM�1SPUFDUJPO�����
� +BQBO� 	+BQBOFTF�
.JOJTUSZ�PG�UIF�&OWJSPONFOU�����
�"VTUSJB�	"VTUSJBO�'FEFSBM�.JOJTUSZ�PG�
"HSJDVMUVSF�'PSFTUSZ�&OWJSPONFOU�BOE�8BUFS�.BOBHFNFOU�����
�#SB[JM�
	$0/"."�����
�4PVUI�"GSJDB� 	4PVUI�"GSJDBO�%FQBSUNFOU�PG�8BUFS�
"GGBJST� BOE�'PSFTUSZ� ����
�(FSNBOZ� 	-"8"�"0�����
� BOE� UIF�6,�
	6,5"(�����
��"�DPNQJMBUJPO�DBO�CF�GPVOE�JO�.BD%POBME�FU�BM�	����
��*G�
OP�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSET�BSF�BWBJMBCMF�BOE�UIF�XBUFS�CPEZ�JT�UP�
CF�TVJUBCMF�GPS�ESJOLJOH�POF�DBO�EFDJEF�UP�BQQMZ�ESJOLJOH�XBUFS�TUBOEBSET��
4FF�GPS�FYBNQMF�&6�	����
�BOE�&1"�	����
��

r� /BUVSBM�DPODFOUSBUJPOT 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 
BWFSBHFT�BT�NFBTVSFE�JO�B�OFBSCZ�NFBTVSJOH�TUBUJPO��'PS�EJTUVSCFE�SJWFST�
one will have to rely on historical records or model studies. For some 
QBSUT�PG�UIF�XPSME�HPPE�TUVEJFT�BSF�BWBJMBCMF��GPS�UIF�64�TFF�GPS�FYBNQMF�
$MBSL�FU�BM�	����
�BOE�4NJUI�FU�BM�	����
��GPS�"VTUSJB�TFF�"VTUSJBO�'FEFSBM�
.JOJTUSZ�PG�"HSJDVMUVSF�'PSFTUSZ�&OWJSPONFOU�BOE�8BUFS�.BOBHFNFOU�
	����
��GPS�(FSNBOZ�TFF�-"8"�"0�	����
��"T�B�SFGFSFODF�B�HMPCBM�EBUB�
CBTF�PO�BDUVBM� 	OPU�OBUVSBM
�DPODFOUSBUJPOT� JT�BWBJMBCMF� UISPVHI�6/&1�
	����
��8IFO�OP�JOGPSNBUJPO�JT�BWBJMBCMF�BTTVNF�UIF�OBUVSBM�DPODFOUSB�
UJPO�BDDPSEJOH�UP�UIF�CFTU�FTUJNBUF�PS�UP�CF�[FSP�

r� "DUVBM�DPODFOUSBUJPO�PG�UIF� JOUBLF�XBUFS��"�HMPCBM�EBUBCBTF�PO�
BDUVBM�DPODFOUSBUJPOT�JT�BWBJMBCMF�UISPVHI�6/&1�	����
�
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$BMDVMBUJOH�UIF�1SPDFTT�8BUFS�'PPUQSJOU�
PG�(SPXJOH�B�$SPQ��"O�&YBNQMF�GPS�4VHBS�

#FFU�JO�7BMMBEPMJE�	4QBJO


ɨJT�BQQFOEJY�QSPWJEFT�BO�FYBNQMF�PG�IPX�UP�FTUJNBUF�UIF�HSFFO�CMVF�BOE�HSFZ�
QSPDFTT�XBUFS�GPPUQSJOUT�PG�HSPXJOH�B�DSPQ��*U�GPDVTFT�PO�UIF�DBTF�PG�B�TVHBS�CFFU�
	Beta vulgaris var. vulgaris
�QSPEVDUJPO�JO�B�POF�IFDUBSF� JSSJHBUFE�DSPQ�ëFME�JO�
7BMMBEPMJE�	OPSUI�DFOUSBM�4QBJO
�

Green and blue components of the  
process water footprint

'JSTU� UIF�HSFFO�CMVF�XBUFS�FWBQPUSBOTQJSBUJPO�IBT�CFFO�FTUJNBUFE�VTJOH� UIF�
$3018"5�����NPEFM�	"MMFO�FU�BM�������'"0�����C
��ɨFSF�BSF�UXP�EJêFSFOU�
XBZT�UP�EP�UIJT��VTJOH�UIF�DSPQ�XBUFS�SFRVJSFNFOU�PQUJPO�	BTTVNJOH�PQUJNBM�
DPOEJUJPOT
�PS�UIF�JSSJHBUJPO�TDIFEVMF�PQUJPO�	JODMVEJOH�UIF�QPTTJCJMJUZ�UP�TQFDJGZ�
BDUVBM�JSSJHBUJPO�TVQQMZ�JO�UJNF
��"�DPNQSFIFOTJWF�NBOVBM�GPS�UIF�QSBDUJDBM�VTF�
PG�UIF�QSPHSBN�JT�BWBJMBCMF�POMJOF�	'"0�����C
�

*O�CPUI�DBTFT�UIF�DBMDVMBUJPOT�IBWF�CFFO�EPOF�VTJOH�DMJNBUF�EBUB�GSPN�UIF�
OFBSFTU� BOE�NPTU� SFQSFTFOUBUJWF�NFUFPSPMPHJDBM� TUBUJPO� MPDBUFE� JO� UIF� DSPQ�
QSPEVDJOH�SFHJPO�	'JHVSF�**��
��8IFO�QPTTJCMF�DSPQ�EBUB�XFSF�PCUBJOFE�GSPN�
MPDBM�BHSJDVMUVSBM�SFTFBSDI�TUBUJPOT��ɨF�QMBOUJOH�EBUFT�BU�QSPWJODJBM� MFWFM�XFSF�
PCUBJOFE�GSPN�UIF�4QBOJTI�.JOJTUSZ�PG�"HSJDVMUVSF�'JTIFSJFT�BOE�'PPE�	."1"�
����
�	5BCMF�**��
��*O�UIF�UFNQFSBUF�OPSUI�PG�4QBJO�CFFUT�BSF�QMBOUFE�JO�UIF�
TQSJOH�BOE�IBSWFTUFE� JO� UIF�BVUVNO��*O�XBSNFS�TPVUIFSO�BSFBT� 	"OEBMVTJB
�
TVHBS�CFFUT�BSF�B�XJOUFS�DSPQ�QMBOUFE�JO�UIF�BVUVNO�BOE�IBSWFTUFE�JO�UIF�TQSJOH��
$SPQ�DPFïDJFOUT�BOE�DSPQ�MFOHUIT�BDDPSEJOH�UP�UIF�UZQF�PG�SFHJPO�BOE�DMJNBUF�
XFSF�UBLFO�GSPN�UIF�6/�T�'PPE�BOE�"HSJDVMUVSF�0SHBOJ[BUJPO�	'"0
�	"MMFO�FU�
BM������5BCMFT����BOE���
��%BUB�PO�SPPUJOH�EFQUI�DSJUJDBM�EFQMFUJPO�MFWFM�BOE�
ZJFME�SFTQPOTF�GBDUPS�XFSF�PCUBJOFE�GSPN�'"0�HMPCBM�EBUBCBTFT�	'"0�����C
��
#FTJEFT�JO�UIF�JSSJHBUJPO�TDIFEVMF�PQUJPO�TPJM�EBUB�BSF�SFRVJSFE�UP�FTUJNBUF�UIF�
TPJM�XBUFS�CBMBODF��4PJM�JOGPSNBUJPO�XBT�BMTP�PCUBJOFE�GSPN�'"0�	����C
�
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Figure II.1 $MJNBUF�TUBUJPO�JO�7BMMBEPMJE�	4QBJO
�	EPU�JO�CMBDL
�BOE�TVHBS�CFFU�
harvested area in Spain (unit: proportion of grid cell area)

4PVSDF�PG�TVHBS�CFFU�BSFB��.POGSFEB�FU�BM�	����


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

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

4VHBS�CFFU ��"QSJM�	.BSDI�"QSJM
 ���4FQU�	4FQU�0DU
 ��

��4PVSDF��."1"�	����

���4PVSDF��."3.�	����
�QFSJPE�����m����

Crop water requirement option

ɨJT� PQUJPO� FTUJNBUFT� FWBQPUSBOTQJSBUJPO� VOEFS� PQUJNBM� DPOEJUJPOT�XIJDI�
NFBOT�UIBU�DSPQ�FWBQPUSBOTQJSBUJPO�	ETc
�FRVBMT� UIF�DSPQ�XBUFS�SFRVJSFNFOU�
	CWR
��0QUJNBM�NFBOT�EJTFBTF�GSFF�XFMM�GFSUJMJ[FE�DSPQT�HSPXO�JO�MBSHF�ëFMET�
VOEFS�PQUJNVN�TPJM�XBUFS�DPOEJUJPOT�BOE�BDIJFWJOH�GVMM�QSPEVDUJPO�VOEFS�UIF�
HJWFO�DMJNBUJD�DPOEJUJPOT�	"MMFO�FU�BM�����
��ɨF�DSPQ�XBUFS�SFRVJSFNFOU�PQUJPO�
DBO�CF�SVO�XJUI�DMJNBUF�BOE�DSPQ�EBUB�BMPOF��ETc�JT�FTUJNBUFE�XJUI�B�UFO�EBZ�UJNF�
TUFQ�BOE�PWFS�UIF�UPUBM�HSPXJOH�TFBTPO�VTJOH�UIF�FêFDUJWF�SBJOGBMM��5P�DBMDVMBUF�
UIF�FêFDUJWF�SBJOGBMM�UIF�NFUIPE�PG�UIF�4PJM�$POTFSWBUJPO�4FSWJDF�PG�UIF�6OJUFE�
4UBUFT�%FQBSUNFOU�PG�"HSJDVMUVSF�	64%"�4$4
�XBT�DIPTFO�BT�JU�JT�POF�PG�UIF�
NPTU�XJEFMZ�VTFE�NFUIPET��ɨF�NPEFM�DBMDVMBUFT�ETc�BT�GPMMPXT�

 



Appendix II 137

c c oET K ET= × � <MFOHUI�UJNF>� 	��


)FSF�Kc� SFGFST�UP�UIF�DSPQ�DPFïDJFOU�XIJDI�JODPSQPSBUFT�DSPQ�DIBSBDUFSJTUJDT�
BOE�BWFSBHFE�FêFDUT�PG�FWBQPSBUJPO�GSPN�UIF�TPJM��ETo�SFQSFTFOUT�UIF�SFGFSFODF�
FWBQPUSBOTQJSBUJPO�XIJDI�FYQSFTTFT�UIF�FWBQPUSBOTQJSBUJPO�GSPN�B�IZQPUIFUJDBM�
HSBTT�SFGFSFODF�DSPQ�OPU�TIPSU�PG�XBUFS��

ɨF�HSFFO�XBUFS�FWBQPUSBOTQJSBUJPO�	ETgreen
�JT�DBMDVMBUFE�BT�UIF�NJOJNVN�PG�
UPUBM�DSPQ�FWBQPUSBOTQJSBUJPO�	ETc
�BOE�FêFDUJWF�SBJOGBMM�	Pe$
�XJUI�B�UJNF�TUFQ�
PG�UFO�EBZT��ɨF�UPUBM�HSFFO�XBUFS�FWBQPUSBOTQJSBUJPO�JT�PCUBJOFE�CZ�TVNNJOH�
up ETgreen�PWFS�UIF�HSPXJOH�QFSJPE��ɨF�CMVF�XBUFS�FWBQPUSBOTQJSBUJPO�	ETblue
�JT�
FTUJNBUFE�BT�UIF�EJêFSFODF�CFUXFFO�UIF�UPUBM�DSPQ�FWBQPUSBOTQJSBUJPO�	ETc
�BOE�
UIF�UPUBM�FêFDUJWF�SBJOGBMM�	Pe$
�PO�B�UFO�EBZ�CBTJT��8IFO�UIF�FêFDUJWF�SBJOGBMM�JT�
greater than the crop total crop evapotranspiration ETblue�JT�FRVBM�UP�[FSP��ɨF�
total blue XBUFS�FWBQPUSBOTQJSBUJPO�JT�PCUBJOFE�CZ�BEEJOH�ETblue�PWFS�UIF�XIPMF�
HSPXJOH�QFSJPE�	5BCMF�**��
�

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

Month Period Stage Kc ETc ETc Peff Irr. req. ETgreen ETblue

– mm/day mm/
period

mm/
period

mm/
period

mm/
period

mm/
period

"QS � Init ���� ���� ���� ���� � ���� �
"QS � Init ���� ���� ���� ���� � ���� �
"QS � Init ���� ���� ���� �� � ���� �
May � Init ���� ���� ���� ���� � ���� �
May � Init ���� ���� ���� �� � ���� �
May � %FW ���� ��� ���� ���� ���� ���� ����
Jun � %FW ���� ���� ���� ���� ���� ���� ����
Jun � %FW ���� ���� ���� ���� ���� ���� ����
Jun � Mid ���� ��� �� ��� ���� ��� ����
Jul � Mid ���� ���� ���� ��� ���� ��� ����
Jul � Mid ���� ���� ���� � ���� � ����
Jul � Mid ���� ��� ���� ��� �� ��� ��
"VH � Mid ���� ���� ���� ��� ���� ��� ����
"VH � Late ���� ���� ���� ��� ���� ��� ����
"VH � Late ���� ���� ���� ��� ���� ��� ����
Sep � Late � ���� ���� ��� ���� ��� ����
Sep � Late ���� ���� ���� ���� ���� ���� ����
Sep � Late ���� ��� ���� ��� � ��� ����
0WFS�
the total 
growing 
period

��� ��� ��� ��� ���
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ETgreen = min (ETc , Pe$ ) <MFOHUI�UJNF>� 	��


ETblue = max (��ETc - Pe$ ) <MFOHUI�UJNF>� 	��


Irrigation schedule option

*O�UIF�TFDPOE�PQUJPO�XF�DBO�DBMDVMBUF�UIF�DSPQ�FWBQPUSBOTQJSBUJPO�VOEFS�CPUI�
PQUJNBM�BOE�OPO�PQUJNBM�DPOEJUJPOT�PWFS�UIF�UPUBM�HSPXJOH�TFBTPO�VTJOH�UIF�
EBJMZ�TPJM�XBUFS�CBMBODF�BQQSPBDI��ɨF�DBMDVMBUFE�FWBQPUSBOTQJSBUJPO� JT�DBMMFE�
ETa�UIF�BEKVTUFE�DSPQ�FWBQPUSBOTQJSBUJPO��ETa may be smaller than ETc due to 
OPO�PQUJNBM�DPOEJUJPOT��ɨF�XBUFS�NPWFNFOUT� JO�UIF�TPJM� UIF�XBUFS�IPMEJOH�
DBQBDJUZ�PG�UIF�TPJM�BOE�UIF�BCJMJUZ�PG�UIF�QMBOUT�UP�VTF�UIF�XBUFS�DBO�CF�JOìVFODFE�
CZ�EJêFSFOU�GBDUPST�TVDI�BT�QIZTJDBM�DPOEJUJPO�GFSUJMJUZ�BOE�CJPMPHJDBM�TUBUVT�PG�
the soil. ETa�JT�DBMDVMBUFE�VTJOH�B�XBUFS�TUSFTT DPFïDJFOU�	Ks
�

ETa = Ks × ETc = Ks × Kc × ETo <MFOHUI�UJNF>� 	��


Ks EFTDSJCFT�UIF�FêFDU�PG�XBUFS�TUSFTT�PO�DSPQ�USBOTQJSBUJPO��'PS�TPJM�XBUFS�MJNJUJOH�
DPOEJUJPOT�Ks������XIFO�UIFSF�JT�OP�TPJM�XBUFS�TUSFTT�Ks = 1.

ɨF� JSSJHBUJPO� TDIFEVMF� PQUJPO� SFRVJSFT� DMJNBUF� DSPQ� BOE� TPJM� EBUB��5P�
FTUJNBUF� UIF�HSFFO�XBUFS�FWBQPUSBOTQJSBUJPO�	ETgreen
� JO� SBJO�GFE�BHSJDVMUVSF�
UIF� AOP� JSSJHBUJPO�	SBJO�GFE
��DIPJDF� JT� TFMFDUFE�XJUIJO�UIF� APQUJPOT��CVUUPO�PO�
UIF�5PPMCBS�	5BCMF�**��
��6OEFS�UIJT�TDFOBSJP�UIF�HSFFO�XBUFS�FWBQPUSBOTQJSFE�
	ETgreen
� JT�FRVBM� UP� UIF�UPUBM�FWBQPUSBOTQJSBUJPO�BT� TJNVMBUFE�XIJDI� JT�HJWFO�
VOEFS�ABDUVBM�XBUFS�VTF�CZ�DSPQ��BT�TQFDJëFE�JO�UIF�NPEFM�PVUQVU��ɨF�CMVF�XBUFS�
FWBQPUSBOTQJSFE�	ETblue
�JT�PCWJPVTMZ�[FSP�JO�UIJT�DBTF��

5P�FTUJNBUF�UIF�HSFFO�BOE�CMVF�XBUFS�FWBQPUSBOTQJSBUJPO�JO� JSSJHBUFE�BHSJ�
DVMUVSF� EJêFSFOU� JSSJHBUJPO� UJNJOH� BOE� BQQMJDBUJPO�PQUJPOT� DBO�CF� TFMFDUFE�
EFQFOEJOH�PO�UIF�BDUVBM�JSSJHBUJPO�TUSBUFHZ��ɨF�EFGBVMU�PQUJPO�AJSSJHBUF�BU�DSJUJDBM�
EFQMFUJPO��BOE�ASFëMM�TPJM�UP�ëFME�DBQBDJUZ��BTTVNFT�APQUJNBM��JSSJHBUJPO�XIFSF�UIF�
JSSJHBUJPO�JOUFSWBMT�BSF�BU�B�NBYJNVN�XIJMF�BWPJEJOH�BOZ�DSPQ�TUSFTT��ɨF�BWFSBHF�
irrigation application depth per irrigation is related to the irrigation method 
QSBDUJTFE��(FOFSBMMZ� JO�UIF�DBTF�PG�IJHI�GSFRVFODZ�JSSJHBUJPO�TZTUFNT�TVDI�BT�
NJDSP�JSSJHBUJPO�BOE�DFOUSF�QJWPU�BCPVU���NN�PS� MFTT�QFS�XFUUJOH�FWFOU�BSF�
BQQMJFE��*O�UIF�DBTF�PG�TVSGBDF�PS�TQSJOLMFS�JSSJHBUJPO�JSSJHBUJPO�EFQUIT�BSF���NN�
PS�NPSF��*O�UIF�TVHBS�CFFU�QSPEVDUJPO�JO�7BMMBEPMJE���NN�BSF�BQQMJFE�FWFSZ�
TFWFO�EBZT�	5BCMF�**��
��"GUFS�SVOOJOH�UIF�NPEFM�XJUI�UIF�TFMFDUFE� JSSJHBUJPO�
PQUJPOT�UIF�UPUBM�XBUFS�FWBQPUSBOTQJSFE�JT�FRVBM�UP�ETa�PWFS�UIF�HSPXJOH�QFSJPE�
BT�HJWFO� JO�UIF�NPEFM�PVUQVU�	ABDUVBM�XBUFS�VTF�CZ�DSPQ�
��"GUFS�SVOOJOH�UIF�
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Table II.3 Irrigation schedule under the rain-fed scenario: Output table of CROPWAT 8.0

$301�*33*("5*0/�4$)&%6-&

&5P�TUBUJPO���7"--"%0-*%�������$SPQ��4VHBS�CFFU����������������1MBOUJOH�EBUF�������
3BJO�TUBUJPO���7"--"%0-*%������4PJM��.FEJVN�	MPBN
������������)BSWFTU�EBUF�������

:JFME�SFE����������

Crop scheduling options
Timing:        No irrigation (rain-fed)
"QQMJDBUJPO����m
'JFME�FGG���������

5BCMF�GPSNBU��%BJMZ�TPJM�NPJTUVSF�CBMBODF

%BUF %BZ Stage Rain Ks &5a %FQM Net Irr %FàDJU Loss Gr. Irr Flow
mm – mm � mm mm mm mm M�T�IB

���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init ��� � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � ��� � � �
���"QS � Init ��� � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS �� Init � � � � � ��� � � �
���"QS �� Init � � ��� � � ��� � � �
���"QS �� Init � � ��� � � ��� � � �
���"QS �� Init ��� � ��� � � ��� � � �
…
���4FQ ��� &OE � ���� ��� �� � ����� � � �
���4FQ ��� &OE � ��� ��� �� � ��� � � �
���4FQ &OE &OE � ��� � ��

Totals: 
Total gross irrigation � mm Total rainfall ����� mm
Total net irrigation � mm &GGFDUJWF�SBJOGBMM ����� mm
Total irrigation losses � mm Total rain loss ���� mm

"DUVBM�XBUFS�VTF�CZ�DSPQ ����� mm .PJTU�EFàDJU�BU�IBSWFTU ����� mm
1PUFOUJBM�XBUFS�VTF�CZ�
crop

����� mm "DUVBM�JSSJHBUJPO�
requirement

����� mm

&GàDJFODZ�JSSJHBUJPO�
schedule

– � &GàDJFODZ�SBJO ���� �

%FàDJFODZ�JSSJHBUJPO�
schedule

���� �

Yield reductions:
4UBHF�MBCFM " # C % Season
3FEVDUJPOT�JO�&5c � � ���� ���� ���� �
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

$301�*33*("5*0/�4$)&%6-&

&5P�TUBUJPO���7"--"%0-*%�������$SPQ��4VHBS�CFFU����������������1MBOUJOH�EBUF�������
3BJO�TUBUJPO���7"--"%0-*%������4PJM��.FEJVN�	MPBN
������������)BSWFTU�EBUF�������

:JFME�SFE���������

Crop scheduling options
5JNJOH���������*SSJHBUF�BU�VTFS�EFàOFE�JOUFSWBMT
"QQMJDBUJPO����'JYFE�BQQMJDBUJPO�EFQUI�PG���NN
'JFME�FGG���������

5BCMF�GPSNBU��%BJMZ�TPJM�NPJTUVSF�CBMBODF

%BUF %BZ Stage Rain Ks &5a %FQM Net Irr %FàDJU Loss Gr. Irr Flow
mm – mm � mm mm mm mm M�T�IB

���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init ��� � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � ��� � � �
���"QS � Init ��� � � � �� � �� ���� ����
���"QS � Init � � � � � � � � �
���"QS � Init � � � � � � � � �
���"QS �� Init � � � � � � � � �
���"QS �� Init � � ��� � � ��� � � �
���"QS �� Init � � ��� � � ��� � � �
���"QS �� Init ��� � ��� � � ��� � � �
…
���4FQ ��� &OE � � ��� � � ���� � � �
���4FQ ��� &OE � � ��� � � ���� � � �
���4FQ &OE &OE � � � �

Totals: 
Total gross irrigation ������ mm Total rainfall ����� mm
Total net irrigation ������ mm &GGFDUJWF�SBJOGBMM ����� mm
Total irrigation losses ����� mm Total rain loss ���� mm

"DUVBM�XBUFS�VTF�CZ�DSPQ ����� mm .PJTU�EFàDJU�BU�IBSWFTU ���� mm
1PUFOUJBM�XBUFS�VTF�CZ�
crop

����� mm "DUVBM�JSSJHBUJPO�
requirement

����� mm

&GàDJFODZ�JSSJHBUJPO�
schedule

���� � &GàDJFODZ�SBJO ���� �

%FàDJFODZ�JSSJHBUJPO�
schedule

��� �

Yield reductions:
4UBHF�MBCFM " # C % Season
3FEVDUJPOT�JO�&5c � � � � � �
Yield response factor ��� ��� ��� � ���
Yield reduction � � � � � �
Cumulative yield reduction � � � � �
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NPEFM�XJUI�UIF�TFMFDUFE�JSSJHBUJPO�PQUJPOT�UIF�UPUBM�XBUFS�FWBQPUSBOTQJSFE�	ETa
�
PWFS�UIF�HSPXJOH�QFSJPE�JT�FRVBM�UP�XIBU�JT�DBMMFE�ABDUVBM�XBUFS�VTF�CZ�DSPQ��JO�UIF�
NPEFM�PVUQVU��ɨF�CMVF�XBUFS�FWBQPUSBOTQJSFE�	ETblue
�JT�FRVBM�UP�UIF�NJOJNVN�
PG� AUPUBM�OFU� JSSJHBUJPO��BOE� ABDUVBM� JSSJHBUJPO�SFRVJSFNFOU��BT� TQFDJëFE� JO� UIF�
NPEFM�PVUQVU��ɨF�HSFFO�XBUFS�FWBQPUSBOTQJSFE�	ETgreen
� JT�FRVBM� UP�UIF�UPUBM�
XBUFS�FWBQPUSBOTQJSFE�	ETa
�NJOVT�UIF�CMVF�XBUFS�FWBQPUSBOTQJSFE�	ETblue
�BT�
simulated in the irrigation scenario.

*O� CPUI� PQUJPOT� 	$83� BOE� JSSJHBUJPO� TDIFEVMF
� UIF� FTUJNBUFE� DSPQ�
evapotranspiration in mm is converted to m��IB�BQQMZJOH�UIF�GBDUPS�����ɨF�
HSFFO� DPNQPOFOU� JO� UIF� QSPDFTT�XBUFS� GPPUQSJOU� PG� B� DSPQ� 	WFproc,green�N��
UPO
�JT�DBMDVMBUFE�BT�UIF�HSFFO�DPNQPOFOU�JO�DSPQ�XBUFS�VTF�	CWUgreen�N��IB
�
divided by the crop yield Y�	UPO�IB
��ɨF�CMVF�DPNQPOFOU�	WFproc,blue�N��UPO
�JT�
DBMDVMBUFE�JO�B�TJNJMBS�XBZ�

,
green

proc green

CWU
WF

Y
= � <WPMVNF�NBTT>� 	��


,
blue

proc blue

CWU
WF

Y
= � <WPMVNF�NBTT>� 	��


ɨF�PVUDPNF�PG�CPUI�PQUJPOT�JT�HJWFO�JO�5BCMF�**����ɨF�SFTVMUT�BSF�TJNJMBS�XJUI�
respect to the total ET�BOE�UIF�SFTVMUBOU�UPUBM�XBUFS�GPPUQSJOU�CVU�RVJUF�EJêFSFOU�
XJUI�SFTQFDU�UP�UIF�SBUJP�CMVF�HSFFO�

ɨF�DBMDVMBUJPOT�BCPWF�SFGFS�UP�UIF�FWBQPUSBOTQJSBUJPO�GSPN�UIF�ëFME��XF�IBWF�
OPU�ZFU�BDDPVOUFE�GPS�UIF�HSFFO�BOE�CMVF�XBUFS�JODPSQPSBUFE�JOUP�UIF�IBSWFTUFE�
DSPQ��ɨF�XBUFS�GSBDUJPO�PG�TVHBS�CFFU�JT�JO�UIF�SBOHF�PG���o���QFS�DFOU�XIJDI�
NFBOT�UIBU�UIF�XBUFS�GPPUQSJOU�PG�TVHBS�CFFU�JT�����o����N��UPO�JG�XF�MPPL�BU�
JODPSQPSBUFE�XBUFS�BMPOF��ɨJT� JT� MFTT� UIBO���QFS�DFOU�PG� UIF�XBUFS� GPPUQSJOU�
SFMBUFE�UP�FWBQPSBUFE�XBUFS�

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

$3018"5�
option

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

NN���HSPXJOH�QFSJPE m��IB UPO�IB m��UPO

Crop water 
requirement 
option

��� ��� ��� ���� ���� ���� �� �� �� ��

Irrigation 
schedule 
option

��� ��� ��� ���� ���� ���� �� �� �� ��

��4PVSDF��."3.�	����
�QFSJPE�����m����
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ɨF�HSFZ�DPNQPOFOU�JO�UIF�QSPDFTT�XBUFS�GPPUQSJOU�PG�B�QSJNBSZ�DSPQ�	N��UPO
�JT�
DBMDVMBUFE�BT�UIF�MPBE�PG�QPMMVUBOUT�UIBU�FOUFST�UIF�XBUFS�TZTUFN�	LH�ZS
�EJWJEFE�
CZ�UIF�EJêFSFODF�CFUXFFO�UIF�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSE�GPS�UIBU�QPMMVUBOU�
	UIF�NBYJNVN�BDDFQUBCMF�DPODFOUSBUJPO�cmax
�BOE�JUT�OBUVSBM�DPODFOUSBUJPO�JO�
UIF�SFDFJWJOH�XBUFS�CPEZ�	cnat
�	5BCMF�**��
��ɨF�RVBOUJUZ�PG�OJUSPHFO�UIBU�SFBDIFT�
GSFF�ìPXJOH�XBUFS�CPEJFT�IBT�CFFO�BTTVNFE�UP�CF����QFS�DFOU�PG� UIF�BQQMJFE�
GFSUJMJ[BUJPO�SBUF�	JO�LH�IB�ZS
�	)PFLTUSB�BOE�$IBQBHBJO�����
��ɨF�FêFDU�PG�
UIF�VTF�PG�PUIFS�OVUSJFOUT�QFTUJDJEFT�BOE�IFSCJDJEFT� UP� UIF�FOWJSPONFOU�IBT�
OPU�CFFO�BOBMZ[FE��ɨF�UPUBM�WPMVNF�PG�XBUFS�SFRVJSFE�QFS�UPO�PG�OJUSPHFO�JT�
DBMDVMBUFE�DPOTJEFSJOH�UIF�WPMVNF�PG�OJUSPHFO�UIBU�MFBDIFT�PS�SVOT�Pê�	UPO�UPO
�
BOE�UIF�NBYJNVN�BMMPXBCMF�DPODFOUSBUJPO� JO�UIF� GSFF�ìPXJOH�TVSGBDF�XBUFS�
CPEJFT��"T�BNCJFOU�XBUFS�RVBMJUZ�TUBOEBSE�GPS�OJUSPHFO�XF�IBWF�VTFE���NH�
MJUSF�	NFBTVSFE�BT�/
��ɨJT�MJNJU�XBT�VTFE�UP�DBMDVMBUF�UIF�WPMVNF�PG�GSFTIXBUFS�
SFRVJSFE�UP�BTTJNJMBUF�UIF� MPBE�PG�QPMMVUBOUT��#Z� MBDL�PG�BQQSPQSJBUF�EBUB� UIF�
OBUVSBM�DPODFOUSBUJPO�JO�UIF�SFDFJWJOH�XBUFS�CPEZ�XBT�BTTVNFE�UP�CF�[FSP��%BUB�
PO�UIF�BQQMJDBUJPO�PG�GFSUJMJ[FST�IBWF�CFFO�PCUBJOFE�GSPN�UIF�'FSUJ4UBU�EBUBCBTF�
	'"0�����D
�

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 
WFproc,grey 
sugar beet

Production** WFproc,grey 
sugar beet

LH�IB ha UPO�ZFBS UPO�ZFBS NH�M ��� m��ZFBS ton m��UPO
��� � ��� ���� �� ����� �� ��

��4PVSDF��'FSUJ4UBU�	'"0�����D

���4PVSDF��."3.�	����
�QFSJPE�����m����


