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PREFACE

With rapid population growth and rising expectation of bettor life, there will be aver
increasing demand of water for varisus competing sectors like domestic, industrial and
agricultural needs Also more and more water will be required For environmental concerns
such as aquatic life, wildlife refuges and recreation. With changing global climarie parterns
coupled with declining per capita availability of surface and groundwater. sustainable water
resources management is agreatchallenge in India. With increasing water demand from other
sectors, agricultural water use in the country will face stiff competition for scarce water
resouree in future, Therefore, the available utilizable water resources would be inadequate to
meet the future water needs of all sectors unless the utllizable quantity is increased by all
possible means and water is used efficleatly. Adoptivn of suitable agro-technigues for crop
eultivation is need of the hour t produce more crops with less water so to check the decline of
surface and ground water resources in India. Recognizing the impertance of the above facts
many water saving lirigation technologies like resource conservation technology including
leser levellng Improved irrigation methods including drip and sprinkler, rain water harvesting
and ground water recharge techniques, diversification with low duty crops, waste water
management, conjanctive and multiple usa of water ete. have been developed to achieve 'miore
productivity per-drop’, But now the prierity is the development of ths indices which can be
sed 1o indicate appropriation of fresh water resources to produce a particular product or to
complete ane process requiring water from a particular management system. In this regard
water footprints which are the ratio of volume of consumptive water use to quantity of
produce of interest can be used to indicate direct and indirect appropriation of fresh water
resources, The term fresh water appropriations Indude both corsumptive water use (the
green and blue water footprints) and the water required to assimilate pellution (the grey
water footprint). Lower water footprints from a management system indicate its efficiency to
produce more blolegical vield or product with less amount of water. The water footpring of a
product can be used to provide Information to consumers about the water-related impacts of
products they use or to ghve policymakers an idea of how much water is being “traded” through
imperes and exparts of the product.

A number of studles have been conducted to gquantify the water footprint of rainfed and
irrigated crops and crop pmducts but still farm level water f2otprints information of crops
production under actual water avallability in the field are not available. In this research
bulletin concept of farm level water footprints of crop production has been vividly discussed
and water footprint accounting procedure has been standardized under different agro-
management systeme. We sincerely hope that the research bulletin will be helpful to
researchers, extensdon workers, academicans and others these are engaged in agricultural
water management research for computing water foctprints atfarm level,
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1.0 Introduction

The water resources potential of India which ocours as natural runoffin the rivers are
estimated at about 1869 M ha-m Considering both uneven distribution of water
resource over space and time about 112.2 M ha-m of the total potential can be put to
beneficial use, 62 M ha-m through surface water resources and 43.2 M ha-m by
groundwater [(Kumar and Kar, 2013). India experiences high degree of spatial
variability of annual rainfall, highest annual rainfall of 11,690 mm is recorded. at
Mousinram near Cherrapunji, Meghalaya, and lowest of 150 mm at Jaisalmer of
Rajasthan. Average 75% precipitation of the country occurs during southwest
monsoon season (June to September] only {Kumar and Kar, 2013 ). The country’s vast
cultivated area {82 M ha) is still rainfed. For adequate living standards as in western
and industralized countries, a renewable water supply of at least 2000 m’ per person
per year is necessary. If only 1000-2000 m’ per person per vear is available, the
country Is 'water stressed’, while the value comes helow 500 m’ per person per year,
the country is called “water scarce’ (Kumar and Kar, 2013}, With rapid population
growth and rising expectation of better life, there will be ever increasing demand of
water for various competing sectors like domestic, industrial and agricultural needs.
Also more and more water will be required for environmental concerns such as
aguatic life, wildlife refuges and recreation. With changing global climatic patterns
coupled with declining per capita availability of surface and ground water resources,
sustainable water management in agriculture is a great challenge in india. With
increasing water demand from other sectors, agricultural water use in India will face
stiff competidon for scarce water resource in future. Therefore, the available
utilizable water resources would be inadequate to meet the future water needs of all
sectors unless the utilizable quantity is increased by all possible means and water is
used efficiently. Adoption of suitable agro-technigues for crop cultivation is need of
the hour to produce more crops with less water so as to check the decline of surface
and ground water resources in India. Recognizing the importance of the above fact,
the country haz developed water saving irrigation technologies like resource
conservation technology including laser leveling, improved irrigation methods
including drip and sprinkler, minwater harvesting and groundwater recharge
techniques, diversificadon with low duty crops, waste water management,
conjunctive and multiple use of water ete, to achieve ‘'more productivity per drop’, But
now the priority is the development of the indices those indicate appropriation of
freshwater resources from a particular management system. In this regards waber
feotprints which is the “ratio of the volume of consumptive water use to the quantity
of produce of interest” can be used to indicate direct and indirect appropriation of
freshwater resources [Hoekstra, 2003; Hoekstra and Chapagain, 2008), The term
“freshwater appropriation” includes both consumptive water use {the green and blue
water footprint) and the water required to assimilate pollution [the groy water
feotprint]), (Postel et al, 1996 and Chapagain et al,, 2006],
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A number of studies have been conducted to quantify the water footprint of a large
variety of different crop products and crops (Chapagain and Hoekstra, 2003, 2004,
2007; Oki and Kanae, 2004: Hoekstra and Hung 2005; Chapagain, 2006; Chapagain et
al., 2006: Chapagain and Hoekstra, 2007; Hoekstra and Chapagain, 2008; Gerbens-
Leenes and Hoekstra, 2009; Chapagain and Orr, 2009, Hoekstra et al, 2011). These
studies provided a broad-brush to the global picture since the primary focus of these
studies was to establish a first estimate of global virtual water lows and for national
water footprints. More recently, though a few studies have separated global water
consumption for crop production into green and blue water with a better spatial
resolution (Rost et al, 2008; Siebert and Doll, 2008, 2010; Liu et al, 2009; Liu and
Yang, 2010; Hanasaki et al, 2010; Fader et al, 2011), but stll farm [evel water
footprints information of crops and their accounting procedure under different
management practices are not svailable. Keeping the importance of above points in
view in this manual concept of farm level water footprints for crop production and
their acoounting procedure have been vividly discussed which can be used by
researchers, extension workers, academicians and others those are engaged in
agricultural water management research for compuating water footprints at farm
Lewval,

2.0 Water productivity vs. Water footprints

Water productivity 1s the amount of crop production (g} or money [Rs.) earned per
unit amount of total water utilized {m") and usually expressed as kg m or Rs.m, But
definition of water productivity changes with the background of the researcher ar
stakeholder involved. For example, obtaining more kilograms dry matter production
perumit of transpiration is a key issue for plant breeders. At a basin scale, economists
wish to maximize the economical value from water used, Water managers tend to be
more concerned with the total water input. Rainfed farmers in arid areas are highly
concerned with doing the most with the limited rainfall. Irrigation farmers and
managers will evaluate thelr water productivity on the basis of canal water suppliesin
relation tocrop yvield,

Water footprints are the “ratio of the volume of consumptive water use {m') te the
gquantity {ton) of produce of interest” and can be used tw indicate direct and Indirect
appropriation of freshwater resources [Hoekstra, 2003; Hoekstra and Chapagain,
2008). The water footprints of crops are expressed as volume of water consumed per
unit guantity of produce (m’ tonor litre kg') but units depend on what is being
studied in the water footprint Velumes of green, blue, and grey water are alwaysin the
numerator, but it may be time, mass, people, or units in rhe denﬂmmatﬂrdependlng
upon the category of the product [E' a. liters/kg or m'fton for a crop, m" or
liters /person/year for a consumer, m'/ vear for a land area, or liters/pair of cottan
shirt fora product]
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Water footprints (WF) indicate direct (the green and blue water footprint) and
indirect {grey water footprint] appropriation of freshwater resources which (i)
¢vaparates or evapo-transpires, [il) is incorporated into a product, [ili} iz con-
taminated, or (iv) is not returned to the same area where it was withdrawn. All four
Lses result in water being unavailable for local, shart-term reuse and refer to water
loss to the catchment only, Since the water outflaws like seepage, percolation etc. are
not a loss to the catchment, these types of water flows are not included for water
footprint accounting. Inwater footprint accounting in addition to the water loss due
to evaporation or evapo-transpiration. volume of freshwater that is required to
assimilate the load of pellutants based on existing ambient water quality standards is
also added, Evaporation or evapo-transpiration is often the most significant
consumptive water use, and it will often be equated with total water use as the other
compoenents are negligibly smallby comparison. Some amount of warer is 2lso needed
for input production like fertilizers, pesticides to raise crops but that is insignificant as
compared o evapo-transpiration. Since some amount of soil moisture is also lost
during land preparation, puddling [in case of rice] to raise the crop, that water loss is
alse tobe added to 2ccount water footprine,

3.0 Typesofwater footprints

Water footprint for any products or processes congsists of three companents: Blue,
Green, and Grey:

3.1 Blue Water Footprint:

Blue Water refers to the amount of irrigation water applied from stored surface
water or renewable groundwater sources other than effective rainfall (P, and
contribution from profile stored soil moisture [ASW) to grow a crop. Under unlimited
irrigation water, entire deficlt water is met through irrigation in order to fulfill
potential crop evapotranspiration (PETe) or crop water requirements {CWR) and
evaporation during land preparation /land seaking and hence crop water use (CWLU)
is equal to  PETt or CWR. Thus, for fully lrrigated crops, blue water (ET,) or the
brrigation Requirements (IR} is equal to the CWR minus P, and ASW. If P, and ASW
are equalar more than thatof CWR, blue water requirement iszern,

The Blue Water Footprint (WF_.) refers to the ratio of volume of blue water

consumed (m’ ha') during the life cycle of a crop to the quantity of economic erop
vield (tha '} produced.
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Volume of Blue Water Uselm® ha="')

WEyen (;mﬂ t‘il = Gratnyield of the I'-':I"HP(IM.".‘} iy {1]

3.2  GreenWater Footprint:

The Green Water Footprint (WF,.) refers to the ratio of loss of green water
-haﬂuurces (profile stored soll moisture or rainwater in so far as it does not become

runoff) due to evaporation or evapo-transplration during the crop growth pﬂrlud. to
-ﬂ;&qnanﬂty afeconomiccrop yield (tha ") produced. Thus,

Valume af Grean Water Ugelm? ha™1)

Whgrgen (7 £75) = Oroin yleld of I‘:i'm:rn-p 15: }u“—} e

-When no rainfall is received during erop growth period, effective rainfall component
is zera but stored profile residual soil moisture of ralny season [PSMC) may serve as
source of green water footprints,

3.3  Greywater footprint

The Grey water footprint (WF,__] is defined as the volume of freshwater that is
required to assimilate the load of pollutants based on existing ambient water quality
standards

Yolume of Grey Water Use{m® ha™")
4p=1 L
i o Grain yield of the crop (1 ha-1) &
The water footprint of a product isabways expressed asvolume of green, blue and grey
water consumed perproduct unit. Examples:

s water volume per unitof mass{for products where welght is agood indicator of
quantity)

s water volume per unit of money (for products where value tells more than
weight]

s water volume per piece [for products that are counted per piece rather than
weight)

o water volume per unit of energy {per keal for food products, or per joule for
electricity or fuels)




4.0

Applications of water footprintaccounting

The water footprints (WFs] ofa product can be used to provide information to
consumers about the water-related impacts of products they use or to give
policy makers an idea of how much water is being "traded” through imports
and exports of the product. As for example to produce one kilogram of rice
approximately 3000 liters of water or for production of one killogram of beef
requires 15 thousand liters of water [Dourte and Fraisse, 2012} The actual
water footprint of a product depends upon the type of production system, the
composition and origin of the raw materials etc.

WFs of a consumer will provide insight about his or her direct and indirect
freshwater use. The direct water use is the water used at home, while the
indirect water use relates to the total volume of freshwater that is used to
produce the poods and services consumed. The water footprint of consumers
can be expressed im terms of water volume per unit of time per capita.
Example, The average resident in China and India has a water footprint of
1,071and 1,089 m" /person/vear, respectivelw. {Dourte and Fraisse, 2012).

WTs of a geographical or land area {county, watershed, or nation) provides
information on water used to produce the goods and services consumed by
the inhabitants of the nation. The internal water footprint is the appropriation
of domestic water resources of that country; the external water footpring is
the apprapriation of water resources in other countries. The water footprint
within a geographically delineated area is expressed as water volume per unit
of time, For example, the United States has the highest per capita total water
footprint of any nation 2 480 m” water /person fyvear compared ta 700 m™
water, person/year for China. However, the 11,5, is by far the leading exporter
of water because of the large amount of agricultural exports. (Dourte and
Fraisse, 2012).

WFs of an agricultural crop can be used to compare consumptive water use
among differentagricultural systems in different regions, eritcan be used ata
farm level to compare water use among different management practices. The
water footprints of crops are expressed as volume of water consumed per unit
quantity of produce (m” ton"or litre kg *). Many products contain ingredients
from agriculture or forestry, Crops are used for food, feed, fibre, fuel, oils,
soaps, cosmetics, etc. Wood from trees and shrubs is used for timber, paper
and fuel as well, Providing a water footprint label on agricultural based
products could give consumers more information about the product’s water
foorprint.
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= WFs can be used for making comparisons of consumptive water use among
different agricultural management systems: For example, converting a
ralnfed system to conservation agriculture may decrease the water footprint
as there may be an increase in infiltration of rainfall and a reduction in non-
beneficial soil evaporation.

» WFsin agriculture can be an important tool for reflecting water conservacion
impacts from various farm management options like changes in irrigation
management, conservation, tillage, crop selection, and retations can all have
meaningful impacts on farm-level water footprints.

s  When comparing different management strategles, a lower water footprint in
a low-rainfall or a highly varfable rainfall situation suggests higher water use
efficiency,

= Regional comparisons of water footprints will suggest that production should
be shifted to an area where production would have alower water footprint by
comparing management systems in different regions/ dimates.

5.0 Accounting farm level crop water footprints

The water footprint of a crop is a special case of a process water footprint and has
three components viz, gresn water footprint {soil evaporation or crop evapo-
transpiration of water supplied from the rainfail or contriburion from the stored soil
maoisture of the profile for crop production), blue water footprint {soil evaporation or
crop evapo-transpiration of the irrigation water supplied from surface and renewable
groundwater sources) and the grey water footprint (volume of water reguired to
dilute pollutants to such an extent that concentrations are reduced to agreed
maximumacceptable limits]. (Hoekstra and Chapagain, 2008; Hoekstra etal, 200 1).
Thus, total water footprints [(WF_.)

WFitii = (WEreen ) + (WFiued + (Whirey ) [Eﬂhuﬂell.'mm} _______________ (4)

The unit of crop water footprints is thus volume per unit mass (often liters kg or,
equivalently, m' ton” ; 'ton' refers to a matric ton of 1000 kg). The vield in the
denominator of the water footprint compoenents is the yield at standard, marketable
moisture content, Therefore, if a yield is measured in a field based on grains that were
harvested above marketable moisture content, the yield value should be adjusted
downward to account for the grain drying needed prior to marketing the crop
[ Hoekstra and Chapagain, 2008).
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Thus, crop water footprints

WU reen + Wl + WU, (m? ha™")

e e RN e s el S ~{5)

WU, = 'green’ crop water use, WU, = blue’ crop water use and WR,_ = ‘grey’ crop
wotaruse

Crop Water Requirement is the otal amount of water needed to compensate the
evapo-transpiration (ET] loss from the crop feld from planting to harvest for a given
crop in a specific climatic region, when adequate soll water is maintained by rainfall
and/or irrigation so that it does not limit plant growth and crop yield. The crop water
requirements vary mainly with climate and crop factors  like cultivar/fspecies,
growing stage, leaf area, leaftvpe, stomatal behavior, root characteristics ete,

Under unlimited water availability (either through rainfall or Irrigation or both
sources], the total blue and green crop water use (WL, + WU__ ] are equal to
potential crop evapo-transpiration (PET) or CWR. When limited water s avallable,
W, + WU__.. would be equal or less than tetal crop water requirement (CWR) for
the growing seazon and hence, CWU will be the actual crop evapo-transpiration

(AET).

5.1 Step by step procedure for calculating farm level water footprints of
crops with examples

Case-1: FORIRRIGATED CROPS (FULLIRRIGATION)

Step-1: ldentify the climatic zone and for agr-n-e:ulngi:a] zone of the project
areca

Step-2: Select the appropriate crop/cropping pattern for the area

Step-3: Collectlong-term climartic data and the soil informaton

Step-4: Estimation of ET, following any emperical methods like FAD Penman-
Monteith (Allen et al., 1998), Hargreaves and Samani [1985)
(Annexure-1)

Step-5: Determine the crop coefficients; K_atdifferent growthstages

The determination of the K_values forthe various growth stages of the crops involves
the following sub-steps:

(n Determination of the total growing period of the crop
The total prowing period (in days} is the period from sowing or transplanting to the
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last day of the harvest, It is mainly dependent on the type of crop and the variety, the
climate, the planting date. As the growing period heavily depends on local conditions
[2.& local crop varieties) itis always best to obtaln these datalocally.

(if) Determination of the various growth stages of the crop

Once the total growling period 15 known, the duration [in days) of the various growth
stages hastobe determined. The total growing period is divided into 4 growth stages.

# The initial stage: this is the period from sowing or transplanting until the crop
coversabout 10% ofthe ground.

* The crop development stage: this period starts at the end of the initial stage
and lasts until the full ground cover has been reached (ground cover 70-80%; it
does not necessarily mean thatthe cropis at its maximum height.

+ The mid - season stage: this period starts at the end of the crop development
stage and lasts until maturity; it includes flowering and grain-setting.

= Thelate season stage: this period starts at the end of the mid season stage and
lasts until the last day of the harvest; It includes ripening.

Based on the outcome of some experiments at different locations of Odisha, the
duration of these four stages of some crops have been given in Appendiz-1. FAD
Irrigation and Drainage Paper MNo-24 also provides general lengths for the four
distinct growth stages and total growing period of some crops for various types of
climateand locations,

(lii) Determine the K, values for each crop for each of the growth stages

In absence of locally available Kc values, the Kc values given in Appendix-2 can be
used (Allen et al, 1998)

Step-6: Determine the potential crop evapo-transpiration [PET) using the
relationship ET . =ET,*Kc

Under unlimited water supply, crop water use for a given crop, i [CWU )= crop water
requirements for a given crop | [CWR,), which is also equal to the potential crop
evapo- transpiration for the crop, I[ PET:):

L
CWR (mm) = PET, (mm) = E{EJ‘D:I K.thmm e (6]

=i




ET,t is the reference crop evapo-transpiration (evapo-transpiration rate from a
reference surface, not short of water) of the location for the day t, in mm. and is
denoted as ET, K, isthe crop coefficent for the time tday, wariesin time, aza function
of the plant growth stage. The PETc is measured in units of depth (mm), but can be
converted inunits ofvolume fares, eg.m ha by multiplvinga factor 10

Generally, the Ko is determined in four crop growth stages (initial, development, mid-
and late stage). During the Initial and mid-season stages, K¢ is & constant and equals to
Kr... and K., respectively. During the crop development stage, Ko 1s assumed to
linearly increase from Ke,, to Kr, . In the late seazon stage, Kris assumed to decrease
linearly from Ke,,, to K. The only factors affecting ET, are climatic parameters

[Allenetal, 1998].

Step-7: Determine the evaporation loss during land soaking for non-rice crops
and for land preparation/puddling in case of rice

Water Requirement during Land preparation for non-rice crop

This Is the water required to sozk the land prior to the initial breaking of the soil,
either by plowing or by any other means which can be estimated using the following
relationship (Ali, 2010).

This is expressed as: WRyy = W, +C % ETy + P = PEff  =--sesmsmrasammmm e (7]

where WE,, is the depth of irrigation water required for land soaking (mm], W, iz the
depth of water required te saturate the soll (mm), ET, is the reference evapo-
transpiration during the time of soil saturation (mmj}, C is the evaporarion coefficient
equating reference evapo-transpiration to evaporation rate. The value of C is about
0.9.P is the deep percolation loss during the soll saturation [mm), P, is the effective
rainfzil during the period [mm].

Since for water footprints computation we are interested In evaporation ioss (E.)
during land preparation

Ee=-C X ETy o —— - )

ET, is the reference evapo-transpiration during the land preparation period
Water Requirement for Land Preparation for rice crop

This is the [rrigation water required to maintain the saturation condition of the soil
from the first breaking of the soil to seedling or transplanting. This water is required
to replace evaporation, percolation, and application losses and includes the addition

ag



of water depth to suppress weeds or softén soibclods and is expressed by thesquation
below (Al 2010)

WRyp = By + € R ETp + P = Pypp oeimuciusnssnansnianssss oo iicssnnasans (9]

Where, D, water depth for submergence [mim).

P is the deep percolation loss during the sail saturation (mm), P l& the effective

rainfall during the period (mm]), since for water footprints computation only
evaporation loss during fand preparation is considered

Ejp = € X ETy wreereessmisssssssssmsmmressrmremrannrssesssnsnnsmnmnnss (1 (]
Er,is the reference evapo-transpiration during the land preparation.

Step-8: Compute the effective rainfall or contribution from profile stored soil
maoisture to determine green water contribution

Effective precipitation (P,] is the part of the total amount of precipitation that is
refained by the soil so that it is potentially available for meeting the water
requirement of the crop. [t iz often less than the totzl minfall becauze not all rainfall
can actually be appropriated by the crop due to surface runoff or percolation
[Dastane, 1976,

Following any of the methods /empirical equations can be used to estimate effective
rainfall [Peff]} from rainfall {P]

i} Fized percentage:

Peff=Fixed percentage™F 0.7-09 isthe recommended value seesessmenimasaneea1 1)
il Dependable rain (FAO/AGLW formula):

Pelf=0.6"P-10 for P, _..,... TOMIN weisaranmrnmssreressssassnsimnnssnssssssnssnssssnnsmnessasa| 1 2]
Paff=0.8%P-24 for I 4 et . 1

i) U5DA Sall Conservation Servicesmetiiod,

Peff=P*[125 - 0.2*P)/125for P, .. <=250mm —---—mrmrrmremee- (14]
Peff=125+0.1* PRor P, .0, 25 0 e e L 6

Similarly for daily or weekly water balance computation, daily or weekly effective
rainfall can be computed

The above equations are avallable as in buiit In CROPWAT 80 model [source:
www.fao.org/water/infores-databases-cropwat.html

The effective rainfall can also be determined from measured soll watér balance
parameter




(1] Soil moisture depletion methods forcrops other than rlce

MM Pt D BT e [16]
M,,= soll molsture In (%4) after rain, M,,= soil moisture in (%5) before rain, |, = bulk
density (Mg m”), ET.= crop evapolranspiration during the interval between the
cessation of rains and soil molsture sampling. P,.=Bulk density, D = depthof sampling
(layerwise root zone depth may be considerad)

(ii) For rice crop, effective rainfall P can be measured using drum culture technique of
Dastane, et. al[1966]) with daily water balance parameters,

B 1 e (17)
P=Rain fall, R= Runoff, D= Deep percolation and seepage loss

Step-%: Estimation of irrigation or blue water requirement to meet the crop
evapo-transpiration and soil evaporation loss by subtracting green water
[effective rainfall and contribution from stored soil molsture of the profile].

Under unlimited water supply, blue water reguirement is egual to the crop water
requirements [ evapotranspiration loss and evaperation loss during land
preparation) minus effective rainfall (P, mm) and profile stored soil moisture
contribution (ASW} if any. Under this condition itis assumed that entire deficit water
issatisfled through irrigation,

IR {mm) = (PET: + Eray, — Porr — LSWJ 111 SSSP———— | |

E,.;,* evaporation duringland soaking or land preparation
When no rainfall is recelved or mo Irrigation 15 applied during crop growth period

stored profile carry over residual soil moisture of rainy season [ASW) may serve as
source of green water footprints during post rainy/ winter season.

P T ¥ T O — S i A i (1%)

Sm,, = Sofl moisture at the beginning of the growing period, mm for i* layers

SM, =50l meisture at the end of the growing period, mm for i* layers

Soil moisture at any point of time (SM,) can be determined by following relationship.

- (Vi % psg % &) (20)
100

SME =

Where V_, is the percent moisture content in weight basis (w/w) for the layeri, p.isthe
bulk density of soll of layer i, Z is the depth of soil layver  [m]); and n iz the total number
of soil layers within the root zone {noz). Density of soil-water is consldered as 1gm/cc
or 1,000 kg/m",

(k]
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Step-10: Computation of Grey water footprints

The grey water footprint is calculated by dividing the poliutant load (PL. in
mass/time) by the difference between the ambient water quality standard for that
pollutant (the maximum acceptable concentration €., in mass/volume] and its
natural concentration in the receiving water body [C,,, in mass;/volume] (Chapagain
etal. 2008).

PL (kg ha™%) 1
3 =1y — - ezt B aiarue
W gy (mton™) = T I & e [20)

As an of example of polluted water or grey water footprint, nitrogen [N} as a
representative element for estimation of the grey water footprint has heen explained
here following Chapagain et al. [2006). Grey water footprint {m’ ten ') related to
nitrogen poliution was calculated by multiplying the fraction of nitrogen that leaches
or runoff by the nitrogen application rate (ke ha”) and dividing this by the difference
between the maximum permissible concentration of nitrogen {kgm ) and the natural
concentration of nitrogen in the receiving water body (kg m ") and by the actual crop
yield (ton ha"). In this paper; we have taken a flat rate of nitrogen leaching equal to
10% ofthe nitrogen application rate and used the permissible limitof 10 mg nitrate-
NO, per litre' as per the standard recommended by EPA (2005 for nitrate in drinking
water to estimate the volume of water necessary to dilute leached nitrogen to the
permissible limit. Natural concentration of nitrogen in the recelving watsr body was
considered nil, for computing grey water foot prints in this stady.

Step-11: Determine the water footprint (m't") using the ratio of volume of green,
blue, greywater [m’ ha') to the total grainyield (tha")

Step-12: Determine the total volume of water requirements using the ratio of water
loss to the atmosphere (soll evaporation + crop evapotranspiration] = seepage +
percolation +other losses of water (m') to the grain yield (fon).

Some examples of above case are given in Table-1, Table-2 and Table-3
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Table-1: Computation of water footprints of rainy season rice with
supplemental irrigation : Duration - 120 days, Sowing date; 1% July

i § E = g E E ﬁ ‘% % % § §
ETs{mmiday) 45 47150 66|87 54 i 4.5 0 4% 4 .3
Chistion of growth Hitia Crop | M | Lote
T Biage- ey | ieason | semsen
= | | T | G e e s s |
By 31 an B |
daye | days | doys
i:i‘:“““s‘““"' BN O o O e O e U
K values
for the month . - - - - 1.1 Li5 1.15 1
PETe {mmuidiny| - === = - 361 | 563 | S&R | 430
PET: month) . o [mdl=] = R I e I 8 o I 0 N
Evapiration dimmg
kend preparstion = | ==l = R - : - =" 2 2
)
Percolntion per 7
b {imm) 119 |45 154 135 RE
Fainfall
(it i O [ 123016 ) 268 | 345 Rl 205 134 ] ]
Effertive Raingall
(innvenenth) (K] 0 (T4 BlI0.a{15.6 144 | 2Nk I3 IRl a6 [} ]
Lrrigation
Tecuirements nnd
appliad ik 1] i i a7
{mns menthi
AETE = PETE {rman} 17321 | A74.55) 1758 | |4BE
Water loss w glie %0
tmpaphere [nim)
Yeuld (tha) 4.5 - : = = s s -
Groen and Blae
Water focdpring T : ! " y y :
aer
footprint {nfony | 1F
| Tintal Water RO
fenaigmint (i e =]
Tukal waler needed 1113
(1)

Percoletion loss was measured on daily basis wsing drum cuiture technigue of Dastane [ 1966)

i duration afary e falls o dhe mioddle or ary dates af the mmarth, Kwaiues fove i be adiusted aocoraing iy,
If soil profile contribidtes somy stored soil moisture towards crog growdly, thar bes to be dediscred from
frrigation requdrernisa rd reeted zx Treen Water Beguinements’,

Baseil o #vallabbe data it is reveabed that 066 o 12 m" and 041 @ 114 m" weterare consmed during mansfacturng
preci of one quintal ofurea and B0, respectively (bt fPovawcfertiliversorg, Swarmminathan and Gaswami, 2005];
Theredore, baced anthe farrilizerused, qaantity of water consumed con be cam puied and adided to bl water footprings.
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Table-2: Computation of water footprints of irrigated rice during rabi season:
Duration — 120 days, Sowing date: 1" Fehrnary

F
E

:

JUN

DEC

ETufmmiday)

50 |

ity

|

19

51

4.6

43

Duraticn ol

Erowwth stapes

Crup
dev.
Siape

Ml

B values Al

L.13

L15

e

Ko values
Fisr ihe moath

115

L1%

PETe {mm'day]

679

759

B

PETE mwmrih)

2.4

T

265:7

Evaporalion
g lund
pereparaticn (i |

'Elwp percolation
Per month (menj
Rainfall
mm/msandh)

1360

L8

I

345

ng

1Z1F

Effective Ramfall
[ mondh )

115

154

158

9

243

267

0

Irrigntinn
reguisenEng. and
given Eumimemih}

20

JRDT

R4

3333

asn |

SET: = PETc
{mrn

144.7

2104

2T

LT

Waler oas ko ihe
almxasphere {manf

ST e

Yield {t ba-')

H34.6

Beo o~ -

-

Ciree amd Hlue
Water foogirmt
fm*Eom)

1 RE

Crrey Water
Pistgrennt et

Tudal Water
Foerprint {mr fon)

1871

Todnl water need
(o)

11353

14




——

Tahle-3: Computation of water footprint of fully irrigated maize during rabi
scason : Duration - 120 days, Sowing date: 1° February

olzz) %)z eleels

ETa (misidey] 45 | 47 | 59 6.0 BT | 54150 | 4.2] 5. |4.8]46/4.3
T Pefind Late

=

A
MO
DEC

::':g‘m"mwm E::;i dev. season |acasen | - | - [ = [ = =] [-
slage skage stage

Ko valoes at th

s = 035 0735 | 105 | 035 [ - |- |-~

Eﬂf‘w - 035 | 075 | 105 | 035

PETE: (mmiday) 1.645| 4.425 .03 3.05 == R o | e i

PETwmanth) i T v M S S N N S N E

Evaparation during 40 1

hand sosking (o)

Seepage ordep |

pencolathon per month | 0 ] ] L] ] 0 I O S

[}

Bainfall (mmimonth) | 0 ] 12 20 [6 (223 (34530512095 (12000 | O

Effective Ramiull

Framenih) 0 [1.8 19.4 [5.6 |10B(243 (26723508 0 | 0

Errignticn

requiremens and 40 [46.06| 1253 | 1BRS TB.3
| given (mm/manth}
AETe = ETe (mm) 461 | 13771 | 2078 04,3
Towal sester locs 1o Lhe 535 5
atmesphere (mm} ST

e (1) 5.4 |
'|:|I.'EI:'|I.H.I1|'.'| I:-Il..u- Warer @:JS:I

footprind (m'ften) |77
Girey Water foatpirint | & |
{1t} e

Total Water footprin |

i) |'-;:'-:1.9

Case-Z: FOR IRRIGATED CROPS WITH DEFICIT IRRIGATION

Step-1 W 6 (Same as case-1):Determine the potential crop evapo-
transpiration (PET ) using the relationship PET.=ET, *Ke

Step-7: Determine the evaporation loss during land preparation,
puddling in case of rice and land soaking in case of non-rice crop

Step-8: Compute the effective rainfall or contribution from profile stored
sollmoisture to determine green water contribution.
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Step-9: Determine the irrigation /blue water requirement to meet evaporation
and evapo-transpiration loss (crop water requirements).

Step-10: Measuring actual crop evapotranspiartion (AETc) when crop is grown
with different irrigation and applied irrigation water does not fulfill the
PETc/CWR.

It rainfall, irrigation or profile stored soil moisture are insufficient to meet full crop
water requirement, CWL will be AET. which is equal to the rainfall received [P.),
applied net irrigation (1), contribution from stored soil maisture of the profile and
upward flux from soil profile in case of shallow water table [G), minus deep
percolation loss (D] and runoff {R). In case of water table of more than 1 m depth, Gis
negligible.

Underthis case, seasonal CWU= AET <PET_ = [SM, - SM_)+P+] +G-D-SR—— - [22)
=(SM,,~ SM_ J+ B 41 46, smsams—__(27)
SM, = Soil Moisture available at the beginning of the growingseasen, mm fori™ kxyer

3M,, = Soll moisture available atthe end of crop growing season, mm fori” layer
P = Effective rainfall

Total soil moisture within the root zone at a particular time (SMt) may be caleulated as
perthe eguation [20]

For bettér accuracy of water footprint accounting estimation of AETc using the soil
water deplation approach should be done atshortinterval like, 7 days, 10daysand 15
days ete.

In that case seasonal CWU,-"AET;%L‘WU = ﬁ [(5M1,—5M, )+ P +1 +0 J-rmseeeses [24)
I=L =L

SM,, = Soil moisture at the timing of first sampling at the beginning ofcycle

5M,, = Soll moisture at the time of second sampling at end of the cycle

CWU_ =crop water used duringthat cycle

Py o |, G, are the effective rainfall, irrigation and ground water copntribution { ifany)
for that cycle, respectively. n is the numbers of measurement cycle

3R, Surface run-off ([mm) which can be estimated through 5C5 curve number [CN)
method as perthe equations below.

R=(P-0.25) / (F+0.85) if (P-0.25]>0 158 Rello.. i i viismememasisiaiiadaisanisa el 25)
16
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CN values for differentland uses aregiven in Appendix- 3.

Deep Drainage or Percolation is the water moving out of the rool 2ene 1s negligible in
caseof limited or deficit water supply.

Upward Aux () or downward fux/ deep drainage are computed based on the Darcy's
law [Landsberg, 1986] as:

i
Fe<K W]% ------------------- s S R (26)

Where F is the volume flux of water through a unit cross-sectional area per unit imein
the direction of lower potential and Z is the distance, K{g] isthe unsaturated hydraulic
conductivity.

The hydraulic pressure potential { Ap/AZ] is the difference between the gravitational
potential, g, and the mattic potential, pm, As long as @, is greater than gm, water will
How downward, when g, is exactly balanced by the pm, water flow equals to zero. But
when @m gradient s greater than gg the water flow direction will be upward.

The soil hydraulic conductivity falls rapidly as 8 decreases; the unsaturated hydraulic
conductivity depends on soil texture and poorsize distribution Campbell (1974) gave
the following relationship to compute the hydraulic conductivity when soil water falls

below saturationas a function of the water potential (¢ = [[8]).
'B ib+1

H}Efj = (E_,) .............................................................. (27)

K, = Saturated hydraulic conductivity can be determined by constant head method of
Klut{ 1965).
B=water content at particular time, Ds= saturated water content.

For clay to sand textured classes b value varies from 4 to 11. (Clap and Hornberger,
1978)

I case of non-availability on saturated hyvdraulic conductivity and matric potential
data, the following equations can be used to  determine the ground water tahle
contribution under shallow water table { <1 m]

For heavy textured solls : G, (mm/day) = -2.850 (WTD) +3.117, R =0.898 - -eereee [Z8)
For medium textured solls :G_(mm/day)=-2.298 (WTD) + 2.646, R*=0,750 ------- [29)
For light tesdured soils :G, (mm,day) = -2.252[WTD) + 2525, R 0802 cc-meveveees (30

Where, WTD = Water Table Depth in meter

Step-11: Estimation of grey water footprint (m't")

Step-12: Compute the Green and Blue water footprints using the ratio of total
volume of green and blue water [AETc) to total grain yield (t ha ") and add the grey
water footprints (m' ha ") to compute total water footprints.

An illustration of above case is given in Table-4.
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Table-4: Computation of water footprints of maize during rabl season with
limited irrigation: Duration - 120 days, Sowing date: 1° February

%1 |2 g £ tgﬁ = % 5B §
BT (vl ) 4.3 4.7 8 &R T S| 50 40| S0 48| 46|42

: "F Crap | Aid Lame
Durntiom of grawth trabid il | senson | mmison | - ® = = - f ¥

stages: Swe | S L
:t;::unfmyum | el B el Bl = R Y e

b, valugs =
(L35 {75 | 48 (L35 - - - = = = =
for tho momih !

FET {mmdsy| 15% i 8 14 ¥ Z31] - - - - - - -
PET ‘month] | 442 | 1091 | 3R&T T1.h . = | = a . ¥ -
Evaparntion () I |
during land
Preparntn

[ mam

Dhzep Percalation
per month () .
Fainfall [mavmoeh) L1 i 1z 20 L] I_
Effective Bamiall
(NETHUATTI
ASNY [mm ) 45 i3 2| 38 35
Errigitaom
requircmenis 1 2024 | TARS 1253 2100
{mmrymenth
Errigition applied
[mm]

AET, < =FET, [mm) = 442 9K 1774 | 506
Tobsl woier loss to the
alrnosphere Crmd 454
{E+AET}
¥ield {vha} 135
Winmer fooiprind
{Trr"."lvunfl

S5V = Contnbutiom of stored soil mrdsture from prodile

3, = CGiroand water comrilution

Case-3: FOR PURE RAINEFD CROPS [WHEN EFFECTIVE RAINFALL IS MOHE THAN THAT
OF PET,/CWR)

40 - - = o s : =

L] il IR 154 N

FEST

Step-1tn 6 ol method 1 Doterming the pnt.pnria] crop avapotranspiration [PET_] using
the relationship PET,. = ET, " K«

Step-7: Determine the evaporation loss during land spaking/pre paration

Step-8: Compute the effective rainfall as per the methodology mentioned inseclon 5.1,
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Step-9: Determine the irrigation or blue water requirement. Since effective rainfall is
morethan that of PETc/CWR, Irrigation or blue water requirement iszero,

Step-10: Determine the Green water footprint (m" ') using the ratio of volume of
green water use [m’ ha') to meet the PET, and evaporation loss during land
preparation to the total grain vield (tha™).

Step-11: Computation of grey water footprints

Step-12: Add the green water and grey water footprints to determine total water
footprints

An example of above case is give in Table-5.

Example-5: Computation of water footprints of rainfed maize during kharif
season: Duration - 120 days, Sowing date: 1° July

| H !
- H .

: Z[2(2|8|215| 8

BT [amnday) 45 147159 |66 | 87| 54 =1

Dharation of growth _ m:ﬂ

e 31 davs

K, valses at grosdh
SLARES

K values | = : F

for the manth a = S 2 Q.35 (LR ] 1.05 0,33 -
PETL (mm/day) LT85 | 3675 | 33855 | 1ek | - | -
| PET‘momiiin] - = | =] =] = . 553 (139 | Ie0e | =08 | = | = |
Evapamtion{ E )
durmg land - o
présparzlion |l 1
(]

Raimtall
iAoty 1} g |1z | 20 ]-EIEH 343 304 205 120 0| n

‘.’-*’“‘-’”“"“T‘E"E 0 | o |118[94|i56 143.4] 1595 | 1559 | psa3| 70 0|0

Al 4.5 446 |4

Mlid Lasz
SEEsim | measnn
Hlage- | sthpges
3 diys | 30 deys | 31 gy

= | = - .35 0.75 105 035 o8] [k

L

gﬁg = AUG

Irigation
nequinemends mod
ipplicd
{EnmiEantl)
| AET, = PET, {mm) | 553 | 1139 | wos | 5208
Water lpas o the
atmosphers 4F1.0
(mmHEAPET,)
Yield (Tha) 14 : 5 . : = 2
Green Woier
footprint {m*on) T8 = : - - -
Cigey Waler otpring LA
(b '
Total Water
faamprist (m¥ony  [L0Eay
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Case-4: FOR PURE RAINEFD CROPS (WHEN EFFECTIVE RAINFALL IS LESS THAN
THAT OF PET,/CWR)

Step-1 to 6 (same as case-1): Determine the potential crop evapo-transpiration
[PET.) using therelationship PET.=ET,*Kc

Step-7: Determine the evaporation loss during land preparation, puddling in case of
rice andland spakingin case of non-rice crop
Step-B: Compute the effective rainfall

Step-9: Determine the irrigation or blue water requirement to meet the crop evapo-
transpiration and sofl evaporation loss by subtracting effective rainfall and soil water
contribution if any [ green water).

Step-10: Determine the green water footprints (m' ') using the ratio of velume of green
water use actually or actualevape transplraton(m” ha") to the total grain yield {tha™ ),

Step-11: Computation of grey water footprints

Step-12: Computation of total water footprints by adding green and prey water
footprints (tha™).

Toillustrate the above case, an example has been given in Table-6.

Table-6: Computation of water footprints of irrigated rice during kharifseason:
Duration - 120 days, Sowing date: 17 July

= 2 (L 3
EAENE : |3
: 222|238 R |2 | B 2B
ET, fmmday) a3 |27 soles|er] sa | 31 | s2 | 51 | a8 [as|as3
| Crop | Mid | Lawe
Duration 6f growih gﬁ' | s SR
. 31 daye | SOge- | st | slage
730 iy | Sy | 31 dmys
Be imesatamnth | ) 1 0 LG - e s | s |
; values
Fiblopadil | s | s 1
PET, (mm/day]) - - - - - - ahl 63 5B | 4B
PET Jenonth) S M [ = 1739 | 1746 | 1759 | 1443
Evaporation (E) | |
during land 28
preparation (mem) |
FLainfkll |
it o0 jo (23|25 28 210 304 | 234 | 202 | 9 [0 (0
EBective Rainfall :
e o | 0 j22 28 2671394 1554 | 1964 | 1367 [ 526 |0 |0
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6.0 Computation of Water Footprints from
Some Case Studies

Jome case studies of field level crop water footprint accounting have been given
below under different agro-management and experiments conducted in different
previous projects atdifferent places of Odisha.

6.1 Computation of farm level water footprints of irrigated rice under

different water and nitrogen management based on measured crop
evapo-transpiration and deep percolation

Rice {cw Lalat of 120 days duration] crop was grown Puri district, Odisha during rainy
seasons of 2008-2009 with 3 water regimes in main plots (W, = continuous flooding
of 5 cm, W, = Irrigation after 2 days ol water disappearance, W, = irrigation after 5 days
of water disappearance]) and 5 nitrogen levels in subplots [N.=0kgNha',N,=60 kg N

ha', N,=90 kg N ha”, N,=120 kg N ha', N.=150 kg N ha*) and water footprints of the
cropwas computed underdifferent treatments,

Crop evapo-transpiration (ETe) along with the percelation loss of water during crop
growth period were measured in the field daily using Drum technigue of Dastane
(1966). In each plot, 3 plasticdrums (D, D, and D,) each of 125 cm hight and 50 cm in
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diameter were inserted into the feld leaving about a quarter of their height above
ground level. The bottoms of drum D, and D, were removed. The drums weré filled up
with soil and rice was grown inside along with the adjoining field crop. The water
levels in the drums awere maintained at the same level as outside: The difference in
the values on two successive days caused hy the daily loss of water in drum D,
represents evapo-transpiration, while in drum D, it indicates daily total needs of
water. The daily difference between water levels in drum D, and D, was percolation
loss. The drum D, was intended to assess ineffective rainfall or over bund flow for
which the water level was set at the desired helght. Water footprint refers to areal loss
to the catchment, while the percolation is actually not a loss to the catchment,
therefore, percolation water was not included in water foot print calculation, only the
amount of water evaporated or evapo-transpired or polluted was considered to
compute water footprint (Hoekstra, 2003; Chapagain et al. 2006; Hoekstra and
Chapagain, 2008).

The highest total water footprint (TWF) was observed under W3 with the value being
1643 m't" whereas, WFPs,, 0f 1569 and 1561 m' t ' were computed under W, and W,
treatments, respactively (Table-7). Among nitregen treatments, highest WEFP,_, was
observed when no N was applied with the values being 2465, 2165, 2308 m't" in W,
W, and W, treatments, respectively. On the other hand, the lowest WFP,, of 12995,
1276 and 1324 m' t' were achieved under 150 kg N ha" in three respective water
regimes. Itis to be informed that WFP,, achieved under 150 kg N ha” was statistically
at par with the values obtained at 120 kgM ha". The TWF of the crop was higherwhen
no or lower doses of N were applied which might be attributed to low grain yield
obtained in N stress plots. The WFP reduced significantly with increased dose of N
from 0+to 120 kg ha” due to significant yield enhancement under all water regimes, On
the other hand TWF were significantly lower under W, and W, than that of W, because
of production of more yield under the treatments W, and W,.
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Table 7: Grain yield and water footprints of rice under different water and nitrogen management practices

e sty [ s [t | mms | v | s | et | e | i | g | gwed | wih | e | e | e
Wi

Ni 280 | 623 | 413 | 87 | 108 | 192 | 68 | 438 | 1420 | 188 | 2403 | o0 | 2465 | i7va | 4208
N2 w0 | 623 (a3 | w7 [ 1es [ 192 [ es |48 [wem | uss | imit | 45 | 13 | p320 | 1o
N 435 | 6 | 4 | §7 | o8 | 192 | 65 | 438 | 1420 | 88 | 1492 | 1 | 1434 | Ids | w480
N4 sd e [an | w7 [ ws | o2 [ &5 [ [oaw| s | 33 | 23 |35 | om | 2234
M5 5465 623 413 BT {5 b2 &5 418 1420 T&s 1294 *7 1344 4R 2250
Mean 25248 123 413 L L 1] 142 B3 418 IE R L 153 1304 T L= 137N 1145 2716
wi

| 2THY i EET) BT 1p5 {9z 5 514 1325 b1 2185 an FaE 1585 150
N2 w8 | ek | 337 | 87 | 105 | w2 | &5 | 514 | 1325 | 9o | g | 13 | mor | 1ise | 296
N 4755 | 604 | 337 | 87 | w8 | 93 | €5 | 4 | 1335 | o0 | 1as3 | 4w | ias% | o3 | 2388
T4 5345 RS 337 BT 15 9z ik} 54 1A% a0 L%z s 1355 BET L1z
NS SHS | 60+ | 337 | 87 | 105 | 192 | 65 | 514 | 1328 | 90 | 12 | 28 | 17 | 816 | 2098
Mesn | 44258 | 604 | 337 | 67 | 105 | 192 | 65 | 514 | 1335 | 90 | 6l | be+ | 1562 | 99% | 15
w3

NI 2617 | 81 | 283 | %7 | 1ws | 193 | s | so8 [12x] o | e | oo | 33 | wa: | s
N2 365 | 1 |z | 87 | wa | 192 | 65 | 9 1218 o | 1% | 14 | 1539 | to3 | aom
N3 4267 | seL | 28] 87 | w5 | 192 | 65 | s [1218] O 1565 21 | Is67 | B9 | Za0f
N 5032 | 481 |23 | &7 | 105 | W2 | 65 | %8 |1zig| o | 1377 | 24 | 3w il | 241 |
M5 5042 5K1 253 BT 11 142 [ 59K 1218 0 1334 34 1327 Tl Hif
Mean 40640 58] S BT (£ 5] 42 aF b 1218 | 0 I3 | 164 LS EH¥ 516

¥ = Graln wleld, PET, = Padential Crop evmpotranspiration, B LP = Evaporetion during foad prepomtion, PERLLE = Measured pereolation during land
preparatlen, PER O = Messured perealation dadng cropping reavas, TOT_LP = Total weter reqiired during losd preparation, Peff= Effective rminfell, TWE =
Total irrigetion water demand, IRRI = Irrigation requirements and applied, WE__ = Greenand Blue water footprint, WE,_ = Crey water footprint t Jha
ered, FWF = Tetal water footpring, PERC V= Yolume of percolation water TWLUV = Yolume of totad water use



6.2  Field based water footprints of maize under different irrigation levels

In an on-farm experimental trial maize was sown during November, 2008 under
different levels of phenology based irrigation. The Water footprints of maize wete
compubed under different levels of irrigation viz. [1, = 180 mm at stage 2, stage 4, stage
B;1, = 1B0mm at stage 2, stage 5, stage 8,1, = 240 mm at stage 2, stage b, stage O, stage
B: I, = 240 mm at stape 2, stage &, stage 5, stage B; 1, = 300 mm at stape Z, stage 4, stage
6, stage 7, stage 8; |, =300 mm at stage 2, stage 4, stage 5, stage 7, stage8; [, = 360 mm
at stage 2, stage 4, stage 5, stage 6. stage 7, stage 8], The average water footprint
differs significantly among irrigation treatments, Treatments with a high yield or
large fraction of crop biomass and higher water productivity have a smaller water
footprint (m’ ton") than the treatments with a low vield or small fraction of crop
biomass harvested. Accordingly, average water footprint of the crop was lower in I,
(831 m't")andl, (766 m"t") treatments (Table-8). The highest water footprint of 1389
m't " was obtainedin I, treatment where yield and water productivity were the lowest.
Due to meager winter raimfall, green water footprints due to direct rainfall was
negligible (2.89-5.75%), but 20.3-38.7% water footprints were contributed from
stored profile soil moisture of rainy season and thus 23-4 1% water footprings have
been contributed from green water. On the other hand, 59-7 7% water footprints were
contributed from blue waterindifferent treatments.

Tahle 8: Water footprints of maize grown with different irrigation levels during
2008-09

enion | SS3 | pwa | oper | asw | ARIESIRE | O SRLE
ot agtey | M) || owe | ) )
I 20180 kil £ AL 2E0 1389
Ix 2355 140 342 111 T 1134
I 2290 i) 143 1S 342 1324 I
I 1855 T 42 103 M2 T
1 3T0Z E2L 42 ik M4 G234
I: 4115 ) 42 102 342 431
Ir 4465 i e a4 M1 Tai

* ASW way measured based an weelthy soil maisture n.'lq:pll:l;inn

PET = Patentinl comp evapo-transpirotion {mm); AET = Actwal crop evopo-transpiration [mm]: WE,__ =
frreen e fratpring, ASW = Stored Soil wanter Coatrbotion fonem prafile ;. Assiendag thers vaas no mina
and deep pereaizifan s Groundwerier iobledepth i more thair T m, solf wpwo sl s weas mil

Skoge 2 = Stem elongation|q ), Stage 3 = Stem elongation2), Stage 4 = Stem elongation3), Sage & =
Flowering, Seage 6 = Woter ripe st Soge 7= Milk mipe stage, Stage 8= Dey ripe stoge, Stage = Ripeness
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6.3  Water footprints of rice and non-
rice crops under rainfed condition
during kharif seasonin Odisha

Water footprints(WF) of non-rice crops viz,
maize, [cv. Navijyot), pigeonpea (ev. UPAS-
1207, proundnut (cv. Smritl), blackgram{cw.
T.) and cowpea(cw. Pusa Kamal] were
compared with that of sole rice [cv. Vandana)
to explore possibility of crop diversification
in rainfed upland rice area [Table-9). The
crops were grown under rainfed condition following recommended agronomic
practices during 2000-2002 at Dhenkanal, Odisha. Among the various crops, WF was
lower (701 to 888 m' ton) in case of maize crop because of higher productivity. Since
effective rainfall for all the study years was more than that of crop water
requirements, the blue water requirement was nil and entire footprints were
contributed by 'green water',

Table 9: Water footprints of rice and non-rice crops under rainfed condition

Trestmgnts | Wickd (kg hatyof | Effeetive rainfall PET; = AET, WF;—[:F [
(Crops) | individual crops. {inm) (mem)

TOA0 | R | 2OOT | 0@ | 200 | TN | 2004 | 2N 2004 | IO | 342

LIl
Wlaire 5450 | 4400 | 4300 [ 651 | 1099 | 639 | 375 | 382 | 307 | a8 | #68 | 900
Figeompea | 1480 | 1355 | 1405 | %45 | 1458 | BE6 | 56T | S52 | S90 | 343 | 4074 | 4132 |
Groundnut | 1410 | 1560 | 1370 | BES | 1155 | 7RO | 470 | 494 | 4RO | 3333 | 2167 | 3504
Rlackgraom | 10500 1225 | 1000 | 614 | 955 | 6 | 45 | 416 | 434 | 3KST | 3596 | 4119

Cewpea ]Mﬂllﬂ]ﬂ 1200 | &35 | 1100 | &390 [ 4oo | 407 | 424 [ 2921 | 2261 | 3533

PET = Potential crop evapo-transpiration (mm); AET = Actual crop evapo-
transpiration [mm];
WF_,=Green water footprints




6.4 Computation of water footprints of some winter crops [maize,
groundnut, sunflower, wheat, potato) grown la rice fallow with limited
irrigation at Dhenkanal, Odisha during 1999-2000 and Z000-01.

Study revealed that supplemental irrigation had a significant effect [P < 0.01 Jon grain
yleld and water footprints of winter crops [ Table-10] and with two supplemental
irrigation, mean yield of 1845, 785, 905,1420, 8050 kg ha was obtained in maize,
groundnut, sunflower, wheat and potato (tuber) respectively. The 59 %, 29 U, 33 %,
58 %, and 19 % higher vield was obtained In respective crops when three irrigation
was applied. With increase of irrigation Le. with four supplemental irrigation 214 %,
B9 M, 7H B, B1 % and 54 % yield was enhanced in maize, groundnut, sunflower, wheat
and potato respectively over two irrigation. Water footprints of the crops were also
decreased with the increasing the crop yield at higherirrigation levels (Table-10).

Table-10: Yield and water footprint (pooled data of two years) of different crops

with limited irrigation scheduling during 1999-00 and 2000-01

Muize 243 | zom | 3ak | 1317 | 1ose | N2
Cirgundnug LA Mz A5 | AITTE | 25G]1 | IR
Bunflower 253 | 310 | 420 | 206 | 1573 | 2501
Whent 1420 | 2250 | 27RD 454 256 | 08 | 451 | 1805 | 135 | 1632
| Polato (tuber) | BOSD | D650 ufm 450 360 | 325 | 408 | 323 | 337 | 328

AET: was measured at T-10 dave interval

PET,= Potential crop evapo-ranspiration {mm]; AET= Acmal crop ewpe-tmmspimation (mm):
WF......e..m Blue and Green weter footprints, CWE = Crop water requirements
I;= Two supplemental irrigation {128 mmb. L= Three supplemental irrfigation {180 mm], L= Four
supplemaental irrigation {240 mm);
Aszuming ali the irmgetion vas eficlently aiilized ard there was mo ol and deep percolation los

Sroundwatertable depth i morethan 2'm, Soil ppward fuswoes nil
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| 6.5  Computation of water footprints of some low water requiring winter

crops ((linseed, safflower, mustard, chickpea and pea) grown during
Z001-02 at Dhenkanal Ddisha

Water footprints of different crop ranged from 4636-7158 m’ t' and 3283-4444 m’t”
under |, and [, respectively [Table-11). With higher amount of irrigation, WF of all the
| crops wasreduced because of higher yield.

Table-11: Yield and water footprints (pooled data of two years) of different
| crops with limited irrigation scheduling during 2001-02 and 2002-03

Caop. ‘“*;éi‘&?;“ ol st | e
T S 5 Is Iy B |
| Lingent | 71 | =45 375 235 |29 | 2 | ;aw | oms | e
Baiflower | T2 | 1238 413 s | 33 Vi7s 429 32135 2401
Chickpea | 475 | 765 340 26 | 28| e | 2383 4068 1u95
Pea 7T | 18 394 243 (300 | 1528 | ise1 | amy 2517
Muostand a7 Q38 3] 254 7 1154 15919 4754 T166

KBT: wis menazed at 710 davs interval

PET,= Potential crop evapo-transpleation (mml; AET,= Actual cop evapo-wranspiration [mm);
WREyin Bl and Green water footprints, WF, - Blue water footprints, CWHE = Crop water
requiremants,

I, =Two sopplemental irrigation [120 mm], |, = Threasupplesental irrigation{ 180 gm |

i

F_-——__—.L



6.6 Water footprints of winter crops grown in rice fallow with shallow water
table utilizing soll upward flux and supplemental irrigation at

Dhenkanal, Odisha

Owing to higher soll upward flux and moderate available veater capaclty, reasonable
yield was obtained even under rainfed condition with the mean values being 940,716,
720 and 510 kg ha", in groundnut, blackgram, greengram and chickpea, respectively.
Study also revealed that 57.4 %, 51.6 %, 38.1 % and 42.0% vield was enhanced in
groundnut, blackgram, greengram and chickpea, respectively when one irrigation
was applied at pod formation stage as compared to no trrigation. With one irrigation
1480, 1086, 995 and 725 kg ha-' wield, was obtzined in groundnut, blackgram,
gresngram and chickpea, respectively. Whereas, with bwo irrigation, very less yleld
was enhanced [only 2-3 %) over one irrigation for all the crops. It might be due to the
fact that one Irrigation of 60 mm at pod formation stage was sufficient to meet the
total crop water reguirements of all the crops which was sown in the second week of
November when sufficient amount of carry-over residual soil moisture was available
in the field (Table-12). WF values of 1933-3926, 25930-4735, 2952-4708 and 3124-
6667 m’t” were phtained under different irrigation trestments in groundnut, black
gram, green gram and chickpea, respectively,




Table-12: Water footprints of winter crops grown in rice fallow with shallow
watertable utilizing soil upward flux and supplementalirrigation.

e il R ||

Iy rlfoy 364 i R4 i 356l

I 3 Lk 1480 1 A% R

I L 369 1520 33l TED 238
Bluckyrum

[ ERT 13 TG pat il 2808

I; 13 ) 108G IRG 352 1532

I i EEE] 1i RS IR 3024
(rreCleg riEn _

In 1t EL a0 ek il 2415

I L 139 Lus 266 i 1757

i 41 135 1023 F1g HTE 2052
Chickpea

In 04 40 10 | i 5117

li LES 340 T2F ne IR 4165

1: il 340 GG 340k 1224 3155] |

AETcwns measured at 7-10 days interval
1;=Mofrrigation, |, =0na frrigation, |, =Two imigation

ET.= Crop evapo-traaspiration, TWFF=Total water footprint, BWFP= Blue water foctprint,
Assuming o nnoff and deep percolation losses from applied irtigation water

6.7  Water footprints of winter crops grown in rice fallow grown utilizing
residual soil meisture under different seeding /tilling methods

Four crops viz, Lathyrus, blackgram, chickpea and pea were grown after rice in malin
piots and different tillage/seeding methods are in sub-plots at Dhenkanal during
2001-2003. 5tudy revealed that tllage and seeding methads had a significant effect [P
= (.01) on prain yield and green water footprints of winter crops (Table 13). The
highest, mean grainyield of 590, 620, 670, 490 kg ha" and the lowest water faptprints
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of 5136,6210,5881, and 6939 m’ t ' obtained in lathyrus, blackgarm, peaand chickpea,
respectively when two ploughings were applied in different days and seeding was
done after second ploughing. With farmer's traditional relay cropping system, only
350,300, 400 :and 220 kg ha" grain yleld was obtained in lathyrus, blackgram, pea and
chickpea, respectively. With two ploughings 68.5 %, 106.6 %, 67.5 % and 122.7 ¥
higher yield was obtained in lathyrus, blackgram, pea and chickpea, respectively over
traditional relay cropping system. On the other hand with conventional tillage only
430,490,510 and 270 kg ha " vield was obtained in four respective crops. It might be
due to fast depletion of soil moisture by evaporation from the field due to repeated
ploughing. Asa result, less moisture was available in the field throaghout the growing
period in the conventional tillage treatment than that of other treatments. Since yield
of all crops under relay cropping system was lower, less water foot prints of all the
crops were recorded under this treatment.

Table-13: Yield (pooled data of three years) and water footprints of different
cropswith different seeding/tilling methods in rainfed lowland rice fallow

Crop viekt (kg ha )| CWRPET, (mm) | AETe=PET, W (19't)

2 Bl (Elglk |2
%% E Ein %-;1 E

150 | 300 | 400 | 220 | 303 | 385 | 304 | 340 | 285 | 290 | 269 | 295 | 5657 | 12633 | 9550 | 15455
S10 | TR0 00 | Q00| 303 | 3RS | W4 340 | 2TE | 295 | 280 | 250 | M0l | 6754 | G6TR | RSO0
590 | 620 670 | 490 | 303 | 385 | 3% 30 | 2T 280 | 276 | 28T | 5136 | G20 | 58S | 6930
390 | 420 430 | 330 | 303 | 356 | 304 | 340 | 258 | 250 | 2% | 265 | 7760 | 9167 | 9163 | 10303
430 | 49| 510 | 270 | 303 | 385 | 394 | 340 [ 235 | 245 | 240 | 247 | 7047 | 7857 | 7725 |kases
AET: wae massimaed at 7-10 days interval

B =Refay (farmers" practice], 77 = One ploaghilag oond sowing onsgme day, T2 = Twe plowghing in differeat
days and sowlng ofter second plewghing, & = Zoro tilfage, © = Converrilonal ollage GWFPs Groen water
frotprints

Treatme-nes

=

n%m::l e 0 = <)




7.0 Strategies to reduce water footprints in
crop production

Strategies to reduce water footprints revolve around the central themes of reducing
blue water requirements by reducing the losses out of the system (ie. evaporation,
desp drainage. runoff], reducing crop evapo-transpiration during non-critical
periods, and increaging the effectiveness of stored soil moisture and rainfall during
the season.

Water savings at the field scale may be achieved by
*«  maximizing the pre-season soll moisture storage;
= minimizing evaporation losses;
& minimizing crop transpiration while maintaining agronomic and economic

goals;
maximizing net effective precipitation during the growing season;

improving the application efficiency of the irrigation application system;:

and
s reducing deep percolation

Reduction measures of blue water footprints should include improved irrigation
system management to provide more reliable water supply to farmers through
storage and improved operation of reservolrs, better distribution of water with
improved control structures as well as more responsive management. More reliable
water supply allows farmers to invest in better en-farm water management such as
better land leveling, zero tillage, or pressurized irrigation.

7.1.1 Irrigation scheduling based on scientificapproach

Irrigation scheduling 15 a svstematic method of deciding the quantity and timing of
Irrigation. It helps the irrigator to decide on when and how much water to apply for
minimizing crop yvields and efficiency of water use, The basic objective of Irrigation
scheduling 5 to make available the correct amount of water for the biological
processes of plants at appropriate time by applying the exact amount of water nesdad
to replenizh the soil moisture to the desired level. Irrigation scheduling becomes
particularly sensitive under scarce water supplies where water shortage requires a
refined timing of water application in order oo minimize vield restrictions, thus water
footprintsofcrop production will be reduced.
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7.1.2Z Pressurized irrigation system

The crop vield and water use efficiency under conventional flood method ofirrigation,
which i predominantly practiced in Indian agriculture, are very low due to
substantial convevance and diztribution losses. Pressurized irrigation system iz
proved to be an efficient method in saving water and increasing water use efficdency

and crop vield as compared to the conventional surface method of lrelgation, where
useefficiency is only about 3540 %, (Table-14).

Table-14: Irrigation efficiency under different methods of irrigation (%)

Irrigation efficiency . Er—— “Drip |
Comvevance efflckency ﬁ;imc::;l; Lo 11H]
,ﬂ.||-|:-|'|.;a.1h,u:| pl’ﬁuin:fru:,' ST Th-R0 4l
Sirface moisiine evaparalon EIHE R 30-44 1025
Crverall efficiomcy ] 3-33 20-60 #0-40

Svurce: Shvanmppan, (1987}

7.1.3 Irrigation layout

[t has been observed that farmers don't adopt the suitable layout as per the crop
requirements, Generally restricted flooding is followed, But irrigation layout of
apprapriate sizes are very much egsentfal for proper distribution of irrigation water
which also encourages uniform crop growth, reduces waterlozses
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7.1.4 Improving water use efficiency of canal command

Considerable amount of water Islostincanal command through evaporation, seepage
and percolation. In no irrigation project in India the total losses In the canal
distribution system & field has been less than 50% of the head discharge. A review of
S0 irrigation projects of the world indicated generally low irrigation efficlencies, with
only 20-40 % of water diverted from the reservoir being effectivelv used by the crop,
while in India, the irrigation efficiency iz around 10-20%. The losses of irrigation
water are unlined canal distributor system in north India 15 given in Table-20. The
method to reduce conveyance losses are by lining the bed and sides of the canal,
eradication of weeds, reduction of wastage from escapes and tall ends. The use of
plastic Ailms aslining material has offerad tremendous scopein India.

Table-20: Losses of irrigation water in unlined canal distribution systems and
in the field

Main camnbs and brsmckes 136 A4 . 170
Tristributacios ( 10% of supply al 6.4 1.6 B0 disoibatacy () 1.6 8.0
| Field water courses (27% of supply ot ouilet head) 5.0 4.4 2.0
I Logses from fizld during spplication 30% of supply 133 21 L6
| teaching the head)
| Totn 9.2 13 6.5

Sowrce: Knmar ond Kar, 24813




7.1.5 Conservation agriculture

Conservation agricullure along with some prominent water saving technaological
interventions like alternate raiced and sunken bed technique in low lands, system of
rlee intensification (SRI) technique of rice cultivation and mulching etc. can be
adopted to increase crop yield, to reduce evapo-transpiration and water footprints.
Precision land leveling enables efficient water utilization of scarce water resources
through elimination ofunnecessary depression and elevated contours. Laser leveling
islaser puided precision leveling technique used for achleving very fine leveling with
desired grade on agriculture Reld . Rotational irrigation is often recommended to
irrigate alarge area with a limited water supply which also ensures more effective use

of rainfall,

7.1.6 Reduction of grey water footprints

To reduce the grey water footprint, the option is to have optimal application of
fertilizer so that the application exactly matches the plant uptake. The grey
component of the water footprintcan only be reduced with a reduction in the leaching
of fertilisers and pesticides from the field, e.g., by increasing water use efficiency.
using slow-release fertilisers and nitrification inhibltors, puddling the rice fields,
planting catch and cover crops and using crop residues in situ (Choudhury and
Kennedy, 2005]. The fate of nitrogen in soll is mainly governed by different processes:
plant uptake, ammonla volatilization, denitrification and losses to surface {runoff) or
groundwater bodies (leaching), All these three processes are inter-linked and it Is
hard to study them in isclation. A systematic analysis of fate of nitrogen should be
carried out at fleld level to reveal any specific impacts on the system. Otherwise, the
loss of nitrogen may cause environmental and health problems.




8.0 Conclusion

Water forms the backbone for all the future endeavors to achieve the vision of food
security. In the present data context, up-scaling agricultural economic growth to more
than 4% annually is the maln challenge. Taking water technologles for better water
management from lab to land is a formidable task to be addressed. Modernization /
awtomation of [rrigation svstem, precision irrigaction, land reforms, corporate
farming, cooperative farming, water and energy pricing, crop insurance, institutional
mechanism for better governance, water rights are some of the key issues for better
water management in agriculture and . The projected food requirement demands a
pronounced role for research, development and training in the water and agriculture
SECtOT

It is evident that the water availability for agriculture is declining and o enhance
agricultural production more water is needed. Therefore concerted and holistic
effortsare required in increasing the overall water use efficiency at system level which
would be achieved through various measures like timely execution of projects.
minimizing the losses, better operational efficiency through stake hoelders
participation, implementation of on - farm water management technologles,
conjunctive use of water and changes in irrigation policy. Simultaneously, the effort of
R & D institutions are required in development of water management technologies,
sultable database development, economic studies of various irrigation systems,
policy guldelines for on farm water management and adoption of participatory
irrigation management. The serious efforts of developmental agencies as well as
research institute are required to develop a suitable water perspective plan for
various regions in the country for itsimplementation.
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ANNEXURE-1

1. FAOPenman-Monteith Equation (Allen etal, 1998)

900
DA0BA(R, = G) + ¥y s (& — #a)
e A+ p(l+ 0341,

Where, ET =reference evapo-transpiration, mm day”
R.=netradiation at the crop surface, M jm” day " G=s0il heat flux density (M m" day™)
T=Mean daily air temperature at 2m height {0 ). U = wind speed at 2m height (m ™)
e = saturation vapour pressure (kP ), e.= actual vapour pressure [kP,)
e-e = saturation vapour pressuredeficit (kP ), A=Slope of the vapour pressure deficit
(kP.}

= psychrometric constant ((kP,)0,")

2, Blaney-Criddle Method

The recommended relationship is expressed as:

ETo Clp(0.46T +8))

Where ET, is the reference crop evapo-transpiration {mm day '), T is the mean daily
temperature ["C), p is the daily percentage of total annual daytime hours, and € is the
adjustment factor. For calculation of monthly ET, value, monthly percentage of total
annual daytime hours should be used Instead of daily percentage. The dally day-time
hours can be obtained from solar equations. The monthly p values for different
latitudes are given in Appendix-6.

3. FAD Radiation Method

The relationship recommended is expressed as:
ETy =L (W Ey)

Where ET, is the reference crop evapo-transpiration (mm day’), R, is the solar
radiation in equivalent evaporation [mm/day], Wisthe weighing factor that depends
on temperature and altitude, and ¢ is the adjustment factor: In areas where the
measured value of B is not available, it can be obtained from measured sunshine
duration record with the following equation:

39




Ry = (0.25 + 0.50 = mjp)JRa

Where n/N is the ratio between actual measured hright sunshire hours and
maximum possible sunchine hours, and Ra is the extra-terrestrial radiation, which iz
the amount of mdiation, received at the top of the atmosphere, [Appendix-7). The
mean daily duration of maximum possible sunshine hours for different months and
latitude are given in Appendix-8. To convert the units from Mj m” d' ©o mm day",
multiply by 0.408.

‘Theweight factor W depends [ Appendix-9) on daily average temperature and altitude
and rangesfrom 0.5 (low temperature and zero altitude) to 0.9 (high temperature and
high altitude] [Deorenbos and Pruitt (1977]]. The adjustment factor © depends
greatly on mean relative humidity and daytime wind at Z2-m height above the soil
surface. [ts value generally ranges from 0.75 [high REH and low wind speed] to 1.25
[low RH and high wind speed).

4, Hargreaves and Samani Method

Hargreaves and Samani (1985) suggested a method invelving only temperature and
radiation data. Their equation is given by:

ET= (0.0023R, {(Trpean + 17.8)T DS

Where, R, is extra-terrestrial radiation in equivalent mm of water evaporation for the
period, T, isthe mean temperature in G, and TD is the difference between maximum
and minimum temperatures.

5. Pan evaporation Method:

Reference crop evapo-transpiration (ET,) can be obtained from:

EG. K. .E..

Where E,,, is the pan evaporation in mm day” and K, is the adjustment factor. The pan
coefficients for class A pan for different ground cover, relative humidity and wind are
mentioned in Appendix-10,




Appendix-1
Lengths of development stages for various crops based on different
experiments grown at Dhenkanal, Balasore, Khurda districts

Crop | Imitinl | Devehp- | Mid | Lute | Total Planting dates
== st | shpe | soy
. Cereals ] - i
Rice {shart
TS 20 L}] M) 5] (N £l July
Bz {medinm
ity 1] 15 M} Z5 23 Judwy e
Rice flong
duration) 30 4 441 40 150 | duly/tugas
S iMmmes rice a5 L H 15 0 120 Tecember L
Moz {Chasif} an 15 if] 34 25 June
Plnize { ek} 20 15 Et, £ I | Ocnaher
Whest 0 | 4 3 120 |November
b, Vemctables : o
an il Aoy i) (BTN Muno
memit 0 15 i 0 75 140 |CictoherNovember
n I 44 2% 135 |Jume
Tomato 35 0 i 30 155 |OciobeNaveaibes
20 k1) 4 [5 105 |Juns
Cusmohies % 15 50 20 130 | Movebier, Febniiry
Pumpkan m Wy mw | 1o | Murch (Al
Spmach a0 EE)) i} I | L) Movember
Rautish i 13 15 0 B | November/December
Cabbape n 5 w | » Y5 | October November
Carmis 20 M n | A [ MovemberDecembser
Cauliffower 25 15 L | 95 |Ociober November
Dicm {d.r:a-} el i) 15 118 43 2 Cidobher
Clmiom {green) 25 kL] |3 5 il Dotnihier
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Appendix-2 [

Crop coefficients [(Kc) of different crops to calculate crop evapo-transpiration

(Source: Allen etal,, 1998) |
Adfalia o i oy o '
Burley [ 05 1z n7s |
Fhuana Diry ih4 0B L2 3 b
Fiama Groon A 0,75 1Av 94
Chrains .4 0,73 [:15 X3
Crround Tt (-] & Ll it 53 |
HYY Sorghum [T - .14, [
hdaime Crain ] 045 L3 .9 i
Mulioe Sweer [T e 12 1,14
Poiato s [ 1 my
Pulses 0.45 0,75 e L
Habi Ciromndnor ihad 7 i wy
Rixe 115 1.5 L3 1.04 k
Sufflower ) & 1.3 023
Soaghum 0.4 0.75 [.13 05
Sovabeans 0.4 08 NES [FE b
Sizparkest L 055 1.3 3
Sugnreang L5 | 1.3 L1 |
Sunflower O 05 L3 4
Tobacoo 0.4 0,5 L3 [}
Winger Wheat 04 _ & 1.2 0,74 i
Banans Tropical 0.5 0,35 L1 (B
Citrus: 075 0.7 .65 075
Dhaiepaim (1] (L] ng (L
Cimape (.35 0.8 0 04
hange L) i, oy 04
Waennelon 13 08 105 0
Cirass I I 1 I
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Cinion Dry 8 [T L b4
Ciniam Lirees L& 075 (81 L1 TS
Peas 05 (.55 1.2 I-1
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Appendix-3

CN values for different types of land use
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Appendix-4
Weighed Average Specific Water Consumption and Waste Water Discharge of
Indian Ammonia Urea Flants

199651 12 a3
TQig-ug 17 | 23
1942-93 11.9 18
199344 11,1 19
196495 105 1.7
1995-96 a9 15
107 5 1.4
194758 B3 12
LS 85 12
195800 B L1
2000-01 1k v il
A0 7 R
A0 73 it
200304 | i {4

Fowrce: itp A fertiizer ong [Swominarharn end Gosimmi, Z005)

Appendix-5

Weighted Average Specific Water Consumption and Waste Discharge of

1950 (o) 37 I3
JHA=0] 53 |

2] 02 4,1 0.4
LIHIZ-[F5 <1 03
200304 41 o4
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Appendix-6
‘Mean Daily Percentage (p) of annual Daytime Hours for different latitudes

3
—

1Y 5154 P41 Y ) (S T A TR TS T 1)

i'.l el
£ b |

2le|s| o

Wi

o
Lo
i alie sl

ukieill|a]unluls kel bk ikl

it
ik

BllE ksl

M|

i i e e e e

e R o R e e e T T
S R e R e
L

45




' |

iv

Appendix-7

Extra Terrestrial Radiation [Ra) expressed in

AT dnm b
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Appendix-8

Mean Daily duration of Maximum Possible Sunshine hours{N] for Different months and latitudes

Naorthern lnts | Jan Feb | Mor | Ape | May | Jume | July | Awg | Det | Dree
Seutherauts | July | Awe | Sep | Oee | New | Dee [ Jan | Keb | Mar | Apr |
w0 155 a1 14 R 154 16.5 15.% 14.5 [P 105 A | .|
48 3.4 e 114 [1.h 152 1.0 156 143 12.6 104 44 §.2
o CV I T 135 AN (L ) AT T 10 R 8.7
i 2.3 10,5 e | 134 14.7 15.4 15.2 140 126 10 @7 B
42 B4 | 106 h% 134 [4.4 15.2 145 139 176 14 0y i |
40 o6 1.7 102k I1% 144 15.0 4.7 137 15 112 10048 B3
£ ] 1%, 1 1n.n | A 131 1440 14.5 4.3 133 124 | EE In.3 oy
1 Ta4 | 1Lt 120 | 128 | D& | 40 | 136 | 132 x4 | 113 0.6 [E
—= = 10.7 1.3 120 127 33 | 137 | 134 130 123 | 1Lk K] 06
0 i T 120 126 131 113 132 128 23 1L | 1Lz | jae,
| ] 113 bl 120 i2.5 1LR 13.4F [P 12 12.2 118 {100l
i Li& 1. 120 123 I24 143 126 124 1.l 118 11 1.5
5 L8 ILg 120 122 [ 123 124 35 B - 120 1K 14
i 121 121 121 121 121 131 171 121 121 121 121 121
Soarce: FAO rrigation and Dralnage Faper Noo 24 (Doorenbos and Prabtt, 1975)
Appendix-9
Welghting fmctor (W) for the effect of radiation on ETO at different temperatures and altitudoe
i "L O I O T 0 O . . . S T
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0 Sl s ] ol [ |s ||| ol o] i M) 65| e | &8 | 5%
S000 M| s m [ alalwla] Bl ie] 2] o] a] ] o] 6] 8] 40 30 0

Sirce: FAD lrvigation and Drainage Paper Mo, 24 [Doorentos and Praite, 1975)
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Appendix-10
Pan coefficient {Kp]) for class A pan for different ground cover and levels of mean
relative humidity and 24hour wind

Wil Wind ward ssde distasiee Wind ward side distance b :
k uf green enip , m ol dry fiellow, m i

Lighe <73 | 35 5 75 I T A gL
[ ] P . &S [[i] i i b
(1] T 2 S 1 35 4% 78
1K 75 BS 5 140 5 A 3
blnlrase | ) & M55 1 45 Frh b
il I b 3 ET T 35 5 7
| &5 5 & 100 & i 68
[T T¥ * x {[FiTH 45 A5 i
ECr | A5 I 5 1 - 55 T
A2 30 i3 55 o A5 1 5 i) i
100 i 65 i i} A5 A &
100 65 5 75 13 4 | s 55
Wery stronp 1 A S L 1 =5 03 i3
s 10 A5 55 P i 45 5 55
] g i Ai5 10k A A5 &
(i) 55 o 45 e . 4 !

Senerow FAD Trrigation and Drainage Paper Mo, 24 [Doorenbos amd Prolt, 1975)
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