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Atlantic
Increased floods
Increased
irrigation needs
Sealevelrise
Shifts in land use

Mountain regions
Loss of glaciers
Alteration of
hydrological regime
Loss of biodiversity

Boreal

Alteration of
permafrost
Increased floods
Increased land
use foragriculture

Increased floods
Shifts in optimal
conditions for
farming

<\ Soil erosion

Mediterranean
Increased drought
Decreased water availability
Deterioration of water quality
Increased irrigation needs
Loss of biodiversity

Continental I




Lol 95 osll Ol punis Bl o 53 $59laS T o e sl SISl laogas ”

2T wig 5 e b S S 1ils (65,5La8T b Ll 53 can Sl 2B bl 53 ite 5

(IPCC, 2007, 2008, 2014; Iglesias et al., 2012a,h) 43 ze ;& ol 5 OT Ll 2 g5 2l 5 el b
Ol 6l Lols Ol ol 31 (V) 51 A5l (65,55laS Cgr 5L 340 ;’J@Lu,.s Sl i kool Sladaly
3slsm AT dlos l 531 alauly 4 Y peama 1 (3L G o/ pin Olee Sl 531 s 4 bl plas 5o
2o 4 okl g 5L s 5m T Oliee (21531 0T a4 5 Ol 5 5lg Slaole 53 0355 4 DT 558
ool 5 OT gles il s 4 OT CatS” 2als () ek 5,95 0T A5 L Lol Jl= 5 S able
iS5 Gble 53 G A5 s OT o a5 Okl Joad 53 055 4 Gblie (5 51 52 LOTOls, e
ot BB ey (0) 5 e Lok (o b JB S 0 danls 4 Jo g5 o (513(F) (T
,;L;u*,s1ﬁ1HgQ,yﬁL;uu;Miyu,;‘swwjoT,-\daou;‘u}\wJomw
Slo) Sanlil 55 345 o b oS o e Slaz b le b pdicnnT Sl Sl Chlis S
815 T A5 Olin Gl s 1 o 355 45alST Gl (o ask Olion S| e Wil er sl
Shea S ble s 545 0w e J(Iglesias et al., 2007; Vorosmarty et al., 2000) il dal = JUis
5L Ol il 1 Asle adgl e SIS sl awdls JUis 4 S Keal SISt el Sk ek
o5 B i 5 e g8 1313 Ol e 213l ol s 4 O3 a0 4 2ale S M y5lie 53 U peames
9 opS sbat > i uees (Giorgi and Lionello, 2008; Hirabayashi et al., 2008) A% dal g s
(Nearing et al., 2008) 5,l35 5T bl ales 55 OT caiS 5 &S Jtle b, ol S 059 2
LS S 2550 b s gl 288 by e Dl 5 dimes pdicanT Jow Rl p 0 e b
483 B 0 )B ol 53 15n (slos ST 213 05 350 0 st b el ol Ogal gy e S5 DB 31

Gl Bl ke Aoy B0 e U doys Vo Sl 55 il ed slie 5 ey 5 Ksle amy3 F 4 Y YA
bl s 53 Ylaod S is ol oS i 5 Caliinn S b Gblis Ol 3 St S8 4 Ol i
O 4 oA ans b adks pl jslea glos (51530 Ol dla s A S 5 b g bl Ll o (6 2é 550l
JS 55 IS glacy g3 5 3 pual s Gl cal 53 0.8 sl 5,5 Glajss dald ey dal s a5
Giorgi and Lionello, 2008; Christensen and Christensen, ) &ss 5 Vb Col (Son &l 3 dke aiboe
OT Gl Lol Ol Jial 58l 55 a5 8L dal g 201580 G a5/ s Ol e ol ,uiS opl 4 3 (2007

sl Al s 4y (6555lS” ide 5 esletal Cg

AR




y &l 5 b 6 5k SYlie dcgazne

Los ik 53 Ol is DU s om0 sdalsh i, 4 (IPCC, 2014) IPCC 3,15 o 5osb s

ol T & AL 58 ) 53 IPCC .ol o 1)) o S AaSTlo5 58 W5 5 45 208 55 dnol 2
s 4l ol 5l ST Sldlas bl g dial i ol oS5 Calies (glao) g 53 Sl i S 03 ST S e
Sl A3 YO 4 568 Ao Nl BT 55 S STe Colie daoys YoVe aas s oS dnea
Coed 4 Wl oo Sl e o B Ll ks 00l Ghlje (Fp bt Dl (S o I3L dal s
a ol S bl o Al Bl sy Y sl a5 B a5l T T s
S b ealasl o S Sy pl 53 6 553 e Ao )3 B0 4 OTOl, o S0Le 22l
Al 4 cal e W5 5 6 K83 8 i wile OF diajls slacleb 4 atsly OT I (sloes 25n
Ll gy eVl Ob > Ol ¢ ol O i Ll 5 55 a5 Wlesls DL (glir Olalllas (i dal g 0liS
Sl gy Lo 2 53 55 (Slmd froman (8L dalm A3 L, dled 5o 5 el L)l g o
3550 o 4 L)l Calibes Gble Ol (slale=Sle LB S slis 55 bl 5o o5 550 o0 (s by (b

.(Arnell and Delaney, 2006; Arnell et al., 2011; Milly et al., 2005; Alcamo et al., 2007)

I e Sl F okl Y
8 e 3590 S8l 051l slaay § o sl slaay o 5 5 Ol o il sblse b5l & Sl 5o
Sl slacas 5 51 6,50 0 Ol shate a aSh ¢ ol O ks 1 AL Sl bl b agarl ge g L

B P Jue e 5 -t

S 3l Sl Il olil ) -Y
bl o 03,8 TY Jgde 5o dilaxsls 285 )8 5l gla,Kaly o1 b 53 &8 Sldlas Sledbl eSSt
okds s Sl bliee i3l ge s 1y (6,8 5l Kl VY & s 53 ke Slalllas I fol DSl (sl
pade S 8l slaas 51K a Ol 4 by e IS 5 Sl sizas QLS s 23,5 Sl
lie 55 0T 18 5T Ol bl 55 ka5 55 g0 I8l 040l o e el ol O ok 1 80 5T

Lo 03,57 0 Jador 53 33 DMl 1 45 Cosl 0k arloes ol i L
Ll 51 6 45 g0z Ol g 0 1) LOT bl 55 5 (it ol s et 0 (S0l Sla)SSal,
e E s RO I VRGN PYC Wy P NSNS PSP PISE b8 L s
Olge 43503 (Ko Jowe Lol 5 4 55 8 (sl el o 3 il nlio 0T 55 3T (gla e

VY




Lol 95 osll Ol punis Bl o 53 $59laS T o e sl SISl laogas y

G CIPIS N TS bl sl 4 g BB LOT 5 (e3kasl 5 slarl 62100 Oljes o8 iblis 55 (gl

shte 4y gy e LS AYole o > iy L T S ke el ol 0l b gl alie
s, 8 55l (Iglesias et al., 2011a,b,c) il S jeze (g3bamsl bl I LOT (glies ;g 5 oDl e
Sl 555 a4 5 LOT 45 dn 5L 3550 (mwbow SN Ie 151 51 (ol 55 ol (1S el
Iglesias et ) s oo pund Joms elaws 55 (olazal plld 553 2 g lacians 5 2T0S e (oS 5 o

.al., 2011a,b,c

30 9 oAl Il gudd JUT 4 Zrwly 58 p3Y (Sl IR § (I 3l (S G F1 gl OO (i (ST Dbl b -V J9ue
ST il 9 ST Oog L ywd

Yot 61994 Ol I (Sl4g00 S L e £

DEFRA, 2005, 2010; OECD, 2009a,b, 2011; UNDRP, SleMb| Al s laay s ‘thfju Sl gl
2010a,b,c; UNECE, 2009; World Bank, 2010a,b, T

COM, 2009a,b, 2012, FAO, 2008, UNDP, 2005 il gty 5 Ladlejle L g 024l

Adger et al., 2005; Agrawal, 2008; Arnell and
Delaney, 2006; Arnell et al., 2011; Bermann et al.,
2012; Bryan et al.,, 2009; Burton and Lim, 2005;
Ciscar et al., 2011; De Bruin et al., 2009; De Loek et
al., 2001; De Roo et al., 2012; Dinar, 2011; Easterling
et al., 2003; Fankhauser et al., 1999; Fankhauser, _
2010; Gleick, 2003; Howden et al., 2007; Huntjens et | <EM! s 5 base ()bl gbo s
al., 2010; Iglesias and Buono, 2009; Iglesias et al., ke S 53 ediasl
2011a,b,c, 2012b; Krysanova et al., 2010; Leary,
1999; Lempert and Groves, 2010; Ma et al., 2008;
Mukheibir, 2008; Palmer et al., 2009; Quevauviller et
al., 2005; Smit and Skinner, 2002; Strzepek and
Boehlert, 2010; Wreford et al., 2010; Wu et al., 2012;
Yang et al., 2002

Berbel et al., 2011; Biemans et al., 2013; Causapé et
al., 2005; Finger et al., 2011; Gaydon et al., 2012a,b;
Heumesser et al., 2012; Mehtaa et al., 2013; Pavelic sl
et al., 2012; Siebert et al., 2007; Térnqgvist and Jarsjo,
2012; Yoo et al., 2013; Zimmerer, 2011

Ates et al., 2013 ol @8

Pulido-Velazquez et al., 2011 o) 3 e SLOT (S 5 658

Abufayed and EI-Ghuel, 2001; Trinh et al., 2012;

. OT Sl sdoes slizal 5 o150
McEvoy and Wilder, 2012 Water markets i

Garrick et al., 2009 T el sl

Ceccarelli et al., 2010; Challinor et al., 2007 ) S5l

Droogers, 2004; Garrote et al., 2007, 2014; Iglesias et
al., 2007; Martin-Carrasco et al., 2013; Roncoli et al.,
2001; Rosegrant et al., 2009; Rossi, 2009; UNISDR, TpS L ablis s, 80,
2009; Vogt and Somma, 2000; Zhu et al., 2013;
Zougmoré et al., 2010

WY




y ‘s’T [vs L gS)lf}Lw SYlie asgosma

Becker et al., 2007; Gersonius et al., 2013 Joo A L ablis gl Sl

Glauber, 2004; Glenk and Fischer, 2010 i

Glendenninga et al., 2012; Moges et al., 2011; Oweis

S Y55l l:-uTo*'S
and Hachum, 2005 s SV Jol Ol e

Rodima-Taylor et al., 2012; Sunding and Zilberman,

T
2001 [CPEARY

Eurobarometer, 2008, 2009; Faysse et al., 2013;
Garcia de Jalén et al., 2013a,b; Holman et al., 2008;
Ivey et al., 2004; Leiserowitz, 2006; Michel-Guillou
and Moser, 2006; Sadoff and Grey, 2002; Semenza et
al., 2011; Shwom et al., 2010; Garcia de Jaldn et al.,
2013a,b

O153LaS” 5 Olig g o s tla Ky (gl ol 5 5oy

od (5 550b p SN Ie 53 45 Wims o OLES il 0305 prnd 55 puatbus 5 sb 4 VL o S o, Sl
g LS b by e syl 4 er s ad,e Db 4 by GlSal) 4 es LL OT e 5o
bl as e o b L byl s )8 5L slaay £ .(Gleick, 2003; Gleick and Palaniappan, 2010) 5 4%
Al LS5 o b4y by e by kit 0T 0L sbo s S T oliom b (ke 3 8 B 2151
Seslizal Gy b 51 OT olamrl 5 (galamil bl (6 luaiing ke 4 OT amass Aol T il 53l
L 53 5 5 pan e S5 4 odd sl 5551 Ol Rl Oda b 5 e 550 ls sla tde s ol
&l T idu Caenl ST ol S (Gleick and Palaniappan, 2010) & 53 oo 423138 | ) & kS
Colyal le o e las il 5 il &5 US (s Olowl slal 5 )5 sdas a0 Lo
Lgd sk Sl esle e 18 Sl ST 4 s IS
Sy 6 DT e et b o s oo S5 4 i ol DIk 4 b e St 4 a5 L
b g o OSe b bl (sl sk 0580l (sl S8l Ll sl oTaS™ 51 36 NISCe L ablis gl guS”
2l 8 alatle 15 53 Sk sl 4 Ol 5 o €305 Ol 5 4 45 L)l3 55205 T whe arads &
& (e Ol o annlor a1 palad ol (Sn 4l o758 0,La1 (LT e 53 by sdome mds b
SPIW 54 Ll g s LJLc L;ffw las! 3 eoan (Iglesias et al,, 2011 a,b,c) dsl sl LT
ol Sladaly 51487 kisd Caltimn (slas b mdlin 4 4 5 (ol s L pd ie a3 Cialibne (sla s b Lo
Semenza ) Sl (555 5 (54l (O1is g pyoe 5 O1555LaST OLIE Ll dloar 1 ki g oo flin Lokl 3
3 T blwln >b a5 s lukul &K &S FEUWFD) OT s jla asliise (et al., 2011

stv\ai‘je BE QUS);@.;Z r}a& K] dlz.a.:Lgb CS)L‘.LA C@Jﬁ 4 UJ‘}‘JB &5 B9y )\.«1 4 H})\

6. Water Framework Directive

¥




Lol 95 osll Ol punis Bl o 53 $59laS T o e sl SISl laogas ”

35 Lo & Wles S aa 1y i ol (T4 8) "Ulgslele 5 Sy ol 035 I ol 5 6 8 s
02 LEL O, DT a4 oS s & Gl 5 e Walsd 4 e g (CBlS Gl ) @
SOl y addlee Dojyy 0 dine s 5, 0 e w @l.:.a RS S oolitul 540 (sladl
Sl b 55 o gae SIS 058 bl shin 0 caddl Sk b 6,85l oy Sal, b L5l s (o ses
O3 6530 0 somi jig 6503 (7 ok S 0 S5 ey S e ) 68 e 5 OIS il
3 Gk 13l Bl 5 o bl 1 S OT Sl S50 Jolse 5 (608 5l (slacamlw ¢ ool Sl o5

ASL bl g Slaanad opl o 95

15 83298 ST g po Sy ealdl i 0981 (e JUT 457 4y 357 1 9 13 il 9 o (SH7 3o Sl £ v

. — Skl
a8l i DI F1 3 Ooel (356 uuailo SIS, >
Sl
A o a5 1y 5,8 Sl sla Sty i S étmwtfjuéucjbétﬁt(\)
A o s 1y 1 SL glaslas ) glasly e S 5 Sl gl (Y) sl il
(5 Sl Sl i 51 Ol e Sy 5B S Bl e b
o SV 5808l 5 (F)
A3 oo EalS ol ey e
s e Gl OT 5l el o e o TH8 O 5 STl Cusby bis b b 50530(5)
QAZACE’"))‘)“,JTQﬁM)}J&N‘Q“}:A
G5 2 eSS sl (V)
das e ol 5l
4 (o3 Oljs 55 5 (2 ke 6 ey Sllanil Ol e
, ety a3 S B I ) 32 Syt
M:@ﬂ\}é\béldla;ﬁchw‘pg\ ’
- - 23 S Sl g
s oo Sty OT 4 gw 2ws Ol e STl sdzms (6405 0,6 (B)
= = 4 (g > Ol
s o 2l OF jlaig o eslanal ol sl 50 g ey ja 5T Wy 35 (V1) .
[
_ _ laslsyl 33 5055 sdoma S ST plowil (1) '
Lides o0 35 1y T Sleslzmal ST, _
<l e jamasil
%&Jw\)gTj|a:u;~|@T)l§ gde)KajP):y))éuq)ﬂM(\Y)
@ o e Ui 55 5 (e pdy Oollanil Ol e
B =5 5 bl B 55 Lols Calibes ¢l 51 mazs (1Y)
s e a5l 1y O
Ansgr AT e 1200 8 T Ol Do sla el &y e 50 (10) 5 e Az
a3 o A1) o ke sk 5 S 28 S (slagacm 352 (1F) SleeSles

7. Relly and Sabharwal

VO




/4

&l 5 b 6 5k SYlie dcgazne

55 el Ol Ol sie 4 01,5l & slil (V)

POl 5 e

b3 8 labli= slw| (VA)

Mb@uﬁ&\{kslmch.n)bbuuy.:wﬁél&

ok b 13 00)

1 sl 553U sln 5 ST o e Kige Oles

Lidu 0 35

éﬁéﬂ‘ﬁ)}(ﬂ)l}.&&y‘}&uw("')

A5 01555LaS” s e yly (salal Ol

M:g

&A@J@K‘)Qlj)}wd\ﬁ‘_;ﬂ,aﬁlgbbs ijgﬁlsj‘_;hjiﬂli&yw):ﬂﬁ (YY) );df,,:fl}:;;
M:@JAK\JQYWts\JggLAgTQJQ ifls—gﬂ)b).]é.éa-tsl.mui}):%(“‘) a3l 2l ol
A o o |y el i 1 56 ol 5T o8l Dl 53 pslie Y guamms 359 (YF) ol Jidw s
LS o LS s Sla Il 15 4 3098 DY puamme (5551 mlio ool (Y0) 23 STy
A4S o Ll 1 STl (glas S Sl 4 $SSE I 5150 3oy 55 (Y9) 33 Sk ol

_ S5

LS o ol G (65558 S Lo (bl gl g slam | (YY) o .
SsS ol

L 650l slacdleb 5 sk oaST, ST _

das e u;.a:lf 2 8 dl

Casby b Cod b oosls Al oS il b N ‘ ) kS 3,
das e Sl S Sl 5T

i 20 ba g S| » S

O 5085 3l 5 Aide o s 1y (st 55 SR Oke Sl pl

¢ SIS Gl ys S Lo (VY)
LS r sl Gler o 55 e ) g5

idu o e ) (G 5

OV gamea 53 G131 (Y)

S 5l S b e lablie S b e s balg BB bl 4 (D) 0L 5 e

S b Ole 540 o}l se (Y) (8 5l b b Olgn Caale (V) A5 5ke S Lles S - o <& 5l

e Aaled Ol (F) 5 08 b g,y Slelasl o sgdees S 00 (1) (85l < b 5 ablis

afjw,gmtegﬁw,ﬁmwmums.:w,xf;w\yuéﬂ,@"m,\y(vum“d‘”ﬁ

8. Bermann
9. Agrawal

V&




Lol 95 osll Ol punis Bl o 53 $59laS T o e sl SISl laogas ”

5 Dl iles S H1 1 edipNol @olg 6k b oS (Y1) 0l 5 pmsle L35 o0
Lty OT Sy e Jse saslg (61 msabe Sldl s 4 55 (Y0 A) 555 8

Sl ooy ST 4 03 208 olow Sldllas (gl Lol ayslouil 5,0d8 53 )8 5l 4 poges 2l S
el ooy SN 5 o las gy slie 5 15 6T s 2l 5 -l (Eurobarometer, 2008, 2009)
Lien o sla il edtas OLSL 5 sdony U Ml o) o3 Lokl 5 STl
4 e cpl g @Bl SRl o a oo S5 Ll 0 4 O 40 pses 4> 5 (Leiserowitz, 2006)
Sl 5SS w osas ol plply Sl 0dd i 15 (Sl (6,5 anal 4 dle Ol !
Bk s Tamme 05 3 (55 el SIS 03 by S 4 osee ISl 5 0SS st
Dy 11 5 355 o0 e 35 sudaie [ slate ol s o b 4 Olais3 sliad &7 ol ol b ool 0k
By el die bl s ol gladnl B e calis 1 (S 2t Sy w0 st glals b

Yoo et al,, 2013; ) > LT slagble sloul o5l b b glin  Jowe glacd b 5 sl
«(Ates et al., 2013) ‘_g,LﬁT slagsle C>u| sl L (Zimmerer, 2011; Siebert et al., 2007
@ b «(Trinh et al,, 2012) T sioes (6,15 (5 ,5k (Abufayed and EI-Ghuel, 2001) 15 3¢S
Glendenninga et al., 2012; ) s > &V 35 (5 5\we -3 «(Causapé et al., 2005) e 55 gl o ke
(Glenk and Fischer, 2010) asy axw 55 5 sb>s| &8 b «(Moges et al., 2011; Oweis and Hachum, 2005
L gd o s o5 (Garrick et al., 2009) CT (sla )3l asw 55 9 sl Cud b L

ST e S mhe Sy e OGS laalele B s OT (6l Lols Calee (sla jtdn ples|
PP T gl gl C&Z:Mt CS 5 s (i slaeygs oAk S ) s ek
s L sl ol sl el &b )l Ol (Pulido-Velazquez et al., 2011) .S .
S S5 Ll o DT ool Calisen mlio 358 o0 Gioms (oS 5 Sladlele )3 4 mlin (S5lug s
b SO () ) 5 odaw SOT Se) Ljls Solize Conle & b sl adls Jslite sl
(Garrote et al., 2014) das o Oli 355 51 I Gl 5 g pholey Llod 4 1) (g)lbliae Sl
A 4 A e b eds plel Ks Lol 5 as e ple 5163k slad LOT 55 7 sl

2 S Fomlie Blal Gis S i pled (655 5 4 5 T mle 4 )UK Sy e b 515 S

10. Huntjens
11.Lempert and Groves

WY




y &l 5 b 6 5k SYlie dcgazne

Las Olas STy oTeS llpd ol 03 clish o e (T e S5 bl 5 gtieodels (Ol (slue

.(Garrote et al., 2014; Pulido-Velazquez et al., 2011)

& o)lsen 55 Sl aia 5o 5 s (8L ey T K8 oS pnd s Sl L 2
g0 35 503 DT e 5355 3 2T e o ke Juld o7 Sl = a2y 41 0S5 0l g0
T,)Lé S slacdle alas du,mf .(Ma et al., 2008; Sadoff and Grey, 2002) 35, » ,lei 4 oT
S S el e st ohs s Ol slao st 58 55 (Slodes (2B AL A1 JUas! Lol (ol (sl
(Sl SO 555 1 58l 05 53 3 5m se LSl ool ) e LS e (65Tl DT s
.(2010a,b

Sl i 5 B6 ST 1 8L e sl Sl 1 Ol l jskite 405 -3 glas aly el Sy
Agds U 5 s sla Jo-oly 5L Lol (Fankhauser et al., 1999) <ol 45 8 51 5 ASTG 5 g0 byl ol
2005) DEFRA (5,8 5l sl 5,8 515 ool 550 LU 55 LOT 51K o Culre 5 puloes 5 ol
Wl B 53 (63508 idu 53 6585l alne 5 plons O gl el ot ¢S5 el (2010

Jlosl Gl oy ()85l b b oo g 03V GlaB st OB 5 Ly a4 ey L Zulg o
55 Gl Sl IS o)l L S S GBSl g 4 Ll e 5 030 glacanln
Iglesias et al., 2011a,b,c; Howden et al., ) <ol OT oot 4 by el L;ﬂ?)b oS (ol
ool Ll Ll (I8 il 055 53 Hlass il o lae (slaol s Ole S 2te abis L (2007

Wl Gl bl p sl ol Sl Lol s el LS8l ST 5 plona]

A




Lol 95 osll Ol punis Bl o 53 $59laS T o e sl SISl laogas

Bl il S0 9 Ol oo b 4g>Tg0 13 (G 3l ST -0 J9u

Responding to the need of adaptation & measures Level (1) Category Time-scale  Technical Potential cost  Potential Benefit to effort
(2) (3) difficulty (4) (5) benefits (6) ratio (7)

1. Improving resiliency and adaptive capacity

(1) Implement regional adaptation plans P MA LT H M H 1.15
(2) Improved monitoring and early warning P MA MT M M H 150
(3) Improve coordination planning P MA ST M L H 214
(4) Innovation and technology P MA LT H H H 1.00
11. Responding to changes in water availability
(5) Innovation: water use efficiency P MA MT M M H 150
(6) Improve soil moisture retention capacity F T MT M M L 0.50
(7) Small-scale water reservoirs on farmland F 1 MT M M H 150
(8) Improve the reservoir capacity P 1 LT H H H 115
(9) Water reutilisation P 1 MT H H H 125
(10) Improve water charging and trade P MA LT H H H 1.00
(11) Re-negotiation of allocation agreements P MA LT H H H 1.00
(12) Set clear water use priorities P MA LT H L H 136
(13) Integrate water demands in conjunctive systems P MA MT M L M 125
1L Responding te fleods and droughts
(14) Create/restore wetlands F 1 LT H H M 1.00
(15) Enhance flood plain management F MA MT H H H 1.07
(16) Improve drainage systems F 1 LT ] L M 111
(17) Farmers as ‘custodians’ of floodplains P MA LT M H H 136
(18) Hard defences P 1 LT H H H 115
(19) Increase rainfall interception capacity P 1 MT ] M H 1.88
(20) Introduce drought resistant crops F MA LT H M M 0.77
(21) Insurance to floods or drought P MA MT M H H 1.88
IV. Responding te increased irrigation requirements
(22) Change in crops and cropping patterns F MA 5T L M M 143
(23) Improve practices to retain soil moisture F MA MT M M M 1.00
(24) Develop climate change resilient crops P T LT H H M 067
V. Responding to changes in agricultural land use
(25) Relocation of farm processing industry P MA LT H H H 1.00
(26) Addition of organic material into soils F MA 5T L M L 0.71
(27) Introduce new irrigation areas P MA LT H H H 115
VI. Responding to deterioration of water and soil quality
(28) Improve nitrogen fertilisation efficiency F MA ST L L L 1.00
(29) Soil carbon management and zero tillage F T MT M M M 1.00
(30) Protect against soil erosion F MA MT M H L 042
VIL Responding to loss of biodiversity
(31) Increase water allocation for ecosystems P MA LT H L H 115
(32) Maintain ecological corridors P MA LT H H H 1.00
(33) Improve crop diversification F T LT M M M 091
(1) Farm level (F), policy level (P); (2) agronomic (AG), management (MA), infrastructural (IN); (3) short term (ST), medium term (MT) or long term (LT); (4)-(6) low (L),

medium (M) or high (H).
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Benefit to effort ratio
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(12) Use of water saving technology (suchas AWD) B 0.7%
(11) Direct seeded rice M 2.6%
(10) Others N 3.3%
(9) No adaptation at all [N 5.6%
(8) Mango plantation in place of field crops NN 5.7%
(7) Changing rice varieties every year N 6.0%
(6) Changing planting/harvesting date of rice [N 6.3%
(5) Cultivation of drought tolerant rice varieties IINEEENEGNGEGN 7.0%
(4) Cultivation of non-rice rabi crops INEEGEG_____NN 11.2%
(3) Supplementary irrigation for aman and aus rice I 14.0%
(2) More irrigation for boro rice I 17.4%
(1) Short duration rice varieties for aman and bororice NG 20.1%
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Inadequade Limited access to
knowledge and information about
information about ~ potential climate
drought-resistant change
rice varieties 20.1%
16.8%

Limited or lack of .
land owership 3
6.1%

Labour shortage Inadequate
during peak irrigation facility
agricultural 18.7%
operations

5.8%
: A limited
Limited access to
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14.4% adaptation
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(9) Others ] 0.7%
(8) Dissemination of climate information in advance _ 8.2%
(7) Targeted agricultural subsidy _ 10.3%
(6) Timely availabilty of agricultural inputs _ 11.4%
(5) Short-duration rice varieties _ 11.8%
(4) Adequate and timely agricultural extension service _ 13.5%
(3) Access to adequate agricultural credit [N 13.6%
(2) Implementing proposed Uttar Irrigation Project — 14.1%
(1) Drought tolerant rice variety [N 16.4%
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Variables Decision to adapt to climate
change (1 = Yes; 0 = No)

Estimated Marginal
parameters effects
Severe drought (1 = Yes, 0 = No) 0.579™** 085"
Severe ground water depletion —1.4177* —.19%*F
(1 = Yes, 0 = No)
Education level (years of schooling) 027" 004"
Farm size (total land area owned) .041 006
Ownership of livestock (1 = Yes, 0 = No) 5675 097%*
Access to climate information (1 = Yes, 0 = No) .089 013
Access to subsidy (1 = Yes, 0 = No) 071 011
Access to electricity for irrigation —.138 —.020
(1 = Yes, 0 = No)
Constant 1.4227%%*
wald ¥? (3) 90.77* "
Pseudo R? 051
AlIC 1708.27
BIC 1763.23
Observations 1800

“p = .10; *p = .05; *Fp = .01.

Sl Sl il Ol Sl g Sldoar iz CuY Jow £-¢
CJM)J.ELM&LAJ&;DJJA):J@J\&L.K@4§|)||J6|4L,>.-.,\:a’-Q,.:g-‘}[d,u@\;;\‘d}.)q.
(sl DL ‘Cb Y SN (e )30 Caw g (Mo Clé_u o) ) L;La;.)T Ol “)L&b -

S o o (658 5l slas paly Sl (LT 6l B dadilyl 4 oo s

45, marginal effects

Yv




y &l 5 b 6 5k SYlie dcgazne

Sldoariz oy Jowo 3l 2l D1 510597 .Y Joue

Explanatory variables Dependent variables (Adaptation strategies)
Direct-seeded ~ More irrigation Supplementary irrigation ~ Short duration and drought ~ Changing planting ~ Water-saving non-rice
rice water for boro rice  for aus and aman rice tolerant rice varieties dates and others  and horticultural crops
Severe drought (1 = Yes,0 = No) ~ —.050*** =119 o7 ~ 086" 018 3007
Severe ground water depletion 0327 099" —.102"* 038 037 — 319"
(1 = Yes,0 = No)
Education (Years of schooling) 002" 001 —.001 005 —.003" 001
Farm size (Total land area owned) .002 —.005 —.006 004 006" 012+
Livestock ownership 005 ol — 010 — 024 036™ 062**
(1= Yes,0 = No)
Access to climate information —.028" 066" —.009 025 —.007 — ;7
(1 = Yes,0 = No)
Access to subsidy (1 = Yes, 0 = No)  .003 — 044 —.050"* 058%* 002 0447+
Access to electricity for irrigation 005 046 =017 085" —.074* — 080™*
(1= Yes,0 = No)

Note: *p <.10; *'p <.05; **p <.01.
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16. Mwinjaka

17. Gujarat

18. Trinh

19. Can Tho City
20. deficit irrigation
21. Belay
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26. temporal scales
27. spatial scales
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Exogenous variables Measure Mean Std
Education Years of schooling 5.36 445
Age Years 47.11 12.56
Gender 1=male, 2=female 1.01 0.17
Average household income BDT! 38,110 40,506.15
Tenure status =1 if farmer has secure access to land; 0 otherwise 0.66 047
Farming experience Years 2395 12.87
Farm size Acre 1.74 2.71
Access to electricity =1 if farmer has access to electricity; 0 otherwise 074 0.436
Low institutional access =1if low institutional access; 0 otherwise 0.11 0317
Moderate institutional access =1 if moderate institutional access; 0 otherwise 0.644 0479
High institutional access =1if high institutional access; 0 otherwise 0241 0428
Climatic awareness 1=Very adversely affected 1.92 40.78

2=Adversely affected
3=Moderately affected
4=5lightly affected

Notes: 'Exchange rate; 1US$=Taka 877.45 (BDT) in January 2014.
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28. Multinomial Logit model
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29. conservation tillage
30.Gbetibouo

31. Sarker

32. inter-cropping

N




&l 5 b 6 5k SYlie dcgazne
Ao 53 5 ol (5555LES (GLa ooy 3 5 « DLl Ul ol 51 Codn 55 8 o sl 3l ge 53 e omildS
e e 5 ey 851 (S s 5 (S8 55l i e JolST 5 meadlaxils

4_3r\.\_$1 e gl g gae 5 sOT L g T canllas 55 40 dakats )5 <850 C1A§| Cppd sl
o il 8 Jlal U 0 Sl sl 8 el (2587 15 olinl 5550 o o b Lios 2 Ol e
S ¥ e 65 O mn O g 53 oS Sl laher dir S Y Jule gl Jold ¥ J gt ol 0l e i
b b alin 53 36 o g e &n 8 aw 31 G 3BT Jlaasl (g i) byl glas 5T ool (glakes i
.mo\,&iud.u(w,;d;;féuﬂ@u.,m@ow\,@f

Slbox W CuY Joo SB3)9T 2 ¥ S

Variables Increased use of surface water Crop diversification Land use change
Coefficient Marginal effect Coefficient Marginal effect Coefficient Marginal effect

Constant —-228(097) - —4.50(0.96) - —2.97 (099) -
Education 0.057 (0.033)™ 0.003 (0.00) 0.05(0.03)” 0.00 (0.00) 0.05(0.03) 0.00(0.00)
Age -0.002 (0.012) ~0.00(0.00) 0.00(0.010) 0.00 (0.00) 0.019(0.012) 0.00(0.00)
Gender 0,004 (0.84) 0.011(0.077) -0.42(0.83) -047(0.09) —0.14(1.087) —0.00(0.085)
Household income 137e7% (825e) 1.66° % (257)" -1.96e %% (8.82e"7)" -253e"7(1.00e") -7.81e"7 (1.17e %) —4.23e-% (0.00)
Tenure status —0.63(034)™ -0.053(0.03)"" -0.08 (0.31) 0.014(0.04) —0.38 (0.36) —0.03 (0.03)
Farming experience 0.137 (0.22) —0.001(0.02) 0.44(021)" 0.05(0.02)" 0.19(0.23) 0.007 (0.02)
Farm size -228(2.36) -0.00(0.00) 0.05(0.12) 0.00 (0.00) —0.060 (0.07) —0.00(0.00)
Electricity 0.59(0.39) 0.02(0.03) 0.90(0.39)" 0.09(0.05)" 0.48(0.39) 0.02(0.03)
High institutional access —0.56 (0.54) —0.05 (0.04) 2.28 (0.58)' 027 (0.07) —1.06(0.43)" 0.03 (0.03)
Moderate institutional access —0.15(0.34) -0.08(0.03) 1.73(0.47) 0.22(0.05) —0.92(0.36) —0.04 (0.03)
Climate awareness
Adversely affected —052(0.39) —0.06(0.031)" 1.78 (0.46) 0.14(0.03) 0.86(0.35) 0.07 (0.03)"
Moderately affected 1.21(0.40) 0.04(0.04) 3.72(0.48) 0.46 (0.04) 0.31(0.58) —0.04 (0.02)
Slightly affected —-11.74(1368.41) -0.12(0.03) -8.99(622.73) -0.04(0.02) -10.63 (975.29) -0.08 (0.02)
Log likelihood —500.85
Pseudo R? 0.19
LR (chi-square) 23459 (p<0.0)
N 546

Notes: *, ™ and ™ are significant at 1%, 5% and 10% significant level, respectively. Increased use of groundwater is used as the base category. Standard errors are in the

parenthesis
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33. ordinary least square regression
34. variance inflation factor (VIF)
35. mullticollinerity

36.chi-square
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37. McFadden pseudo RY

38. Independence of Irrelevant Alternatives
39. Hausman test

40.p-value

41. omitted variable bias

42 Wheeler

43. Compulsory Primary Education Policy
44. Durbin-Wu—Hausman test
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Anticipated| past seed adoption Early ar Late
intermediate maturing
maturing varieties  varneties

Smallhalder survey responses indicating 25 (53 2%) 22 (468%)
an intent to experiment with a
different seed variety within the next
year

Smallhalder survey responses indicating 106 (56.7%) B1 (433%)
experimentation with a different
seed variety during the past five
years
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Experiment with new seed variety in the future Coef. Sod. Err z P>z
Cosfficient of variation of water flow™" 3187 1.280 249 001
Tatal incoms"™" 0000 0000 024 [iF:3]
Age of household head ™™ 0001 0014 [iLEE] 093
Education level of household head™ 0103 0130 0.79 043
MNumber of extension meetings attended '™ 02517 0139 1.80 [iTir]
Impartance of livestock income'® 0. 180 0324 056 058
Total members™ 0.001 0om 1.08 028
Age of water project™ 0,004 00z 0.19 085
‘Whether CWP expanded in last Syrs™" 1073 0316 3.40 0.00
WP mtates during wet season™" {363 0388 093 035
Area of water project™™" 0006 0.024 024 081
Total murnber of penalties for tampering™" 04377 018 241 [iTiv]
Total number of membership ules™" 0028 0399 0.07 094
Canstant 1. 800 1.353 {66 051
Lo likeeli hood a7 RD
Pseudo R-squared 010
Number of ohservarions 193

™ Statistical significance indicated at the 0L01 level
T Statistical significance indicated at the 0,05 level
" Satistical significance indicated at the 0.10 level
HHICW indicates the whether the variable is at the household or community level.
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Experimented with new seed varety in the past Cosaf, Std. Err z P jz|
Coefficient of variation of water flow"™ 22087 0971 236 0.02
Total income™ 00007 0000 217 003
Age of housshald head'™ Q001 LTIV (iR} 0o
Education level of household head™ 0152 0132 115 0.5
Number of extension meetings attended™ 00T 0158 05 062
Importance of livestock incomet™ 0227 0389 058 056
Total members™" Q000 002 a1 0.9z
Age of water project™™" 0.024 0m7 145 0.15
‘Whether OWP expanded in last Syrs™ 0278 481 058 056
WP rotates during wet season™" 126807 0466 272 om
Area of water project™™” 0037 0018 2m 0.04
Total number of penalties for tampering™" 037y 0226 165 10
Total number of membership rules™" 0855 0383 252 om
Canstant 1.4951 1.756 111 027
Lo likelihood 11612
Pseudo R-squared iz
MNumber of obserations 194

** Statistical sgnificance indicated ar the 001 level.
™ Statistical significance indicated at the 0.05 level.
" Statistical sgnificance indicated at the 0.10 level.
HHEWT Indicates the whether the varable is at the household or community level.
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Lakes Year ‘Water quality Trophic state
parameter

TP, mg/L TN, mg/L

Five major lakes

Poyang 2000 0.102 0.862 Mesotrophic—-eutrophic
Dongting 2001 0.336 089 Eutrophic

Tai 2001 0.126 324 Eutrophic

Hongze 2004 0.103 1.906 Eutrophic

Chao 1999 0.193 296 Eutrophic

Urban lakes

Cibi (Dali) 2003 0.016 039 Mesotrophic

Xi (Hangzhou) 2003 0.17 3.06 Eutrophic

Dong (Wuhan) 2001 0.125 25 Eutrophic

Xuanwu (Nanjing) 2003 0.478 35 Eutrophic

Gantang (Jiujiang) 2003 0.24 173 Eutrophic

Nan (Changchun) 2003 0.529 545 Eutrophic

Lu (Guangzhou) 2003 0.22 3.04 Eutrophic

Xi (Huizhou) 2003 0.124 033 Eutrophic

Haixihai (Dali) 2003 0.033 028 Mesotrophic

Reservoir

Miyun 1990 0.018 0.115 Mesotrophic
Dahuofang 1988-1991 0.06 1.09 Mesotrophic-eutrophic
Yugiao 1999 0.14 25 Eutrophic

Guanting 2000 0.047 292 Eutrophic

Shanzai 2001 0.05 027 Mesotrophic—eutrophic
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Region Average annual renewable water Population®, Per capita
resources, billion m> (%) million (%)  water
Surface Ground Total® ;sgources,
water water
North 450.7 (16.6) 255.1 (30.8) 535.8 (19.1) 5924 (45.2) 904.1
Song-Liao 165.3 (6.1) 625(7.5) 192.8(6.9) 1196(9.1) 1612.1
Hai-Luan 288 (1.1) 265(32) 421(1.5) 1339(102) 3144
Huai 741(27) 393(47) 96.1(34) 1988(152) 4834
Huang 66.1 (2.4) 40.6(49) 744(26) 1106(84) 6724
Northwest 1164 (43) 862 (10.4) 1304 (46) 295(23) 44172
South 2260.8 (83.4) 591.7 (69.3) 2276.6 (80.9) 694.7 (53.0) 3279.6
Yangtze 951.3 (35.1) 2464 (29.7) 961.3 (34.2) 428.3(32.7) 2244.7
Pearl 468.5(17.3) 111.6 (13.5) 470.8 (16.7) 171.0 (13.0) 2753.3
Southeastern 255.7 (9.4) 61.3(74) 259.2(92) 745(57) 34813
Southwestern 585.3 (21.6) 154.4 (18.6) 585.3 (20.8) 209 (1.6) 28064.7

National 27115 (100) 828.8 (100) 2812.4 (100) 1311.1 (100) 2145.1

ST 3905 (& 03Il (Slad ylnibinl £ Jous

Water availability, m> per Consequences

capita per year

<1700 Disruptive water shortage can frequently occur

<1000 Severe water shortage can occur threatening food
production and economic development

<500 Absolute water scarcity would result
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8 .World water resource data are from EarthTrends Environmental Information, Water Resources and Freshwater
Ecosystems (Freshwater Resources 2005, http:// prelive.earthtrends.org/pdf_library/data_tables/wat2_2005.pdf,
published by World Resources Institute, which is from FAO AQUASTAT 2004. World population data
estimated for 2005 is from World Population Prospects: The 2006 Revision (UN Population Division, 2006).
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13 .non-point source pollution
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14 .Five-Year Plan for Water Resources Development

VE-




om0l g5 y

(¥) 55 5 e TS canm )L (galg 6%&0\4&(\‘)‘9-\'@& S pde o) 55 Ob-Dol Ly kS
5O Sl s b dadanln (> b (el sla i 53 dex 51 OT mlis Cand &y e
= 5 S ST 0D T slaslil sl sy 035 ST (0) (2T i plss Silianw 5 (F) Ol i
g bl el Il 185500 oS 01 (V) 5 ¢ e sas Sy b oS 55 owign slaoSs
AMWR, 2007b) G 3 Jomms 6 5 5 5,188 4l e
0T 5315 i (Hlar (i g 5 db) 4 5 e Coren 65 s ST o rre s3lal ana 5
2o 5 (UNPD, 2006) <508 dal s 45 3,0k V/F 50 5IY Y Jlo U Comer S oo 5l
2l I 0001) dle 3 caSle e Yot A 1 50S 4 i s (sl 4 s BB T Ol pe 6l 55
S W Yl &l g T 55 6laT 1 Olaren LT opl di 2 (230 dal s 2alS Gy S5 ) i
Ses o g b ST 0l e Lel cJohnson et al., 2001) Cwl 3Y6 (Gl FEOA &l 55 4l u L) xS
ORI 4 5 et ol e 5o B ol sl YoH 4 p g ge 5 5T 40 Wil e Gl 55 S
ST plie LS Lo s o ag dlis pl 5 i sl 5 e G 5 gla Sl oz 5 DT e Ol e
S33WS idu 53 OT U juae Ol 2l 531 Ol b wioma 3,87 dal g slowl 1) oo (2l 5 4 50
5 S e it 53 ST 6l Lol Ol (i3580 5 (US55 G 5 ol Sl el glate )
50 o 5345 Ol ST 5135 05155 ckieas arlsn (TS Judona oS Jled Gbla 055 4 (i
b an ST S o 2130 el 5558 ol gy bl S| i e (Sl Ghle (Sl o 0sls 0L

WY




y &l 5 b 6 5k SYlie dcgazne

2L (Sl o § by o S 4 cp ST D pan od w9 Sl Sl 0 g

Year Water use by sectors, billion m?* (%) Total, billion m®
Domestic Industry Agriculture

Country level

2005 76.9 (14) 128.6 (23) 357.8 (63) 563.3 (100)

2030 99.0 (15) 159.3 (24) 395.2 (61) 653.5 (100)

Percentage increase 29% 24% 10% 16%
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21. Water Foot Print
22. Life Cycle Analysis
23. water footprint (WFP)
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