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Abstract

The aim of this research was to assess water footprint (WF) of sugarcane and cassava cultivated in

eastern Thailand for ethanol production. The water footprint was estimated according to "The Water Footprint

Assessment Manual" of Hoekstra et al. (2011). The results of this study showed that the average WF of sugarcane
3 -I 3 ·1

as 192 m .ton and the ratio of WFgreen:WF'r:Aue:WFgr~was 161:11:19. The average WF of cassava was 448 m .ton

d the ratio of WFgreen:WF'r:Aue:WFgr~was 342:40:66. With the proportion of water use taken into consideration,

rainfall remained a key factor in the cultivation of sugarcane and cassava. The water demand for cultivation of

sugarcane and cassava from natural sources was 48 and 205 Mm
3i', respectively. The study findings would not

merely be of use to policymakers for better water management but could be used as basis data of sub-national

water footprint as well.

Keyword: Water footprint, Sugarci=\ne, Cassava, Energy crop

1 UWW1

m~Yl'll~~i:i'~~lLJ-rULJ t~U1 ~'J1 n-r~U1 fl1'i1~1LULJnl'l~Vlvil

Lb~'U~«~~l'UYlmLYlLJ'l~EJ~~11 15 y (~.1'1. 2551-2565)

(m1.J~WJLJ1~«~~lLJYlVlLLYlLJLLfl~fJLJ-rn';~«~~lLJ, 2550) L~fJ.
fi1'\11LJ(;)~ I'1Yl1~ bLfl~mfJUn1'l~WJ'U1~«~~ 1LJ Yl(;) LLV1LJ'lJ fJ~Lh~LYlI'1

n1 'a~WJ'U1~«~~lLJYlVl LLYlLJ 'J ~'1l1 ~fl (;) n1'lV;~~1 LLfl~ n1'ltJ1LoU1
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J1,j'LJb~m~~~ bLfl~~i:i'~~lLJ'lliJVl~LJ 1 L~fJ~'J1nLJ'l~LYll'11Ylmtl'U

LJ 'l~ LYlI'1 Ln'\:l\1l'l n'l'l1.J LLfl~iJ~fl~~I1lYl1~ n1'lLn '\:1(1) 'l'l11.JCl~~'l ~~ 111

L'\II~ fJ1oUYl1~ n1'lLn'\:l\1l'l~iJ~n~m~?f~ ~'J~tJ1m1-nLtlLJ~i:i'~~l'U
~

Yl(;)bLYl'UM L'1lLJ BfJ~, 3JLJGi1LJ~'Vl«~, LJT~1.JJ1,j'LJ, oU11 LLfl~

oU111~(;) Ltl'U~LJ ~~,rLJm~'VI'l1~~«~~1'U~~iJ~YltlI'11?f1'11~WJLJ1,

~i:i'~~ 1LJYl (;) LL YlLJ'J1 n~'l1~ i:i'~~lLJL '\11(\ 1.Q L~"il'J~1.~btl'U\1l ~1 Vl



(Water

mfl{;\~l'Uvvf1':i~Vl11~tJ '\"I.I"!. 2551 ~~ '\"I.I"!. 2555 'Wu'h~'U~

~iJfIl':ii.JflnBvCJmn~?ll'll(11bbn ~~Vlll'l?l':i~bbnJ ':iv~£;1~mfiv" ,
'1lllul tJ~b:a~b'VI':il, ':i~CJtl~, ~'U'VIU~ bbfl~i.J':il~'UU~ iJbdv~, "
b'\"11 ~LJ £;1 n5vCJbiJ ~ CJ b~ CJ~ I'll mh vi'U~ln?ll'l vi'~ d 207,872," ,
110,584,46,292, 31,099, 20,222 bb£;1~ 9,009 rai (6.25 rai =

1 ha) ':iJ~vY~VI~1'l 425,078 rai iJ~£;1~~I'lBvmtJ~CJ 4,341,631

ton VI~vfil'lbtJ'U 10.21 ton ra(1 f1l':iLJ£;1nii''U~li.J~VI~'l'\''lUmn
"

bb£;1~ bbVI~~oU v~ 11 ~'U 61 ~'U~1 'U nl ':i~l ':il 'loUtl~ £;1~ '11 ':i ru 1 'J 1 n
" I "

~~Vlll'l~iJ nl'lLJ£;1 nBtl mbfl~ii''U~lLJ~'VI~~mn~?lVI b~tllibtJ'U" ,

u

vi'~iJ 381,313, 301,978, 301,700, 230,031, 168,005 bb£;1~

158,623 rai ':il~iJd1v~LJllnii''U~lLJ~VI~~biJ~EJ 1,541,649 rai
"

bb£;1~~£;1~~I'lii''U~lLJ~'VI~~btJ~CJ 4,341,631 ton VI~tlfi~lbtJ'U
-I

3.3lton rai

~?ll'lfiv ~'lVlll'l?l':i~bbnl, '1lflul iJ~b:a~b'VI':il, ~'U'VIU1, i.J':il~'UU~
, "I , "I

bbll~':i~ CJv'l iJbdV~b '\"Il~LJflnii''U~lLJ~'VI~~ btJ~ m1EJ'lm~~ lvi'U
"

u ,

2.1 wun11m:J7
.n1 ':i Vii All vbl'l v~vi I'l '\"I~'U vl'1Jv~ n1 ':i i.J £;1 n5 ti ti bb£;1 :::ii''U ., "

~lLJ~VI~'ll'U~'U~mAI'l~l'UvvnmvUA£;1~~'Uyj 6 ~'lVlll'l Mbbn,

~'U'VIul tJ~b:a~b'VI':il, '1lflul LJ':il~'Uul ':i~CJtl'l bb£;1~?l':i~bbnl, "
Figure 1 bb?lI'l~~'U~~Pin1jl 'llf1':ilCJ~l'U?ln~f11':ibn'cll'l'l'1Jv'll 'VICJ

(~1,rn~ l'Ubl"! ':i1j\j n'J f11 ':i bn1jl'l'l, 2553; 2555) i v~ £;1 Ld tl ~.. "
b'\"Il~i.J£;1 n LtJ~CJ bb£;1~~£;1~~ {;\biJ~CJ'lJv~BvCJ bbfl~ii''U~li.J~VI~~1'U

"

>-J £;1 n ':i ~'VI U~ v~ ~ bb ll'l ~v~LI'l CJ ~m~ uu nl ':i n ':i ~ '11 CJ,J11l1'

bVlm~?l~l'U'VIn.f11A~l'U vY~.f)lAbn1j1'l'l vl'l?llVlm':i~ bb£;1~
, .' "I

footprint)' '1lv'lfll':iLJ~nBvCJbb£;1~ii''U~lLJ~VI~~~lVl1UfIl':i~~1'lbv

'VI l'U v£;11 'U~'U~.f)lAI'l ~l'Uvv n iV~£;11v bl'lv~vil'l'\"l~'Uvl~l(11" ,
mm':iCllibtJ'U~l'ULJ':i~nvU'VI1~?ln~~b~CJlflUfIl':ili,Jl1'U':i~vi'u

mA bb£;1~libtJ'U~'U~l'U~lVl-rU fIl':ill~ bb~'U~I'l fIl ':i,Jl bb£;1~~I'l?l':i':i

Jl1'ULJ':i~b'VIl"!l(11

'11 n'ULCJUl CJ bb£;1~ bb~'U~~'Ul vi'~ n ~11 fIl ':i Pi n1jl b~ CJl flU

mmru,Jl'Yhm 'UfIl':ib'\"Il~i.J£;1nYl'1l'\"l~~~l'U~~ btJ'U~~~'ill btJ'UViln
"

Jlbb£;1~All~ii'1'l bbtJ~1'U fIl':iliLJ':i~LCJ'1l11'V11'\"1 CJl f1':i iJ bb'Ul'VI1~ fIl':i

~~'Ulbb£;1~~~b?l~~fIl':iHJlv~1'liJLJ':i~~'VI5m'\"l rl~Al bb£;1~l~iJ,

'VIl~b~vmhY'l-ruc.J~{;\c.J£;1nl'Hn~I'l':i1'VICJ vY~ tJ~~~b?l~~ ll1\nl'lfll':i

c.J~l'lbb£;1~fIl':iHbv'VI1'Uv£;11~uvCJn119 Ml da/ 'VIl'lbb'VI'UfIl':iH

,Jlii''U LI'lCJ3J~bU'U~'l~ bYl~c.J£;1c.J~I'l·lm~Bv mb£;1~ii''U~li.J~VI~~1m(1l,

v~l~UvCJ 15 bb£;1~ 5 ton ra(1 /l'UtJ 2564 (f1':i~~~'Ul

'V'/~~~1'U'VI1'l bb'VI'Ubb£;1~v'U1n';'\"I~~~1'U, 2554) 1'U'1J ru~ b~CJl fl'U,

~'VI Bl"!l?l1'l ~1 'U nl ':i r11Vl'UI'lYlI"! 'VIl~ nl ':i~~'Uli.J ':i ~ b'VI1"!.f11 CJ1(11

bbc.J'U f11':i~~'Ul nl ':i bl"! ':i~~n 'I bb£;1 ~ ~~ fI~ bb '\.1~'1l1 ~ tJ UU Vi 11

(~1,rn~l'U fI ru~ f1':i':i~ fIl ':i~~'Ulnl':i b1'1 ':i1j~ n 'I bb£;1~~~A~ bb'\.1~'1l1~,

2554) 1l1' A11 ~ ~ 1 f( ru flU nl ':i v 'U 1 n ,; bb £;1 ~ ~ 'U vi I'l bb £;1
v , ~ ~

'VI 1'\"1 EJl f1':iB':i':i~'1l1~ bb£;1 ~~~ bb11'l~v~AlUA flU nl ':ili,Jlv ~l~~
" "

AruAl U~Vll':i~l'lfll':iv~l~~ ?l~1~All~btJ'U5':i':i~ £;1l'lfll':ibVl~v~,

0'
r,

'1"

4.

2 15nl':i

15fIl ':ivll b{J'U~1'U1~CJiJ~'Ul'lv'Uvi''l~v1i.Jif~v ~l':il'liv~£;1
"

. ':i~bVlCJ,Jl'1Jv~Yl'1l(1l1CJLLJ':ibbf1':i~ CROPWAT 8.0 LI'lCJiJfIl':i111bil

iV~£;1.f)iJ vl nll"!, iv ~fl ~'U bb£;1 ~oU v~£;1Yl '1l ?lI'lYi1 CJ fiv nl ':i
'\J '\J " \I "I •

Al'Ulru Allml'lv~vil'l'\"l~'Uvl'1lv~fIl':iLJ£;1 n~'1l l'U fIl':iPi n1jlAf~if, "

Footprint Assessment Manual" '1J v ~ Hoekstra et al.

(2011)

tillbb'VI'U1'Uf11':i1bA':i1~~oUmJ£;11(11bbn ~~'VIll'l?l':i~Lbnl, '1l~ul" ,
iJ~b:a~ b'VI'll bbll~LJ':il~'tJU~ 'lJ'tJ1V1'lJv~ n~~tilltl ~l'lAl'Ul ill'Jln, ,

?l1'l':i'lJv~ Yamane (uruiJ, 2554) l(11bbuu?lvum~'1Jv~f11':ii.J£;1n
" "I '" . \l

Bvmbfl~ii''U~lLJ~VI~~'ill'tJl'tJ177 bb£;1~ 655 '1l1'l 1'l1~~1vi'U,
, • I I

iJ':i~vi'UAll~b:Utlii''UVi 95% bb'l~Alf1l1~flmVlbfl~v'U +/- 10%

oUtl~fl'llmbUU?lvum~?l':iLJ1(1111 bn1jl'l'lmL 'l"l1~i.Jlln5v CJ
" , "

':i~'VI11~ b~v'tJiJ'U1A~ ~~ b~v'Ub~1jl CJ'tJ Btl CJ~{J EJ~i.J £;1 n 1 vi'bbn
"

~'U5 LK 92-11 LI'l~CJ~~'tJLI'lCJHuCJ~fllnbtJ'tJ'uCJ':iv~~'Une:l'\.Jf11':i
"I "I \l ,

L'\"Il~LJIl n b~v~ 'llnmfll'l~l'Uvv niJfIl':ib~EJ'lln btJ'U'ill'Ul'Um n
"

uCJ~£;11nffim'tJfIl':ibI'l1CJ~~'tJLJ~mrubiJ~CJ 51 ko ra(1 'lil'lfll':i
, " :>

Ul'l~1n~1'l~liuCJbAiJ 15-15-15 LJ':i~~lru 52 ko ra(1
" :>

~l'tJoUv~£;1 fIl':ii.J£;1 nii''U~lLJ~'VI~~?l':iLJ1(11';h~'U5bn1jmI''!1?l1'l ~ 51
'U 'IJ "I "I

btJ'tJ~{JCJ~i.J£;1f1':i~'VI11~ b~v'tJn~m~'tJ5~~b~tl'UiJ'Ulf1~ LVI EJ b~~" ,
'Jlnfll':ibl'l~EJ~~'tJLVlCJHUEJ~1l1nbtJ'tJuCJ':iv~~'Ui.J':i~mru 54 kg

"I '\I .'
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ra(1 ~1'U1'U·lh.:lrn~1.hi.:lrfl,:m~HUf.JLflii 15-15-15 't.h~~.nru. .
64 kg ra(1 ri1'V1~\JLL\-Hl.:1J1~HL'W1:::tJ~f1~'U'HH'UliVl,r'U

~1'U1J1f1HJ1t;J'U iifl1~HJ1'il1mL'VIG1.:1J15'U'U1.:11li1LLn J1~1~'U,

J11li1~'U LLm:J1'UGltJ~~'V11'U

fI1~~1m1)J-UtllJGl€i'U1 L'li'U -UtllJGl~'U, -UtllJGlJJiitl1rn\'! LLGl:::

LL~'U~ rn ~tJ 'I fI elmmGl:::,r'Uri1tJ~'VI~.:I U1-UB)JGl~'U~~ii rn~tJGl fI
" ""

eltl tJ LLGl~3J'Uri1tJ:::'VI~.:I1 tJVl~1'ilG1tll.J LY1 tJl.JnU-Utl)JGl'UVl~'U~~Vl'Vh" .

lVltJf1'i)J~~'lJ1~~'lJ (m)J~~'lJ1~~'lJ, 2555) 'WU11eltltJiim'i

tJGl(1)J1f11'lJf1G1)J'llVl~i.J17, 28; 35, 46; 48 LLGl:: 55 . ~1'U3J'lJ" ..
ri1tJ::'VI~.:Iiif11'itJGl(1)J1f11'lJflG1)J'UVl~'lJ 17, 35 LLGl:: 48" . .
~1'U-uB)JGlfliimfl1\'!1'lJ~tll.J 30 U('W.\'!. 2524-2553) 'Utl.:l 6

" "
~~'VI1Vl1'Ufl1flVl::1'lJtltlfl1li1'il1f1f1~)JtlVllitJ)J1'V1tJ1..
(m)JtlVllitJ)J1'V1tJ1, 2554)..

Oi51ing etiurld I*rrts* Molasses 8~nts
• TapilCa 1~n1

Oiler (under ccrJ~nh"!I!ed)+r~oIasses 12 plants
• TaJ*lca 24 ~nts

Figure 1 Ethanol plants in Thailand and the study area.

urce: DEDE (2008)

...
2.3 n7m7f17m'ifJ7Cl'i:fLYIClU7V€J.JW1f

1'UfI1~P;f1'l:11flf.:lffi-uhhLLm)J CROPWAT 8.0 ~~~'U1~'U

1J11Vl tJtl.:l rlrn~tl1'V11~ LLGl::: f11 ~Lf1'\:lVl ~LL"'.:I G1'V1tJ 'i::'U1'U1 &i (FAO,

2009) I'h'U1rurl1f11 'ifl1 tJ~:::L'VItJJ1'U tl.:lYi<olVl tJ15 fI1'inl'V1'UVl fI1~

1~J1'UGltJ~::'V11'U (Irrigation schedule option) Vl1)J'VI~f1f11~

rn~G1)JVlGlJ11'U~'U (Soil water balance) LiJ'lJ15f11'i~iifl11)J.
LL3J'UEhLLGl::hJ1li1.ijuitl'lJ (Hoekstra et al., 2011) 15

n1'V1'UVlrn~1~J1LLUU1~J1'llGltJ~::'V11'lJ,r'U"il:: n1'V1'lJVl nGl1 LLGl::

tJ~)J1 ruJ1~.:I.Q 1~J1'U"tJ~::'V11'lJ L~tlI'l11)J:ff'lJ1'lJ~'lJGlVlGl.:l'il'lJ~.:I

~Vl1f1~~ (Irrigation at critical depletion) LLGl::1~J1LY;tl1~

~'Uiifl11)J:ff'lJ~~::~l.Jfl11)J:ff'lJ'UGltJ~::'V11'U(Refill soil to field

70

... ...
capacity) 15ij'il::rl1'lJ1rurl1rn~fl1tJ~::L'VItJU1'1Jtl.:lYl'U (The

adjusted crop evapotranspiration, ETc,adj 'VI~tl ETa) 'il1f1

G1)Jf11'i~.:Il'itl1 tJ.Q

lVltJ~ ETc fitl rn'ifl1tJ'i:::L'VItJJ1'Utl.:lYi'lJ, ETa fitl tJ~)J1rurn'iH

J1'Utl~Yi'llel1.:1B.:I (hhLLm)J CROPWAT 8.0 'il::'li1f11'irl1'lJ1ru

rl1 ETa Vl1)J15f1Wlltl~ FAO Penman Montieth), Kc fiB

G1)JtJ~::~'V1Ern~HJ1'lJtl~~'lJLLGl:: Ks fitl ~Glfl'i::'V1uvhnVl'il1f1

rn~'U1VlJ1I'itlf1'i::1.J1'lJfI1'ifl1tJJ1'1Jtl.:lYi'lJ~.:I1'lJM11::~J11'lJ~'U

iitJ~)J1ru~'ihnVlrl1Ks'il:::iirll'UtltJfl11 1 LLGl::1'lJG1fl11::~~'lJ13Jii
...

m~'U1VlU1rl1 Ks'il::iirl1LVhnu 1
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t1 x, \' (,
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Table 1 Component of green and blue water footprint for sugarcane production.

ETsreen ETb1ue ETa CWUgreen CWUb1ue CWUtotal y
Province

(m3.ra(1) (m3. ra(1) (m3. ra(1) (ton.ra(l)(mm) (mrn) (mm)

Chanthaburi 945.3 13.7 959.0 1,512.5 21.8 1,534.3 10.2

Chachoengsao 1,021.1 38.3 1,059.4 1,633.8 61.3 1,695.0 9.8

Chonburi 1,001.5 32.0 1,033.5 1,602.5 51.2 1,653.7 10.0

Prachinburi 959.4 152.2 1,111.6 1,535.1 243.5 1,778.5 10.0

Rayong 1,131.9 90.7 1,222.6 1,811.0 145.2 1,956.2 10.2

Sakaeo 1,010.8 101.7 1,112.5 1,617.2 162.8 1,780.0 10.2

_"\~;, 11'1.l2.~~
Table 2 Component of green and blue water footprint for cassava production.

WFsreen

(m3.ton-1)

148.3

166.7

160.2

153.5

177.5

158.5

WFb1ue

(m3.ton-1
)

2.1

6.3

5.1

24.3

14.2

16.0

.~....

ETgreen ETblue ETa CWUgreen CWUblue CWUtotal Y WFgreen WFblue
Province

(mm) (mm) (mm) (m3.rai-!) (m3.rai-1) (m3.rai-1) (ton.rai-!) (m3.ton-1) (m3.ton-1)

Chanthaburi 659.7 39.7 699.4 1,055.5 63.6 1,119.1 3.4 310.4 18.7

Chachoengsao 732.1 27.9 760.0 1,171.2 44.7 1,215.9 3.2 366.0 14.0

Chonburi 814.2 23.0 837.2 1,302.7 36.8 1,339.5 3.6 361.9 10.2

Prachinburi 603.6 179.2 782.8 965.7 286.7 1,252.5 3.2 301.8 89.6

Rayong 775.2 68.3 843.5 1,240.3 109.3 1,349.6 3.2 387.6 34.2

Sakaeo 653.4 144.8 798.2 1,045.3 231.7 1,277.0 3.2 326.7 72.4

'\.\ f'L S~

~\11cil'l..lL'VhflU 342:40:66

. t1lfillmIilB1yjlil'l'l~'I..l~LQ~EJ~1vi'":illnrn'l~n'tn LJ~EJULViEJU,

-1 d tV I

ton :W?l\11~1'l..l
3

m

tJ 'l~ nmJ n1'l'~":ill'lru1'I..llEJUl EJrn 'lci.:lL?l~:lJrn 'l1offLB'VIl 'I..lBIl 'IJ €l.:l

tJ 'l~ L'VI f'11vi' ":ill n-uB:W ~ n'l:W~ \llJ'I..ll'1'1~.:I.:Il'l..l'VI\11LL 'VI'I..lUIl~B'Ll-rn~
~ ,

":il~~B.:I1-UfiBEJ?l\11 14.286 ko LL~~":illn-UB:lJmm(;1B1yj\il'l'l~'I..l~'IJ€l.:l:> ~ ,

fiBEJmfl(;1~l'l..l€lBn":il~?l1:Wl'lfifil'l..l1ru lvi'llihll LM EJl-U€l.:lfiu fn'l

L'I'Il~LJ~nfiBEJ 2.74 m
3

LL~VllnHlJ'I..lii11LJ~VlGi'.:ILtJ'I..ll\ilfl~U
~ ,

v ,

lJ'I..l~\11 1 ton m:WTH)e.J~\ilLB'VI1'1..lB~lvi' 180 l v1.:1U'I..lLiJB

LLJ~mJLViEJu~Bm'lI:J~\ilLB'VI1'l..lB~ 1 l 'I-'I1m~BnfiBEJLtJ'I..ll\ilfl~U,

'inn nl'l~m~l'1'1UllfillBL\ilB1yj(;1'1'1~'I..l~"llB.:I fiB EJiJfil LQ~ EJ,
I <lJ 3 -1 d Q.J I I v

L'VIlnU 19~ m ton :W~\11?l1'l..l WF~reen:WFblue:WF~reyL'VIlnU

161:11:19 fi\11LU'I..l~BEJ~~ 84:6:10 'lJB.:Ifi11m(;1B1yjlil'l'l~'I..l~'l1:W,

3 .} cI I d I Q.I 3 -1 d

m ton :WfllLQ~tJL'Yllnu 448 m ton LLIl~jJ395-468

WF~reen, WFblue LL~~ WF~rey v1.:1?l:lJrn'l~ 7 fhlm\;rEl1~1il'l'l~'I..l~

'lJB.:Im'lL'I'I1~LJ~nfiBEJLL~~~'I..ll;11LJ~VlGi'.:I'lJB.:Imfilild''I..lBBnLL~\11.:11'1..l
~

flU fi 1 LQ ~ EJ'IJ B.:I fIl fI LVlti B1'I..lLJ'l~ L'VI f'11vlEJ (I<ongboon and

Sampattagul, 2012) LL~~ fill B Llil B1~1il'l'l~'I..l~ LQ ~ EJ'IJ B.:It~ n

(Mekonnen and Hoekstra, 2011) LL?l\11.:1v1.:11'1..l Table· 5 ":il~

L~'I..lllfillBL(;1 B1yj (;1'1'1~'I..l~ LQ~EJ'lJB.:I fiB EJLLIl~~'I..l ii11LJ ~VlGi'.:I1Wilfl,

(;1~l'I.JBBn~lnll ~.:IdBl":ilLU'l..lL'I'I'l1~rn'lL~Bm1B'I..l1'IJrn'l1offth

offB:w~vi'l'l..l-rl'1l, offB:W~~'I..l, rn'l1ciuEJ, l'l..lLL~~'lhmmLJlln, 1:J~1:J~(;1'" '\J. '\I

Table 4 LL~~ Figure 2 e.J~rn'l1-.rEJ~1vi''I'IUllfillmIilB1~1il
_ ~ v q I 'I 3 -1 I .d

'I'I'l'l..lIil'IJB.:IvBEJ:WfllBEJ'l~Vlll.:l 168-211 m ton f11LQ~EJ
~

I Q.I 3 -1 .::01 ct.I I I ov

L'Vllnu 191.5 m ton :lJ?l\11?l1'l..l WF~reen:WFblue:WF~rey L'Vllnu

161:11:19 lmIilB1yjlil'l'l~'I..l~'lJB.:I~m11tJ~Vl~.:IiJfilmb~Vlll.:l, ~

":il~~B.:IH~'I..lii11LJ~VlGi'.:I 5.556 kg ull~iJJ1LMEJ1-U€l-.:lflUnl'l

LYmLJlln~'I..l~lLJ~VlGi'.:I 2.49 m
3

Vl1nYi":ill'lrull:Jlln'l~'VIU":illnrn'l
~

nl'lVllfillBL(;1B1yjlil'l'lf'l..l~'lJB.:Inl'lLJllnfiBEJUIl~~'I..l. ~

~lLJ~VlGi'.:I1'I..l«'I..l.yjmfl(;1~l'l..lBBnfl'lBUfI~:W«'I..l.yj 6 -.r.:lVll\111vi'LLr1,

e.J~\ilLB'VI1'1..lBIl~ B'VI-r'l'lEJl n'lJl~ LM EJl-UB.:IflUfn'lL'I'Il~LJIln-rl'lJ
~

'I'I"'.:I.:Il'1..l'l'lUllrn'lL~Bn~'I..lii11LJ~VlGi'.:ILU'I..ll\il~~U":il~H'VI-r'l'lEJln'lJl
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"II I 11 a II _ .... <Cll '" I CII Q..I I

tltl fJ rn 1 tl tlm~ fltl tlfJ -:I 1 tl1''1 fJ tI fJ-:I 'V'l U11 WF~reen :lH1 ~ ~1 tI

:lJ1fl fl11\h::: LflY1~tlLL~~-:I1~L~tl11ih.jtlLtJtlu'J~milA,!!1tlf11~
Lvn:::tl'JfleltlfJU~::::I1t1~ltl:::VI~-:ll tlfl1A.Q 1tlcilt1'lJeJ-:I WF'rA~

eltl fJ LL~::::I1tI~ltl::VI~-lii A11:lJ1l1tl -:I f11~J1 'J1 fl UVI~-:lJ15~~:lJ'lJl ~
3 -1 3 -1 0.... I.., I

48 Mm y LL~:: 205 Mm y ~1:lJm~U A1~-:lfl~11~1:lJ1~f1

-J11tlV1'J1~ru1~I:lJnufi1A11:lJll1tl-:lf11~J1~1'v,~uvhfLm:l~~'lJi1~
I &I II I

BtlLL~:::A11:lJll1tl-:lf11~-J1~1V1~Ufl1Atl~~lV1m~:lJ ~1:lJ(i-:l-J1Lrltl,

'lJ~ tl ~:::Y11t1LL UuJI'lltl fJ (~:: UUJl VI fJ ~ VI~tl~:: UU i5 ~ ~ tl fJ)

~1:lJ()-:I fl·l~tl~Utl~-:I~::: fJ:::L1m LL~:::tl~:lJ1ruf11~1~J1l~LVI:lJ1:::?I:lJ·,

nU'lJi1~'lJtl-:lyh U~:::f11~~~fi1 WF~rey ?I1:lJ1~f1yhlm~fJ~~f11~

litJ fJ LAii litJfJ1tltl~:lJ1ru~LVI:lJ1:::~:lJnU~fl~ru:::~tlLL~:::'lJi1~, ,
'lJtl-:lrl'lJ ~1:lJ(i-:lf11~litJfJ~rl'll'J::~1:lJ1~f1~~~:lJ 1tl1mll1~lfJ l~fJii, ~

tJfJ~flr11-:11t1~tI'I1tlfJ 11l1LLn tJfJBtlY1~eJ, ,

Y11-l L~ tl fl ~lV1~U f11~~ ~1 €l L~ tl fvi til 'V'l{ti v1fl tl fll ~L~:lJe.J~ e.J~~ ~1,rf)-:l1t1 Aru:: fl ~~:lJ f11~1 ~fJ LLvl-:l'lJ1~ Aru::: en~fJ'll tl'lJeJU 'V'l~::: Aru, ~ ,

~eJ1~ f11~tl~f)rl'llI'l~:lJ~tlL~tl~~f11~fllfJ~:::LVlfJJ11t1~tI'J::'lilfJ LtJtleJ~l-:1~Ar ru~.Q
'U 1 • '\l

.~~ WF~reen f11~~~fi1 WFblue ~1:lJ1~f11i11bi1t1f11~1~mtl~fJtI

~tl bb UU fl1 ~1~Jl 1~ fJl ~ii f11 ~~ '!! b~ fJJ1~~~-:Ib'litl ~ ::'UU

Table 3 Calculation of grey water footprint for sugarcane and cassava in eastern Thailand.

Sugarcane (m
3 ton-I) Cassava (m

3
ton-I)

N leaching
Province Cmax (N) Fertilizer Yield WF~rey (N) Fertilizer Yield WF~reyfraction

application rate application rate

(mg ["I) (kg rai"l) (ton rai"l) (m3 ton-I) (kg rai"l) (ton rai"l) (m3 ton-I)

Chanthaburi 5 0.10 9.9 10.2 19.3 11.2 3.4 65.7

Chachoengsao 5 0.10 9.8 9.8 18.0 9.8 3.2 61.1

Chonburi 5 0.10 10.1 10.0 20.2 12.3 3.6 68.5

Prachinburi 5 0.10 11.8 10.0 23.5 10.8 3.2 67.8

Rayong 5 0.10 9.9 10.2 19.3 10.5 3.2 65.7

Sakaeo 5 0.10 8.0 10.2 15.7 10.8 3.2 67.4
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Table 5 Comparison of this Study Result, Northern Thailand and Global Average Water Footprint.

Sugarcane (m
3
.ton·

1
) Cassava(m

3
.ton·

1
)

Area
WF~reen WFblue WF~rey WF total WF~reen WFblue WF~rey WF total

Eastern Thailand 161 11 19 192 342 40 66 448

Northern Thailand 90 87 25 202 192 232 85 509

Global Average 139 57 13 210 550 0 13 564

• WFgrey • WFblue • WFgreen
• WFgrey • WFblue B WFgreen
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Figure 2 Water footprint of sugarcane and cassava production in eastern Thailand.
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