§ | daln- ! ) @l
21971 cal 9 7

Jsdls sl Alss

JJAM\ Jmu 3.«41:— 'J'?

22022 3 padl daals —de) ) 31 LIS (slsa s 43 5 3 lal) ol ) 5380

5 2015 Luadt (e Aadla— Aol IS Jliall Capually (50 dia tiala

d)T‘JL..SJr’LA' J_’AA.\AS\)AALJ?AALGJ




dag) ) 5_paalaal)

b 5k g Adlal) claliay) g Hlal) eblein)
Water Consumption and \WWater Requirements and Their Estimation Methods

(Learning Outcomes) alxill cila i

o e 1508 Gl (oS o camy 6 pualaal) o3 dileds
LSlall Alal) @lBlin) il oSa dasy

el NN b3 el Jal gall

k) claliay) il dakia ) gl Gaky

5V (8 obaall alasind 5oUS s ALall N (G day

A D WN

J}JQ.SJ?LA' J}@A}\)mhrua\.cl



(Water Consumption / Water Use) (tall é3gi) a sgda ¥ g

Gl i) ey 0 AUl Wiy 3 oLl S sa
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Evapotranspiration

(Stomata) bl JMA (1 ¢Wdl 38 :(Transpiration) gl *

Transpiration

Evaporation Sl @)l (A
b sl Ay il mdas (e oLl 23 :(Evaporation) LAl e
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Water Soil egetation Surfaces okl el
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Evapotranspiration gel- Al
= Terminology Slalhiaall
Evaporation Al

= Process of water movement, in the vapor form, into the atmosphere
from soil, water, or plant surfaces

Transpiration zill

= Evaporation of water from plant stomata into the atmosphere
Evapotranspiration i - il

= Sum of evaporation and transpiration (abbreviated “ET”)
Consumptive use (Slall &Bleiuy|

= Sum of ET and the water taken up the plant and retained in the plant
tissue (magnitude approximately equal to ET, and often used
Interchangeably)
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Evapotranspiration gill— A3l -3
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(Transpiration Rate and Transpiration Ratio) ziill dsd g zidl) Jare
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Transpiration Ratio : il 4w
il 3ale ol ye [ sl al e Ban il Bale (ulE g el 8 daiial) d8lad) salal) ALS ) miiall oLl LS dps
g H20 / g dry matter

Al a3 gai o
| (A8l 3ale ol 2 [ el ol ) o) A | Jsanall |
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Sorghum) | 250 |) sbandl 3 Al |
Wheat) | 500 |) ddaisll]
Alfalfa) | 900 |) <l

ccnall s b AEa) salall (g ol pe 1 LY iad Aalal) 5ol (e b pm ApeS LY slall (o b€ CHlaS L) ling i) o elad adl) o2a
Water Use Efficiency -) st alasiu) L3 3el€ i el S ool i) duns cuilS WIS il 5 Al elall (e ol 2 900 s bl s,
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(Components of Water Use) (~lall dblgiu) &b g8a :LIGE@
Al mdas (e A0l — Evaporation (E .1
ball e =38 — Transpiration (T .2
(bl ada y2) dal) ddhie Jaud aeall o yudll — Deep Percolation (DP .3

Jaal) o (e elal) 288 5 ahald) oL ) — Runoff (RO .4

(A E+ T=ET e oS sale 38 il el 3l cililuall 8 :ddaadle
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m Seasonal Use Pattern: Peak period affects design
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(Factors Affecting Water Consumption) (=tall &bgiad) 3 5 isall Ja) gad) (LG

a5l Jaalll 5 figall Jal gall

(ET0) sxn ol il jaiill A aan| 2Lyl ey cppnsil] 4 a1l ¢ canadill ¢ LaiY) 63 ) adl sy (Climatic) 4l
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Evapotranspiration Modeling il g Al Al

Estimation based on: e aiay paadll

climate Lidl

crop J saanll

soil factors 4 il Jal ge
ETc=KcETo
ETc = actual crop evapotranspiration rate Jpanall adll il y Al dare
ETo = the evapotranspiration rate for a reference crop =< Jsasd il 5 Al Jans
Kc = the crop coefficient J sanall Jalas

sy pbi- saidl jabiaale o



Evapotranspiration Modeling
Reference Crop ET (ETo)

ET rate of actively growing, well-watered, “reference” crop
Grass or alfalfa used as the reference crop (alfalfa is higher)
A measure of the amount of energy available for ET

Many weather-based methods available for estimating ETo
(FAQ Blaney-Criddle; Jensen-Haise; Modified Penman; Penman-Montieth)

Crop Coefficient (Kc)

Empirical coefficient which incorporates type of crop & stage of growth (Kcb); and

soil water status-- a dry soil (Ka) can limit ET; a wet soil surface (Ks) can increase
soil evaporation

Kc = (Kcb x Ka) + Ks
Kc values generally less than 1.0, but not always
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(Crop Coefficient, Kc) Jsasall Jalaa 2
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(Ks sKa ) 4l 4 gk Alls
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Kc = (Kcb x Ka) + Ks
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Adla & 5l 688 Laaie il Q& — (Dry Soil Coefficient) o all cslia cuany Jiaed Jalas :Ka

bl gl amy Slle 2 il s ()5S Laxie il 3y 5 — (Surface Wetness Coefficient) caud) 4 sha ) Camsy Jpand Jalas 1K
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ETc = Kc * Eto
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(Water Requirements) 4xilall cilalia¥) a sgda sla)

:(Crop Water Requirement, CWR) J sasall Al ~Lia Y
(ot Aaliil laia s (ETc) (Slall eDgin) (o gail o sai 5 538 DA lill a5 camy S el 408 50

CWR=ETc+ LR+ DP+ RO

Jpanall lall Sl i) = ETe
(Leaching Requirement) Juall &lillic = | R
Gendl @ yuill = DP

bl gb 2l = RO
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Soil-Water Balance

IWR=ET_+ DP + RO - P £ ASW - GW + L

Pl 1 IWR

RO
Crop root
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J DP GW ‘I
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(Methods of Estimating ET and WR) (~tall zLaial¥) g éblgiad) i ok iluadd
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Lysimetry
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Measuring ET = - a5l (.l
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:(Indirect / Empirical Methods) 5 <l & (3 k1) @ 2

(Pan Evaporation Method) Al (s 44 )l |
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Measuring Evaporation il (abé
Jasdll
Al Jane Jhaidela 24 YA (i ) mhass (e 3 Al elal a8

o sl Jaedl 138 203y 5 «(Pan Evaporation, Epan) («s
{(Kp) wasall dalaas 45 pn 323 (ETO) (o sl il — il

ETc = Kp x Kc x Epan

7 s
(Class A Pan) S ye¥) JAasll (i sa e LAl 2((Epan )
(Pan Coefficient) u= sl Jalas :(Kp )

(Crop Coefficient) J sasall Jalas 1( Kc )




Types of Evaporation Pans
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A Comparison of Standard Open Pans sacizall Al  yaf sl 45 jlas

Pan Dimensions Pan Coefficient
US Class A 1.2 m Diameter; 250 mm Deep 0.7 (0.6 to 0.8)
Australian Pan 900 mm Diameter; 900 mm Deep. Large 0.9(0.6t01.2)

Pan: 1200 mm Diameter and 850 mm Deep

British Tank 1.83 m Square 0.9 (\Very Variable)




(Climatic Formulas) &ALl Y alaal 483 b o
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(4038 5l yall da 50) B3 sase ULy zUs3 — Hargreaves—Samani .3

ETc = ETo x K¢ uni &
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(FAO-56 Penman—Monteith Equation) <l ga—lal; Alilaa
0.408A(R —G) + y

G

il gl 5l (FAO) sasiall aedl del )3l 5 40 V) dakiia by o s3 ) dpallad) il Adalaall oo

ca ille
Al i) dol sadl e 13l 483 (ETO) szl
Al )l dapall &
U (es _ea)
T+273
A+ y(@A+C, u,) ol
| | =mmmmeee -
| mm/day |
| MJ/m?day |

|
x>l il Al |
| MI/mYday | (el 8 0 = Llle) Ll 855 ) (30 |
ol

| m/s|
|

Jpanall s die Slall g lasY |

kPa |

kPa/°C |

Psychrometric constant) |
dos o phi- Hpaidl jaliaale

e sl Ao giall 3 ) adl da 3 |

p 2 gl Je Ll de | (
2l g andiall Al baria 344 |(e_s-e_a
rdiall i) Jazica aia Jaa |

|
(Delta\) |
|

kPa/°C) e s Sedl Ol | (gammal

N N’ N N



RN
\\ - ~ ~ 2 ) : : - o -
Wisle) spzad Solzr radizidorn)

Winld dirgetion Alr tzmparaiurs

Malativa numidity




il ga—lady Addlas <l aa

Aol LAla) Jal gadl JalS e V) jlasy a5
Alad) J g alia) slalial) caliaad 4uilic 2
GAYETO o 3k maead (oulu) syl 22l 3

e i Al Glad dae) 3l LAl al & FAO—Penman—Monteith z3 sei aaiind
CROPWAT *

CLIMWAT *

AquaCrop *

d‘}T‘JLﬁJr‘B' J}@A\)mh?mh:a



Seduataid) sluall AL pa JIAT (A8

) el Al Jalss (S
Sl Cln G 05 Gae gl il ¢ Lo 85 Tiae ST JLesY) ol olsall (53 35 0l yumy e
bl Halas Jen s G sl Guil ga e el sl de) ) 3
BaaE Zlj sy B sand Y AG Hhall oda o V) A e JIE elall e il sl e Rma g 8l 0
Jal 3 e ) Jia oliall dasall chlilal) A1) )
Cenbadl oAl o Sha 8 sl o A alasilly

Sl e i A Jalsall

13k Ll Al Jane ge olpal) pedans Anlise ity -2 olaal) rlacs Aalss 1

o A W N P

(e et ) ya (3-2) Jamas Joy ¢ Aadldl adl obie (e Al Gl an g a8 5 A Cull sluall A sle )y LalSa o sladdl e 32
Al Jasa J8 5Ll (Specific Gravity) dalalinl) 280K chal LS g ¢ ol gall 4y culsd Al & A03a) sledll

osadll AadY il (ol yie) a3 g ¢ Al Bl ) Al (e g el jal) A8 30l ) ) Geadll Al 05 o el gladY) 3
A s

Lol g shas el dae g dpuill s gha Nl g ~L )l Aoy 4



(Crop Coefficient, Kc) Jsaaall Jalaa :ludlu
(ETo) (o2 ) ill— Al 5 (ETc) (Axdll ABiuY) (483l Jiag
Kc = ETc/ Eto

(Jsanall sai dal o csa Jpanall dalae iy
(A1ay) Als yall) Initial stage .1

(il ) sks) Crop development .2

(bl dds jall) Mid-season .3

(4ledll Als yall) Late season .4
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(Worked Example) (auki Jia
_peanll dana 8 Sy el HA msa iy
( Epan=8.5mm/day ), (Kp=0.75), (Kc=0.9)

ETc = Kp x Kc x Epan =0.75x 0.9 x 8.5 =5.74 mm/day

asilole 5.74 = a5l Sl zlaa¥) )
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Efficiencies and Uniformities 4eaUify) g solasl|

Application efficiency (E,) AELaY) 5ol

d, = net irrigation depth Shall s ) GBac
d, = gross irrigation depth syl g ) e
fraction or percentage i pai il i L.

Woater losses Liss
Evaporation
i Al
Drift .
Runoff )
Deep percolation bl (el

Baaxdl 1yl
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Application Efficiency, 42l sslis

Water in root zone after irrigation
Total volume of water applied

Total vol.of water applied — (Vol. of Tailwater +Vol. of deep percolation)
Total water applied

Total Tail Water ; UGl clay 3 guaial)
sl Ailia e W )5 50 3n () Daball Al ) Jial) Aled g A A oyl S e 50

ot_.gﬁds,:bjsdu\uﬁw‘@ﬁji@@w\gelg_ﬂ\al_.,mjz'\_uﬂ\:\;ugps;s}\}\ slaall & ¢ Al S
- Jia ?,;;M Baa g3l Bale | (Runoff) @JM

(M3) xSl yiall *

Jaal dabid iy (cm simm ) Sl Geally S *



igiall A el Jana aly el £ 5040 1588 T Lgiakuos Aoy 3a ) Al el Vo Juay) o5 ik
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Soli€ Cuunl ) sdall At 8 slall pe canSin aus o (3585 ol (5 M oy il i puy LS fia o, YV
g

Solution: Total volume of water applied

= 10m3/s x 4 hrs x 3600s/hr = 144,000 m3

Total tail water = 0.27 x 4 x 3600 = 3888 m?

Total water in root zone = 30cm = 0.3m x 32 ha x 10,000 m?/ha = 96,000 m3

Water in root zone after irrigation

Total volume of water applied

= 96,000/144,000 = 66.7%.
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Water Conveyance Efficiency stuadl Jai selas

Water of water diverted froma stream, reservoir or well (W,)

E

C

| wd

Water lost by evap ‘

And seepage | s
4
Stream




Example

= 45 m? of water was pumped into a farm distribution system. 38 m?® of
water Is delivered to a turn out (at head ditch) which is 2 km from the
well. Compute the Conveyance Efficiency.

Solution:

= 38/45 = 84%



Application Uniformity, 48L&y Al

Distribution uniformity (DU) s a sl dpalall

d, o = average low-quarter depth of water received dalieall slaall (mddial) x )l (See au gl

d, = average depth applied [ | | jlaall Sandl Jaus sie
Popular parameter for surface irrigation systems in particular

pasadll da g o ahull ol Adail Al e
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Christiansen Uniformity Coefficient (C,) 4eiidl glivy S Jalza

This measures the uniformity of irrigation

IX |
C, =100 (10— Z—)

mn

Where: is the summation of deviations from the mean depth infiltered
iyl (Banll Jass gie e MBI aY) & sana sa
m is the mean depth unfiltered and el e Geal) o sia sa
n is the number of observations. Cllaadlal axe o
«CU > 70%) Uiansd Allal) dpaldaiid Aonilly (g gusmndl) an 5 o Gl (g 5 (il Aadas il Jalas



Example

A Uniformity Check Is taken by probing many stations down the border. The depths
of penetration (cm) recorded were: 6.4, 6.5, 6.5, 6.3, 6.2, 6.0, 6.4, 6.0, 5.8, 5.7, 5.5,
4.5, 4.9. Compute the Uniformity Coefficient.

Solution: Total depth of water infiltered = 76.7 cm

Mean depth = 76.7/13 = 5.9 cm



Locations Depths (cm) | Deviations from
Mean
1 6.4 0.5
Concluded : — —
3 6.5 0.6
= 6.2 4 6.3 0.4
5 6.2 0.3
6 6.0 0.1
7 6.4 0.5
8 6.0 0.1
9 5.8 0.1
m=59cm; n=13

10 5.7 0.2
11 5.5 0.4

= 92%
12 45 1.4
13 49 1.0

This is a good Efficiency. 80% Efficiency Is acceptable.




\Water Storage Efficiency (E,)

~ Volume of water In the root zone after Irrigation
" Volume of water needed in root zone to avoid total water moisture depletion

Irrigation Efficiency

ET is Evapotranspiration;
W, is Leaching Requirement;
R, is Effective Precipitation;
IS change in storage;
W. is water diverted, stored or pumped for irrigation.



Water Losses slell 28] g8

(Sl sUarll sl ol St o Ay i ol pas) el pUail) (cpa 28 3l s lall CilaS o

rolsal) 38) gb £ i)

L5 Geelll 80 pa datn LA JSG e (gl &l 58 g 5l il mha (e cWd) 33 :(Evaporative Losses) il 38 @ 1

Sy Y sy 4 il Bleel ) s3a) dadaie (el oY) ) g8l e o lall (o s ((Seepage or Percolation Losses) «owilly 381 3 2
Al Balaialy) ealall

gIa ) el e 12 e ey oadans e 03558 oLl (e 83003 30eSy i Y1 (55 55 Leie 2(RuNOff Losses) abadl ol jalls 38158 3
.Jaall

Jady el &l yhad s Lavie Jagasill ol i 51U o)1) dadail 8 Gaasi:(Application Losses / Wind Drift) zbl s (il cas 381 8 4
Al A el sa s d8 Al o #L)

sy zransd Al dadasall e 4 il 4306 da i 1 (Seepage from Canals or Reservoirs) 4l il <l gl o bl a0 (pe o yully 381 8.5

o A ol oLl e
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Application Uniformity Cont’d...

Christiansen’s Coefficient of Uniformity (CU) Comailinng 81 320U L

: : : Faluwal) Ludi Jiag Leia JS) calaalinall

n = number of observations (each representing the same size area) (Aabosell ki Jing Lee ) oLl e
d, = average depth for all observations Gl Liall aread Baxll Jau sia
d; = depth for observation I

Popular parameter for sprinkler and microirrigation systems in particular

saaliall gec
oasadllan g o Giall ol 5 il dadal aili Jalae

For relatively high uniformities (CU > 70%)), ‘CU > 70%) Gawss dlal) 405530 4l
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UEESPpRnNKIer

ol =

4 3 2 14
Josiy pliiem G aidl il aiale) o

-




Adeguacy 4Ls)
Because of nonuniformity, there is a tradeoff

between excessive deep percolation and plant el clall slea) 5 Ja_sall Gaeall oyl G mlie dllia ¢ uilaill are Cansy
water stress

Adeguacy: the percent of the irrigated area that [ W D W W
receives the desired depth of water or more S sl G o shlaall Ganll (Al () &yl Axiall £y siall Fpucl) 2SS
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System Capacity alail) 4.

(wgwéﬁmﬂ\@gw\ Qj\jﬁejc.b\é;j\) Glal) calaliia Z\A.\ngﬁhal\ ew\:\.x.u
HAal) dalaia GA A el 3A3 sy L..Sm Jazdll

il 35348 )k

Az die ) B 18 JOUA iill B g )3 Alil A0S dais b o

ndie Ao granss () (S Dl sba 1/ 5 SUae¥) Jshaa o &l )

5l dia ) il i (g o 1 0ala Ay il 846 Al el 8 g5 ) (S

i geaill o sgda ¢ shal dyia ) <l i (2e o (Uial

Glall slga) &sas Jd 40 il e Lalasinl (Say Al sball 4SAD) -- ) 43 7 sansal
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System Capacity alkdl) dzs

Gross system capacity (Q,) QQ)) AUaill Llleay) dadl

The rate at which water must be supplied by the water source  sbuall Haas (e sbuadl Ly 684 2% () iy (A1) Jaxdll
A function of:

- e Al
the net system capacity,
N peeley, O AUaill 2L all dadl
the efficiency of the irrigation system g
the system downtime s aldai 3o leS

e\.iéﬂ\u_q?éji';éj
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System Capacity alail) 4z

Q, = gross system capacity, in/day or gpm/A
Q, = net system capacity, in/day or gpm/A

AleaV) aial o b g3 g (Al olaall 2] Jara & 4 sllaal) aUail) A

b olad JSAaA A sl ol sl (B clm o ilas ) 65 O (S

AELQ = application efficiency of low quarter, (%)

D, = irrigation system downtime (%)

Sl Qg SQN S O ) A Al e A58 8 ol

(A

2 shad/Aa8N 8 o lla ol asyfia s dillaay) ol dauQg =

L) shul/Azgall 8 ol ol agyfiaa s diliall Bl 42uQn =
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(%) comiaial a )l ALY 3. LSAELQ =
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Operational Terminology — 4sidal) clallaaall
s A alii clallaiag
Set or zone: kil 4l e geadll
Jaaiia JS8 43 ) oSay Jinl) (e ¢ 5a spaal (o
G dalaie JX obaall g5 40aS 8 aSailly ranas 138 (51 303 gl (3halia sl e sana ) sl s cdiinal) () dalail d
s dals

- Jla

IS Ll oSy Jaiil) Joglas o Clild )l (e e gana o (g gind dahaia JS ¢(3halia 4 ) dapni (S o) HuS Jaal) (<13
.dm... Q

Application time :dédLxY) <a

WM}‘@W‘;& &LQMLHS‘_B.\L;@MU_\EJMSJA}A
Aalall s Filaia| IS0 i gl 138 Jasim (S Y1 (g Aadad b el cilalfiad 5 ebyall/ (35 Jana/,le ading
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Operational Terminology  4dladdl cilathal

Set Time 4c sanall (1)
48l Qﬁj&aé\ﬁ)ﬂ\ C_uaj-’ dﬂﬂ‘@@w\ t_ﬂ.c}.q;.d\ D) ;A.iu.uag.bo)l\ a)m\ 9
o8 (T AU (5T) e pamall il LAl Ciliy) w3y o 13

Application Time = Set Time

e sanall uail il (i 55 Caiy G ganall (o) (e Wlide Q8] g (6K 08 A gl Aadail d Ll
(500 oSl 3hlie sty Jéal) sl :Set/Zone
Addaie (S obiall 408 Javal s Application Time

Jaall 8 Gl ganal) Juads aali Lasal :Set Time
Al 5f o b Jal Y1 gia s slaall alasin el 8ol Glacal s dage aaliall o2a
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Operational Terminology  4dladdl cilathal

Sl G el Jualdl o s W 3550 — Irrigation Interval sl Cycle Time 1
Akl gl bl el il o duse U 5ad) s

25 oLl (5 gima s Alial) sl i Bl al g2 g J grmnall Gala o Ly gl i g5 daay *
akiCycle Time =7 o8 «all 7 JS 55,8 Jaall (S 1) -l *

Idle Time — 2 Jaall < gl

(sl allas 4 Jany ¥ A1 (5 )01 5550 VA gl gn

el Gadai 4 21 Y iy ol ol lalial) ol cile ganall (gl i Jady ¥
AU 5 slaal) aladind 3l (a2 30 JalAl < gl e aall *
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Operational Terminology  4laddl cilathal

Jlaay) 32a — Duration 3

[(Irrigation District) sl 4dkie J8 (3 de ) jall slall 4 853 (g2 B ll 5a
Jiall ) o) Jaa i el S 3 5 J sl Jia *
G g el 8 5aad el i 5 el dakaiall 35 35 38 - Jla *

<9l — Rotation4
Jaall sl de 3l Gain ) gl dadaie Ji (e sbiall b 55l ye G e 3 Jaaldl) sa
(gl Aad Caen Al 3 JS ol (a9 IS sladd) e ey Sl Jmnd o ciaanti 8Ly g yal) Bl of dueleall (5 ) Aadail i *

el el G dale JS bl a5 58 alaill 18 ey *
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-CiUaa Dla

bl alalaa) g gl il s (Uas y Rotation s Cycle Time ™
ALET 5 438) ja oo S ¢ )l 36 S e JI8y |dle Time *

@O B daal) ) dead Al 4K e Lall 40a8 235 Duration *
5l AU B liS a5 (55l Jghin apanal] (5 55 g Clallundll o3 agh *
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