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Thippapa Sukumalchart 2012: Water Footprint of Economic Field Crops in Thailand
Case Study Water Footprint of Maize. Master of Engineering (Water Resources
Engineering), Major Field: Water Resources Engineering, Department of Water
Resources Engineering. Thesis Advisor: Assistant Professor Adichai Pronpromin,

D.Eng. 100 pages.

From the study of Hoekstra and Hung (2005), Thailand is the world third largest net
virtual water exporter in relation to crop trade with the volume of 47 billion m3/yr. The water
is used for agriculture sector, which accounts for 91 percent of the demand for water. It is
highest part in Thailand. Maize is one of the twelve economic field crops of Thailand, which
is essential to the stock feed industry. In this study, water footprint of maize in Thailand was
calculated in details by using monthly production statistics, daily meteorological data and
crop coefficient experimented in Thailand. There are 3 steps in the computation as follows: 1.
Calculate the maize evapotranspiration 2. Evaluate the crop water use by the soil water
balance method in root zone 3. With the crop yield and fertilization data, water footprint is
calculated. The results of this study show that the country-averaged water footprint of maize
in rain-fed area equals to 1,123 m’/ton comprised of 899 m’/ton green and 230 m’/ton grey
water footprints. Since maize cultivation is mostly in the rain-fed area (99.2%), the water
footprint in irrigated area is not comprised. Comparing with the results of Mekonnen and
Hoekstra (2010), this study shows the higher value of country-average green water footprint
of maize. Because of the data detail of product, yield and meterological are different.
However, the country-average grey water footprint was found to be about double of the
Mekonnen and Hoekstra (2010), due to the high concentration of nitrogen to water are
considered in this study lower than in Mekonnen and Hoekstra study. Thus, it can conclude

that the water footprint for maize from this study accurate and suitable for maize in Thailand.

Student’s signature Thesis Advisor’s signature
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] save and Close

r " - 3 R 3
2 Metmbgkddmwsmr il ‘ S g‘
Station: 12 Limits ‘
Country: thai |
Lower limit Upper limit
Temperature .............................. -15 _:J degrees Celsius. I 45 il
Maximumn, mean and minimum ai temperature 5.0 degrees Fahrenheit 130
Dewpoint temperature, wet and dry bulb temperature
Relative hUm|d|ty ....................... 15 —:J e petcent... I 100
Maximum, mean and minimum relative humidity
!| Vapour pressure....................... L>>[00286 . kpa 95825 <<
Actual vapour pressure 0.2857 mbar v 95.8248
Wind speed! . M WEEE 0 m/sec [E=
0 km/day 6912
Hours of bright sunshine........... S 0 hours/day 11.2 — 140
s
N 12 20 December.|........15 June
January, Decaiber’
Radiation..............ccooceeeiie. 0 MJ/m2.day. 192 - 317
Solar or shortwave radiation, 0. mm/day ¥ 78 129
Net radiation = (=
Ra 45 MJ/m2.day — accepted deviation .....+ [—5 i]‘y,
20 Angstrom equation
a=025 |
= — ufusifinee. b iy ny
1

24

3

Y o o o o 9 a a o
ﬂTINﬁ 11 MUUAVBULVAATA ’s;fxi’(,:fﬂ TINTUUDYARAUIUING 11191809 The ETo calculator

R

ﬁ%ﬂ: 1151153 The ETo calculator

4. MSAUIUVDILUVINDDY
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E4
ﬂ'lﬁﬁ'll!’)ﬂ!?ﬂﬂWﬂ'lﬁﬂ'lfJﬁ%‘ViEJng}'l\‘lfN‘llﬂﬂl!ﬂﬂﬁWaﬂﬂﬁqﬁi%}ﬁMﬂﬁ FAO Penman-

Monteith (Allen et al.,1998) Al

900
B D.4ﬂEﬁ(Rn—G}+}rmU2(ej.—ea]

ET, = 4
o A+y(1+0.340,) @
1 a 1 I [
Tag  ETo =amanessmviesassvoans vty uy. Au
v A a [ A =1 [] I 4 %
R = S9FgNT 2 52AUANNVRINT Unidadlu wnnzyaa/ms.u./
G = dasimamasudenasnuanudeuluau
a A A o dy a =\ 1 I =
T = QUUYUINDINIZAV 2 WATNINAUAY Wrined)y o waiGed
<3 A A o = [l a3 A =1
U, = ANUITINNASNIZAVANNEGA 2 13 Uredly . Aumn
[ gol A v A ] I a
e, = ANUAUDTTOIMA 2 99 loroua) Tl dlathaaia
[ A o (] I a
e,  =anuauledud Tnuieilu dlathana
o ) A o 1 I~ a
A =TRnnuFueanNnuau leduda Intiedlu o lathama/esrsaman
1 H a [} a3 a
Y = anaf ly Ias Iasunsn Tnvedu dlathaaia/ersaide s

' Y
Tasaumsnldlumsminaiiseaz@eadias i
4.1. 9walsussenme

1 % %
4.1.1. ANNAUUITTINA (Atmospheric pressure; P) A0OAIITLHINNUHID
1 é 1 dy d' a
GUEN‘]Ji‘iiﬂﬂWTG]E]ﬂH\?WU’J‘(’JWUW’UHN’JTﬁﬂ

293—0.00652) >-2©
(5)

P =1013( o

Tag P = anuauussome dndaedlu Alathaa

[ =~ A [ %’ =} 1 I
Z = i%ﬂ‘]Jﬂ’JHJt;Nﬁﬂ?ﬂlﬁﬂﬂi%@ﬂﬂ?ﬂ%lﬁﬂ1uﬂaN nwmmﬂumm
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4.1.2. aaan la Tasunsn (Psychrometric constant;’y)

c,P
Yy = E2-=0.664742 x 10°P (6)
£ A
1 A a = ] < a =
Tag ¥ = il Tasmmsn Iniredlu alathama/meerisadod
P = ANNANYITEINA 1 Tarana
y 1 $ 1 % a U
A =sanwfeuudsvesmsnanadiulont Wuminsiminy 2.45 wnzgamTandu
9 o A o ~ -3 J A o =
C = ANFOUTUNIENANVAUAIN 1013 * 10° wnzaa/n lansu/oasusaisad

p

4.2. Qmwgﬁmmﬁ (Air Temperature)

4.2.1. Qmwgﬁmmﬁm‘ﬁa (Mean air temperature; T

mean)

_ TmaxtTmin
Tmeaﬂ P - (7

= < ~
ungunay lI‘Vi“L!’JEJL‘]Ju RN RN IS NG

Tag

mean

a < =
annNgage Uniiwdly esrsaien

Il
el
e>)

max

Ao ~ <3 =
Un N@Wgﬂ uwmmﬂu DNALH ALY

Il
el
)

AHMIAIUIU

am T, uay T, AT, 6150 1UI0INaun15N6)

mean

L) o Y o A
1T, waz T, %30 T wigldawnsomuialdninmssaaunisi (e)

Y 1 A I A [l o [
- T, wie T iumivieme e liansoduammmsaeszimeves

1 A

- ;' lifidoyaguugiisimsmeszisvosirdisd s liawsadwanla

¥
A v o I

4.3. ANUFUTUINT I1U01MA (Air humidity)

) A o & <D A
43.1. mmw'laammﬂuﬁm%ummqmwgnmmﬁ (Saturation vapour
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pressure as a function of air temperature; ¢’ (T))

e°(T) = 0.6108exp | ®

17.27T ]
T+237.3

o o A o A A ' I a
Tag (1) =anuauledudrngurigioimea T tnuieilu Alathaaia

a = ] I =
T = v IMe Yrivey esrsalsed

Q U

exp [..] =2.7183 (base of natural logarithm)

432, manuau ledudundasdmsusedu 107U 130 AU (Mean

saturation vapour pressure for a day, 10-day, or month; e )

o

manuau ledudamasd msusieTu 10 Junsemou aNIndIuIn

] ]
v A 1 = a

9 1 4 U U Q/ Q’ w QZ,
"l@mﬂmmﬁﬂizmwmmmwu”laam*mmmaﬂamwﬂuqaqmwauuazqmwﬂumqﬂ

Q U U

Y
I TUVYIIANTY

_ 2 (Tnax) e (Tnpin)
E..S' — 2 (9)
2
Tag e = anuauleduda Invaedlu Alathaaa

S

] v
a v A a

0 % = v A (] I a
e(T )= mmﬂu‘laaummqmwgmaaagaqmw’m Ivuleilu nlathaaa

max

(3

o [ 2 P~ A A o v A ' < a
¢ (T,.) = anuau ledudrnguvgimdemgasieiu Tuuaedu alathaaa

4.3.3. Tnaanuaatuvesnnuau ledud (Slope of saturation vapour

pressure curve; A )

17.27T
Al 1098|0.6108exp m)] o
(T+237.3)%
Tav A =Tdwmnusaduvesanuduledusiegamgil T i

nlathama/esruwasea
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a = ] I =
T = v Yrivey esrsalsed

Q U

exp [..] =2.7183 (base of natural logarithm)

[ 2 v A o f [ v
4.3.4. ﬂ'JHJﬂullfJfJiJﬁ3%3\1ﬂWH?ﬂ!ﬂ?ﬂ%ﬂyﬁﬂ?WﬁJ%uﬁuWﬂ‘ﬁ (Actual vapour

pressure (e,) derived from relative humidity data)

RH
o o TMEean
e. = e“(T. — (11)
[l ( meaﬂ) 100
Tas e = anuauledudan3e Inuaedlu Alathaaa

a

'
v A

o Y A A : o ' <3 a
(T )=anusu ledudingavaimassieiu Invredu nla 1haaa

mean L u

o J 1

1 = X o 2 3
RH = AUNAEANUTUTUNNT Vriv ey %

mean

9 o Jd @

v k4 ]
lunsain liidoyannusuduins arnnuauloduar93ednis

. ' a3 { o e
aunaldnnmsavualddoyagungidigaunuaiguugiiiiniunae (Tdew) ldasaunsil

QU q U

17.27T

— a0 _u dew

e, =e’(T = (0.6108e [—] 12
a ( dew) xXp T gt 237.3 (12)
e e — anusu ledus93e Tuhedlu Alathana

9 9 N

a o =\ I
= RN Inue]u e saiiye
4.4. 599 (Radiation)

4.4.1. 39@91nU0N Tan (Extraterrestrial radiation; R )

v

Faannuen landmivuaaz Juvedtuazdmiuanuuanaazaga

fﬁlﬂiﬂﬁ"lﬂ’Jil!llﬁlinﬂuﬁ\‘l‘ﬁﬁﬂﬂil"lﬂﬂflﬂﬂ”lﬁﬁg mmmmﬁﬂwammmqmﬁ@ﬁuasnmmaﬁJ

AIFUNT

_ 24(s0)

R, G..d. [wssin(@)sin(d) + cos(@)cos(§)sin(w,)] (13)

T
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@ 1 < J @

Tag R = SaannuenTan Imidwilu wnzyad/.’/u
a J 1w = 1 < J 2 =
G, = UugauAAINANDINAY 1M1 0.0820 IWUIHY unzgaa/ 1. /A

A a o ' v a J
= izazmmmmﬂumﬂﬂ—ﬂau 521 lannuA9eINng

< ~ A J = ' I =
ws  =yueamd Iannszoadan Uniaetu siReu
a =1 ] 3 =
@ = azfyn Nrredlu 5o
1 I
o) = ANUAAREIVDILET VLTI 151U

a I 9 o
azdyaudadlugiisRemiluuindmsusn Tanmamilotazay

dmsusnTannald msudasmanaunsaieuiluesmlag
) T ]
[Radians] = E[decam&ﬂ degree] (14)

A a o ' [ a J
§$EJ$VI”I\‘1LLﬁQ1/Imu°VIN11‘]J-ﬂa‘]_I 521119 lannuA9e1Nag (dr) e

=S o Y ~
ANUAADYIUDILLEN 6 ﬁ']il”liﬂﬂ?‘l‘!'lmulﬂinﬂﬁuﬂ"liﬂ (13) uag (14)

2T
d, = 1+ 0.033cos (Z=]) 15
s 2T
5 = 0.409sin (=] — 1.39) (6
ZET
Tag 7 = Suveiuludlszrana 1 (1 ¥ATIAY) Az 365 %30 366 (31 TUNAN)

YuoININTZofiadan ws amnsamuimldnnaunsi (17)
w, = arccos[—tan(p)tan(s)] (17)

4.4.2. B IWaNTLEAA (Daylight hours; N)

N = — Ws (18)

@ a 4 ] H
Tas w5 =yudlusanernadanlurideess Tuaumsn (17)
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4.4.3. %ﬁ%ﬂﬂmﬁﬁg(Solar radiation; R )

v a a m Y o @ o Yy (4
'1 Qﬁﬂ')\‘lf)']“l/l@]fﬂﬂllﬂﬂ']fﬂﬁ?ﬂ ﬁ"lll'lﬁﬂﬂWHquﬂﬂﬁﬂq@ﬁﬂﬂﬁﬂﬁﬂﬂ

A JdR o A a 9 v @ Ao
%QLﬂﬂ?ﬂl@\?ﬂUﬁ\?ﬁﬂ?ﬂ@?ﬂﬂ g095991nUeN lanuazingIveanuw) Iuanduaan

mn
R, = (as + b, E) R, (19)
A ¢ A o A Y oA 3 S 2w
Iﬂﬂ RS = LENDINAY 11909 INAAAUAU Nﬁu’]ﬂlﬂu Luﬂgﬂﬁa/m. /AU

o A a A ' I o
n = Gﬁjjuﬁﬂullﬁﬂllﬂﬂfﬂﬁﬂ Nﬁujﬂlﬂu G]f'JIlN

< Aa A A < 9 A < Aa o A
N = GI)"JT?J\TVHJLlﬁ\ulﬂﬂu']ﬂﬂq@ﬂﬁ]glﬂuulﬂhlﬂ 13 Gﬂjiuﬁﬂullﬁﬂllﬂﬂﬁ']ﬂ'}u b\

w52 1u4

v v Jo A
n/N N ﬂ’)ﬁJﬁiJW‘ll‘ﬁ"]f’JIiN“lﬂiJ!Lﬁﬂ!Lﬂﬂ
v A = ] I s 2 @
Ra N iﬂﬁiﬂﬂu’ﬂﬂiﬁﬂ nwmmﬂu Lllﬂ%i]jﬁﬁ/ll. /AU
1 ~ 1 v ~ =
a, = AIN1TNADDYANIN Lmﬂaaaﬂumummwauaniawmm

Tanludunmsnlnaquinn (n=0)

1 [ 1 [ § Y Y 1
atb, = duvesssduenlaniudelanluiuinesthusnle (=N)
[ a o v A ]
4.4.4. 9davernad luiuntesflhwonla (Clear-sky solar radiation; R, )

dd‘ Y d' [ =
ﬂim‘ﬂ@l’ﬂ\‘]ﬂTﬂ'ﬂ'ﬁﬂuigﬂﬂﬂ’lﬁ\l’q\?ﬁfﬂu

R, = (0.75+ 2 X 107°2)R, (20)
Tav R, =e@aneriadluiuiivesiihunula Twiiedlu wazyad /i

o = A o ¥ a ' I
=3¢ Uﬂmm;mﬁmumuaimuumzmﬂmﬂaN ety was

[

= = ] I 4 2 @
Nﬁmﬂu’ﬂﬂiaﬂ Inuoeilu Luﬂzgaa/u. /U

=
o
I

dd‘ = d‘ % = = % 1
ﬂimﬂlluuﬂﬁlfﬂaEJLliSﬂ‘]Jﬂ’JHJQ’QE‘Tﬂﬂ!LLﬁwJﬂﬁ’JﬂﬂW a_llag b,

Reo = (as + bs)R, 1)
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Tag  atb. = dduvesisduenlanimdelanluiuivesihusnla mn=N)

A Y

4.4.5. MIUHTITAAAUAUGNT (Net solar or net shortwave radiation; R )

'
v a9

v J J @
"15’waaw15mnmmﬁu@aazmnaqﬁmmmmazﬁxﬁ’auﬂamaﬂulﬂ

o Y
MUl lgan

R,. = (1—a)R, 22)

]
o ' 2w

a A a A I J
JAAAUTUIND nwmmﬂu Lllﬂzi]jﬁﬁ/ll. /AU

ns Q
'

[ a A 9 A a o v A 9 a = [
Mﬂigﬁ‘ﬂ‘ﬁﬂﬁﬁ&’ﬂ’i)uuﬁ\ﬂl@\i‘W‘]ﬂﬂﬂﬂqn@uﬁ'l'ﬂi‘]JW“]f@N@\i "l,mmma

Il
oe

Tag

=
I

v A A Y ~ ' 3 S 2w
TNFAAWDINAINLUINN uwmmﬂu Luﬂzgaa/u. /AU

4.4.6. %’ﬁfﬂﬁuanq‘w% (Net long wave radiation; R )

R, =0c [T’””f”’”"”f] (0.34 — 0.14,/¢;) (1.35 2= — 0.35) (23)

i 3 ™
v oA A a A 1 I J 2 @
I@El = i\iﬁﬂﬁuEJTJ’ejﬂ‘ﬁ NWH'JE]L“]JH LiJﬂ$§ﬁﬁ/3J. /U
] ~ Y 9 1 I 4
O =a1nINv03 Stefan-Boltzman 1AV 4.903 * 10 Wvivadlu mnzgad/nn.”/
W

QUNIgIga ue9 24 92119 (K= +273.6 °C)

'
o

ganiigaluyig 24 43104 (K= +273.6 'C)

anuauless dnhedlu Alathaaa

o
Il

v v i o ad a a1
R/R,  =Anudunusvonaussddugns doadian < 1.0

@ Y A o v a

R =’mllﬂﬂiE)ﬂWu’Jmiﬁ’ﬁﬂ’N@1Vlﬁﬁ@%1ﬂﬁﬂJﬂﬁﬁ (18)

[

R = annasealuiunnesihueulaldanaunisn (19)

v

4.4.7. iﬁﬁ@%% (Net radiation; R )

R, =R,; — Ry (24)
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Yy 9 A [ A @ o
- DUBYALAIANYITO 3\1?{51]1@1’7']811] w50 awlsuaivne

welUnsudludedldlumamurassd amnsoda ldnn

- tdeyasedgniuame I nunnauns (24)

Yy 9 v A a v A a J o 9
- ﬂ?"’l]@lluaNﬁf;fﬂ‘ﬁlmziﬂﬁﬂ’.]\iﬁlﬁflﬂﬂﬂl1ﬂﬁ1ﬂﬁ1ﬂ1iﬂﬂ1u3m1ﬂﬂ1ﬂ

A o Y A~ Yy a Ao
auNIg (19) Wi@ﬁ"lll’lﬁﬂﬂ'luﬁmhlﬂﬁ]'lﬂﬁllﬂ'ﬁ‘ﬂ (25) ﬂ’l?ﬂ]@ialjﬁQmﬁﬂuqqq@LlﬁgqmﬂilNWTﬁﬂ

u q

R.S‘ 7 kRE\f{(Tmax - Tmin)Ra (25)

Tas  k = alSuud Twuaedu °c®’

Rs

4.5. mmﬁaam (Wind speed)

anildannuFianusazaniiinnugannamaii F01ugaNasgILYed

= <3 1w [ g}/ =K 9 =\ [ Y v 1 ds’
ADIUIAANNLIIY NN 2 LIAT ﬂﬁuuﬂﬁ@ﬂquﬂ1§ﬂﬁﬂLLﬂﬂQﬁllﬂWﬁ@@llﬂu

4.87
U, = U 25
2 Z In(67.82—5.42) (25)
< A = @ dy a = ] I a ~
I@ﬂ u, = ﬂ')’liJLﬁ'JaiJﬂﬂ'J’]iqu 2 AT IV UDTEAUNUAN Nﬁuamﬂu WAT/AUIMN
[ < A o Y @ dy a = ] <
u, = @Gli’lﬂﬂ]’]llﬁ')ﬁllﬂ'Jﬂhlﬂﬂigﬂﬂﬂ'ﬂﬂ'(,j\‘l Z AT NNNUAY Iniedlu AT/

BITRN]

k4
A A = 1

Aq ¥ [ A @ <
z = ﬂj'luqu'lslf’]fﬂ'ﬁ@ijﬂjﬂlwuﬂigﬂﬂwu@u qujﬂlﬂu LUAT
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U

Qad' d' Y aQAY
aaANNEIVOINUITUIVEY

] Y
iesnndeyagationinerlinsudiu duiudaihimsmuua lduvesnunaia

A A a X o 9 Aday A a A o @ '
inaouneIunavIY TagthvoyavesaoinldeyagaiouIngNAsuaIUaUYI NINIA
ETo Tag1411u131a09 The ETo calculator Hagnaapiimsaadoyauiadin wu 4 Tuahll
dy o v J < I 9 Y R o a I
HAIAA (n) ANUFUFUNUS (RH) A13520% (U2) Wuau 1a39iin1sinsizininiiunain
A A a dal Y1 aa o dy 1 1 1 35 1T AAa
wasuNnavy Iael¥a1n19ann a9l A1 R2 A1 Bl uagA Skewness 1A8N4 3 A1 Lo

v 1 dy = o
mm"lﬂumumygmm DIUNALAUL(2555)

1 Y A A o o 9 ] [ Y 9
1. AV Y90 Skewness A9 aﬂymzmiﬂszm&mmewaya”luﬁummm“lwmu

TAsnnudvestoyan] aansoutsanyuzmsivestoyald 3 uuwy

Y Y a A @ 9 a
L1 t@u)nan@ (Normal  curve) 19 M13N3218AIV099DYANANVAUNIAT
(symmetric) 1182 AURAY = ANTEFIU = A1 1UHEN (Mean = Median = Mode) H@AIAININD

12

funfy oy

dsugu

M 12 iduldalng

A3N: WALBIUIIATAUE (2555)



34

1.2 1@uTnennudnldie nienlan (Skewed to the left 130 negative skew) U@?

= [

ANUNAY < ANI5EFIU < AU HEY (Mean < Median < Mode) taaaindoyadiuluglinigen

£l

7NN 13

1.3 1@uTnennudniv viserfuan (Skewed to the right W30 positive skew) A2

Agruton < ANTBEFIU < ANRAE (Mode < Median < Mean) taaandoyadiulug i

NN 14

Skewed area

Aunay Tuilen

Usug1u

i 13 FuTdeanudnide

NIN: WAO1INAE AN (2555)
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Skewed area

M 14 duldeanudiyn
N1 WA SIUIATABE (2555)

o ! 9 o Y
i;fmmimu’gmmmmm mmiﬂmu’amulmnﬂﬁumi

skewness = (L) ) (ﬁ) (26)
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[
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2. AUz aANTY0IN1IAMKUA (R© 30 The Coefficient of Determination) A0
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mnlwesnudasdenudnu ldvesdoya 2 ga A1 R’ azliaaua 009 1 Tagh 0 ueae

1 [ YA [ 9 1 A 9 A A 9 [ 1
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AWTTMYUBINTS 190N 1891nMTIATIN 1Az 1 1AAINToYaAINITAETINVDINTD 19D
1A9INULTIaUAZAINIIAYTHVDINTE 19099 18019N13 7R3 9 DANNFURUT N U819

o A o 1 2 9 P A Vo o o 1 Y
ﬁll‘llgﬂ! NINN 15 a1IDY1N R Lﬂl”liﬂﬁ 1 TNy 1 Glflllﬂinﬂﬁflﬂgﬁﬂgﬂu&ﬁilﬂﬂﬂﬂﬂ



30

25

20

y IS

10

1

3

5

F o9 T1713 15419 19 21723 25 27 29

X

MW 15 §29819 R 11nd 1 wieminu 1

i RZ1nu 0 lansoesuie laaiedsnsonnns aanIni 16

ae ® &
-
° .00:0...:..0
- * -
- e 3 o
T -

MNN 16 R* 191100 0

A 4
Z

36



37

'
gums lumsmuinmauyseanimsmvua vse R’ ﬁHJﬁﬂﬁ']u’Jﬂ!‘lﬁjﬂWﬂ

R — Yz =) (vi—7)

~ 250137 7
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Y =aumdeninnsaiieiaesa
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2. T1lsun3u Microsoft excel, Microsoft word, CROPWAT 8.0, Arc GIS 9.3,

The ETo calculator
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(H3./31)
10/5/2005 39.3 26.0 61.0 11.0 255 0.0 6.3
11/5/2005 39.2 27.9 61.0 8.9 4.1 0.0 6.2
12/5/2005 39.0 27.3 61.0 10.5 3.6 0.0 6.5
13/5/2005 38.0 26.6 71.0 5.9 0.0 0.0 4.1
14/5/2005 36.7 27.4 69.0 43 2.0 0.7 4.1
15/5/2005 38.6 26.0 72.0 7.9 1.4 0.0 5.0
16/5/2005 37.1 26.7 74.0 6.5 2.0 3.3 4.7
17/5/2005 38.4 26.5 72.0 8.6 2.1 5.2 5.4
18/5/2005 38.0 24.5 78.0 8.3 2.5 15.7 5.2
19/5/2005 37.2 25.6 78.0 7.1 2.4 0.0 4.8
20/5/2005 36.0 24.2 81.0 5.5 3.0 6.6 4.3
21/5/2005 32.0 25.2 92.0 2.1 1.3 2.1 2.9

22/5/2005 35.2 25.2 78.0 7.6 1.0 0.3 4.6
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23/5/2005 354 27.0 70.0 4.2 3.5 0.0 43
24/5/2005  37.5 27.4 67.0 9.1 3.9 0.0 5.9
25/5/2005 374 24.2 76.0 8.2 13 3.4 4.9
26/5/2005  37.3 25.1 73.0 10.9 2.0 0.0 5.9
27/5/2005 384 27.2 64.0 11.0 1.5 0.0 5.9
28/5/2005 389 27.5 62.0 10.8 1.8 0.0 6.0
29/5/2005  39.5 27.3 61.0 10.2 15 0.0 5.8
30/5/2005  37.0 27.0 77.0 6.5 3.5 1.3 4.9
31/5/2005  36.5 26.2 80.0 6.2 3.0 0.4 4.6
1/6/2005  36.6 25.9 71.0 9.8 5.0 0.0 6.0
2/6/2005 364 27.0 67.0 6.1 5.9 0.0 5.4
3/6/2005  36.4 27.0 63.0 5.9 5.1 0.0 53
4/6/2005 377 26.9 68.0 8.2 4.0 0.0 5.7
5/6/2005  37.5 25.4 75.0 8.8 2.1 37.9 5.3
6/6/2005  36.3 26.1 74.0 10.0 0.8 0.0 5.4
7/6/2005 346 26.0 77.0 1.9 1.0 2.5 3.0
8/6/2005  35.9 25.7 80.0 6.9 0.8 0.6 4.5
9/6/2005  35.2 26.2 77.0 6.1 5.0 7.7 4.8
10/6/2005 327 26.4 76.0 1.7 5.9 0.0 3.6
11/6/2005  34.8 27.2 72.0 5.6 5.1 0.0 4.8
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(H3.13%)
12/6/2005  35.0 25.5 77.0 5.0 4.1 19.0 43
13/6/2005  34.6 25.0 79.0 6.9 43 30.7 4.7
14/6/2005  33.8 24.5 88.0 1.2 2.5 16.7 2.8
15/6/2005 344 25.6 85.0 2.8 1.0 0.0 3.2
16/6/2005  34.8 24.5 79.0 5.8 3.8 2.6 4.4
17/6/2005  34.4 25.8 80.0 6.1 3.9 0.0 45
18/6/2005  34.8 26.9 74.0 4.8 53 0.0 45
19/6/2005  35.3 26.5 71.0 8.9 4.1 0.0 5.5
20/6/2005  35.2 27.5 73.0 7.7 3.4 0.0 5.1
21/6/2005  36.3 25.6 76.0 8.1 2.1 0.0 5.0
22/6/2005 344 25.3 78.0 0.0 1.3 0.0 25
23/6/2005  35.8 27.7 77.0 1.2 1.0 8.0 2.9
24/6/2005  33.8 24.5 84.0 0.7 2.4 9.3 2.7
25/6/2005  33.7 24.8 80.0 23 1.3 0.0 3.1
26/6/2005 363 26.6 67.0 7.1 2.8 0.0 5.0
27/6/2005  36.6 27.1 70.0 6.7 2.0 0.3 4.7
28/6/2005  35.2 24.9 80.0 3.5 1.5 7.0 3.5
29/6/2005 322 247 83.0 0.4 0.6 0.0 2.4
30/6/2005  35.3 252 78.0 4.1 0.8 13.5 3.6
1/72005 347 24.0 74.0 33 0.5 0.0 3.2
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2/7/2005  35.0 26.3 68.0 2.5 0.5 0.3 3.1
3/7/2005 348 25.2 77.0 4.4 0.0 0.0 3.5
4/72005 352 23.8 83.0 43 1.9 27.9 3.7
5/7/2005  33.6 25.1 84.0 4.4 1.6 0.0 3.7
6/72005  33.5 25.3 81.0 3.6 0.0 0.5 3.3
7/7/2005 353 25.0 76.0 9.9 2.0 1.5 5.4
8/7/2005 343 24.8 77.0 3.6 19 0.0 3.5
9/7/2005  34.6 25.5 78.0 4.4 1.6 8.3 3.8
10/7/2005  35.4 25.3 75.0 7.9 0.3 0.0 4.6
11/7/2005  35.0 26.3 80.0 8.3 0.6 14.7 4.8
12/7/2005 326 23.5 83.0 2.0 1.3 14.4 2.9
13/7/2005  29.0 24.2 94.0 0.0 0.3 3.6 22
14/7/2005  31.5 24.4 89.0 1.4 0.5 0.0 2.6
15/7/2005  35.5 233 83.0 9.2 0.4 30.1 5.0
16/7/2005  35.6 23.9 78.0 11.0 0.9 0.0 5.5
17/7/2005  36.3 25.2 75.0 10.2 0.9 0.0 5.4
18/7/2005  37.0 26.3 75.0 10.4 0.4 5.2 5.5
19/7/2005  36.0 26.5 78.0 7.5 0.9 0.5 4.7
20/7/2005  35.7 25.3 80.0 8.1 1.4 3.2 4.8
21/7/2005  34.5 26.0 79.0 5.2 1.8 3.3 4.0
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(H3.13%)
22/7/2005 33.3 24.1 84.0 2.8 o 43.5 3.3
23/7/2005 32.7 24.5 78.0 4.7 5.0 0.4 4.1
24/7/2005 30.8 24.7 84.0 0.7 44 0.6 2.8
25/7/2005 31.6 24.9 85.0 0.6 3.1 4.8 2.6
26/7/2005 312 24.5 85.0 1.6 0.9 0.3 2.7
27/7/2005  33.9 24.7 88.0 1.7 0.6 1.2 2.8
28/7/2005  34.0 25.5 75.0 33 1.0 0.0 3.4
29/7/2005 347 25.8 74.0 7.0 2.5 0.0 4.7
30/7/2005 33.2 26.1 76.0 1.4 23 0.0 3.0
31/7/2005 34.4 26.4 69.0 23 5.1 0.0 4.0
1/8/2005  31.5 24.5 78.0 0.1 6.4 0.1 3.1
2/8/2005  33.4 25.0 77.0 3.4 5.4 0.4 3.9
3/8/2005  34.6 25.2 75.0 5.7 2.8 45 43
4/8/2005  33.2 25.2 77.0 0.2 1.0 0.0 2.5
5/8/2005  30.0 25.8 82.0 0.1 0.4 5.2 23
6/8/2005  32.7 24.0 79.0 0.3 1.5 0.0 2.5
7/8/2005  33.3 26.2 71.0 23 2.5 0.0 3.4
8/8/2005  33.3 26.7 70.0 0.1 1.5 0.0 2.6
9/8/2005  34.1 25.5 67.0 2.6 3.4 0.0 3.8
10/8/2005 34.8 26.2 67.0 1.8 2.0 0.0 3.3
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(H3.13%)
11/8/2005  33.7 26.3 71.0 2.7 2.9 0.3 3.6
12/8/2005  33.9 26.3 76.0 1.6 6.0 0.2 3.7
13/8/2005  33.0 25.2 74.0 2.3 7.9 4.2 4.1
14/8/2005  33.3 239 77.0 3.7 6.4 0.0 4.1
15/8/2005 338 25.8 73.0 4.5 4.6 0.3 4.3
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BRI WAL INY Irrigated Non-irrigated Unit
Kec (initial) 0.86 0.86
Kc (mid-season) 1.63 1.63
Kc (late season) 0.16 0.16 day
Stage (initial) 16 16 day
Stage (development) 43 43 day
Stage (mid-season) 74 74 day
Stage (late season) 98 98 m
Rooting depth (initial) 0.1 0.1 m
Rooting depth (mid-season) 0.8 0.8
p (initial) 0.2 0.2
p (mid-season) 0.25 0.25
p (late season) 0.5 0.5

! o %7} {
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v 9 v
- Aarminaruanlgns 18 (Total available water; TAW)

N TAW = (HFC — HWP)ZT
UNUAT TAW = 122.9757 * 0.1
awld TAW = 12.30 131,

v
- M nT o193 (Readily available water; RAW)

0 RAW = pTAW

HNUA RAW

1218 RAW

=0.2*%12.30

=2.46 UU.

v A
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-MUIUMTVUTEANTANVATEAUN (Water stress; K )

TAW —D,.
N = ——
5 (1-p)TAW

ADIMINMINIA1 D, NOUIN AUNALY D___ 1A 0
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HNUA
= 0-(0-0)-0-0+(0.63%6.3)+0

i

=3.97

i
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Growing date Day K, ET,
1 10-May-05 0.63 3.97
2 11-May-05 0.63 3.91
3 12-May-05 0.63 4.1
4 13-May-05 0.63 2.58
5 14-May-05 0.63 2.58
6 15-May-05 0.63 3.15
7 16-May-05 0.63 2.96
8 17-May-05 0.72 3.89
9 18-May-05 0.72 3.74
10 19-May-05 0.72 3.46
11 20-May-05 0.72 3.1
12 21-May-05 0.72 2.09
13 22-May-05 0.72 3.31
14 23-May-05 0.72 3.1
15 24-May-05 0.86 5.07
16 25-May-05 0.86 4.21
17 26-May-05 0.86 5.07
18 27-May-05 0.86 5.07
19 28-May-05 0.86 5.16
20 29-May-05 0.86 4.99
21 30-May-05 0.86 4.21
22 31-May-05 1.13 5.2
23 1-Jun-05 1.13 6.78
24 2-Jun-05 1.13 6.1
25 3-Jun-05 1.13 5.99
26 4-Jun-05 1.13 6.44
27 5-Jun-05 1.13 5.99
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Growing date Day K, ET,
28 6-Jun-05 1.13 6.1
29 7-Jun-05 1.35 4.05
30 8-Jun-05 1.35 6.08
31 9-Jun-05 1.35 6.48
32 10-Jun-05 1.35 4.86
33 11-Jun-05 1.35 6.48
34 12-Jun-05 1.35 5.81
35 13-Jun-05 37 6.35
36 14-Jun-05 1.52 4.26
37 15-Jun-05 1.52 4.86
38 16-Jun-05 1.52 6.69
39 17-Jun-05 1.52 6.84
40 18-Jun-05 1.52 6.84
41 19-Jun-05 1.52 8.36
42 20-Jun-05 1.52 7.75
43 21-Jun-05 1.61 8.05
44 22-Jun-05 1.61 4.03
45 23-Jun-05 1.61 4.67
46 24-Jun-05 1.61 4.35
47 25-Jun-05 1.61 4.99
48 26-Jun-05 1.61 8.05
49 27-Jun-05 1.61 7.57
50 28-Jun-05 1.63 5.71
51 29-Jun-05 1.63 3.91
52 30-Jun-05 1.63 5.87
53 1-Jul-05 1.63 5.22
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Growing date Day K, ET,
54 2-Jul-05 1.63 5.05
55 3-Jul-05 1.63 5.71
56 4-Jul-05 1.63 6.03
57 5-Jul-05 1.58 5.85
58 6-Jul-05 1.58 5.21
59 7-Jul-05 1.58 8.53
60 8-Jul-05 1.58 5.53
61 9-Jul-05 1.58 6
62 10-Jul-05 1.58 7.27
63 11-Jul-05 1.58 7.58
64 12-Jul-05 £S5 4.35
65 13-Jul-05 1.5 33
66 14-Jul-05 1.5 3.9
67 15-Jul-05 1.5 7.5
68 16-Jul-05 1.5 8.25
69 17-Jul-05 1.5 8.1
70 18-Jul-05 1.5 8.25
71 19-Jul-05 1.38 6.49
72 20-Jul-05 1.38 6.62
73 21-Jul-05 1.38 5.52
74 22-Jul-05 1.38 4.55
75 23-Jul-05 1.38 5.66
76 24-]Jul-05 1.38 3.86
77 25-Jul-05 1.38 3.59
78 26-Jul-05 1.15 3.11
79 27-Jul-05 1.15 3.22
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Growing date Day K, K, ET,
80 28-Jul-05 1 1.15 3.91
81 29-Jul-05 1 1.15 541
82 30-Jul-05 1 1.15 3.45
83 31-Jul-05 1 1.15 4.6
84 1-Aug-05 1 1.15 3.57
85 2-Aug-05 1 0.9 3.51
86 3-Aug-05 1 0.9 3.87
87 4-Aug-05 1 0.9 2.25
88 5-Aug-05 1 0.9 2.07
89 6-Aug-05 1 0.9 2.25
90 7-Aug-05 1 0.9 3.06
91 8-Aug-05 1 0.9 2.34
92 9-Aug-05 1 0.67 2.55
93 10-Aug-05 1 0.67 2.21
94 11-Aug-05 1 0.67 2.41
95 12-Aug-05 1 0.67 2.48
96 13-Aug-05 1 0.67 2.75
97 14-Aug-05 1 0.67 2.75
98 15-Aug-05 1 0.67 2.88

v
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CWU, = 389.60 X 100x 100
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