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Overview of this Module

Part 1: Water Footprint Analysis and Methodology
Part 2: Data Sources & Useful Tools

Part 3: Using CROPWAT




4: Water Footprint Analysis & Methodology
Understanding the Metric




Structure of this session

. Water Footprint of a Product
. Detailed Example: Water Footprint of a Crop

. Detailed Example: Water Footprint of Livestock
Products

4. Water Footprint of a Country




A Water Footprint
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* The volume of fresh water used to produce the
product, summed over the various steps of the
production chain.

 When and where the water was used: a water
footprint includes a temporal and spatial dimension.
Such as:
« Climate (evapotranspiration)
« Rainfall
* Productivity




5\‘ Elements of Water Footprint
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Green water footprint — volume of soll
moisture (rainwater) evaporated in crop
growth

Blue water footprint — volume of
Irrigated surface or ground water
evaporated or incorporated into a
product

Grey water footprint — volume of water
required to dilute contamination by
waste discharge and return flow
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Detailed Example: Water Footprint of a
Crop
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Crop water use (m3/ha)
WF

Crop vield (ton/ha)

Hoekstra and Chapagain (2008)



Detailed Example: Water Footprint of a
Crop
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Crop Water Use + Crop Water Use .

green

WF =

Crop vield (ton/ha)

Hoekstra and Chapagain (2008)



Detailed Example: Water Footprint of a
Crop
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Crop Water Use + Crop Water Use .

green

WF =

Crop vield (ton/ha)

Hoekstra and Chapagain (2008)



Green Water Green Water
Evapo- incorporation

77\ LhCh transpiration to crop .




Detailed Example: Water Footprint of a
Crop
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Crop Water Use + Crop Water Use .

green

WF =

Crop vyield (ton/

Hoekstra and Chapagain (2008)



Water Footprint of a Crop — Blue Water
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5\‘ CROPWAT Estimation Methods

L

JUO‘

1. CWR option — Optimal conditions
— Without considering soil water balance
— Ten-day time step effective rainfall

2. Irrigation schedule option — Non-optimal conditions
— Considering soil water balance
— Daily time step soil water balance

For the purposes of this training, we will only be examining
CWR Option (further details of the Irrigation Schedule and
using CROPWAT can be found in your training pack)




- 1. CWR Option
- Crop Evapotranspiration
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FIGURE 4. Reference (ETo), crop evapotranspiration under standard (ET¢) and non-standard conditions (ETc adj)

climate grass
(R reference

Reference crop
evapotranspiration

Evapotranspiration rate from a hypothetical
grass reference surface, not short of water

Radiation
Temperature +

Wind speed
Humidity ;
well watered
grass
Kc factor Crop evapotranspiration under

standard conditions

Evapotranspiration from disease-free, well
fertilized crops, grown in large fields, under
optimum soil water conditions and achieving full
production under the given climatic conditions

well watered crop
optimal agronomic conditions

Allen et al. (1998)

Crop coefficient

Characteristics: Crop height, albedo
(reflectance), canopy resistance, evaporation
from soil.




1. CWR Option
- Climate Data

Climate data — CLIMWAT 2.0 database (FAO, 2006)

Observed agroclimatic data of over 5000 stations worldwide (tries to cover 1971-2000)
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1. CWR Option
- Crop Coefficient Curve
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1. CWR Option

- Crop Growth Stages for Different Crops

Crop type Lo crop . e late
evelopment season
/é | SESESE 52
Annuals - = gg gg
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“ Detailed example of green Crop Water

A8 Use

Jua

Evapotranspiration

xc)‘ *

DI D I  Summed over the entire growing period



5\‘ Detailed Example: Green Water Footprint
ﬂ;{( of a Crop
s

Evapotranspiration -

green
min(crop evapotranspiration, effective rainfall)

CWUyeen =10 X ZEvapotranspirationgreen

WE = C_Crop water use (m3/ha)

Crop yield (ton/ha)




Detailed example of blue Crop Water Use
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Evapotranspiration

DI D I Summed over the entire growing period




5\‘ Detailed Example: Blue Water Footprint

e of a Cro
P P

Evapotranspirationy, . =
min(crop Iirrigation requirement, actual irrigation)

CWU e = 10X ZEvapotranspiration blue

WE = S Crop water use (m3/ha)

Crop yield (ton/ha)

Hoekstra and Chapagain (2008)



5\‘ Detailed Example: Water Footprint of a
lﬁ'{ Crop
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Crop water use (m3/ha)

C Crop yield (ton/ha) D

WF

Crop yield = crop production per
unit area of land under cultivation

Hoekstra and Chapagain (2008)



What influences Water Footprint?

Type of crop/product
Crop Evapotranspiration: climate

/

Crop water use (m3/ha)

WF =

Crop vield (ton/ha)

\ Fertilizer use

Irrigation practices
Not receiving optimal water
Soil

Hoekstra and Chapagain (2008)



Water Footprint of a Crop — Grey Water
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“f:ggg‘

S e e

Calculated as the volume of water that is required to assimilate
pollutants based on ambient water quality standards.

212239 4>




Detailed Example: Water Footprint of a
Livestock Product
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Water Footprint Example: a Live Animal
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Water Footprint of a Live Animal

WI:Iive animal — WI:drink + WF + WF feed

service

* WF .« = volume of water drunk by an animal

e WF = volume of water used to service an animal

service

* WF .,.4 = water embedded in the crops used to
make up the feed




Water Footprint of a Live Animal
- Water Footprint of Feed

* Water Footprint of Grass
(m3/ton)

* Volume of grass eaten by
an animal (ton)

WEF Feed — WEF

%k
VOI ume Grass eaten

Grass




Water Footprint of a Country
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Water Footprint of a Country

4 ) )
Drinking, cleaning,
washing and Direct Water Use
pollution
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Water Use in this h Water Footprint of
country to produce the Country
goods consumed in

the country
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Indirect Water Use

Water Use in other
countries to produce
goods consumed in
this country
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1 National Water Use Accounting
£ { Framework
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National virtual water balances related to the international trade of products. Period 1997-
2001. Net exporters are shown in green and net importers in red




Data Sources and Useful Tools
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Doing your own Water Footprint analysis

Basic Data required:

Rainfall and evaporation data

Crop growth and evapotranspiration data
Irrigation practices

Crop vyield

Additional information:

Production volumes

Trade volumes

Jobs associated with production
Contribution to the GDP

Other information of interest.



5\‘ Doing your own Water Footprint analysis
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Useful information from non-governmental sources, include
the following sources and tools:




1 Rainfall and Evaporation Data

http://www.fao.org/nr/water/infores databases climwat.html

a 4 F } text only version P print friendly helping to build a world without hunger

NATURAL RESOURCES AND ENVIRONMENT DEPARTMENT

FrontPage

Topics

; Databases

LCIRE TNl CLIMWAT 2.0 for CROPWAT
Publications & CD-ROMs

CLIMWAT is a climatic database to be used in combination with the 5 RELATED LINKS
Graphs & Maps

{ computer program CROPWAT. and allows the calculation of crop water ﬂ ha . )
Multimedia ¢ requirements, irrigation supply and irrigation scheduling for various crops | -hmate thange and Elosnergy
; ¢ for a range of climatological stations worldwide. ¢ Uit
Video : i
— {  CLIMWAT 2.0 for CROPWAT is a joint publication of the Water i Revised FAD Methodelogy for
bata . are : Development and Management Unit and the Climate Change and ;*'-V'DP Water Requirements
AquaCrop ! Bicenergy Unit of FAOQ. :
: N _ ¥ ADS
SR CLIMWAT 2.0 offers observed agroclimatic data of owver 5000 stations ] s DOWNLO.
I CHmWat worldwide distributed as shown below. | CimWat 2.0 for Cropwat
ETo Calculator E
B CONTACT
Wastewater E
Projects '
Hot Issues

QUICKLINK TO

Databases & Software

Publications & CD-ROMs

Educational Material

Our Regional Offices
IFTRID



http://www.fao.org/nr/water/infores_databases_climwat.html
http://www.fao.org/nr/water/infores_databases_climwat.html
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Crop Growth and Evapotranspiration Data

http://www.fao.org/nr/water/infores databases cropwat.html

} text only version P print friendly

helping to build a world without hunger

MATURAL RESOURCES AND ENVIRONMENT DEPARTMENT
. e : r

FrontPage

Topics OO

Ll CropWat

Publications & CD-ROMs

Software

CROPWAT i=s a decision support tool developed by the Land and Water i RELATED LINKS

Graphs & Maps Development Division of FAO. :
Multimedia e  Revised methodlogy for crap
V‘ideﬂ water I’EC'.HI’EI"IHI‘E

;. CROPWAT 8.0 for Windows is a computer ET e Irrizati
Datahases & Software . program for the calculation of crop water ; Topics: Irrigation

Crreres requirements and irrigation requirements cnnpw HT ETGF“-‘E: Water Productivity

based on soil, climate and crop data. In

I CropWat : additian, the program allows the ¢ Publications: Irrigation
ChimWat : development of irrigation schedules for
: different management conditions and the : Publications: Productivity
ETo Caloulator . calculation of scheme water supply for O :
! warying crop patterns. CROPWAT 8.0 can ]
..... e . also be used to evaluate farmers’ irrigation | . o, DOWNLOADS
Prajects : practices and to estimate crop performance :
............ J LII'IdEF thh rail‘led al'ld irrigatEd CDnditiDHS. é(ranatB.ﬂ
Hot Issues : | Example of CropWat 8.0 use
Al calculation procedures used in CROPWAT 8.0 are based on the two :
i FAD publications of the Irrigation and Drainage Series, namely, No. 56 S CONTACT US
"Crop Evapotranspiration - Guidelines for computing crop water
- b requirements” and Mo. 33 titled "Yield response to water"”.

Databases & Software . . :
-------------------------------------------------- i A=z a starting point, and only to be used when local data are not available,

Publications & CO-ROMs | CROPWAT 8.0 includes standard crop and =oil data. When local data are
""""""""""""""""""""""""""" ! avallable, these data files can be easily modified or new ones can be
.................................................. : created. Likewise, if local climatic data are not available, these can be

Our Regional Offices i obtained for over 5,000 stations worldwide from CLIMWAT, the

e  associated climatic database. The development of irrigation schedules in



http://www.fao.org/nr/water/infores_databases_cropwat.html
http://www.fao.org/nr/water/infores_databases_cropwat.html

Irrigation practices and Crop Yields

&
"!( http://www.fao.org/ag/agl/fertistat/fst fubc en.as
J‘ﬁ‘n

.....


http://www.fao.org/ag/agl/fertistat/fst_fubc_en.asp
http://www.fao.org/ag/agl/fertistat/fst_fubc_en.asp
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Production and Trade Volumes
«..( http://faostat.fao.org/default.aspx

00"

*§ Google ' (1) FAQ: Search result " (1% FAO - Water Development : » | (1) FAO - Water Development xlyzi‘; FAOSTAT

L C (O faostat.fao.org/default.aspx

= FOOD AND AGRICULT

o

FAOSTAT

Production Trade Food Supply Food Balance Sheets  Food Security Prices Resources  Forestry  Fisheries  Metadata — Support/FACGC
logon  want to register?  FAOSTAT videos  CountrySTAT

FAOSTAT provides time-series and cross sectional data relating to food and agriculture for some 200 countries.

The national version of FAOSTAT, CountrySTAT, is being developed and implemented in a number of target countries, primarily in sub-saharan Africa. It will
offer a two-way data exchange facility between countries and FAD as well as a facility to store data at the national and sub-national levels.

| FAOSTAT User Dialogue 2010

One of the priorities of the Statistics Division is to involve the producers and custodians of statistics at FAD in a stronger communication with our users, and to
gain a better understanding of their needs. Since July 2010 the free FAQ data access policy has been implemented. The number of registered users has
boomed since then from 400 to over 10 000 as of today.

We are seeking contact with registered users of FAOSTAT to open a qualitative feedback channel. We are looking for your views and experiences in using
FAQ's statistice as well as specific, technical suggestions. We would very much appreciate receiving your advice. To see the issues please click here.

| B Latest news

The following subject domains have been updated:

ForesSTAT (August 2011)

PopSTAT (August 2011)

ResourceSTAT-Land (July 2011)

Forestry Trade Flows (July 2011)
ResourceSTAT-Fertilizers (July 2011)

ProdSTAT (May 2011)

ResourceSTAT-Pesticides Consumption (March 2011)
TradeSTAT-Detailed Trade Matrix (February 2011)

ResourceSTAT-Machinery (December 2010)
TeadaCTAT _Nataillad Freadae A=t TMAavrasrmibhaer 2003 0%

B B BN N B B



http://faostat.fao.org/default.aspx
http://faostat.fao.org/default.aspx

Water Footprint Network

http://www.waterfootprint.org
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http://www.waterfootprint.org/
http://www.waterfootprint.org/

Useful Additional References

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. (1998) Crop evapotranspiration - Guidelines for
computing crop water requirements - FAO Irrigation and drainage paper 56. Food and Agriculture
Organization. Rome. Available from: http://www.fao.org/docrep/X0490E/X0490E00.htm

Chapagain, A.K. and Hoekstra, A.Y. (2004) Water footprints of nations. Value of Water Research Report
Series No. 16, UNESCO-IHE, Delft, the Netherlands. Available from:
http://www.waterfootprint.orq/?page=files/Research%20data

Mekonnen, M.M. and Hoekstra, A.Y. (2011) The green, blue and grey water footprint of crops and derived
crop products, Hydrology and Earth System Sciences, 15(5): 1577-1600. Available from:

http://www.waterfootprint.orqg/?page=files/Publications

Chapagain, A.K. and Hoekstra, A.Y. (2003) ‘Virtual water flows between nations in relation to trade in
livestock and livestock products’ ,Value of Water Research Report Series No.13, UNESCO-IHE.

http://www.waterfootprint.orq/?paqge=files/Publications

FAO (2003) Technical Conversion Factors for Agricultural Commodities. Food and Agriculture Organization of
the United Nations, Rome. Online available: www.fao.org/WAICENT/FAOINFO/ECONOMIC/ESS/pdf/tct.pdf

Hoekstra, A.Y. and Chapagain, A.K. (2008) Globalization of water: Sharing the planet’s freshwater
resources. Blackwell Publishing. Oxford, UK.

Monfreda, C., Ramankutty, N. and Foley, J.A. (2008) Farming the planet: 2. Geographic distribution of crop
areas, yields, physiological types, and net primary production in the year 2000, Global Biogeochemical
Cycles, Vol. 22, GB1022, doi:10.1029/2007GB002947. Available from:
http://www.geod.mcaqill.ca/~nramankutty/Datasets/Datasets.html



http://www.fao.org/docrep/X0490E/X0490E00.htm
http://www.waterfootprint.org/?page=files/Research data
http://www.waterfootprint.org/?page=files/Publications
http://www.waterfootprint.org/?page=files/Publications
http://www.waterfootprint.org/?page=files/Publications
http://www.fao.org/WAICENT/FAOINFO/ECONOMIC/ESS/pdf/tcf.pdf
http://www.geog.mcgill.ca/~nramankutty/Datasets/Datasets.html

CROPWAT

Using

<




Green and blue water footprint of a crop E

CROPWAT
(FAO, 2009a)

e

Crop water use (m3/ha)

Crop yield (ton/ha)

FAOSTAT
(FAO, 2009b)

Hoekstra and Chapagain (2008)



CROPWAT estimation methods

1. CWR option — Optimal conditions
— Without considering soil water balance
— Ten-day time step effective rainfall

2. Irrigation schedule option — Non-optimal conditions
— Considering soil water balance
— Dally time step soil water balance




Green and blue water footprint of a crop E

1. CWR option

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

o
ClimatefETo
Rain

Crop

Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Green and blue water footprint of a crop

1. CWR option

Reference (ETo), crop evapotranspiration under standard (ETc) and non-standard conditions (ETc agj)

climate

&

Radiation

refg:: rsize E TO

Temperature +

Wind speed

Humidity

well watered
grass

K c factor

well watered crop
optimal agronomic conditions

Crop coefficient

Characteristics: Crop height, albedo
(reflectance), canopy resistance, evaporation
from soil.

Allen et al. (1998)

Reference crop
evapotranspiration

Evapotranspiration rate from a hypothetical
grass reference surface, not short of water

Crop evapotranspiration under
standard conditions

Evapotranspiration from disease-free, well
fertilized crops, grown in large fields, under
optimum soil water conditions and achieving full
production under the given climatic conditions



Green and blue water footprint of a crop E

1. CWR option — Input

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

o
ClimatefETo
Rain

Crop

vV Y

Soil

W

Cwh

Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Green and blue water footprint of a crop E

Climate data — CLIMWAT 2.0 database (FAO, 2006)

Observed agroclimatic data of over 5000 stations worldwide (tries to cover 1971-2000)

e’ 2 P
*
-.|.-'. 4
o
A
¥
- 5 cammme N
T — R -

et
el Climate/ETo

]
Rt

- Rain




Green and blue water footprint of a crop E

Climate data — New LocClim 1.10 database (FAO, 2005)

Interpolates where no observations are available

~N
Y

New_ LocClim

Local climate estimator

PAPER

SINGLE POINT MODEI [ Display Annual Climate for a Point ]

WORKBENCH MODE| [ Prepare Climate Maps )

AUTOMATIC MODE | [ extract pata ]

NVIRONMENT AND NATURAL RESOURCES WORKING

DISCLAIMER | ® FAO, 2005

315

et
el Climate/ETo

L )

- Rain




Green and blue water footprint of a crop E

Climate data — Local Data can be added by hand to
CROPWAT

=
el Climate/ETo




.CLI

.PEN

| GROMIMGEM-AP-EELDE cli - Motepad
File Edit Format View Help

ET, Monthly Monthly
(mm/day) rainfall effective rainfall™
(mm/month) (mm/month)

| GROMIMGEM-AP-EELDE.pen - Motepad
File Edit Farmat Wi

NGEN-AP—-EELDE" ,4
G54 :

Mean daily Mean daily Mean Mean wind
maximum  minimum relative speed
temp. (°C) temp. (°C) humidity (%) (km/day)

T2

i
1.

Mean
sunshine
hours per

day

*Penman-Monteith method
**USDA Soil Conservation
Service formula

Mean solar ET.*
radiation (mm/&a )
(MJ/m2/day) y

|

=

Climate/ETo

L )

Rain




Green and blue water footprint of a crop (

ET, Penman-Monteith

# CROPWAT - Session: untitled

e
B

Climate/ETo CROPWAT options

Clirmate / ETo | Mor-rice crop scheduling Rice scheduling | Land Preparation [rice)

Drata zettings

ETo Penman-Monteith |ET-: Perman calculated from climatic data

Temperature |Minimum /£ mawinium temperatures

Changes to these settings only effect NEYW data

Humidity |F|elative huarmnidity in %

Windspeed |Kilometers per day

Sunshine | Hours sunshine
Schedule

ETo |mm per day

W

Crop Pattern

“ Save agz default Reset to FAD defaults

Scheme

ETo file Rain file Crop file Soil file

=
Climate/ETo
et

Rain




Green and blue water footprint of a crop f

Effective rainfall estimation method

F8) CROPWAT - Session: untitled

Schedule

W

Crop Pattern

L

Scheme

ETo file

CROPWAT options

Climate / ETo Rainfall | Mon-rice crop scheduling

Effective rainfall method for CwR calculations
i~ Fixed Percentage: a0 %

Dependable rain [FADSAGLW formula)
Petf=06*P-10 £3 for Priaonth <= 70 /3 mm
Peff=08*F-24 /3 for Pmonth > 70 /3 mm

Empirical formula
Peff= 05 *P+ & /3 for P<= B0 /3 mm
Peff= 07 *P+ 20 /3 for P> B0 /3 mm

USDA soil conservation service
Peff=[P*(126-02 =3 =P] /125 for P <= 250 /3 mm
Peff=1256 f3 +0.1%F for P> 250 #3 mm

Rice scheduling | Land Preparation [rice)

Mote: in red are corection factors that
CROPWAT applies to adjust formulas in
the caze of decade and daily rainfall
data [for effective rainfall calculations
daily data are aggregated per decade]

Ramnfall not conzidered in ingation calculations [effechive rainfall = 0]

Save ag default Reset to FAD defaults

i Cancel

Rain File Crop file

Soil file

=
Climate/ETo
et

Rain




Green and blue water footprint of a crop E

Crop parameters

 Crop coefficients (Kc) Global — CROPWAT (FAO, 2009a)
Regional —> Table 12 in Allen et al. (1998)
Climate region —— Chapagain and Hoekstra (2004) (App. VI)

Local —— Agricultural research stations, farmers
» Crop growing period Global - CROPWAT (FAO, 2009a)
(planting/green up date) Regional —> Table 11 in Allen et al. (1998)

Climate region —— Chapagain and Hoekstra (2004) (App. VI)
Local — Agricultural research stations, farmers

Ciap



Green and blue water footprint of a crop E

Crop coefficient curve

time (days)

+—initial— «crop development—+— mid season ——+late season+

Planting 10% ground . Harvest or full
full cover maturity
date cover senescence

Allen et al. (1998)
Lenght of growth stages .




Green and blue water footprint of a crop

Planting date

Green up
date

Crop growth stages for different crops

Crop type

crop

initial levelopment

Annuals

Perennials
- rangeland

- deciduous
trees & shrubs

- evergreen

Hypothetical

- grass reference

mid-season

late
season

«— growingseason —

Allen et al. (1998)

Ciap



Green and blue water footprint of a crop E

1. CWR option - input

5 CROPWAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

A

f s
e

Climate/ETo

Schedule

W

Crop Pattern

W

Scheme

ETo file R ain file Crop file Soil file Planting date




Green and blue water footprint of a crop E

1. CWR option - output

5 CROPWAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

i
Climate/ETo
Rain

Crop
W
Soil
&
N owR
m

Schedule

W

Crop Pattern

W

Scheme

ETo file R ain file Crop file Soil file Planting date




Green and blue water footprint of a crop (

1. CWR option - output
@CmpWaterRequirements =10] x|

ETo station |[GRONINGENAP-EELD Crop |Sugarbest

Rain station [GRONINGEN-AP-EELD Planting date {10/04

Month Decade Stage ETc EFff rain Irr. Req.
rrnddec mm.dec rmmdec
it 05 15 0s
it B2 14.1 0o
I it 72 152 0o
it g3 1E.E 0o
it 93 17.5 0o
Deve 11.0 185 0o
Deve 151 195 0o
Deve 225 205 20
Deve 290 211 79
bid /2 221 131
Mid BT 229 138
hid 395 219 176
bid 320 203 14.7
Mid 341 193 14.8
Late 327 198 129
Late 233 206 27
Late 173 211 0o
Late 127 208 0o
Late 55 122 0o

Apr
Apr
Apr
May

May

May

Jun

Jun

Jun
Jul
Jul
Jul
Aug

Aug

Aug

Sep

Sep

Sep
Oct

E NI R SR PR L L R TR L R T L B P L

381.2 345.6




Green and blue water footprint of a crop

1. CWR option - output

I@l Crop Water Requirernents
ETo station |GROMINGEN-AP-EELD

Rain station |I3FEEININI3EN-£-‘-.F'-EELD

=lol x|

Crop |Sugar|:ueet

Planting date |10/04
CWR ? |

Month

Decade

Stage

ETc EFf rain Irr. Req.

mmddec mm/dec mmddec

Apr

[t

Apr

Apr

May

May

May

Jun

Jun

Jun

Jul

Jul

Jul

Aug

Aug

Aug

Sep

Sep

Sep

Oct

Ca B RN SN A TR TR R TR O TR S B TR L

[ ik
I ik
ik
it
Deve
Deve
Deve
Deve
Mid
Mid
hid
kid
Mid
Late
Late
Late
Late

Late

0.5 1.5 05

E.2 14.1 0.0

7.2 18.2 0.0

8.3 1E.6 0.0

3.3 175 0.0

1.0 185 0.0

Copy table Data only 0o
Data and Headers 20
2101 73

221 13.1

2249 12.8

2149 17.6

203 14.7

19.3 14.8

15.8 129

206 27

211 0.0

208 0.0

122 0.0

345.6




Crop type nitial L:Ji% pment mid-season

= |l Data from CROPWAT
&

Perennials
- rangeland

- deciduous i
trees & shrubs

- evergreen

I | G | S 1 W | 1 D I

Hypothetical
- grass reference

growing season

rop
Develop
ment Jrop rop Evapo Crop Evapo \ Effective Irrigation Actual
Stage cefficienf \Transpiration transpiration Rainfall Requirement [rrigation
Stage C FTc ETc f rain Irr. Req. Act. Irrig.
coeff W/ day mm/dec mm/dec mm/dec mm/dec
1 Init . g 8.8 . 5.3
2 Init . 10.2 . 7
3 Deve 17 . 1208
1 Deve . 26.7 . 216
2 Deve 38.6 . 327
3 Mid 50.2 41.8
1 Mid . 541 437
2 Mid . 56.9 446
5 Mid . 62.6 452
| Late . 541
A Late . 41.4 12.5
L
0

Uss MR == Ul o (R o B s Y o (R s Y o o D = N = =

=

time (days)

mid season




Green and blue water footprint of a crop

i ET=ET,
1. CWR option - output ET, = min (ET,, P.y)

ET, = max (0, ET.- P.)* Irr. Fraction (ie the
volume of irrigation in reality)
CWR
fonth Decade Stage < C ETc Effrain | Irr. Reg. ET ET, ETh
ff y i mrmfdec | mmidec | mmdfdec | mmddec | mmddec
1.5
14.1
15.2
16.6

17

Apr

Apr

[ R

A pr

o R =

(]
]

20 0 =

Growing
period

-]
(0
.|
in}

Deve
rid
rid
kid
Rdlid
Rdlicd
Late
Late
Late
Late
Late

0
o0 — -

[ R

[uy]
| =
o

oo |~ | o

[N o R

[N S R

—_

Total 387 34B 100 351 282 100




Green and blue water footprint of a crop E

2. Irrigation schedule option

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

o
ClimatefETo
Rain

Crop

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Reference |ET_). crop evapetranspiration under standard (ET_} and non-standard cenditions 1|:‘|',:Edj-!

climate grass
I reference

Radiation
Temperature
Wind speed
Humnidity

well watered
grass

K c factor

well watered crop CWR

optimal agronomic conditions

Ks X Kcadjusted ETC adj

water & environmental

siress




Green and blue water footprint of a crop E

2. Irrigation schedule option input

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

S
ClimatefETo
Rain
Crop
Soil

Cwh

VYV Y

Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Green and blue water footprint of a crop E

Soil data (FAO, 2009a)

soil - ChProgramDatat CROPWATY datat soil s4FAONREDILR, 50T
Soil name  |Medium [loam)
General zoil data

Total available zoil moisture [FC - WFP] mm./meter

M aximum rain infiltration rate 40 mm/day

M aximum rooting depth 300 centimeters

Initial soil moisture depletion [az % TAM] n

Imitial available soi1l moisture mm./meter




Green and blue water footprint of a crop E

Soil data (FAO, 2009a)

Field Capacity (FC)

-The amount of moisture that remains in the soil after the excess water has
drained away.

- FC varies with soil type
Wilting Point (WP)
-The minimum amount of soil moisture required for a plant to remain upright.

- If soil contains less moisture than the wilting point for that plant, it will wilt, but
can recover.

Total Available Water
- Water held in the soil available to plants
- Difference between the water content at field capacity and wilting point

Readily Available Water

- Fraction of TAW that a crop can extract from the root zone without suffering
water stress




Actual evapotranspiration

Reference 130 ——
Soil-moisture-|

evapotranspiration * utiization —

Crop water requirement
CWR
CWR = ET, x K,

E
E
o
=
24
Q
E
-
1))

___Soil-moisture |
recharge

Actual
evapotranspiration ET, | ? o i
ET, = CWR x K, | w ™

JAN FEB MARAPR MAY JUN JUL AUG SEP OCTNOVDEC




Soil water balance

Evapotranspiration

wilting point

Deep
percolation Sail

Capillary rise




Soil water balance

Available water [cm/m]

Sand

Sandy-
loam

Loam Silt-loam Clay-loam

Texture

Clay

Soil




Green and blue water footprint of a crop E

2. Irrigation schedule option — input

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

2

A G
ClimatefETo

Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Green and blue water footprint of a crop E

2. Irrigation schedule option — output

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

2

S
ClimatefETo
Rain
Crop
Soil
CWwR

N
Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file




Green and blue water footprint of a crop (

2. Irrigation schedule option - output

T Crop irrigation schedule N [=1E3
ETo station |GRONINGEN-4P-EELD Crop |Sugarbeet Planting date |10/04 Yield red.
Rain station |GRONINGEN-AP-EELD Soil |Medium [loam] Harvest date |05/10 LU=

Table format . . ” .
Timing: lmrigate at critical depletion

" lrrigati hedul - e .
MR S L Apphlication: Refill zail to field capacity

t* Daily zoil moizture balance Field eff. 70 2

Date Day Stage Rain Eta Depl

T . mnm./day x
I ik 0.0 05 1
I ik 0.0 0E 1
I ik 0.0 0E 2
I ik 7.6 0E 1
I ik 0.0 0E 1
2
2
1

10 Apr
11 Apr
12 Apr
13 Apr
14 Apr
15 Apr
16 Apr
17 Apr

10 &

It 0.0 0.6
I ik 0.0 0E
I ik 7.6 0E

Linik falinl |

Lo =~ 0| M| | L Pa| =

=}

Totals
Total grozs irngation L Total rainfall

Total net irmgation L EHective rainfall
T otal irrigation losses L Total rain loss

Actual water use by crop Moist deficit at harvest
Potential water use by crop Actual irrigation requirement

Efficiency irrigation schedule Efficiency rain
Deficiency irrigation schedule

Yield reductions

it

Schedule

Stagelabel




Green and blue water footprint of a crop (

2. Irrigation schedule option - output

P39 CROPYYAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

. H & & E &%
Open Save Close Frint  Chart  Optionz

Crop irrigation schedule — O] %X
&) Crop irvig =[ol x|

ETo station |GROMINGEM-5P-EELD Crop |Sugarbest Planting date |10/04 Yield red.
Rain station |GRONINGEMN-2P-EELD Soil |Medium loam] Harvest date |05/10 0.0%

Table farmat

Timing: lrigate at critical depletion

" lirigati hedul N e .
OULELTED S S Application: Refill zoil to fisld capacity

+ Daily zoil moisture balance Field eff. 70

Date Day Stage Hain Eta Deficit

mm . mim/day mm
It 0o 1] 05
It oo 0.6 b 11

It 0o 0.6 L 18
It 7B 0.6 L 0E
It 0o 0.6 L 1.2
It oo 0.6 b 1.8
Ihit oo 0.6 b 25
It 7B 0.6 L 0E

Linik oo o 10

10 Apr
11 Apr
12 Apr
13 Apr
14 Apr
15 Apr
16 Apr
17 Apr

A0 A

B =T N | L] M| =

Totals
Total gross irigation L Total rainfall

Total net irmgation L Effective rainfall

Schedule o -
Total irrigation losses L Total rain loss

Actual water use by crop Moist deficit at harvest
* FPotential water use by crop Actual irmgation requirement

Crop Pattern Efficiency imigation schedule Efficiency rain
Deficiency imigation schedule

“ Yield reductions

Seazon

Stagelabel
L

Schedule

—-




Green and blue water footprint of a crop

2. Irrigation schedule option - output

Rainfed conditions Irrigated conditions

ETgfeen (il’l’ = O) = ETtot (irr = O) ETgreen (irr = 1) = ETgreen (irr = 0)

ETpe (ir=0)=0 ETpie (ir =1) = ETyo (irr = 1) — ET yreen (irr = 0)
Rainfed scenario (irr =0) Irrigated scenario (irr = 1)

tent to 100% field capacity

Schedule




Calculating the process water footprint of growing a crop:
An example for sugar beet in Northern Netherlands




Green and blue water footprint of a crop (

Climate data - CLIMWAT database (FAO, 2006)

Observed agroclimatic data of over 5000 stations worldwide (tries to cover 1971-2000)

@ CLIMWAT 2.0 - Lacal Station Distribution jm| ﬂ
Exit Export Mew Location Stations Display ZoomIn  Zoom Out  Export Selected Stations  Colors  Disclaimer  Shbout

Nr. Lon ["] Lat [°] Alt [m] MName Country

E.7a E0.51 11é MAASTRICHT-AP-ZUID-LIMET NETHEELAK

2.6 El1.45% 10 VWLISSIMGZEN NETHERLAK
E. 41 El1.45% £% EINDHOVEN NETHERLAK
4._78 2.9l 14 DE-EOO0T NETHERLAR
518 Ez.1 15 DE-BILT NETHERLAR

6.5 EE_EB 57 TWENTHE NETHERLAR
=1 E2.13 4 GFRONINGEN-AP-EELDE NETHERLAK

Mumber of stations loaded: 7

e
Climate/ETo
et

Rain




Green and blue water footprint of a crop E

Crop distribution maps

Sugar beet area

High : 0.154

Low: 0

Sugar beet harvested area in the Netherlands
(unit: proportion of grid cell area) Source: Monfreda et al. (2008)

o
ol Climate/ETa
l!_?

- Rain




Green and blue water footprint of a crop E

Crop distribution maps — Climate data

Sugar beet area

[
High : 0.154

Low: 0

Climate stations (dots) and sugar beet harvested area in the Netherlands
(unit: proportion of grid cell area) Source: FAO (2006) Monfreda et al. (2008)

o
ol Climate/ETa
l!_?

- Rain




Green and blue water footprint of a crop

Crop distribution maps — Climate data

Overijssel

Gelderland

Noord-Brabant

Sugar beet area

[ High:0.154

Low: 0

Climate stations (dots) and sugar beet harvested area in the Netherlands
(unit: proportion of grid cell area) Source: FAO (2006) Monfreda et al. (2008)

=g

ol Climate/ETa

=
T

- Rain




Green and blue water footprint of a crop E

Crop distribution maps — Climate data

Groningen Ap Eelde

Sugar thest area

High : 0.154

Low: 0

Climate stations (dots) and sugar beet harvested area in the Netherlands
(unit: proportion of grid cell area) Source: FAO (2006) Monfreda et al. (2008)

o
ol Climate/ETa
l!_?

- Rain




.CLI

.PEN

File Edit Faormat

[ S

EELDE.cli - Motepad

4 0.0.0.0

ET, Monthly Monthly
(mm/day) rainfall effective rainfall™
(mm/month) (mm/month)

| GROMIMGEM-AP-EELDE.pen - Motepad
File Edit Farmat ey

Mean daily
maximum
temp. (°C)

) o

]

T

Mean daily Mean Mean wind
minimum relative speed
temp. (°C) humidity (%) (km/day)

Mean
sunshine
hours per

day

*Penman-Monteith method

**USDA Soil Conservation
Service formula

Mean solar
radiation
(MJ/m?2/day)

\

(mm,




Green and blue water footprint of a crop

Crop parameters for sugar beet

K Kc Kc Initial Dev Mid Late Planting/ Rooting Crltlc_al Yield
Source Level ini mid end stage | stage | stage stage Green up depth depletion response
g g g g date (m) level (p) factor (Ky)
Chapagain and per
Hoekstra (2004) Cllm_ate 0.35 1.20 0.70 50 40 0] 40 1 April
Region
Per .
Allen et al. (1998) X 0.35 1.20 0.70 50 40 0] 40 April
region
CROPWAT (FAO, | Giopar | 0.35 | 1.20 | 070 25 35 50 50 0.3-1 05-06.06 | 008121
2009a) 1.1
IRS (2009)* Local 10 April

*Institute of Sugar Beet Research in the Netherlands




Green and blue water footprint of a crop E

Crop parameters for sugar beet

Dry crop - ChProgramDatay CROPWA T datahcropsh SUGAREET, CRO

Crop Mame |Sugarbeet Planting date |10/04 Harvest |06/10

Kc
Yalues

Stage initial late seazon

[days) a0 40

.30
R ooting depth
(m]

Cntical depletion
[fraction]

Yield response [.

Cropheight [m]




Green and blue water footprint of a crop E

Crop parameters for sugar beet

Leaves still being produced
but many now dead

About 16 leaves

Vegetative (1) and Yield |3)

75-115 days

Crap



Green and blue water footprint of a crop E

Crop parameters for sugarbeet

File Edit Format View Help
CROPWAT 8.0 Crop data
sugarbeet

1.00 1.10

Crop length of the growing season

Crop coefficients (Kc init, Kc mid, Kc end)
Rooting depth (m)

Critical depletion level (P)

Yield response factor (Ky)

Height (provide if available)




Green and blue water footprint of a crop E

1. CWR option - input

5 CROPWAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

A

f s
e

Climate/ETo

Rain

AW

Crop
W
Soil

¥

CwR

bt

Schedule

W

Crop Pattern

W

Scheme

ETo file R ain file Crop file Soil file Planting date




Green and blue water footprint of a crop E

1. CWR option - output

5 CROPWAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

i
Climate/ETo
Rain

Crop
W
Soil
&
N owR
m

Schedule

W

Crop Pattern

W

Scheme

ETo file R ain file Crop file Soil file Planting date




Green and blue water footprint of a crop (

1. CWR option - output
@CmpWaterRequirements =10 %]

ETo station |[GRONINGENAP-EELD Crop |Sugarbest

Fain station |I3FEEININI3EN-.&P'-EELD Planting date |‘I 0/04

Month Decade Stage ETc EFf rain Irr. Req.
i dec mm/dec mm./dec
[ it 0.5 1.5 05
it B2 14.1 0o
[ it 72 152 0o
[ it 8.3 1E6.E 0.0
it 93 17.5 0o
Deve 11.0 185 0o
Deve 151 19.5 0.0
Deve 225 205 20
Deve 290 211 79
Mid |2 221 131
hid BT 229 138
bid 395 219 17.6
Mid 350 203 14,7
hid 341 193 14.8
Late 327 19.8 129
Late 233 20.E 27
Late 173 211 0o
Late 127 208 0o
Late 55 12.2 0.0

Apr
Apr
Apr
May

May

May

Jun

Jun

Jun
Jul
Jul
Jul
Aug

Aug

Aug

Sep

Sep

Sep
Oct

N TR TR SR T R R TR L R T L R TR L

32 3456




Green and blue water footprint of a crop (

1. CWR option - output
@CerWaterRequirements =O] x|

ETo station [GRONINGEN-4P-EELD Crop |Sugarbest

R ain ztation |I3FEEININI3EN-.-’-'-.F'-EELD Planting date |1IJ£I:|4

Month Decade Stage ETc EFff rain Irr. Req.
rrndec mmAdec mmdec
it 0.5 15 ns
it E.2 14.1 0o
[t 7.2 152 0o
[t 8.3 1E.E 0o
[t 9.3 17.5 0o
Deve 1.0 185 0o
Deve Copy table Data only 0o
Deve Data and Headers 20
Deve T FR=]
Mid 221 131
Mid 229 138
kid 219 176
hid 203 147
kid 193 148
Late 19.8 129
Late 206 27
Late 211 0o
Late 208 0o
Late L 122 0o

Apr
Apr
Apr
May

May

May

Jun

Jun

Jun
Jul
Jul

el T S R TR L T TR L R TR LSO TR L TR L

345.6




Green and blue water footprint of a crop

1. CWR option - output ET =ET,
ET, =min (ET,, Peg)
ET, = max (0, ET.- P)* Irr. fraction

bonth | Decade | Stage < C C ff rain 3 ETp

minfdec

Apr

Apr

od kg —=
=

| —
1
1

[l
[l

[T N R R

Growing

period Mid
flid
flid
flid
flid
Late
Late
Late
Late
Late

od b —=

| —

2d e —=

Total




Green and blue water footprint of a crop E

1. CWR option

Water footprint estimation

WFFIFIZIG.QFEIE!H WFFIFIZII:.I:IIUEI WFpn:u:

mm/iperiod = r’ ftan

100 381 ' 855

*IRS (19939-2006) for Morthern Metherlands




Green and blue water footprint of a crop E

2. Irrigation schedule option — input

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

2

A G
ClimatefETo

Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file

m

Schedule




Green and blue water footprint of a crop E

2. Irrigation schedule option — output

CROPWAT - Session: untitled
File Edit Calculations Charts  Settings “Window Language Help

2

S
ClimatefETo
Rain
Crop
Soil
CWwR

N
Schedule

N

Crop Pattern

b

Scheme

ETo file R ain file Crop file

m

Schedule




Green and blue water footprint of a crop (

2. Irrigation schedule option - output

T Crop irrigation schedule N [=1E3
ETo station |GRONINGEN-4P-EELD Crop |Sugarbeet Planting date |10/04 Yield red.
Rain station |GRONINGEN-AP-EELD Soil |Medium [loam] Harvest date |05/10 LU=

Table format . . ” .
Timing: lmrigate at critical depletion

" lrrigati hedul - e .
MR S L Apphlication: Refill zail to field capacity

t* Daily zoil moizture balance Field eff. 70 2

Date Day Stage Rain Eta Depl

T . mnm./day x
I ik 0.0 05 1
I ik 0.0 0E 1
I ik 0.0 0E 2
I ik 7.6 0E 1
I ik 0.0 0E 1
2
2
1

10 Apr
11 Apr
12 Apr
13 Apr
14 Apr
15 Apr
16 Apr
17 Apr

10 &

It 0.0 0.6
I ik 0.0 0E
I ik 7.6 0E

Linik falinl falal |

Lo =~ 0| M| | L Pa| =

=}

Totals
Total grozs irngation L Total rainfall

Total net irmgation L EHective rainfall
T otal irrigation losses L Total rain loss

Actual water use by crop Moist deficit at harvest
Potential water use by crop Actual irrigation requirement

Efficiency irrigation schedule Efficiency rain
Deficiency irrigation schedule

Yield reductions

Stagelabel 5
Schedule




Green and blue water footprint of a crop f

2. Irrigation schedule option - output

P39 CROPYYAT - Session: untitled
File Edit Calculations Charts  Settings  Window  Language  Help

. H & & E &%
Open Save Close Frint  Chart  Optionz

Crop irrigation schedule — O] %X
&) Crop irvig =[ol x|

ETo station |GROMINGEM-5P-EELD Crop |Sugarbest Planting date |10/04 Yield red.
Rain station |GRONINGEMN-2P-EELD Soil |Medium loam] Harvest date |05/10 0.0%

Table farmat

Timing: lrigate at critical depletion

" lirigati hedul N e .
OULELTED S S Application: Refill zoil to fisld capacity

+ Daily zoil moisture balance Field eff. 70

Date Day Stage Hain Eta Deficit

mm . mim/day mm
It 0o 1] 05
It oo 0.6 b 11

It 0o 0.6 L 18
It 7B 0.6 L 0E
It 0o 0.6 L 1.2
It oo 0.6 b 1.8
Ihit oo 0.6 b 25
It 7B 0.6 L 0E

Linik oo o 10

10 Apr
11 Apr
12 Apr
13 Apr
14 Apr
15 Apr
16 Apr
17 Apr

A0 A

B =T N | L] M| =

Totals
Total gross irigation L Total rainfall

Total net irmgation L Effective rainfall

Schedule o -
Total irrigation losses L Total rain loss

Actual water use by crop Moist deficit at harvest
* FPotential water use by crop Actual irmgation requirement

Crop Pattern Efficiency imigation schedule Efficiency rain
Deficiency imigation schedule

“ Yield reductions

Seazon

Stagelabel

e

Schedule




Green and blue water footprint of a crop

2. Irrigation schedule option - output

Rainfed conditions Irrigated conditions

ETgfeen (il’l’ = O) = ETtot (irr = O) ETgreen (irr = 1) = ETgreen (irr = 0)

ETpe (ir=0)=0 ETpie (ir =1) = ETyo (irr = 1) — ET yreen (irr = 0)
Rainfed scenario (irr =0) Irrigated scenario (irr = 1)

tent to 100% field capacity

Schedule




Green and blue water footprint of a crop

2. Irrigation schedule option — output — Medium soil

Rainfed scenario (irr =0)

Rain station |GROMNINGEMN-4P-

Table format
" lrrigation schedule

(= Daily zoil moizture balance

End
End
End
End
End
End
End
End

Totals
Total gross irrigation

Total net irrigation
Total irngation losses

Actual water use by crop
Potential water uze by crop

Efficiency immigation schedule
Deficiency imigation schedule

Yield reductions

Stagelabel

Application:

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Rainfed conditions
=10l x|

Planting date W Yield red. ETgreen (irr = O) = ETtOt (irr = O)

Soil |Medium [loam] Harveszt date |0 ] 0.0%

Mo igation [rainfed) ETpe (ir=0)=0

Total rainfall
Effective rainfall
Total rain loss

Moist deficit at harvest
Actual irmigation requirement

Efficiency rain

Seaszon

¢

Schedule




Green and blue water footprint of a crop f

2. Irrigation schedule option — output — Medium soil

Irrigated scenario (irr=1)
Irrigated conditions
rop irrigatic edule -|ol x|
ETo station [GRONINGEN &P Crop |Sugarbest Planting date |10/04 “'ieldofed- ETgreen (ir=1)= ETgreen (irr = 0)
Rain station |GROMNINGEM-4F-EELD Soil |Medium [loam) Harveszt date |00 0.0%

T able format — ETque (irr = 1) = ETtOt (irr = 1) — ETgreen (il‘l’ = O)

Timing:
" lmigation schedule Application:

{« Dail il moisture bal .
aily soil moisture balance Field eff.

- | et \gvday/ | o [ om |
. . L 0.0
(308ep | 174 | End . 1.00 L 3 0.0

End , 1.00 1 ; 0o
End 0.0 1.00 L 4 0.0
End y 1.00 : L . 0.0

End 0.0 1.00 . 0o
End 0.0 1.00 . 0o
1.00

Total rainfall
Total net irrigation b Effective rainfall
Total irngation loszes L Total rain loss

Actual water uze by crop . Moist deficit at harvest
Potential water use by crop . Actual irmigation requirement

Efficiency irrigation schedule Efficiency rain
Deficiency imgation schedule

Yield reductions

Stagelabel pEasol

Schedule




Totals
Total gross irrigation

T otal net irrigation
Total irrigation losses

Light
Actual water use by crop
Potential water use by crop

Efficiency irmgation schedule
Deficiency irmigation schedule

Total gross irrigation
Total net irrigation
Total urigation losses

Medium

Actual water use by crop
Potential water use by crop

Efficiency ingation schedule
Deficiency imgation schedule

Total grosz ungation
Total net wngation
Total irrigation losses

Heavy

Actual water use by crop
Potential water use by crop

Efficiency imigation schedule
Deficiency irmgation schedule

Total rainfall
E ffective rainfall
Total rain loss

Moist deficit at harvest
Actual wngation requirement

Efficiency rain

Total rainfall
Effective rainfall
Total rain loss

Moizt deficit at harvest
Actual irrigation requirement

Efficiency rain

Total ranfall
Effective rainfall
Total rain loss

Muoist deficit at harvest
Actual irrigation requirement

Efficiency rain

Schedule




Green and blue water footprint of a crop E

2. Irrigation schedule option - output — Soil comparison

CROPWAT ETgreen ETbiue Cwugr-'-_--'-_-n CWU e

option mm/period

a3k . 380 aak4d 440 3803

*IRS (1999-2008) for Maorthern Metherlands

m

Schedule



Green and blue water footprint of a crop

Water footprint estimation
1. CWR option

ETg ETy Cwug CWUy, Y WFpr-:u:.grr:u:-n WFpr-:u:.t-IUr:- WFpr-:u:
rmiperiod m*tha tondha rton
282 100 351 2816 S35 3511

*IRS (1999-2006) for Marthern Metherlands

2. Irrigation schedule option
CROPWAT ETgreen ETI:-Iu-'-_- Cwugr-‘-.--‘-_-n Cwul:-lu-'—.- ¥ WFpr-:u:.grr:u:-n WFpr-:u:.t-IUr:- WFpr-:n:

option mmJiperiod m°fha ton/ha e tan

a3h £ jatalll a3R4 aa03

*IRS (1999-2008) for Marthern Metherlands

Average irrigated area varies from 1 to 19% (lIRB, 2004)

Schedule






Grey water footprint of a crop

L

» WF (m3)
proc,grey
(Cmax i Cnat)

L/(c

max nat)

» WF m3/ton)

proc,grey (
Prod

L — Load of pollutants entering the water system (g/day)
Crax— Ambient water quality standard for the pollutant considered (g/m?)
C.ot — Natural concentration in the receiving water body (g/m?3)

Prod — Production (ton/yr)



Grey water footprint of a crop

Grey water footprint
Source: Fertistat (FAO, 2009c)
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Grey water footprint of a crop

Grey water footprint
Source: Fertistat (FAO, 2009c¢)

Grey component of the process water footprint for sugarbeet within the Northern Netherlands

Total Nitrogen leached to
Area™ fertilizer the water hodies
applied 10%

Average fertilizer

T t I WF Mo qrat n e F IM0G, Qe
age: ! US EPA  Tota PrOcA™ Production™ pros.gn:;
application rate®

{2009) sugar heet sugar heet
kotha ha tonfyear tonfyear | 10° rrfyear ton e iton

105 10887 1176 118 1 12 b4717b 18

FAQ, 2009¢)
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