HREFELE (DREY R E)

A8 kF T EHRE $4
¥ 6ERFEHRGETER €&
Ty 45 RiETSE

NRHEF P EARLI4#92 6p 39 10F

FFL p Y FARLL £ 127 8P






£ 2

76&@3"%#%%%:&&@%%4 B RGBS TP 290 14
S EPE R G RE RS K

Rk e ? #ARRRELE ¢ (CTCID) & S F 1A 5 H
B ot R AESE kg 2R R kP FE R S ERR AL HE
E > R 28BMA e z1iF et 12 B ER A OB

%}gfﬁg}:'l‘viﬁsz\&ﬁzl.wu&# % R fTFCA R 2 1 o

N

FERFEH - FE1 T e R EREY KRB EALE SRR T
gk e e (WG-IDSST) &2 A ~ it fi i e » K TR F L
I O R 0 (WG-WHMWS)’ IR R TR - H P R
K HE T WG-IDSST &l A - B 4~ 2 ARZERLR 2 BE4 0 F
PR gL AR R G e o

4 EE R EEAE S (GEEATE S B AE ?) (Is Irrigation a
Sunset Industry?) » £ = [+ 540 -

!
/

EEE PR AR Y RS & 2T a TR PR

oy PEINNP RN o BREK S E D

BIATIC R ~ RAMR AR TS 4o i A K bR
BEP UpREATfEA > Z o o BES irld o

/4

/4

=

LA eI HAe BRI LIRS EEEEIE 2 AL & ki
2 - EABLAEREORT R PR P BE SR EE



BaW RS SRR EEA Y B ETHET LA LR R
2o MARRIEETRFEFIR R 17 2
%ﬁig,ﬁ{;ﬁﬁﬁvﬁﬁykfi ﬁo RS el SR L A0S S
L

2
ERS PR (T FHE g E ifw FURAREGE R SR L3

P B LK %Lw ¥ o CTCID #-4*
FRANFEHLRoF L A F o H U LR H 2y



P &k

- ‘I??]“f—’%?%i%}ib};f%g B 1
S E PR 5

220258 & ¢ S A BB oo 6
zzQ@5&&gﬁﬁmmm“mmm“mmm“mmm“mmm“mmm::::::¥
BV E A B R ettt ettt ettt et benenas 20
N AR A B e, 20

= SEC 4 € FBEAER o 27
B R R o | = P 28
R <2 VB E: 2 N 43
Bt T
T 47
.................................................................... 48



R 1-1
 1-2
R 2-1
i 2-2
i 2-3
i 2-4
i 2-5

&l 2-6

Bl 2-7

#l 3-1

#] 3-2

il 3-3

® 3-4
# 3-5
# 3-6

W B &

IHFAR(EZDEICID AR L2207 Dot
CTCID 4 BB &L 4 €35 LR
ERHEARNF ERBPEREFY §FFRPF i,

F RN F R BREFAY §EHAFEA
FRRBLERFEFVELERTE AR
ICID #7338 £ € 2 REE R3S oo
IRHET AR (F BRRBTRAEIE PR F R ) TF

BREE L (+) 5 ke L £k Mohamad Sabu (=) * B H L4 &
57

72

TWEFAANE R TR FRHPERELA Y SEHITTAR R
2

IHFTLANYE 76 K IEC g3} AR ARALZBEFHLESR ICID &1
TP RERENREH AT RAFTL LRI gL LA E2H- R

prew g (vw
EERP Y FENLL

THTARAMBF ERBL T
—P p’; JL‘?‘?(#;“S" _;’F ]|}: % %\ i
Frev xR (e

PRI
ok
JaNY
|
™
ht!
o
pau]
—~
‘\‘lL
Ji
N
W
IS
jut)
-
=
-?H
é‘-i
i}
VY
qL
I
N
1%
e

\r:s
IRy
fw
I
Yy
i;m
%
T

)%Eﬁgﬁmﬁﬂ1£ﬁ§ﬁ$1ﬁ+3w1

24

25

25

26

31

33

36
36

40



%
F3
%
%
F3

1-1
1-2
1-3
2-1






- ARG A S

B % g ek ¢ (International Commission on Irrigation and Drainage,
ICID) 5% & BB ZHk sk (FAO) 2 & JF 43(7 3 845> 1950 # 6 » 24
Bﬁi’é:iﬂ%ﬂ%@&éﬁﬁmﬁﬂﬁﬁ’uﬁ§®%~ﬁmqm
Fe2b g {15 P e HGE 2 IRIBERPFL R E B EFE > T3 1993 £ 2 L B
F2br e (INGO) - ICID p w3 111 @ ¢ AR > ¢ 245 BfitR ¢ R
B2 66 BOEE-€ BB o 2bi ~ 20 s T s A EWETMNERT - B4
Rg - 23k 95%i# %% T 5 ICID PRzl -

ICID 30 4 *Sj T~ ok i 2 BB ME PN FF g

K $1: /%% FREOELET o RAX AMEIL A4 AR ﬁ‘}s— KiReS
ABEAEET PR EABRY LD FTREE éﬁwmjﬁ%%%%ﬁ
A TE2RF PR EEARERL v Rl ES 5 ICID 7 Ef iR E

BRSPS Y RE P 2T A0 HR "Li F iR B ERA R
R~EF AT RBFEY KTRER KM Z i RS - kTR
BREE > A A B EEPRF KB FF L o ICID ek R D
AR EF R B 2 kT 2 R RERIRIES X
22 UGERF AT ICIDH 2 HH2 BRABFRELS o b i
EHA LR KT RFRRELE LS mELTRERZ LAy
TG L EEEF D LEAGF RS PR DL RAKHEE
P ¥ (SDGs) #p#* &

poan ICID » i g P {r i dZAp M AL S A AQE 70 # P % 5
o A ETHEFRNERGFLRA EREPITERFLR §7h2 117 0 g
®o TR RS RS 6 s R E R R BRI -



b S ICID & & 75 2 FyHE b BB € TV REFANE BN RS
Pﬁ‘gﬁ ENRBAGE > NFHE RSB OES 2 2RPRLE - LIRS
WHFLELEAMET - ICID "R e® REZHFF ¢ (BEERL)
(Irrigation and Drainage ) #F +| » d Wiley 3 {7 d15% » & R v K453 chE
B 5F T o ICIDF A ke AR EF TR E 2R { Foy o T

prE sk FEL R PR E 4000 & F# L fo d ICID FiES
g e T5 2MRE RS T eR > SAFETFEEL R L

AR E T fehEe T L ICID 4 (i o

% 1-1ICIDf#&E¢ f B

B A (AT Z) # 8
1 Australia R IACID
2 Bangladesh Rl BANCID
3 Burkina Faso EC I PER CNID-B
4 Canada bo CANCID
5 China ¢ R CNCID
6 Egypt % ENCID
7 Estonia € R I ESTICID
8 Finland 1 FINCID
9 France 1% EAT.
10 Georgia el GENCID
11 Hungary 279 4 HUCID
12 India 23 INCID
13 Indonesia B R INACID




A (FAZ) 8
Iran % =y IRNCID
Iraq E IRQCID
Ireland N IRCID
Italy E ITAL-ICID
Jamaica 7 B 4o JAM-ICID
Japan p o~ JNC-ICID
Kazakhstan ¥4 [ KAZCID
Malawi 5w MALCID
Malaysia B ke &y MANCID
Morocco Bk # ANAFIDE
Myanmar & MNCID
Nepal Lop i NENCID
Niger £ B ANID
Nigeria E R VRS NINCID
Pakistan T AR ETI PANCID
Philippines EER PNC-ICID
Portugal 57 PNCID
Russia B R B RUCID
Saudi Arabia - Gl SACID
South Africa w2t SANCID
South Korea ¥ B KCID




L A (AT Z) 8
35 Spain o FL7 CERYD
36 Sri Lanka 28 Ry SLNICID
37 Sudan R SNCID
38 Tajikistan BE TajNCID
39 Thailand 3 B THAICID
40 Turkey 1324 TUCID
41 Ukraine 5o UACID
42 Uzbekistan g i H] 5L UzNCID
43 Zambia LA ZACID
44 Zimbabwe F 7w ZwCID
45 Chinese Taipei Committee T CTCID




- ~Eg B

AR 1969 £ B4R g (TR EIN) ¥ odde r BRI LR E
301995 &d F MK A BAE ko S BE L RSB KL 6 ¢ B
R ® 7% A ¢ (Chinese Taipei Committee, International Commission on
Irrigation and Drainage, f§ # CTCID ) o A5 » 21 & E it 2 Bff -
MBI P IR R AP BE B i~ B2 oo T A R R
PR E o AL R g s F S CBEWET S Ro kI E 41 BB

gﬁ o &4 d JI}’\‘]"bﬁFﬁg/»\ﬁ FAep b RS D 0 S P AT B LA
LEAMERF AR A M PR FRRAR G

ARRARL R SR RRIRAR R M R R e
B2 2RFHEgR Ty RABEFAFEH Y FREAAD - FAPM AT
1l eiEZEA B2 LRSS M ARNELEANIBICID 21 15 BiEE
BB ARAFR S HALBLREEAR ORES - ZEL LRE RS L
BRI R EATE A R E s A WA S T F AR Y R AR > {4
Eaapo KfIEprE e LE PR E 2 d B RER o

FEE GRS RH S G HREE 2 U RS 0 A BN L L
2o T s EHE - MERE R A A AEARE A2 g
B S RIRA S F LG EATpMH Fiv b BRARBER L2
LEFS w5 ICIDafitee F R # 235 f £ ICID & ¢ » 4 &g
O RER BB NS £ (T bl £ A W3 2017 E B g R
2018 # PR FHR WML ITH 14 3 WERE B ABR AR DL X

S AR LRAFET



= 2025% ¢~ MEE

%12 A& W3R

B 5

WM LA B

P A B A gk FER

R's@iEpg-keg? FARRRE A ¢ 1A

Fipgdlie] e

/

_4:/JI SPﬁ—I e

%
Fpris e & ﬁ ﬁ

B kg FARRTL R §
;?llf%x%'llfj —‘éﬁ

e
g %

TECEA PR R ARE b Kyl ki
%g 7l -

3
;]

B

bl

ok BRI RS AT Xfﬂ ﬁ‘ﬂ_@.
KFAARBEEA e 4R
Ko~ M s B heaRa i) ® %R

w g

LBAFLERR 0208 ) fo
J[‘ggi'a"k’nb/}ﬁﬁé L1 %) ﬁé’}

M@%A%%lﬁﬁiﬂ&spxﬁ
AR REREFELIT ) e LR
@ﬁk\ﬁ%\7‘ﬁlﬁ%§1%%

R

FEAERE L FRE L
= frﬂ'”’;é é$g gpiu*z\

Ak € AN T 2 /%’l/@# ki) B gl

iz %i\w"f?; )ﬁ;-g;ww ] % 4§
/%ﬁ/%‘{ Kzl iﬁ

]




B 5 e B LA B
FRCEFFRE AR RS L ki
. dE Rk ] e foE
8 )Iﬁ] B kg E1iF ) e £
Bk FRFT L2 Bk ie ]2 £ R
MEZAREI TP v TR
9 Plp g | B ir e L8
TR 1V N LR N A
%/?J‘gi;}%&iﬁ/’ ‘/Ulﬁigﬂ ?4’;‘:
" AFHRERE RELIT )2 LR
10 g e KFRE Y bl PR T 2 £ R
)f%i"‘]’]\/})—‘?l% ? AL s N 2 T A <
Pl B A mE L KA RARBRT v E
11 gL |(FEpk1iv e R
¥ RFRFL2ZE-k1iv e £ R
¢l BRI R Klﬁﬁ ko BA IR TR
- AR pskrmFLisbka el 4
MBZEA 2B RIBRBEFPEPFIFERTAEE BT
13 e BJ««*#&—;I@MF 2 4R
BT 1 e 4 f
14 S /SC D =S L) -9 M ¥ mliad
15 s (R EIVE R RJIEITH F Bk Mire R
16 TR REIR9RPIFE Y BB KA
17 Tzg BENEe kIR Ee P RS JRE
18 R REIRTCKIF R Y T KL
19 FipE | REIR e RIFBELE A R
20 2127 § LB v kA L R BIERE
21 FHE (P BIARRERRG T AT RJIEE
22 Form MEZEAREIFTPC BAALER
23 5 B4 TR TRELEF TR P -1 %R
24 B O |ERRTREELEFT R T E TR




B % ek B LA A
| o4
N by 2 Fa 22 ﬂ"‘“’:’-
Ligd AR LI FRARL 2 AREFL T P2
25 WA 2 28 ST 2B EREY A Py 4
R (EACE L ERe % 2 E R
26 Mg |4 s HER
27 R R i e .
o a2 T X1 = A3
28 ekt FFEEE LR FARRRLR 6 R3
- B

M1l EBFaiR (+-)EICIDARLY (¥)

~ s e YUYl o -

.B:Id )

Bl 1-2CTCID * 2 BM*» B H L4 ¢ H & %




LRy

WL

- /U*mmlmn FORUM

PRA%- 18 B

Pl A B AL RE

SRR TS

 FRHBIIT| RREFAY ¢

s R T6ERERFLE ¢ ¢ (IEC)
« HiER LR g gﬁii

o G iEsRa i gpi,

s RFEEE K EY FARMATLA §
* G FREBIIE)E
c TWRBIFLE
o AR LR g 4

BN

:)’#

F R ¥

JRAZEM | 2B FRE FR1 RS )
O Ry ki

o FiERB T BREFAY ¢
s LTMREBIT) &R

ICID "Siéﬂi#“k’r%g PEARRTER G BIAA
#f—‘_‘:%‘}ﬁ» e FiRBaiv e LR
T 4%
PRAR R | 3 < Bk R T
O | FrRAeL
© FiERAL T BREFY §
. \iﬁﬁ-&b‘tﬁiﬁ]miﬁ“ ¢
%k—h-’ g;ﬁ‘ b /E/%Q Jf'_g
. '\fﬁ;%-&?‘ﬁi i’rmf@g;i
e kA EE N RAR I T B E R
ICID e XFAAEBA AT e LR
EERGE | o ok fra iRl it e 4§




#om g

PRA%- 18 B

FALEA LR R RS )

FOF

e ok~ 7};%_‘3125’5‘5 ;}%,4;&“‘%.";_3_ f‘p,]. o JEE 3 g
S8 gk | ek MES B R 1] g

< F RS EH

® N 7}‘&7_: = _1-’2‘-7 J;‘b :“E_ %“A%‘

ICID
¥ iE B

W #

i D
IRRASATION
FORLW

MW LEVEL
ADVISOWY

SR N EE T

Tﬁf d

<

o AMAABRELIREFY ¢
¥ 76 EREHTE R é ¢ &% (IEC)
Sy N

S BEN-E: ¥ NN R

e RYFAABREL A ”‘Eiﬁ

s HitrERL R ¢ £

moE <

PMEEAREI TP o

gk

e B EREFAY €
s B¥H RFTARF L2 k1 iv],
o ¥ MoK EIRBE B T

ICID
¥ T B

o AW R kBERE FEL T B
s B¥kFRFLZ Gk iE ] R

10




Et
<

®

PRA%- 18 B

=

A=

B FRE L

5
i

e

e
i

° ;1:"?%33_1 ]_;;]xaspssg
'ﬂﬁ@%ﬁﬁTiéﬁﬁ$lm
s AR FIL T e gk
o AL 1T 3k

-y
N

\
&

TR FRE AT L

ELE

. FEEsma e
EE 0P 5 g N}

R AREE

stpsa g
o g

|4
|k
E 1 Ks

d IFJ

§ &

A

&7

o 4 g Pk T
B kB R 4

.@ﬁ*fﬁ%ai%$lmf

A\-\

e LR

£ p g

B A L ¥y P

o FEwdl e LREFY §
e FiE®BLIT ) EES
s EHEFIRFRI ) 6K

s FizHB1iv | LR
s eREFIRFRIE) 4]

11




niiﬁ

PRA%- 18 B

AL ES BB A1 RE L

FOF

R

 FiERBIIT) EREAY ¢

o A HKBBEBRFEL T B EHK
© CRFRE RS kg i) e

s BIKFRTLALE k1 1] Bk

s R KFRFLFEE KL (B e £
BE KBRS REL (e LR
2

K FRE I chb R (]

%

A

A

HE A

R R RN X

ELE

c PRSI RREEY ¢

o Rk iE] ik

s BR¥ KT AFTLERE KT ] B EHR

e dHpoR1fE e %R
c BUKFRTLZB k10 ] 1§

g 1L R

TR SERES: £ RN X 3

SRR

c F BRI EREEY ¢

s B KFTRFLFRE kT ) EER

© B KFRFLZ Bkl e &R

12




3.3‘2’!'

PRt | MBI A LRI AR F B RT AL

#AELR

o BT 1 iT| g
c mHEHRERL ] kg
o FlEmiRaiv) ik

s HHEFIRELIIC] L L]
o EEY 1% £ R

3 3K &

PRAFIS M | B ERE e kA1 F Bl AP

B Bl1ARd

58 ¢k .

K}’
i

PRI+ R | B

% F wE

)

FRELE) EREFAY §
4 B+ B EEHE

9
IF
IRy
:‘Q}‘:
9

13




3 & %

RARM | B ER e kIR

BoOf | %K
* 3 4):‘;' /E/%%i&
P
PRAFIS M | B EE e kIR £ ? o
BoOf | RE

%1%3_ IF @Z]xﬁspsﬂs g
f %/E/%pmi’};

% 1) B REEY g
E:’ IE/%FW#E_

14




F ot ot

4 NOTLD IEIGRTION POMUM

AN | B EIR S RAIR R LR
® | nE
c FEREa el e REEY ¢

o W A4RE RIETHE

£l #7 3

FoH | RE

s g;;; o ;’F':fl’%%ﬁ\l 5] m R Y g
© ¥ 4R REXGE
.

PRATHM | B ARAR LG e 7

BOAE | kAU

gogu |1 PR R
© F AR R RERE

15




PAEE AR

B | BFELAR
o F BT LREFY §
TR ° F iFRBIIT] gk

B RFTRT L2 F-k1 5]

I gk
LY R RERE FEL T gpiq

L

PHLFTRELEFA TR P - 97

B |P1EE
281 6K i?% ) BT §
. 4 x5+ /E/ipm

PRA% 45 B

LERTRE B EF TR e

FoAE |t
. .,‘_—’:‘_—%g\___,//vl‘."
porguw |17 EIL I RREEVE
o F xR T/ Egﬁz

16




e M

W

PRASEH | A AE LI F RS SR 2H R T
Fo# | FLl

o I % k1 Cm .
2;@,53 gg;; it nf%;%l iT/] E—W‘f—%lﬂ ) g

JRARHs M | A L A SR RE 2 REA T YT
¥ oF Pl
Ll FBRsa il EREEY
T T N T i
o K4 EY RKiEITEHE

' ER
PRAt M | R Rk R RS
¥ oF Pl

FBa T ) BEREAY g
R0 N S F:

%o |

17




B~ 2025 & & ¢ BT

% 1-3 & § B4z
¥ B

PEFCRE) |/ F

.%‘_/‘%{'»15 ’31"23_:% jie’xg; i(%%’b@
96 () @ il kT LoEHu

® & £IR T

O RFAARBLARESY §
N (p) ® i iRBREFY ¢

o lj\lf‘?f“ﬂ L /E"@é 21 0% | R R g

R LAY Bokd L-F R

® &
9/8 (- ) ® 5 4y B ETEAHE

® ¢

Oﬁﬁvéﬁ
e R N T

@ 5 ko &y Ik w £ 4 ¥ )
9/10 (=)

.%@f‘_/%

18




pEy P Y *Az Ll e 2
9:30 N E RS kT T
96 (=) * i ES RS-
14:15 wES ke Ty
: : [WG-SCER] CECh
WIS s g 2 Wy ¢ -4y
[ WG-WFE-N]
9/7 (P ) |14:00-17:30 ko~ B S B RS (T AR
]{;{]Kf’%k’ﬁ 33 g
_ _ [ WG-CLIMATE] Y
14:00-17:30 FERAREEY ¢ ML R
9:00-9:30 L EREL A EX iR
9:30-12:30 )
9/8 (- ) 4 ERY R BEHE Ext
14:00-17:30
19:00-21:00 * gL EX iR
_ _ _ e =2t R CF 3
9/9 (=) | 8:30-18:00 A ST Jia)
12:50 g ka & A g g =2 X
Qs
E L’*‘ﬁ%‘
9/10 (=) - %&Mé
‘,Jﬂ ?
5k B K

19




FEL s

FTOERENGTLR €RTEF 4EY FBITHE S ko T EyE »

§RFUF =N A 52 CTCID H £ B XL RAR > BBREFY ¢
2P S0 B HERET 76 ERSHTL R g;@“ B2 EE
CEARE L 5B R SATEE N S AR R TSR N £
2 BRA Y g 1T 50 R R RN LT AR TR F i R BRI
VE o MR SFRER LSS R R L EE R R
R R BT R R o

CERERENAS
OE EX Y- ER NP § & T

MRS ELRRTLR § (CTCID) 4 £ FL A3
;:'E’IA“Z\@‘:J\'ﬁj\E] i%ﬁ }\%‘ l‘j’_ ‘1%Fm**‘£HiEI“fL 28

o

CTCIDp# % 23 =2 F4c» M4 BICIDL e 2 A B1ie]k
d AL RFEEPCHEB ANIIRTAREETF FREL e
BB mis L s R 21 iF) P_,Lﬁ? . 5«52%%3}{&47%:{ %
EIARTAROCEIFE  EREFIR I T BRI R~ &I RER
FEEE RGP EL T BRI R P T RRE TR S &R
B ERE A REFI e F otz Bk
o] fefdd > 2 2025 & d BRUR HPRATEAL § AT 2 IRk
1 e AR o

20



(z) § 4 BEw Rk

U EER K € 20 € 2 B S0l PERIE A A FYE R K
MRS g 0 TuE B 3 & G- o R REEGAE ~ ICID EIER K
s g0 ME REBFEREDCHIAIEL S E L g1 ré‘;g
AT S 2B AE? (lslrrigation a Sunset Industry? ) | 5 2 35982 % 4 &
Y RIEFTRE 2 T LA

LB R a2 f P $ 8 % 2975 fe 4R

2. BN e e LA (b defe BAEE S X >

3. RIFTFTR ~ PRAME e frm T8 4] 4o P B H A R Pk
4, BEP N pREAfEA S o o BAES Bt o

(2) # BRBLIE ) E2REFY §

AXB KT L EED IRBTARAE  Byrd GR%E) BEREFY §
(WG-CLIMATE International Workshop ) » .35 %27 * #i7 50 4 » 5 &=
EEV RS ALRBR LY ¢ RS ST ICID B @ AR PSR
i 545 (Tsugihiro Watanabe ) #c#: B 33k gt o A=t f iz R BREFA Y €
FEFBERI0OEH o 2R K ERFCLPE T ASBIER BT
ASAEY GORERFA B AR Y LT K TP R Ly
HHE R L HE S g F4 06 hhe o DB R F LRI BR
o 3REFT L2 ERZFESER - (FY €RALFHE
-)

21



DPEREST W R P W22 P AT gesens f g gl
BI'RFY & B R BI'RF Y 6 &AL

22



(z) R¥wm> 54

EIMEARFATEFEAOLE R (GEL A 2-1) # 4%

TR R Z R hE EE S LR wﬁwgﬁﬁgj
BERBFL®Y  ERRFE O RS RN DR - A

Q7g%§ﬁ%

WEAW TG R R P F R R R FR RS R &

L E P BRI B R 2 P e

% 2-12025 ICID 4 #3# < % 4

BB #v AP C X

1 Improving Inundation Forecasting Model Accuracy through Deep Learning ey
Based on an Optimization Algorithm h

2 Long-Term Irrigation Water Quality Monitoring and Spatialtemporal | ., m 1
Analysis in the Rinan Irrigation District of Central Taiwan
Developing a New Wavelet-Based Spatiotemporal Drought Index and Risk ,

3 . ik &
under Climate Change

4 Domestic Wastewater Micropollutant Screening Using High-Resolution o
Mass Spectrometry for Application of Reclaimed Water Monitoring T

5 Application of High-Resolution Mass Spectrometry to Fingerprinting £5440
Contaminants in Soil Irrigated by Reclaimed Water '

6 Analysis of the Trends of Rice Cultivation through Rasterisation Data 5 B4

23




(I) (F BRI TLFNEEEP-RFRE])

d EREARTIAL F RS Btk (F B RET ARTUEX
gopok g 5l & ) ( Guide to Innovated Irrigation and Drainage
Management under the Changing Climate ) » ** 2025 4% & /g ] J1 5% 5 T 3%
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INTRODUCTION

Agricuttirm m 2 sgnificant getal sser of Sustwater rescurong,

wccounting for T0% of usage and cootriuting up 1o 30% of

greertouse Gon erussions. Thensfore, il s both 8 contbutorn

mn-ﬁmdﬂmﬂ-m hnmnmcm.ca‘
the

9

afaptaton  chaflenges  foced ty ‘VW' -m

management n e context of a changing chmale The grovp

& actresdy compabng vilusdie irflonmistion and s 3lodes on

chimate change I asset In Mpad assessments and fhe
of

wpeeded dusng the 21st cemtay unless immediale, fapid, and Wwge-scole seductions o
groentouse gI8 Emissne oo, Undencofes e nead for Emediete and effectve
These musl Sa fased on P el vekalie riormstion,

sevme|

The WG-Chmale was ovlablished in 2009, cotncding sith ihe mease of the IPCC Second
Assassment Regont, ongnaily named the "WG on Glotal Cmate Crange and krigaton” This
niiativn was bad by VIPH Dt Mank Swendsen & devolid ke whose sirege coordination
-mnmm-umm n 2007 Nmmmmﬂmmm

s hrig@tion B Chirg s ' 3
eAcompas ‘ealar managemant” more brosdly. This shilt recogred the prassing meed for
sot houstry?

In tesponse 1o e dimate wguncy, the WG-Clmate b commiiod I putistng S book,
“Guide 1o innovaled Smgaton ans Dramage Management under e Changng Oimate,” to
wmou-ummdmmmudw-m“mhwmau wapecaly n
g mmpact . anat The mvtial ncitor s VI
D r.mwum- «mma-dwnmumr-m—dnm Aa the
Crar of WG-Camate and the edtor of this book, | have beon given the demanding tasks of
Uversaerg o tovew and sditng of 4k chapten, as sell e Graftng the £ secifive Someary
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CHAPTER VI
Impacts of Climate Change on Agricultural Water
Management and Adaptation- Case Studies in Pakistan

Fiaz Hussain'®, and Ray-Shyan Wu'"'

ABSTRACT

Climate change is now an undeniable reality. It is vital for all of us to work together to tackle this
issue. The analysis of meteorological data presented in this study indicates clearly that the climate
of Pakistan is getting warmer, with some regions facing a faster increase m average annual
temperature, The rate of change 1s 0.74°C for the panod 1951-2018 with highest increase in
scuthern part (+0.32°C to +0.50°C per decade) than northern part (+0.02°C to + 0.10°C per
decade). Since 1961, average annual rainfall has increased (19%); but for the most part, that
Increase occurred in 1967-89, while the years after 1990 generally shawed a dechine in rainfall.
There is a decreasing trend (-0.54 mmvday) in annual precipitation under RCP4.5 while increasing
trend (0.9 mmyday) in precipitation under RCP8.5 for 2011 1o 2100. A 1°C average increase in
lemperatre Increases agricultural water requirements by about 5% by 2050, while a 3+°C change
in temperature increases crop demand by 6% by 2025 and 12-15% by 2050. It is impertant to
note that central and southwest region (Punjab Balochistan) showed decreasing trend In
evapotranspiration. The research findings emphasis that the scope of policy related to chimate
change adaptation should focus on the strategies at community and farm leved for significant
development outcomes. While analysis has identified some of the broad changes underway in
Pakistan's climate, the findings also point to the critical need to take into account regional and
lecal rends.

Keywords: Observed Climate Changes, Future Projections, Temperature, Rainfall, Flow, ET,
Adaptation

6.1. Introduction

Global waming is likely to reach 1.5°C between 2030 and 2052 f it continues to increase at the
current rate (IPCC, 2018) and the outlock for Asia is particularly troubling, Pakistan Is a “water-
stressed” country and its water resources are consierably vulnerable o climate change.
Precipitation trends over the country have increased significantly (25 percent, or 63 mm) over the
country during the 20" century while temperature trends also showed pattern of warming (+0.6°C)
(Sheikh et al. 2009). Annual historical inflows cn the Indus have been declining over the penod
of 1937-2011 (Yu et al., 2013). Studies show that crop yiekd declines with the rise in temperature,
For example, a 1°C rise in temperaturs would result in wheat yield declines of 5%-7% (Aggarwal
and Sivakumar 2011}. In semi-arkd regions of Pakistan, the rice yield could dectine by 15% from
2012 to 2039, 25% from 2040 to 2065 and 36% from 2070 to 2099  the rise in temperature
continues (Ahmad et al. 2013). The increase in temperature along with decreasing rainfall affects
crop preduction. If rainfall decreases by 6%, net irrigation water requirements in Pakistan could
increase by almost 29% (Spikers, 2010)

The climate scenario assessment appreach can be used for climate impact assessment. A
modest amourt of climate moedelling using multiple medel ensembles under different scenarios
has been undertaken at the regional level to inform analysis of how Pakistan's climate will change
in the future: subnational-leve! projections are largely abser (Salik et al., 2015). Generally, the
model outcomes suggest that the observed trend of nsing temperatures will continue over the
remainder of this certury. Pakistan's mean annual temperature Is projected to rise by 3.8°C
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(vathin a range of 2.1°C to 5.1°C} by 2100 (Ciimate Service Center, 2013). Cther studies suggest
an mncrease of 1.4°C 10 3.7°C by the 2060s, and a potential increase to 6.0°C by the 2080s
(GFDRR, 2014), This increase will not occur uriformly across the country or on a seasonal basis,
with greater waming expected in northern regions and during the winter (GFDRR 2011; World
Bank, 2015).

Therefore, to minimize adverse impacts of climate change on water resources of Pakistan, it is
imperative 10 implement two approaches of adaptation and mitigation, simultaneously. Salient
features are integrated management water resources management, watershed management,
water conservation, efficient design of water storage and distributions & supply system. This study
overviews recent advances in understanding the impact of climate change on agricultural water
management and water resources of Pakistan, and presents certain agricultural adaptation
strategies that are determined in the literature studies.

6.2. Methodology
6.2.1 Study area

Pakistan is situated on the western edge of the monscon region in South Asla. Its major
topegraphical regans include (a) the western offshoots of the Himalayas, which cover its northern
and narthwestern parts and in which the highest peak, K-2, rises to 8,611 meters above sea level;
(b) the Balochistan plateau in the southwest of the country: (¢} the Indus Plain, stretching across
most of the eastemn and central part of the country; and (d) the Potohar Plateau and Salt Range,
situated between the Indus and Jhelum rivers in northem Punjab. The climate varies from and to
semiand. Rainfall occurrence IS due to monsoen disturbance in July to September and westem
disturbances system in January to March that shows large temporal and spatial vanability. In most
parts of the country, normal annual rainfall is less than 40D millimeters (mm). However, the
southern slopes of the Himalayas, sub-mountainous northern regon of AJK, northern Punjab, and
parts of northem KP typically receive 800-1,800 mm of rainfall every year. The annual normal
mean temperature ranges from 8°C in the north of the country to 28°C in the southernmost areas.

6.2.2 Data acquisition and methods

In this study, we have utilized long-term data generated at 55 observing stations n Pakistan for

multiple climate parameters to assess changes in tha country’s climate over the pericd 1961-

2018. The yearly data of rainfall and mean temperature was acquired from Pakistan

Meteorological Department (PMD). Key climate change trends (temporal and spatial) are

identified at the national level, The spatial patterns were plotted using IDW interpolation method

In GIS environment. We use 30-year averages, computed for the period 1961-$0, termed

‘reference nommal,” as the benchmark for observed climate change assessment (WMC 2017),

The rver inflows data of five major rivers {Indus, Jhelum, Chenab, Ravi and Sutlej) was acquired

from Surface Water Hydroiogy Project-Water and Power Development Authority (SWHP- WAPDA)
far 1961-2016 on yearly basis. The linear trend analysis was adopted to identify the increasing or

decreasing trends of nver Inflows. The spatal patterns and trend analysis of potential

evapotranspiration (ETp) over Pakistan was done using the gauge-based gridded ETp data of
Climatic Research Unit (CRU). The spatial patterns of the changes in ETp on annual basis are

Investigated for the period 1967-2016, The CRU data was used because It offer longer temporal

span that can be used easily to find change in ETp. Previous studies testified performance of
CRU data compared waith other gridded data over Pakistan (Igbal et al,, 2019; Khan et al., 2018).

Alzaal et al. (2009} showed correlation ceefficients above 0.9 between PMD arnd CRU data for

the period 1960-2000

For the future prajections of temperature, rainfall, river flows and evapotranspiration, this paper is
primarily based on literature studies (Bokhari et al., 2017; Chaudhry, 2017; GOP, 2013; Parmry,
2016; Amir and Habib, 2015, Yu et al,, 2013; Khan, 2011). Dug to the nature of research, the
emphasis and reliance was given to the secondary scurces. The documents and reports were
obtained from Ministry of Erwvironment and Climate Change; PMD (Pakistan Meteorological
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Department); WAPDA (Water and Power Development Authority) and Pakistan Agncullure
Research Council. In addition, the reports, documents, policy bnefs cbtained different NGOs
working in Pakistan, The literature cited was selected based on a critical review of publications of
greatest relevance to Pakistan using Google Scholar, Web of Science, Scopus, and Sclence
Direct (Hussain et al., 2020).

6.3. Results and Discussion
6.3.1 Present Climate and Observed Changes

a.  Spatio-temporal trends of temperature

Figwre 1 indicating warming trends since 1960s. The rate of change 1 0,74°C for the periad 1961-
2018. The rise in the latter half of this period is very prominent (0.67°C). The highest increase is
seen in the southem cities of Guetta (in Balochistan), at +0,50°C per decade, followed by Karachi
(in Sindh), where the annual mean temperature has risen by +0.32°C per decade. The
northernmost cities, Muzaffarabad (in AJK) and Gilgt (in GB), have experienced the least
ircrease at +0.02°C per decade and« 0.10°C per decade, respectively. Figure 6.1-2 shows the
spatial pattern of mean annual temperature changes, Warming is apparent over almost the entire
country, and it is greater over major parts of Balochistan, in southeastem and southwestern Sindh,
and in eastern parts of Punjab.

"TiatiteatniiifiiieEes

Figure 6.1. Annual temperature Irends in Pakistan, 1961-2018, 1961-89, and 1990-2018
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Figure 6.2. Spatial disiribition of mean annual temperature rends, 1961 tn 2018 {*(Jdecade)
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b. Spatial-temporal trend of rainfall

For the country as a whole, average annual rainfall shows an increase of 19% over the period
1961~2018, Average annual rainfall increased in the earlier period but shows a decreasing trend
in the latter half (Figure 6.3). The tendency of rainfall on regional level is somewhat mixed. Annual
total rainfall has increased the most in Peshawar (+39 mm/decade), followed by islamabad (+37
mmidecade) and Lahore (+26 mmidecade), while it has decreased in Muzaffarabad (-19
mmidecade) and Karachi (-17 mmidecade). Figure 6.4 illustrates the spatial distribution of annual
rainfall trends and shows that in most parts of the country, there is either no change in average
annual rainfall or a slight increase. However, a decrease in annual rainfall is evident in the
sodtharnmast parts of the country and also in the nartheastemn reagion of AJK and adjoining areas.
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Figure 6.3. Anned precipitation irends in Pakstan, 1961-2018, 1961-89, and 1990-2018
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Figure 6.4. Spatal distroution of maan annual ranfall rends, 1961 1o 2018 (mmidecade)
c. Temporal trends of major river flows

Stream flow is the major source of irrigation, A plot of annual inflows from the Indus main stem
indicates a significant decline over the period of record {Figure 6.5). The Jhelum yields an average
of about 23 MAF per year while Chenab delivers abows 25 MAF per year at the Marala Headworks,
Figwe 6.6 indicates the rapidly declining rate of discharge on the Ravi and Stele). Ravi inflows at
Baliokl Barrage display a step function beginning at roughly eight MAF per year in the 1970s,
dropping to four or five MAF until 1999, and less than two MAF thereafter. Sutlej River inflows at
Sulemanki Barrage also declined dramatically in the 1970s, though with a different pattern than
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occurred on the Ravl. The Sutle] displays much higher variability than the Ravi. Cverall, annual
inflows appear redatively stable over the period of record. In contrast with the other two rivers, the
Chenab's recent decade of flows are most often below the mean, which raises water concems
dowmstream.
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Figure 6.5. Annual inflows: Indus, Jhetum, and Chenab Rivers. Plotted rom WAPDA data,
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Figure 6.6. Annual mfows: Ravi and Sulky Rivers. Plotled [rom WAPDA data,

d.  Potential Evapotranspiration (ETp)

The spatial patterns of mean annual ETp from 1967 to 2016 indicating 657 mm in the north to
2540 mm in the southwest (Figure 6.7). The southern region has ETp between 1610 and 1910
mm while central region of the country has ETp between 1280 and 1600 mm. The southwest and
the southeast has ETp between 1920 and 2230 mm, raspactively. Southwest comer showed
highest ETp (2240 - 2540 mm), while lowest (657-971 mm) in north. The spatial patterns in trends
of ETp show changes between 1 65 and - 1.59 mmiyear (Figwe &.8), The southern, southwest
and southeast and extreme north regions showed increasing trend ranging from 0.01 to 1.85
mmiyear while most of the area (central and extreme southwest regon) has negative values
ranging from -~ 0.19 to = 1.59 mmiyear. It is important to note that ETp of central and southwest
regon (Punjab, Balochistan) showed is decreasing.
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Figure 6.7. Spatial patterns of mean annual polential evapotranspiration of Pakistan durng 19617 o 2016
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Figure 6.8. Spatial patterns of the changes in amnual ETp of Pakestan

6.3.2 Fuwre Climate Projections in Pakistan
a. Future Trends of Temperature and Precipitation under RCPs Scenarios

According to Pakistan Meteorclegical Department {(PMD) data for the four different General
Circulation Models, using the Workl Climate Research Program-Coupled Model Inter Comparison
Proyect Phase-5 (CMIPS), there Is a significant positive trend in annuai mean temperature of 3°C
to 3.5°C for the penod 2011-2100 under RCP4.5 while under the RCP8.5 scenario, the increase
in annual mean temperature is 8.3°C. There is a decreasing trend (-0.54 mmiday) in annual
precipitation under RCP4.5 while increasing trend (0.9 mmiday) in precipitation under RCP3.5
(Figure 6.9). The rainfall is highly variable in both spatial and temporal domains.
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Figure 6.9. Paksstan's Mean Annual Tempesalure and PrecipRation Deviation
Projections during the 21" Century Using Two Dilferent Emission Scenanos

Accerding to the medel, spatial patterns of temperature and precipitation have similar behavior.
RCP 4.5 shows an overall effect of higher warming ranging 3°C to 4°C over the northem areas
including GB, Kashmir and Northem part of KPK as compared to southern parts of the county.
The southem parts show warming of 2°C te 3°C with a shghtly higher rate over Balochistan (Figure
6.10a), In RCP 8.5 however, the warming effects are more enhanced with an increase of 3°C 1o
8°C over the northem areas during the first half of the 21st century and up to 11°C by the end of
the 21st century, Southemn parts of the country also shaw higher rates of warming under this
scenario ranging 5°C to 7°C by the end of the century (Figure 6.10b)

The changes in annual mean preciptation under both RCP scenarics show an overall increase
In precipitation of 2 mmiday to 3 mmyday over the domain. Regions shawing a greater change in
temperature also show an increase In precipitation. RCP4.5 shows an increase of 4 mmiday in
annual mean precipitation with a shift in maxima toward the northeastern part of the courtry until
2050. After 2050, the precipitation pattern shifts toward nartiwvest until the end of the 21* century
with the same magnitude and wet situation in the southem region. A simelar pattern is seen in the
RCP8.5 scenario but with less magnitude of up to 2~ 3 mmiday and more spatial spread {Figure
6.11aand 6.11b),

()
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Figure 6.10. Coupled Model Intercomparison Project Phase- 5 Progections of Annual Average Temperalure
Changes {*C) for 20171-2100 under Representalive Concentration Pathways 4.5 {a), and 8.5 Refative to
10975 2005 APHRODITE Baselne (b)
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Figure 6,11, CMIPS Projections of Changes in Annual Mean Precipitation {mmiday) for 2011-2100 Under
RCPA.5 {a), and RCPS.S Relative to 1975-2005 APHRODITE Baseline (b)
Notes: RCP4AS 15 a stabilizanon sconao whare greenhoiss gas eamssions statiliza by 2100, in RCP 4.5 raditive lareng doas
not peak by year 2100. APHROOITE ~ a dimate mode. Hatching show o g 90X g leved. Source:
Pakratan Meteadogeal Depaamens, 2015, Hgh Resohfon Climate Scenanos
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b. Future Trends of Temperature and Precipitation under SRES scenarios

The PMD conducted ancther significant study that computed temperature and precipration
change for dilferent regions of Pakistan from 2011 to 2050 under climate change scenarics (AZ,
A1B and 81) based on IPCC Special Report Emission Scenanos (SRES). The climate medels
show a maximum rise in the northern areas of Pakistan (0.39 to 0,76 °C/decade), central and
south Punjab and lower parts of Khyber Pakhtunkhwa Province (0.63 to 0.71 “Cldecade),
However, mixed trends are projected for precipitation aver different regions of Pakistan
(Figure 6.12).

Precipitation

." WAl sAlE aB)
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Figure 6.12, Reglon wise Climale Projections for Pakistan for Altermative Scanalles, 2011-2050, Prajected
regional pracipitation and tempeeature change n Pakistan with three (rospective scenarios (2011-2050),
Source: (ADB 20172 Chawdhry el al. 2009). AZ siyniles husiness as usual scenario: A1B signifies
balanced scenario; B snifies deal world scenario (SRES Reporl IPCC 2001), NWFP = Northwest
Frontier Province and current Khyber Pakhtunkhwa,

According to Igbal and Zahid, (2014) the temperature rise in the northern areas by 2020 is
projected to be 1.4+/- 1t is projected to be 2.7+/- by 2050. Likewnse, for southern areas the
temperature rise is projected to be 2.7 +/- degrees by 2020 and 2.4 degrees by 2050 (Table 6.1)
Simitarly, precipiation increases in nerthem areas and rising temperature trends will affect all
seclors: in particuar, agriculture.
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Table 6.1, Ensembie mean of dimale change proections based on 1PCC ARA using
17 GCMs and the A2 SRES and the A1E SRES (Amir and Habib, 2015)

A2 | A8
Tompesature change (°C)
Northedm Pakistan 14:01 21202 |47:02 |16:01 10+:02 41:-02
Southem Pabigan  |13:01 [24201 |42:02 [14:01 [26.01 [37-02
Precipitation chvanges (%)
Nochem Pakistan | 22:23 |36232 |10:40 |07+ 15 [-18:222 |-07:231
Soulhem Pakistan |31 :51 [64:75 |43:94 |-32:43 |-03:55 [-09:79

¢. Runoff and river flows

The impact of climate change on river flows was assessed from previous research studies
published during 2015 to 2020. Most of these studies were conducted in the sub catchments of
Upper Indus Basin (UIB) and future climate impact were assessed using hydrological moedels
(SWAT, SRM, UBC model and HBY) under RCP 4.5 and RCP8.5 scenarios for 2011-2040, 2041-
2070 and 2071-2100 periods (Shah et al., 2020; Haider et al,, 2020; Anjum et al, 2019; Nauman
et al., 2019; Hayat et al,, 2019; Ali et al., 2018; Adnan et al,, 2017; Garee et al,, 2017, Lutzet al,,
2016; Al et al, 2015), The brief analysis and findings of these studies Is summarized in
Figure 6.13. According to literature studies, it is anticipated that total water flows in the Indus
Basin in the near-term (i.e. before 2050) will remain relatively stable, although there could be an
inrcrease in flows due to higher run-cff as temperatures warm and a shift in the timing of peak
water flow to earlier in the year (Immerzeel et al., 2009). Results depicted an overall Increase in
average annual flows under RCP 4.5 and RCP 8.5 up until 2100. Mean annual discharge was
projected to increase 30.43% (RCP 4.5) and 41.87% (RCP 8.5) and 35.79% (RCP 4.5) ard
50.15% (RCP 8.5) for (2011-2040) and (2041-2070), respectively. For 2071-2100 period, the
increase in lNow is 42.03% and 66.47% during RCPA4.5 and RCP 8.5, respectively, Likewise, the
anticipated changes In precipitation ranges from 1.2% 1o 2.5% for RCP4.5 and 3.71% to 6% under
RCP8.5 (from mid-century to late century).
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Figure 6.13. Chznges In precipitation (P) and river Tow (ROF) In the Lipper
Indus Basin of Paksstan undes RCP scenarios

d. ET and Groundwater

Agncultural water demand astimates for Pakistan have been summarized in several documents;
most projections are based on linear trends. A recent report (Engro Polymer and Chencals, 2015)
stmmarizes and documents demand for agriculture in 2015 as 111 MAF. in 2020 as 115 MAF;
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and in 2025 as 119 MAF. Thus by 2025, 8 MAF more than current 2015 estimates s required. In
the case of ervironmental requirements, the 2015 water demand is estimated at 1.54 MAF; this
will rise to 1,62 by 2020, and to 1,70 by 2025 - with an additional requirement of 0.16 MAF from
the base year of 2015. This study also noles that due to the expanding population in Pakistan per
capita water availability, which was 1,500 cubic meter per annum in 2010, will decline to 1,000
cubic meters per annum in 2025 and to 900 cubic meters in 2050. This clearly shows the water
challenge Pakistan faces. Rasul et al. (2011) note that for every 1, 2 and 3 degree rise in
temperature crop water requirements wall increase by 11%, 19% and 25%, respectively, implying
that at 2 degree rise, crop water requirements will almost double water needs in the northern
areas. Water demand for 1 and 3 degree Ceisius mcreases under A2 In tlemperature are
estimated in Figure 6.14, A 1 degree average increase in temperature increases agricultural water
requirements (crops and livestock) by about 5% by 2050, while a 3+ dagrees change in
temperature increases crop demand by 6% by 2025 and 12-15% by 2050
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Figure 6.14. Climale change impact on agiculiure waler dermeand — years 2025 and 2050
(Amir and Habib, 2015)

Rising temperature and changing precipitation pattern will directly affect groundwater recharge,
discharge, level and storage. Groundwater plays a major role in irrigated agriculture In Pakistan
(Qureshi et al 2004), With increasing trend of irigated cropping area and crop yeld to provide
food to increasing population implies that more water will be required and without careful planning
and bullding of new dams, this will inevitably mean using more groundwater. Globally, Pakistan
is the fourth biggest user of the groundwater, according to a recent report by the National
Groundwater Association of United States of America (Amir and Habib, 2015). Irmigation Is the
largest consumer of water in the Indus basin that is using both surface {113 kn¥ or 434mm) and
groundwater (68 km® or 262 mm) to meet the crop water requirements (Cheema et al,, 2013), The
few estimates of the total volume of usable groundwater suggest that the increased rate of
groundwater use could exhaust the best quality groundwater in as little as 50 years (Figure 6.15).
The groundwater requirement shows the probable increasing requirement in the absence of
alternative policies and adaptations.

e. Agriculture Yield

Climate change will disproportionally affect agricultural production across the country. It has been
projected that a 4°C increase in temperatures and 3 percent rise in precipitation by 2080 could
result in a loss in agricultural productivity of up 1o 13 percent in Punjab and Sindh provinces
(Dehlavi et al,, 2014). More positively, in Pakistan’s northem foothills, wheat, maize and rice yields
could increase due to longer and hatter summer seasons (Rasul & Ahmed, 2012). It has been
projected that a 1°C rise in temperature during the vegetative and flowering stages of cotton
growth would reduce yield by 24.14 percent and 8 percent, respectively in Sindh (Raza & Ahmed,
2015). According to data of Workl Bank on projected changes in wheat, nce and maize yield
(2030-2080) under A2 scenarno, the wheat yield may decrease 3.2 to 27 %, the rice yield may
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decrease 0.8-1.8% and maize yieid may reduce 2.4 10 4.3 % {Figure 6.16). With these facts, there
is more stress on wheat crop, so the population shoukd have ta reduce dependence on wheat and
shift to use coarse grains such as barley, sorghum, millet, oat and coarse rice, The decline in
water availatdity also suggests the shilts In crop rolations and alter sowing arxl harvesting
patterns in coming two of three decades.
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Figure 6, 15, Hstarical (to 2013) gnd projected (2013 1o 2050) total krigaton requirement, sirface wate
supply o the field, and groundwates requremant, in billion cublc meters (BCM), {Sowrce: CSIRO, 2019)

Cverall, available research suggasts the potential for water-intensive crops to be most affected
by climate change, resulting in signficant reductions in crop yields, Current climate-induced
changes are affecting the cropping system of Pakistan in diverse ways:

e Achange In temperature has increased the annual evapotranspiration, which is not
ureform over the critical crop growth periods and across varicus agro-climatic zones.

o A weather shift (stll not fully understood) impacts the water stress pericds and gross
crop yields,

«  Extreme events can cause large-scale crop damage,
0 -
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Figure 6.16. Comparison ol estimated change in crop yield (2020-2080) wikth standard cop ekt (1961
1990} by AZ Scenalo. Scurce: (Warld Bank. climate change porlal)
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6.4. Pakistan's options for climate change mitigation and adaptation

The present share of water use for agriculture {the most dominant sector) is 111.21 MAF; this
accounts for around 92% of total water use. This share is likely to decline as water avadlability is
reduced due to climate change. Based on current temperature and precipitation projections
Pakistan must face water shortages and increased demand for water to grow crops and to sustain
Its agriculture. The projected demand for agricultural water in 2025 is 119.85 MAF; for 2050 it is
135.76 MAF. The gap between present water avallability and future avallability has clear
implications for agnculture in terms of cropping patterns, rotations and water neads under different
systems of Irigation like drip, bubbler, and sprinkler and raised bed larming. Without marked
investment in irmgation efficiency improvement and water conservabon technologies, continuing
with the present-day level of agricuiture vall be difficult (Ali, 2009),

There are two approaches available to for tackling chmate change: (upstream) mitigation or
abatement, and (downstream) adaptation. Farmers in Pakistan are using a variety of adaptation
practices to counter the adverse impacts of chimate change. Ali and Erenstein, (2016} conducted
a study related to farmer use of climate change adaptation practices in Pakistan using regression
models based on strictured questionnaire, The data relating to the farmers’ experience of chmate
changes, various adaptation practices adopted and their impact on crop yelds was collected,
Most (87%) of the respondents reported observing changes in climatic conditions, which suggests
that climate change has been experizgnced by most of the swveyed rural society. Similarly,
majonty noted a change in rainfall (timing and amount), monsoon onset and temperature during
last ten years, Farmers typically adjusted the sovang time of ther crops (22%) to the changing
conditiens, while 15% of the farmers adopted heat/stress tolerant varieties, A quarter shifted to
new crops due to changing weather cenditions. Adjustment In sowing time (22% households),
use of drought tolerant vaneties (15%) and shifting to new crops (25%) were the three major
adaptation practices used by farmers in the study area. Farmers adopting more adaptation
practuces had higher food secunty levels (8-13%) than those wha did not, and experienced lower
levels of poverty (3-6%)

The research studies emphasis that the scope of policy related to climate change adaptation
should focus on the strategies at community and farm level for significant development autcomes,
An integrated approach is required to optimally use tha available water resolrces because water
availability shortage that was 11% In 2004 will increase to 31% by 2025. There are two options
to overcome this shortage, (1) hard path 1.2, construct small and large dams where possible,
Improve the surface water governance with proper pricing, legslate and restrict indiscriminate
groundwater abstraction, control increase in population. This path involves huge investment,
requires appropriate sites, requires considerable time for (feasibility study, compietion of the
project, re-settiament issues, and enwironmental issues) and needs national cansensus. The
other path |s called soft path 1.e. improving conveyance and application efficiencies (canal and
watercourse improvement/maintenance, improving farm layout, leveling of fields), using high
fficency imgation systems (bed and furrow methads of irrigation, sprinkler/drip irrigation system),
changing the existing cropping pattems (adopting low delta crops), adopting proper irmgation
scheduling (when to apply and how much to apply water?), using saline groundwater, in
conjunction with canal water, or independently with sait tolerant crops and use of Improved
agronomic practices. The adaptation of soft path at farm level is an integrated approach, some
case studies have been conducted in University of Agriculture Faisalabad and Pakistan Council
for Research In Water Resources (PCRWR), and results are shown in Table 6.2,

Intercroppeng I also a well-known technigue to improve water productivity for example the case
study results of Intercropping of sugarcane in wheat Indicated is equivalent to 3 imigations
compared to sowing of sugarcane with traditional method, Anather potential option is rainwater
harvesting and according to PCRWR study, there is a great rainwater harvesting potential in
Pakistan such as from rainfed areas (6.0MAF), deserts areas (0.34 MAF), coastal areas {0.53
MAF} and hill torrents (18.0 MAF).
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Table 6.2. Potential of adopting Bed Plaling technology at nabonal evel

Description Wheat Cotton Maize Rice
Ared undes crop (dha) 841 306 1@ 2.52
Ao procuction {00 baks 00 lons) 21748 11656 m3 5563
Average Yokl ncoase (%) 1" 12 21 2%
Increase i ol production (D00 Bes000 100s) 44 1364 15 13%
Average waler saing (%) 46 43 4 30
Potanlial of mcressinn area under crop (MNa) im 131 0.43 076

Agricuiture has a significant role to play in adapting and mitigating the impacts of climate change.
There are some recommendations for protecting water resources and improving agricultural yleid
for ckmate change adaptation {Alvi and Khayyam, 2020; Igbal and Khan, 2018; CIAT, 2017,
Abbass, 2009; Khan, 2008),

Assess the vulnerability of water sector and estimate the changes in the water availability
due to climate change.

Re-madeal and up-grade irmgation infrastructures to the projected rangs of expected
extreme weather events

Introduce water harvesting and conservation schemes in nural and urban areas

Improve Irigation technology and promote compost organic fertilzers to reduce water
requirements In agriculture

Construct small and madium-sized resernvoir dams to caplure water from flash floods
Promote forestation and reforestation programs to increasa water catchments

Promote judicious use of water by increasing consumer awareness and by applying water
metering and budgeting systems

Establish systems to manitor ground and surface waler resources

Bring crop patterns (planting) In line vath shifting weather patterns and adopt farming
practices suited to the ciimate

Introduce drought and heat resistant crop varieties and reduce dependency on traditional
agricultural staples

Introduce new vaneties of crops which are high yelding and less water intensive

Employ integrated nutrient management techniques to reduce emissions on-site by
reducing leaching and volatile losses

Improve agro-forestry systems by estabiishing sheiter belts and ripartan zones! buffer
strips with woody species

Up-scale land leveling, which enables 30 percent water saving with comespanding
increases in productivity

Modify the local market to absorb the change in cropping patterns In rainfed areas due 1o
climate change

Establish cimate change units or centers at agnculture research organizations to setup
agricultural production surveillance system in vuinerable areas to categorize according to
extreme cliimate events and vulnerability

Awareness raising and capacity building of local level organizations in using sustainable
farming techniques, water efficiency and climate
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+ Enhance capacity of academia and pnvate sector 1o develop indigenously low cost
agncultural water management techniques

o Undertake extensve review of existing research about mitigation options and prepare
digital simulation models of climate change impacts on agricultural water to assess the
value of investment in this program,

6.5. Conclusions

The analysis of meteorological data presented in this study indicates clearly that the climate of
Pakistan is getting warmer, with some regions facing a faster increase in average annual
temperature. The rate of change is 0.74°C for the penod 1961-2018 with highest increase in
southern part (+0.32°C to +0.50°C per decade) than northern part (+0.02°C to « 0.10°C per
decade). Since 1951, average annual rainfall has increased (19%); but for the most part, that
Increase occurred in 1961-89, while the years after 1950 generally show a decline in rainfall. The
tendency of rainfall on regional level is somewhat mixed. Annual total rainfall has increased the
most in Peshawar {(+39 mmidecade), followed by Islamabad (+37 mmidecade) and Lahore (+26
mmi/decade), while |t has declined in Muzaffarabad (-19 mnvdecade) and Karachi {17
mmidecade). The platting of river inflows indicating declining rate of discharge on Indus, Jhelum,
Chennab, Ravl, and Sutle| over the period 1961-2016. The spatial patterns in trends of mean
annual ETp show changes between 1.65 and - 1.59 mmyyear from southem to certral regien of
Pakistan, It is impeortant to note that ETp of central and southwest region (Punjab Balochistan)
showed evapotranspiration paradoxical behavior i.e. the temperature Is increasing while the ETp
is decreasing. According to CMIPS model, there is a significart positive trend in annual mean
temperature of 3°C to 3.5°C for the period 2011-2100 under RCP4.5 while under the RCPB.5
scenario, the increase in annual mean temperature is 8.3'C. There is a decreasing trend (-0.54
mm/day) inannual precipetation under RCP4.5 while increasing trend (0.9 mmiday) in precipitation
under RCP8.5. RCP 4.5 shows an overall effect of higher warming ranging 3°C to 4°C over the
northern areas Including GB, Kashmir and Neethern part of KPK as compared to southerm pans
of the county. The scuthem parts show warming of 2°C to 3°C with a slightiy higher rate over
Balochistan. The changes In annual mean precipitation under both RCPs scenarios show an
overall increase in precipitation of 2 mm/day to 3 mm/day over the demain. Regions showing a
greater change in temperature alse show an increase in precipitation. Results depicted an overall
increase in average annual flows under RCP 4.5 and RCP 8.5 up until 2100. Mean annual
discharge was projected to increase 30.43% (RCP 4.5) and 41.87% (RCP 8.5) and 35.79% (RCP
4.5) and 50.15% (RCP 8.5) for (2011-2040) and (2041-2070), respectively. A 1°C average
Increase in temperature increases agricultural water requirements by about 5% by 2050, while a
3+ *C change in temperature increases crop demand by 6% by 2025 and 12-15% by 2050. The
groundwater requirement shows the probable increasing requirement in the absence of
alternative poficies and adaptations. According to data of World Bank on projectaed changes in
wheat, rice and maize yield {2030-2080) under A2 scenario, the wheat yield may decrease 3.2 1o
27 %, the rice yield may decrease 0.8- 1.9% and maize yield may raduce 2.4 1o 4.3 %. The
research studies emphasis that the scope of policy related to chmate change adaptation should
focus on the strategies at community and farm level! for significant development outcomes, While
this analysis has identified some of the bread changes underway in Pakistan's climate, its findings
also point to the critical need to take into account regional and local trends, which may diverge
greatly from country-level trends, Pakistan needs to develop policies and programs that promote
an economy and society resihent to a range of shecks and stresses, including those inducad
directly and indirectly by chmate change.
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