$GDSWDWLRQWR&OLPDWH&KDQJH
ZLWKD)RFXVRQ5XUDO$UHDVDQG,QGLD

)25(:25'

,WJLYHVPHLPPHQVHSOHDVXUHWRLQWURGXFHWKLVMRLQWSXEOLFDWLRQRI

,WUXVWWKDWWKLVSXEOLFDWLRQZLOOSURYLGHDJRRGEDVLVIRUWKHJRYHUQPHQWDQGSROLF\SODQQHUVWR

WKH*HUPDQGHYHORSPHQWFRRSHUDWLRQLQVWLWXWLRQ'HXWVFKH*HVHOOVFKDIW

LGHQWLI\DQGSULRULWLVHDGDSWDWLRQRSWLRQVIRU,QGLD,WZLOODOVREHDXVHIXOLQIRUPDWLRQVRXUFHIRU

IU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+DQG0LQLVWU\RI(QYL

DFDGHPLFLDQVFLYLOVRFLHW\DQGH[SHUWV

URQPHQWDQG)RUHVWV 0R() *RYHUQPHQWRI,QGLD7KHSXEOLFDWLRQRQ
´$GDSWDWLRQWR&OLPDWH&KDQJHZLWKD)RFXVRQ5XUDO$UHDVDQG,QGLDµ

,FRQJUDWXODWH*,=DQG0R()IRUEULQJLQJRXWWKLVXVHIXOSXEOLFDWLRQDWDWLPHZKHQDGDSWDWLRQWR

JLYHVDQLQVLJKWLQWRWKHFKDOOHQJHVIDFHGE\UXUDOFRPPXQLWLHVGXHWR

WKHLPSDFWVRIFOLPDWHFKDQJHKDVEHFRPHLPSRUWDQWIRURYHUDOOVXVWDLQDEOHGHYHORSPHQW,ORRN

FOLPDWHYDULDELOLW\DQGFOLPDWHFKDQJHDQGVXJJHVWVRSWLRQVWRDGDSW

IRUZDUGWRIXUWKHUVXFKSXEOLFDWLRQVXQGHUWKLVMRLQWLQLWLDWLYH

WRWKHLPSDFWVRIFOLPDWHFKDQJHLQVL[FUXFLDOVHFWRUVDJULFXOWXUH
IRUHVWU\ELRGLYHUVLW\ZDWHUUHVRXUFHVFRDVWDO]RQHPDQDJHPHQWDQG

'U7LVK\D&KDWWHUMHH

GLVDVWHUULVNPDQDJHPHQW

6HFUHWDU\*RYHUQPHQWRI,QGLD0LQLVWU\RI(QYLURQPHQWDQG)RUHVWV

*RYHUQPHQWRI,QGLDKDVWDNHQVHYHUDOVWHSVWRDGGUHVVFOLPDWHFKDQJHDQGUHGXFHWKHYXOQHUDELOLW\
RIUXUDOSRSXODWLRQVWRDGYHUVHLPSDFWVRIFOLPDWHFKDQJHWKURXJKLPSOHPHQWDWLRQRI1DWLRQDO0LV
VLRQVDQGSUHSDUDWLRQRI6WDWH$FWLRQ3ODQVRQ&OLPDWH&KDQJH 6$3&& 
$VDIROORZXSRIVXFKDFWLRQV0R()DQG*,=VWDUWHGLQWKH,QGR*HUPDQELODWHUDOFRRSHUD
WLRQSURMHFW´&OLPDWH&KDQJH$GDSWDWLRQLQ5XUDODUHDVRI,QGLD±&&$5$,µIXQGHGE\WKH*HUPDQ
)HGHUDO0LQLVWU\RI(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQWZLWKIRXUVWDWHVDVSURMHFWSDUWQHUV
QDPHO\0DGK\D3UDGHVK5DMDVWKDQ7DPLO1DGXDQG:HVW%HQJDO7KHSURMHFWDLPVWRLQFUHDVHWKH
UHVLOLHQFHRIWKHUXUDOFRPPXQLWLHVDQGHQDEOHVWKHPWROLYHEHWWHUZLWKDFKDQJLQJFOLPDWH0RVW
RIWKHREMHFWLYHVRIWKLVSURMHFWDUHFRQVLVWHQWZLWKWKHREMHFWLYHVRI1$3&&
7KLVSXEOLFDWLRQKDVEHHQMRLQWO\SUHSDUHGE\*,=DQG0R()XQGHUWKH&&$5$,SURMHFWZLWKLQSXWV
IURPYDULRXVQDWLRQDODQGLQWHUQDWLRQDOH[SHUWVLQRUGHUWRWDNHVWRFNRIFXUUHQWNQRZOHGJHDQG
H[SHULHQFHVDERXWDGDSWDWLRQWRFOLPDWHFKDQJHLQUXUDODUHDV%HDULQJLQPLQGWKHFKDOOHQJHVIDFHG
E\UXUDOFRPPXQLWLHVH[DPSOHVIURP,QGLDDQGHOVHZKHUHLOOXVWUDWHVRPHSRVVLEOHZD\VRIGHDOLQJ
ZLWKWKHFRQVHTXHQFHVRIFOLPDWHFKDQJH7KLVUHYLHZZLOOKHOSWRGH½QHNQRZOHGJHJDSVDQGUH½QH
DGDSWDWLRQRSWLRQV
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$ERXW*,=

8SRQFRPSOHWLRQRIWKLVFRPSLODWLRQRINQRZOHGJHDQGH[SHULHQFHV

7KH'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+ZDVIRUPHGRQ-DQXDU\

RQDGDSWDWLRQWRFOLPDWHFKDQJH,ZRXOGOLNHWRWKDQNWKHIROORZLQJ

,WEULQJVWRJHWKHUWKHORQJVWDQGLQJH[SHUWLVHRIWKH'HXWVFKHU(QWZLFNOXQJVGLHQVW '(' 

IRUWKHLUJXLGDQFHDQGVXSSRUW0U-00DXVNDU6SHFLDO6HFUHWDU\

J*PE+ *HUPDQ'HYHORSPHQW6HUYLFH WKH'HXWVFKH*HVHOOVFKDIWIU7HFKQLVFKH=XVDPPHQDUEHLW

0R() 0U555DVKPL-RLQW6HFUHWDU\ 0R() DQG'U66DWDSDWK\

*7= *PE+ *HUPDQ7HFKQLFDO&RRSHUDWLRQ DQG,Q:(QW±&DSDFLW\%XLOGLQJ,QWHUQDWLRQDO*HUPDQ\

'LUHFWRU 0R() 'U'13DQGH\0HPEHU6HFUHWDU\ 6WDWH3ROOXWLRQ

)RUIXUWKHULQIRUPDWLRQJRWRZZZJL]GH

&RQWURO%RDUG*RYWRI5DMDVWKDQ 0U766ULQLYDVPXUWK\'LUHFWRURI
(QYLURQPHQW *RYWRI7DPLO1DGX 0U'HEDO5D\&KLHI(QYLURQPHQW

*,=LVRZQHGE\WKH*HUPDQ*RYHUQPHQWDQGZRUNVLQWKH½HOGRILQWHUQDWLRQDOFRRSHUDWLRQIRU

2I½FHU 'HSDUWPHQWRI(QYLURQPHQWDQG)RUHVWV*RYWRI:HVW%HQJDO 

VXVWDLQDEOHGHYHORSPHQW*,=LVDOVRHQJDJHGLQLQWHUQDWLRQDOHGXFDWLRQZRUNDURXQGWKHJOREHDQG

DQG0U/RNHQGUD7KDNNDU3URMHFW&RRUGLQDWRU (QYLURQPHQWDO3ODQQLQJ

FXUUHQWO\RSHUDWHVLQPRUHWKDQFRXQWULHVZRUOGZLGH

DQG&RRUGLQDWLRQ2UJDQLVDWLRQ*RYWRI0DGK\D3UDGHVK 

*,=LQ,QGLD

,ZRXOGDOVROLNHWRWDNHWKHRSSRUWXQLW\WRH[SUHVVP\DSSUHFLDWLRQIRUWKHJXLGDQFHSURYLGHGE\

*HUPDQ\KDVEHHQFRRSHUDWLQJZLWK,QGLDE\SURYLGLQJH[SHUWLVHWKURXJKWKHRUJDQLVDWLRQVQRZ

'U966LQJK$GGLWLRQDO&KLHI6HFUHWDU\ *RYWRI5DMDVWKDQ 0U.65DMHQGUD.XPDU$GGLWLRQDO

IRUPLQJ*,=IRUPRUHWKDQ\HDUV7RDGGUHVV,QGLDµVSULRULW\RIVXVWDLQDEOHDQGLQFOXVLYHJURZWK

&KLHI6HFUHWDU\ *RYWRI:HVW%HQJDO 0U0DQRKDU'XEH([HFXWLYH'LUHFWRU(QYLURQPHQWDO3ODQQLQJ

*,=µVMRLQWHIIRUWVZLWKWKHSDUWQHUVLQ,QGLDFXUUHQWO\IRFXVRQWKHIROORZLQJDUHDV

DQG&RRUGLQDWLRQ2UJDQLVDWLRQ *RYWRI0DGK\D3UDGHVK DQG'U9,UDL$QEX6HFUHWDU\WRWKH
(QYLURQPHQWDQG)RUHVWV'HSDUWPHQW *RYWRI7DPLO1DGX 

•

(QHUJ\5HQHZDEOH(QHUJ\DQG(QHUJ\(I½FLHQF\

•

6XVWDLQDEOH8UEDQDQG,QGXVWULDO'HYHORSPHQW

•

1DWXUDO5HVRXUFH0DQDJHPHQW

,DFNQRZOHGJHWKHLPPHQVHHIIRUWVIURPDOOQDWLRQDODQGLQWHUQDWLRQDODXWKRUVZKRWRRNWLPHRXW

•

3ULYDWH6HFWRU'HYHORSPHQW

RIWKHLUEXV\VFKHGXOHWRVKDUHWKHLUNQRZOHGJHDQGH[SHULHQFHVRQDGDSWDWLRQWRFOLPDWHFKDQJH

•

6RFLDO3URWHFWLRQ

*UHDWWKDQNVWR0V,ORQD3RUVFKpDQG0V$QQD.DOLVFKIRUFRRUGLQDWLQJDQGFRQWHQWHGLWLQJWKH

•

)LQDQFLDO6\VWHPV'HYHORSPHQW

ZKROHSXEOLFDWLRQ,DFNQRZOHGJHWKHFRRUGLQDWLRQVXSSRUWRI0V1LGKL0DGDQ &&$5$,LQ0R() 

•

+,9$,'6±%ORRG6DIHW\
2QEHKDOIRIDOOWKHDXWKRUV,DFNQRZOHGJHWKHVXSSRUWIURP0V5RVLH)JOHLQIRUMRXUQDOLVWLFHGLWLQJ
DQGSURRIUHDGLQJDQG0V6XVDQQH)ULW]IRUWKHGHVLJQDQGOD\RXWRIWKLVSXEOLFDWLRQ

)LQDOO\WKHVXSSRUWIURPWKH'HSDUWPHQWRI(FRQRPLF$IIDLUV0LQLVWU\RI)LQDQFH *RYWRI,QGLD 
IURPWKH*HUPDQ(PEDVV\DQGWKH.I:(QWZLFNOXQJVEDQNLVKLJKO\DSSUHFLDWHG
9HUD6FKRO]
3URJUDPP'LUHFWRU1DWXUDO5HVRXUFH0DQDJHPHQW3URJUDPPH*,=,QGLD
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,1752'8&7,21



$'$37$7,21,1%,2',9(56,7<





$'$37$7,2172&/,0$7(&+$1*(







+RZGRHVFOLPDWHFKDQJHLPSDFWELRGLYHUVLW\"





*OREDOFOLPDWHFKDQJHWUHQGVDQGLPSDFWV







:KDWGRHVDGDSWDWLRQPHDQLQUHODWLRQWRELRGLYHUVLW\"





0HDQLQJRIDGDSWDWLRQWRFOLPDWHFKDQJH







*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQUHODWLRQWRELRGLYHUVLW\





9XOQHUDELOLW\WRFOLPDWLFFKDQJHV





 $GDSWDWLRQRSWLRQVUHODWHGWRELRGLYHUVLW\





/LQNLQJDGDSWDWLRQWRGHYHORSPHQW





 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ





$GDSWDWLRQDWWKHLQWHUQDWLRQDOOHYHO





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ





*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQ
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,QWHJUDWLQJDGDSWDWLRQLQWRGHYHORSPHQWSODQQLQJ





 +RZGRHVFOLPDWHFKDQJHLPSDFWZDWHUUHVRXUFHV"





0RYLQJDKHDGRQDGDSWDWLRQLQ,QGLD





 :KDWGRHVDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQWPHDQ"





5HIHUHQFHVDQGIXUWKHUUHDGLQJ





 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQW





 $GDSWDWLRQRSWLRQVLQZDWHUUHVRXUFHVPDQDJHPHQW
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 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ







+RZGRHVFOLPDWHFKDQJHLPSDFWDJULFXOWXUH"





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ







:KDWGRHVDGDSWDWLRQLQDJULFXOWXUHPHDQ"
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*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQDJULFXOWXUH





 +RZGRHVFOLPDWHFKDQJHLPSDFWFRDVWDO]RQHV"





 $GDSWDWLRQRSWLRQVLQDJULFXOWXUH





 :KDWGRHVDGDSWDWLRQLQFRDVWDO]RQHVPHDQ"





 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ





 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQFRDVWDO]RQHV





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ





 $GDSWDWLRQRSWLRQVLQFRDVWDO]RQHV
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 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ





 +RZGRHVFOLPDWHFKDQJHLPSDFWIRUHVWV"





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ
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 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQIRUHVWV





 +RZGRHVFOLPDWHFKDQJHLPSDFWGLVDVWHUULVNV"





 $GDSWDWLRQRSWLRQVLQIRUHVWV





 :KDWGRHVDGDSWDWLRQLQGLVDVWHUULVNPDQDJHPHQWPHDQ"







/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ



 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQGLVDVWHUULVNPDQDJHPHQW





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ



 $GDSWDWLRQRSWLRQVLQGLVDVWHUULVNPDQDJHPHQW





 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ





 5HIHUHQFHVDQGIXUWKHUUHDGLQJ





:KDWGRHVDGDSWDWLRQLQIRUHVWVPHDQ"
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$XWKRUV
'U66DWDSDWK\,QGLDQ0LQLVWU\RI(QYLURQPHQWDQG)RUHVWV
'LUHFWRURIWKH&OLPDWH&KDQJH'LYLVLRQ
,ORQD3RUVFKp'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+
3URMHFWRQ&OLPDWH&KDQJH$GDSWDWLRQLQ5XUDO$UHDVRI,QGLD,QGLD
'U1DQD.QNHO'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+
(QYLURQPHQWDQG&OLPDWH'LYLVLRQ*HUPDQ\
1DGLD0DQDV½'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+
(QYLURQPHQWDQG&OLPDWH'LYLVLRQ*HUPDQ\
$QQD.DOLVFK'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+
3URMHFWRQ&OLPDWH&KDQJH$GDSWDWLRQLQ5XUDO$UHDVRI,QGLD,QGLD
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7DEOHRIFRQWHQWV
*OREDOFOLPDWHFKDQJHWUHQGVDQGLPSDFWV

7KHLPSDFWVRIFOLPDWHFKDQJHDUHEHLQJIHOWDOORYHUWKHZRUOG,WLVEHFRPLQJZDUPHUUDLQIDOOLV
PRUHHUUDWLFWKHVHDOHYHOLVVORZO\ULVLQJDQGH[WUHPHZHDWKHUHYHQWVDUHEHFRPLQJPRUHIUHTXHQW


DQGLQWHQVH3URORQJHGSHULRGVRIGURXJKW¾RRGVDQGVKLIWLQJFOLPDWLF]RQHVDUHHQGDQJHULQJGHYHO
RSPHQWVXFFHVVHV7KHSRRUDQGPDUJLQDOLVHGDUHRIWHQPRVWDIIHFWHGE\FOLPDWHYDULDELOLW\

0HDQLQJRIDGDSWDWLRQWRFOLPDWHFKDQJH



DQGFKDQJH

9XOQHUDELOLW\WRFOLPDWLFFKDQJHV



,QGLDLVDODUJHHPHUJLQJHFRQRP\ZLWKDJUHDWYDULHW\RIJHRJUDSKLFDOUHJLRQVELRGLYHUVLW\DQG
QDWXUDOUHVRXUFHV+RZHYHUWKHFRXQWU\LVRQHRIWKHPRVWYXOQHUDEOHWRFOLPDWHFKDQJHULVNVZRUOG

/LQNLQJDGDSWDWLRQWRGHYHORSPHQW



ZLGH0RUHWKDQKDOIRI,QGLDµVSRSXODWLRQRIRYHUELOOLRQSHRSOHOLYHVLQUXUDODUHDVDQGGHSHQGV
RQFOLPDWHVHQVLWLYHVHFWRUVOLNHDJULFXOWXUH½VKHULHVDQGIRUHVWU\IRUWKHLUOLYHOLKRRGV1DWXUDO

$GDSWDWLRQDWWKHLQWHUQDWLRQDOOHYHO



UHVRXUFHVDQGWKHHQYLURQPHQWDUHDOUHDG\XQGHUSUHVVXUHDVDUHVXOWRIUDSLGXUEDQLVDWLRQLQGXVWUL
DOLVDWLRQDQGHFRQRPLFGHYHORSPHQW&OLPDWHFKDQJHLVSURMHFWHGWRH[DFHUEDWHWKHVHSUHVVXUHV

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQ


7KH,QGLDQ0LQLVWU\RI(QYLURQPHQWDQG)RUHVWVDQG*,=,QGLDDUHZRUNLQJWRJHWKHUWRGHYLVHZD\V

,QWHJUDWLQJDGDSWDWLRQLQWRGHYHORSPHQWSODQQLQJ



RIGHDOLQJZLWKWKHLQHYLWDEOHLPSDFWVRIFOLPDWLFFKDQJH7KH&OLPDWH&KDQJH$GDSWDWLRQLQ5XUDO
$UHDVRI,QGLD &&$5$, SURMHFWDLPVWRVWUHQJWKHQWKHFDSDFLWLHVRIYXOQHUDEOHUXUDOFRPPXQLWLHV

0RYLQJDKHDGRQDGDSWDWLRQLQ,QGLD



LQ,QGLDWROLYHZLWKFOLPDWHYDULDELOLW\DQGFKDQJH7KHZRUNLQFOXGHVVXSSRUWLQJJRYHUQPHQWVRI
IRXUSDUWQHUVWDWHVORFDOFRPPXQLWLHVDQGRWKHUUHOHYDQWVWDNHKROGHUVLQLGHQWLI\LQJGHYHORSLQJDQG

5HIHUHQFHVDQGIXUWKHUUHDGLQJ




FDUU\LQJRXWDGDSWDWLRQPHDVXUHVLQSLORWUHJLRQV7KLVSXEOLFDWLRQKDVEHHQSURGXFHGLQWKHFRQWH[W
RIWKHSURMHFWWRSURYLGHDQRYHUYLHZRIWKHPDLQLVVXHVLQFXUUHQWDGDSWDWLRQGLVFXVVLRQVDQGUHFRJ
QLVHGDGDSWDWLRQRSWLRQVLQDQXPEHURIWKHPDWLFDUHDV
7KHLQSXWKDVFRPHIURPDUDQJHRIH[SHUWVZKRZHUHZLOOLQJWRVKDUHWKHLUNQRZKRZLQRUGHUWR
SURYLGHSROLF\PDNHUVSUDFWLWLRQHUVDQGRWKHULQWHUHVWHGUHDGHUVZLWKDQXQGHUVWDQGLQJDURXQG
DGDSWDWLRQWRFOLPDWHFKDQJHDQGVKRZKRZLWFDQEHLQWHJUDWHGLQWRGLIIHUHQWWKHPDWLFDUHDV7KH
SXEOLFDWLRQDOVRDLPVWRDVVLVWH[SHUWVZRUNLQJLQDJLYHQ½HOGWRXQGHUVWDQGWKHDGDSWDWLRQFRQ
FHUQVRIRWKHU½HOGVWKXVDGYDQFLQJWKHGHYHORSPHQWRIFURVVVHFWRUDODQGRYHUDUFKLQJVROXWLRQV
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*OREDOFOLPDWHFKDQJHWUHQGVDQGLWVLPSDFWV
 .H\PHVVDJHV

 :HDWKHUYHUVXVFOLPDWH
:HDWKHULVWKHDFWXDODWPRVSKHULFFRQGLWLRQVDWDJLYHQWLPHDQGORFDWLRQZKHUHDVFOLPDWHUHIHUV
WRZHDWKHUDYHUDJHGRYHUDORQJHUSHULRGRIWLPHRIWHQ\HDUV

 &OLPDWHFKDQJHLVDOUHDG\WDNLQJSODFH5XUDODUHDVZLOOEHSDUWLFXODUO\DIIHFWHGDVLWLPSDFWV
RQZDWHUUHVRXUFHVDJULFXOWXUHRYHUDOOELRGLYHUVLW\DQGHFRV\VWHPVOLNHIRUHVWVDQGFRDVWDO
]RQHVDVZHOODVKXPDQKHDOWK
 :KLOHWKHWUHQGRIWHPSHUDWXUHLQFUHDVH±WKRXJKQRWLWVPDJQLWXGH±LVIDLUO\FOHDUNH\

In addition to changes in the mean values for temperature, sea level rise, and precipitation, climate
change will also lead to greater variability in the weather, as well as more weather extremes.

FOLPDWHYDULDEOHVOLNHSUHFLSLWDWLRQDUHKDUGWRSURMHFW7KLVPHDQVWKDWGHFLVLRQPDNLQJIRU

Events such as ﬂoods, droughts, heat waves and typhoons are expected to become more frequent

FOLPDWHFKDQJHDGDSWDWLRQLVIUDXJKWZLWKXQFHUWDLQW\

and intense.

 PLOOLRQSHRSOHLQUXUDO,QGLDGHSHQGRQFOLPDWHVHQVLWLYHVHFWRUVIRUWKHLUOLYHOLKRRGDQG
DUHDWPD[LPXPULVNIURPFOLPDWHFKDQJH

It must be emphasised that in most cases there is a degree of uncertainty associated with these
climate projections. In part this uncertainty arises from the scale of analysis: global averages can be
projected with much more certainty than projections for speciﬁc locations. The level of uncertainty

Climate projections

also diﬀers across diﬀerent aspects of climate change, with more accurate projections available for

Global concentrations of greenhouse gases (GHGs) in the atmosphere have been rising since the

temperature than for precipitation. Nevertheless, despite this uncertainty, it is highly unlikely that

industrial revolution as a result of human activities. During the 20th century, Earth’s mean global

there will be no change at all. Therefore, while climate information is being improved, the available

temperature rose by almost 0.74 °C and is expected to increase by a further 1.1 °C to 6.4 °C by the

climate projections should already be used to identify and counteract possible impacts (GIZ 2011a).

end of the 21st century (IPCC 2007a).
Climate change impacts
Mean global sea levels are also expected to rise by 2100, although the exact extent is still a topic of

The climatic changes described above will have serious implications for a number of sectors and resources,

heated debate, with estimates ranging from 18 cm to 140 cm (IPCC 2007a).

including agriculture, water availability and quality, and ecosystems like coastal zones. They will also
have an inﬂuence on the frequency and magnitude of natural disasters. Very minor changes to tempera-

Other climate variables will also be aﬀected by a global rise in temperature. An increase in global

ture can have major impacts on systems on which human livelihoods depend, including changes to

precipitation is projected, but this increase will very likely be spread unevenly across diﬀerent regions:

water availability and crop productivity, the loss of land due to sea level rise and the spread of disease.

high latitude and equatorial regions are expected to receive more precipitation and mid-latitude

The lives and livelihoods of many diﬀerent communities will be at risk. Rural areas are highly vulnerable

regions a range of changes. Projected precipitation patterns are far from certain, with considerable

to climate change, since people there depend heavily on natural resources such as local water supplies

variations likely even within the given ranges. Many subtropical areas are expected to become drier.

and agricultural land. In fact, about 70 % of the population in developing countries live in rural areas,

In some areas such as the Sahel, however, even the direction of change is unclear.

where agriculture is their main source of livelihood (IPCC 2007b).
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The agricultural sector is already threatened by existing stresses such as the limited availability of

Droughts, wildﬁre, ocean acidiﬁcation and other climate-related disturbances will increase the stress

water resources, land degradation, biodiversity loss and air pollution; climate change will thus make

on forests, coral reefs and other ecosystems, with negative consequences for biodiversity and ecosys-

already sensitive systems even more vulnerable. Whereas climate change could improve yields of

tem goods and services. A rise in sea temperature will increase the occurrence of coral bleaching, with

some crops in mid- to high-latitudes, in areas such as the tropics even minimal warming will lead to

resulting declines in ﬁsh stocks that are an important source of income and subsistence protein in

crop yield losses. A temperature increase of between 2 and 4 °C may, for example, cause agricultural

developing countries. Drought has already caused signiﬁcant tree mortality in the Argentinean Andes

losses in the Philippines, yet rice yields in Indonesia and Malaysia are projected to increase (IPCC

and the eastern Mediterranean, while more severe storms are disrupting the ecosystem functioning of

2007b).

mangroves and salt marshes. Settlements in coastal and river ﬂood plains are particularly vulnerable
to ﬂoods, sea surges and sea level rise (IPCC 2007f ).

Agricultural yields and livelihoods will also be aﬀected by climate-related impacts on the quantity
and quality of water resources. As temperatures increase, the need for irrigation will rise in those

Particularly vulnerable communities will be aﬀected by an increasing frequency and intensity of

areas projected to become drier. Especially the Middle East and South-East Asia will suﬀer increas-

natural disasters. Hot extremes, heat waves and heavy precipitation are predicted to become more

ing water stress, expressed as a high ratio of water withdrawal to renewable water resources (IPCC

frequent, and tropical cyclones will become more intense. Precipitation is very likely to increase

2007b).

in frequency in high latitudes and is likely to decrease in most subtropical land regions, continuing recent observed trends. These changes are predicted to lead to an increase in storms, ﬂoods and

As glaciers and snow cover melt, areas that depend on melt water will be aﬀected by the changing

landslides, but also to an increased risk from forest ﬁres due to prolonged dry spells (IPCC 2007c).

seasonality of water ﬂows (spring ﬂoods and summer water shortages) and by severe water reductions

Throughout 2010, changes in weather patterns have resulted in a series of devastating natural disas-

in the long-term. Seasonal changes in rainfall and temperature are already having an impact on agro-

ters, especially in South Asia, where heavy ﬂoods in Pakistan aﬀected more than 20 million people

climatic conditions, growing seasons, planting and harvesting calendars as well as on pest, weed and

(over 10 % of the total population) and killed more than 1,700 people.

disease populations. In particularly aﬀected areas, this will lead to crop failure and loss of livestock,
which in turn increases livelihood insecurity and the likelihood of out-migration and possibly de-

The impact of climate change is also felt in cities since more people abandon rural areas that are

pendency on food aid (IPCC 2007b).

strongly aﬀected by climate change and migrate to cities. Extreme weather events such as ﬂoods and
heat waves can also pose signiﬁcant health threats such as diarrheal disease, dehydration or cardiac

Population growth in the river deltas of Myanmar, Bangladesh, India and Pakistan has pushed agri-

complications. In addition, mean temperature changes can alter the range and transmission potential

cultural land uses out to coastal zones at high risk from ﬂooding and sea level rise. While inunda-

of diseases such as malaria. Higher coastal water temperatures in South Asia may also lead to more

tion may have some positive impact on agricultural production, with perennial ﬂoods bringing silt

widespread and toxic cholera outbreaks (IPCC 2007d). Issues related to cities and climate change

and nutrients that increase soil fertility, prolonged ﬂoods have had a detrimental impact on crop

and health and climate change are not covered in this publication. The focus is on natural resource-

yields. In Bangladesh, temperature extremes, drought and salinity intrusion are also causing declin-

related sectors with a particular emphasis on rural areas and India.

ing crop yields (IPCC 2007c).
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 &OLPDWHFKDQJHLPSDFWVLQ,QGLD

0HDQLQJRIDGDSWDWLRQWRFOLPDWHFKDQJH

)RUWKHLUVXUYLYDODQGOLYHOLKRRGVPLOOLRQ,QGLDQVOLYLQJLQUXUDODUHDVGLUHFWO\GHSHQGRQ

Adaptation is needed to prepare communities, regions, countries and societies for the consequences

FOLPDWHVHQVLWLYHVHFWRUVOLNHDJULFXOWXUHIRUHVWVDQG½VKHULHVDQGQDWXUDOUHVRXUFHVVXFKDV

of climate change.

ZDWHUELRGLYHUVLW\PDQJURYHVFRDVWDO]RQHVDQGJUDVVODQGV)XUWKHUPRUHWKHDGDSWLYHFDSDFLW\
RIGU\ODQGIDUPHUVIRUHVWGZHOOHUV½VKHUIRONDQGQRPDGLFVKHSKHUGVLVYHU\ORZ&OLPDWH
FKDQJHLVOLNHO\WRLPSDFWDOOQDWXUDOHFRV\VWHPVDVZHOODVVRFLRHFRQRPLFV\VWHPVLQ,QGLD
,QDGGLWLRQSRYHUW\LVDFULWLFDOIDFWRUWKDWOLPLWVWKHDGDSWLYHFDSDFLW\RIUXUDOSHRSOHLQ,QGLD
*R, 

 $GDSWDWLRQWRFOLPDWHFKDQJH
$GMXVWPHQWVLQKXPDQDQGQDWXUDOV\VWHPVLQUHVSRQVHWRDFWXDORUH[SHFWHGFOLPDWHVWLPXOLRU
WKHLULPSDFWVWKDWPRGHUDWHKDUPRUH[SORLWEHQHILFLDORSSRUWXQLWLHV ,3&&H

7KH,QGLDQ*RYHUQPHQW V1DWLRQDO&RPPXQLFDWLRQV 1$7&20 UHSRUWRILGHQWL½HVWKH
IROORZLQJDVWKHLPSDFWVRIFOLPDWHFKDQJHPRVWOLNHO\WRDIIHFW,QGLDEHWZHHQQRZDQG

Practically, adaptation to climate change means doing things diﬀerently because of climate change

 'HFUHDVHGVQRZFRYHUZLOODIIHFWVQRZIHGDQGJODFLDOV\VWHPVVXFKDVWKH*DQJHVDQG

(UNDP 2004). Most often, it does not mean doing completely new things, but rather purposefully

 %UDKPDSXWUD RIWKHVXPPHU¾RZRIWKH*DQJHVFRPHVIURPPHOWZDWHU
 (UUDWLFPRQVRRQVZLOODIIHFW,QGLDµVUDLQIHGDJULFXOWXUHSHQLQVXODUULYHUVZDWHUDQGSRZHU
 VXSSO\
 :KHDWSURGXFWLRQZLOOGURSE\PLOOLRQWRQQHVHYHQZLWKDULVHLQWHPSHUDWXUHRI
 RQO\ &

modifying development interventions. Adaptation itself is not a development objective, but necessary
for safeguarding beneﬁcial outcomes. Adaptation measures may be compared with a baseline
of ‘doing nothing’, resulting in bearing losses and not making use of opportunities. Bearing losses
occurs paricularly when those aﬀected have no capacity to respond in any other way (for example

 5LVLQJVHDOHYHOVZLOOFDXVHGLVSODFHPHQWDORQJRQHRIWKHPRVWGHQVHO\SRSXODWHGFRDVWOLQHV

in extremely poor communities) or where the costs of adaptation measures are considered to be high

 LQWKHZRUOGDOVRWKUHDWHQLQJIUHVKZDWHUVRXUFHVDQGPDQJURYHHFRV\VWHPV

relative to the risk or expected damage.

 )ORRGVZLOOLQFUHDVHLQIUHTXHQF\DQGLQWHQVLW\7KLVZLOOKHLJKWHQWKHYXOQHUDELOLW\RISHRSOH
 LQWKHFRXQWU\ VFRDVWDODULGDQGVHPLDULG]RQHV

 $GDSWLYHFDSDFLW\

 2YHU RI,QGLDµVIRUHVWVDUHOLNHO\WRH[SHULHQFHVKLIWLQIRUHVWW\SHVDGYHUVHO\LPSDFWLQJ

7KHDELOLW\RIDV\VWHPWRDGMXVWWRFOLPDWHFKDQJH LQFOXGLQJFOLPDWHYDULDELOLW\DQGH[WUHPHV WR

 DVVRFLDWHGELRGLYHUVLW\UHJLRQDOFOLPDWHG\QDPLFVDQGOLYHOLKRRGVEDVHGRQIRUHVWSURGXFWV

PRGHUDWHSRWHQWLDOGDPDJHVWRWDNHDGYDQWDJHRIRSSRUWXQLWLHVRUWRFRSHZLWKWKHFRQVHTXHQFHV
,3&&
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Continuum of adaptation activities

Adaptation can mean one or a number of the following:
6WUDWHJ\

([DPSOH

6KDUHORVVHV

6XSSRUWIURPH[WHQGHGIDPLO\LQVXUDQFHRUVRFLDOSURJUDPPHV

0RGLI\WKUHDW

&KDQJHLQWKHPDQDJHPHQWRIG\NHVDQGGDPVWRPRGLI\¾RRGSDWWHUQV

3UHYHQWLPSDFWV

5HGLVWULEXWLRQRIZDWHUWRDYRLGVFDUFLW\

&KDQJHXVH

&KDQJHFURSVRUVRLOPDQDJHPHQW

&KDQJHORFDWLRQ

5HORFDWLRQRIVHWWOHPHQWVRUHFRQRPLFDFWLYLWLHV

5HVHDUFK

,PSURYHVHHGUHVHDUFK

&KDQJHEHKDYLRXUDQGUXOHV

5DLQZDWHUKDUYHVWLQJFRQVHUYDWLRQ



$GGUHVVLQJGULYHUVRI
YXOQHUDELOLW\

To a certain extent, adaptation happens every day as we adjust to changes around us. This is called
autonomous adaptation. However, to make use of adaptation opportunities in diﬀerent sectors,
capacities need to be developed at diﬀerent levels and policies need to be adjusted. The chart

0DQDJLQJLQGLUHFW
FOLPDWHULVNV

9LHW1DP,PSURYLQJDF ,QGLD6WDELOLVLQJ
FHVVWRPDUNHWVLQSRRU VDQGGXQHVVWUDWL½FD
UXUDODUHDVRI9LHW1DP WLRQRIYHJHWDWLRQWR
3URYLQFLDO3HRSOH V
FRXQWHUDFWZRUVHQLQJ
&RPPLWWHHVRI+D7LQK
GHVHUWL½FDWLRQ
DQG7UD9LQK*,=

6RXUFH2(&'



8JDQGD3URYLGLQJ
ZRPHQZLWKFURVVEUHG
JRDWVDQGLQVWUXFWLRQLQ
JUD]HIUHHIHHGLQJ
.DUDPRMD$JURSDVWRUDO
'HYHORSPHQW3URJUDPPH

5DMDVWKDQ3ROOXWLRQ
&RQWURO%RDUG*,=

%UD]LO3DUWLFLSDWRU\
UHIRUHVWDWLRQLQ5LRGH
-DQHLUR VKLOOVLGHIDYH
ODVWRFRPEDW¾RRG
LQGXFHGODQGVOLGHV
&LW\RI5LRGH-DQHLUR

modiﬁed from the World Resources Institute (WRI) shown on the following page describes categories
of activities along a continuum of adaptation and development ranging from a ‘development focus’
to an ‘impact focus’.
It includes:
1) activities that increase human development and address drivers of vulnerability, e.g.
diversiﬁcation of livelihoods;
2) activities that reduce climate risks in aﬀected sectors, e.g. reforestation and other measures related

&XED9DFFLQDWLRQ
SURJUDPPHWRHUDGLFDWH
GLVHDVHVLQORZLQFRPH
DUHDV
&XEDQ0LQLVWU\RI+HDOWK



%XLOGLQJUHVSRQVH
FDSDFLW\

9LHW1DP5HIRUHVWD
WLRQDQGGLYHUVL½FDWLRQ
RIPDQJURYHIRUHVWVWR
SURWHFWFRDVWDO]RQHV
IURPLQFUHDVLQJVWRUP
VXUJHV

3KLOLSSLQH'HSDUWPHQWRI
(QYLURQPHQWDQG
1DWXUDO5HVRXUFHV*,= 

3URYLQFLDO3HRSOH V
&RPPLWWHHRI%DF/LHX*,=

0DOL7HDFKLQJIDUPHUV
WRFROOHFWFOLPDWHGDWD
DQGLQWHJUDWHLWLQWR
WKHLUSODQWLQJGHFLVLRQV

,QGRQHVLD0DQDJLQJ
FRUDOUHHIVLQUHVSRQVH
WRZLGHVSUHDGFRUDO
EOHDFKLQJ

*RXYHUQPHQWRI0DOL
6ZLVV$JHQF\IRU'HYHORS
PHQWDQG&RRSHUDWLRQ

:RUOG:LGH)XQG
IRU1DWXUH

%DQJODGHVK8VLQJQDWLRQ
DOO\VWDQGDUGL]HGULVN
DVVHVVPHQWSURFHGXUHV
WRGHYHORSDFRPPXQLW\
DGDSWDWLRQSODQRI
7DQ]DQLDQ0LQLVWU\RI1DWXUDO DFWLRQ /RFDO*RYHUQPHQW

GHYHORSPHQWIRFXV

$GUHVVLQJGLUHFW
LPSDFWV

3KLOLSSLQHV,QWHJUDWLQJ
WKHFRQVLGHUDWLRQRI
FOLPDWHULVNVDQGWKH
LGHQWL½FDWLRQRIDGDSWD
WLRQRSWLRQVLQWRORFDO
GHYHORSPHQWSODQQLQJ

7DQ]DQLD5HYLYLQJ
WUDGLWLRQDOHQFORVXUHV
WRHQFRXUDJHYHJHWDWLRQ
UHJHQHUDWLRQDQGUHGXFH
ODQGGHJUDGDWLRQ
5HVRXUFHVDQG7RXULVP



1HSDO5HGXFLQJWKHULVN
RIJODFLDOODNHRXWEXUVW
¾RRGVIURP7VKR5ROSD
/DNH
*RYHUQPHQWRI1HSDO

RI%DQJODGHVK

LPSDFWIRFXV
6RXUFHDGDSWHGIURP:5,

to natural resource management;
3) activities that aim at building response capacities through training, strategic use of climate
information and its integration into planning, eg. monitoring water quality or disaster risk
management;
4) activities that confront climate change by addressing concrete impacts, e.g. managing coral reefs
in response to bleaching.
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9XOQHUDELOLW\WRFOLPDWLFFKDQJHV

While vulnerability must be deﬁned on a case-by-case basis, it can generally be said that poor commu-

How vulnerable a country or society is to the eﬀects of climate change depends not only on the magnitude

limited access to resources, secure housing, proper infrastructure, insurance, technology and information.

of climate stimuli or their eﬀects but also on the sensitivity and capacity of the aﬀected system to cope

On a broader scale, the Climate Change Agriculture and Food Security (CCAFS) research programme

with or adapt to such stress. Sensitivity to climatic stress is generally high when societies depend on natural

developed the following map that shows how exposure, sensitivity and (adaptive) capacity interact to

resources or ecosystems, e.g. agriculture and coastal zones. Adaptive capacity – the ability to adapt and cope

determine the vulnerability of diﬀerent regions to food insecurity. ‘The red areas are food-insecure and

with climatic stress – relies on various factors, such as wealth, technology, education, and access to resources.

intensively farmed regions that are highly exposed to a potential ﬁve per cent or greater reduction in the

nities are especially vulnerable to climate change, variability and climate extremes. This is due to their

length of the growing season. Such a change over the next 40 years could signiﬁcantly aﬀect food yields
 9XOQHUDELOLW\

and food access for 369 million people – many of them smallholder farmers – already living on the edge.

9XOQHUDELOLW\LVWKHGHJUHHWRZKLFKDV\VWHPLVVXVFHSWLEOHWRRUXQDEOHWRFRSHZLWKDGYHUVH

Note, that this category includes almost all of India and signiﬁcant parts of West Africa.’ (CCAFS 2011)

HIIHFWVRIFOLPDWHFKDQJHLQFOXGLQJFOLPDWHYDULDELOLW\DQGH[WUHPHV ,3&&H 
9XOQHUDELOLW\LVDIXQFWLRQRIWKHFKDUDFWHUPDJQLWXGHDQGUDWHRIFOLPDWHFKDQJHDQGWKHGHJUHHWR

Vulnerability to food insecurity: exposure, sensitivity and (adaptive) capacity

ZKLFKDV\VWHPLVH[SRVHGDORQJZLWKLWVVHQVLWLYLW\DQGDGDSWLYHFDSDFLW\,WLQFUHDVHVDVWKHPDJQLWXGH
RIFOLPDWHFKDQJHRUVHQVLWLYLW\LQFUHDVHVDQGGHFUHDVHVDVDGDSWLYHFDSDFLW\LQFUHDVHV 2(&' 

The vulnerability framework in the chart below describes vulnerability as a function of exposure to
the impacts of climate change, sensitivity of the system and adaptive capacity. It takes into account
that socio-economic systems can reduce or intensify the impacts of climate change.
([SRVXUH

6HQVLWLYLW\
3RWHQWLDO
,PSDFW

6RXUFH&&$)6

$GDSWLYH
&DSDFLW\
9XOQHUDELOLW\

Maplecroft (2010) calculated and ranked the vulnerability of human populations of 170 countries
over the next 30 years. In order to assess national vulnerabilities, 42 social, economic and environ6RXUFHDGDSWHGIURP$OOHQ&RQVXOWLQJ*URXS 

mental factors were analysed around three core aspects:

Vulnerability of a given system or community depends on:

•

exposure to climate-related natural disasters and sea-level rise;

•

the type and magnitude of climate change to which it is exposed (exposure);

•

human sensitivity, which was assessed through an analysis of population patterns, development,

•

how sensitive or aﬀected it is to this change (sensitivity);

•

the extent to which the system is capable of adjusting or adapting to this change (adaptive capacity).



natural resources, agricultural dependency and conﬂicts;
•

the adaptive capacity of a country’s government and infrastructure to combat climate change.
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/LQNLQJDGDSWDWLRQWRGHYHORSPHQW

The Climate Change Vulnerability Index (CCVI) 2011

 .H\PHVVDJHV
 &OLPDWHFKDQJHDIIHFWVWKHOLYHOLKRRGVRISHRSOHUHVXOWLQJLQDQHHGIRUDGDSWDWLRQLQNH\
 GHYHORSPHQWVHFWRUV7KHUHLVWKXVDGLUHFWOLQNEHWZHHQDGDSWDWLRQDQGGHYHORSPHQW
 )RUPD[LPXPHIIHFWLYHQHVVDGDSWDWLRQVKRXOGEHLQWHJUDWHGLQWRGHYHORSPHQWSODQQLQJDQG
 GHFLVLRQV
 )HDWXUHVRISUDFWLFDODGDSWDWLRQLQFOXGHPDNLQJXVHRIFOLPDWHLQIRUPDWLRQDSSO\LQJD
 FRVWEHQHILWUDWLRQDOHEURDGHQLQJFOLPDWHULVNPDQDJHPHQWLPSURYLQJFRRUGLQDWLRQDQG
 FRPPXQLFDWLRQDPRQJLQYROYHGVWDNHKROGHUVPDNLQJXVHRIJRRGSUDFWLFHVDQGLQQRYDWLRQV

Developing countries are particularly vulnerable to climate change, due to their often higher expo6RXUFH0DSOHFURIW

sure to weather and climatic extremes and climate variability. Furthermore, their economies are often
highly dependent on climate-sensitive resources, whereas their adaptive capacity is relatively low.

The Climate Change Vulnerability Index reﬂects the vulnerability of diﬀerent countries to extreme

It is predominantly the poor who will be aﬀected disproportionately. Climate change aﬀects key

climate-related events and changes in major climate parameters. It revealed that many countries

development sectors such as agriculture, water and human health. Consequently, it also aﬀects the

are at ‘extreme risk’ from the impacts of climate change, including, in Asia: Bangladesh (1), India (2),

objectives of development measures, projects, policies and development planning on various levels.

Philippines (6), Viet Nam (13) and Pakistan (16). Other countries in the highest risk category

Given that development choices today inﬂuence the adaptive capacity of people and their govern-

are: Madagascar (3), Nepal (4), Mozambique (5), Haiti (7), Afghanistan (8), Zimbabwe (9), and

ments well into the future, there is ample opportunity, but also an urgent need, to integrate climate

Myanmar (10). Over the next 30 years it is expected that their vulnerability to climate change will

change considerations into development activities and decision-making.

increase due to predicted rises in air temperature, precipitation and humidity.
To ensure that adaptation is eﬀective in supporting overall development objectives, it may be useful
‘Almost the whole of India has a high or extreme degree of sensitivity to climate change, due to acute

to consider the following when planning practical action:

population pressure and a consequential strain on natural resources. This is compounded by a high

•

Adaptation should build on the best available information about impacts, vulnerabilities and

degree of poverty, poor general health and the agricultural dependency of much of the populace.’

adaptation options. An unprecedented amount of knowledge is available about experienced

(Maplecroft 2010)

and expected change, yet uncertainties remain. Improving data availability, translating it into
user-friendly information and choosing interventions on the basis of what can be known are key
tasks ahead. Targeted interventions are possible when fairly clear-cut information about impacts
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is available. Otherwise, the precautionary principle (e.g. avoiding building in ﬂood-prone areas,
diversifying income sources) should apply and no-regret options (e.g. combating soil erosion)
•

•

$GDSWDWLRQDWWKHLQWHUQDWLRQDOOHYHO

should be the focus.

The international community has acknowledged that a joint eﬀort is needed to solve the global

Presenting economic ﬁgures on how much can be saved by avoiding impacts and comparing the

problem of climate change. The Nobel Prize-winning Intergovernmental Panel on Climate Change

costs of the diﬀerent options can help to promote adaptation and choose the most eﬃcient

(IPCC), chaired by Dr R.K. Pachauri from The Energy and Resources Institute (TERI) in India, has

among possible options. Knowledge on the economics of adaptation is clearly still limited, but

over time provided a scientiﬁc foundation and informed the political debates and public perception.

recent studies provide both robust ﬁgures and methods that can be applied for prioritisation

IPCC regularly assesses and synthesises the state-of-the-art in climate science. Based on its work, the

(World Bank 2010).

need to stabilise global temperature at 2 °C above pre-industrial level is widely accepted internationally.

Risk management is a key feature of adaptation. Current approaches dealing with climate risks

In addition, adaptation-related research on climate impacts, vulnerability and adaptation, is assessed.

have to be strengthened. They can range from risk reduction to risk sharing – e.g. in disaster

IPCC’s latest Fourth Assessment Report, published in 2007, states, for example, that ‘climate change is

management or water resources management. Climate projections will have to be taken into

projected to impinge on the sustainable development of most developing countries of Asia.’

account and new methods and procedures are required.
•

•

•

Adaptation may require complex governance processes. New stakeholders have to be involved,

The United Nations Framework Convention on Climate Change (UNFCCC) was agreed in 1992.

as climate change will require action by people who have not explicitly considered climate change

It initially focused strongly on mitigating greenhouse gases to achieve ‘stabilization of greenhouse gas

in their past decisions.

concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference

Communication among the diﬀerent thematic communities will have to improve and strategies

with the climate system’, which is the ultimate objective of the convention. In addition, adaptation to

in the various areas need to be eﬃciently coordinated and managed. Capacity development is key

climate change is anchored in the UNFCCC and has been further developed since. This two-track

in such a complex and dynamic environment.

approach of ‘avoiding the unmanageable, managing the unavoidable’ is essential in international cli-

Often adaptation does not entail completely new things. In all sectors there is ample existing

mate policy. This publication also addresses the necessity of linking mitigation and adaptation eﬀorts.

knowledge about and experience with speciﬁc techniques and management strategies that are
of great value for addressing climate change. Increasing the robustness of livelihoods or agricul-

 0DMRUPLOHVWRQHVLQDGDSWDWLRQXQGHUWKH81)&&&

tural systems, for example, is an important contribution to adaptation in itself. In this context,

 7KH0DUUDNHVK$FFRUGVVHWXSWKH6SHFLDO&OLPDWH&KDQJH)XQG 6&&) DQGWKH/HDVW

speciﬁc techniques like eﬃcient irrigation or watershed management already contribute greatly

 'HYHORSHG&RXQWULHV)XQG /'&) WRVXSSRUWDGDSWDWLRQXQGHUWKH*OREDO(QYLURQPHQW)DFLOLW\

to the adaptive capacity of regions. Building on an understanding of key climate change risks,

 7KH1DLUREL:RUN3URJUDPPHFDWDO\VHVDFWLRQVSURYLGHVDIRUXPWRLPSURYHWKHNQRZOHGJH

such techniques can be improved, targeted or transferred to regions where they have not been

 EDVHDQGXQGHUVWDQGLQJRQDGDSWDWLRQLVVXHVDQGIDFLOLWDWHVLQIRUPHGGHFLVLRQVRQSUDFWLFDO

previously employed. Improved knowledge and technologies, such as new crop varieties, may be

 DGDSWDWLRQDFWLRQV

further spread to promote adaptation to climate change.

 7KH%XHQRV$LUHV3URJUDPPHRI:RUNRXWOLQHVDUHDVRIFOLPDWHFKDQJHDGDSWDWLRQIRUWKH
 LQWHUQDWLRQDOFRPPXQLW\WRZRUNRQ,WVXSSRUWVGHYHORSLQJFRXQWULHVE\PRELOLVLQJPXOWLODWHUDO
 DQGELODWHUDOVXSSRUWIRUFOLPDWHFKDQJH
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 7KH$GDSWDWLRQ)XQGXQGHUWKH.\RWR3URWRFRORIIHUVGHYHORSLQJFRXQWULHVUHVRXUFHVIURP

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQ

 D OHY\RQSURMHFWVRIWKH81)&&&µV&OHDQ'HYHORSPHQW0HFKDQLVPWKURXJKZKDWLV
 NQRZQDVD'LUHFW$FFHVVPRGDOLW\
 7KH&RSHQKDJHQ$FFRUGDQG&DQFXQ$JUHHPHQWIRFXVRQ)DVW7UDFN)XQGLQJDQGORQJWHUP
 WDUJHWVWRILQDQFHDGDSWDWLRQ
 7KH&DQFXQ$GDSWDWLRQ)UDPHZRUNDJUHHGLQ0H[LFRLQSURYLGHVDFRPSUHKHQVLYH
 XPEUHOODIRUDGDSWDWLRQWRFOLPDWHFKDQJHXQGHUWKH81)&&&

 .H\PHVVDJHV
 ,QWKHDEVHQFHRIH[WHQVLYHOHJLVODWLRQRQDGDSWDWLRQWRGDWHWKHPRVWZLGHVSUHDGSROLF\
 LQVWUXPHQWVFXUUHQWO\DUHDGDSWDWLRQVWUDWHJLHVFOLPDWHFKDQJHDFWLRQSODQVDQGFOLPDWH
 UHOHYDQWSURYLVLRQVLQVHFWRUSROLFLHVDQGGHYHORSPHQWSODQQLQJ
 $GDSWDWLRQVWUDWHJLHVRIWHQRXWOLQHPLGWRORQJWHUPDQGFURVVVHFWRUDODGDSWDWLRQSULRULWLHV

The UNFCCC has seen intensiﬁed negotiations since its summit in Bali in 2007. The climate summit in Copenhagen in December 2009 did not deliver on the expectations of many to bring about
a comprehensive climate treaty. For adaptation to climate change, the Cancun Conference in 2010
was a small step forward since it brought about strong recognition of adaptation to climate change

 $SSO\LQJDFOLPDWHOHQVWRVHFWRUDQGGHYHORSPHQWSROLFLHVSURYLGHVWKHRSSRUWXQLW\WRFRQVLGHU
 FOLPDWHULVNVIURPWKHGHYHORSPHQWSODQQLQJSKDVHRQZDUGV
 *RYHUQDQFHIRUDGDSWDWLRQUHTXLUHVIOH[LELOLW\RILQVWLWXWLRQDOVWUXFWXUHVDQGSURFHGXUHVDQG
 FURVVVHFWRUDOFRRUGLQDWLRQ

in its ‘shared vision’, lending equal weight to both adaptation and mitigation measures, especially in
developing countries.

Governance and policies can bring about changes for adaptation, both at international and national
level. In order to facilitate eﬀective adaptation responses, the use of climate information, strategic

The Cancun Adaptation Framework outlines:

orientation, cross-sectoral coordination and mainstreaming needs to be promoted. Regarding govern-

•

areas of activities needed for adaptation;

ance for adaptation, cross-sectoral committees, task forces and working groups have already been

•

institutional arrangements at diﬀerent levels;

established in many countries.

•

a special work programme that develops recommendations for approaches that address loss
and damage associated with climate change;

In the absence of legislation on adaptation in most countries, adaptation strategies, sometimes called

•

the engagement of relevant expertise and stakeholders;

action plans, are currently the most common policy instrument for adaptation. They inform action

•

a clear commitment to support developing countries in implementing adaptation.

and outline priorities beyond regular planning cycles and sectoral boundaries of decision-making
processes. Adaptation strategies can take very diﬀerent forms but are commonly based on a similar

The Cancun Adaptation Framework establishes a process to provide support to least developed countries

overall structure. They typically involve a stakeholder process of gathering the relevant information,

and other countries to develop and implement national adaptation plans as a means to address medium

commissioning, where necessary, additional studies, and agreeing on procedures, mandates and

and long-term adaptation needs. An adaptation committee with technical support and overview functions

eventually priorities and a strategy. They also provide a framework for cross-sectoral consultation and

was established. Countries are requested to report on their activities and support to other countries.

coordination and can serve as a forum to get climate scientists on board and in touch with decisionmakers who have not dealt with climate aspects so far. A review of the institutional and regulatory
frameworks is often a further component of adaptation strategies. Typically, adaptation strategies
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describe an objective, mission or vision, and outline how to get there. Questions that adaptation
strategies try to answer are: what are the key risks and vulnerabilities? What has to be tackled

 ,QGLDµV1DWLRQDO$FWLRQ3ODQIRU&OLPDWH&KDQJH 1$3&& 

and when? Which adaptation options are there to choose from? What are benchmarks for success?

,Q-XQH3ULPH0LQLVWHU0DQPRKDQ6LQJKUHOHDVHGWKH½UVW1DWLRQDO$FWLRQ3ODQRQ&OLPDWH

Who will do what? And last, but not least: how and when should the action be followed-up?

&KDQJH 1$3&& IRU,QGLD&XUUHQWO\DOO,QGLDQVWDWHVDUHSUHSDULQJ6WDWH$FWLRQ3ODQVRQ&OLPDWH
&KDQJH 6$3&& WRRSHUDWLRQDOLVHWKH1$3&&

Examples of national adaptation strategies

1$3&&RXWOLQHVKRZ,QGLDSODQVWRDGGUHVVQDWLRQDOFOLPDWHFKDQJHFRQFHUQVRYHUWKHFRPLQJ

Tunisia is an early mover when it comes to adaptation strategies. It developed its National Adapta-

\HDUVZLWKRXWFRPSURPLVLQJWKHFRXQWU\µVGHYHORSPHQW7KHSODQHQOLVWVWKHIROORZLQJHLJKWFRUH

tion Strategy as early as 2005. In a two-year consultation and analysis process, the Tunisian Ministry

PLVVLRQVDGGUHVVLQJERWKFOLPDWHFKDQJHDGDSWDWLRQDQGPLWLJDWLRQFRQFHUQVDFURVVGLIIHUHQW

for the Environment supported by GIZ (then GTZ) on behalf of the German Federal Ministry of

VHFWRUV *R,D 

Economic Cooperation and Development (BMZ) developed the strategy, agreed on it and then

 7KH1DWLRQDO6RODU0LVVLRQSURPRWHVWKHGHYHORSPHQWDQGXVHRIVRODUHQHUJ\IRUSRZHU

communicated it to all relevant stakeholders. Tunisia’s strategy focuses on agriculture, water resources

 JHQHUDWLRQDQGRWKHUXVHV,WVXOWLPDWHREMHFWLYHLVWRPDNHVRODUHQHUJ\FRPSHWLWLYHZLWK

and biodiversity. It outlines activities and institutionalises the topic of adaptation, including the crea-

 IRVVLOEDVHGHQHUJ\RSWLRQV

tion of a national council for climate change. Tunisia’s Adaptation Strategy is binding for all three
sector strategies.
Indonesia developed a national climate strategy called the Indonesia Climate Change Sectoral Roadmap (ICCSR 2010-2030). As a long-term vision, the ICCSR sets national goals, sectoral targets,

 7KH1DWLRQDO0LVVLRQIRU(QKDQFHG(QHUJ\(I½FLHQF\DLPVDWLPSOHPHQWLQJDKRVWRISURJUDPPHV
 WKDWZLOOLPSURYHHQHUJ\HI½FLHQF\LQWKHHQHUJ\FRQVXPLQJLQGXVWULHVDQGVHFWRUV,QFHQWLYHV
 DUHDPRQJRWKHUVHQHUJ\VDYLQJVFHUWL½FDWHVUHGXFHGWD[HVIRUHQHUJ\HI½FLHQWDSSOLDQFHVDQG
 SXEOLFSULYDWHSDUWQHUVKLSV
 7KH1DWLRQDO0LVVLRQRQ6XVWDLQDEOH+DELWDWSURPRWHVHQHUJ\HI½FLHQF\DVDFRUHFRPSRQHQW
 RIXUEDQSODQQLQJ,WLQFOXGHVWKHH[WHQVLRQRIWKHH[LVWLQJ(QHUJ\&RQVHUYDWLRQ%XLOGLQJ&RGH

milestones and priorities for action with regard to mitigation of climate change and adaptation to it.

 DVZHOODVPRUHHI½FLHQWZDVWHPDQDJHPHQWDQGUHF\FOLQJDQGPRUHHQYLURQPHQWIULHQGO\

It provides input to the national medium-term development plan. It is based on vulnerability and

 WUDQVSRUWDWLRQ

economic analyses for key sectors, developed with inputs from more than 100 local and international

 7KH1DWLRQDO:DWHU0LVVLRQVHWVWKHJRDORID LPSURYHPHQWLQZDWHUXVHHI½FLHQF\WKURXJK

experts. Lead agency is the National Development Planning Agency (BAPPENAS). GIZ (then GTZ)

 SULFLQJDQGRWKHUPHDVXUHV

provided support for the development of the strategy.

 7KH1DWLRQDO0LVVLRQIRU6XVWDLQLQJWKH+LPDOD\DQ(FRV\VWHPDLPVWRFRQVHUYHELRGLYHUVLW\IRUHVW
 FRYHUDQGRWKHUHFRORJLFDOYDOXHVLQWKH+LPDOD\DQUHJLRQ%DFNJURXQGWKHUHJLRQµVJODFLHUV

In the Philippines, a National Adaptation Strategy was launched in early 2010. The consultation

 ZKLFKDUHSURMHFWHGWRUHFHGHDVDUHVXOWRIJOREDOZDUPLQJDUHDPDMRUVRXUFHRI,QGLDµV

process was supported by GIZ (then GTZ) on behalf of the German Federal Ministry for the Envi-

 ZDWHUVXSSO\

ronment.

 7KH1DWLRQDO0LVVLRQIRUD´*UHHQ,QGLDµIRFXVHVRQWKHDIIRUHVWDWLRQRIPLOOLRQKHFWDUHVRI
 GHJUDGHGIRUHVWODQGVDQGWKHH[WHQVLRQRIIRUHVWFRYHUIURPFXUUHQWO\ WR RI,QGLDµV
 WHUULWRU\
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 7KH1DWLRQDO0LVVLRQIRU6XVWDLQDEOH$JULFXOWXUHVXSSRUWVFOLPDWHDGDSWDWLRQLQDJULFXOWXUH
 WKURXJKWKHGHYHORSPHQWRIFOLPDWHUHVLOLHQWFURSVWKHH[SDQVLRQRIZHDWKHULQVXUDQFH
 PHFKDQLVPVDQGLQQRYDWLYHDJULFXOWXUDOSUDFWLFHV
 7KH1DWLRQDO0LVVLRQRQ6WUDWHJLF.QRZOHGJHIRU&OLPDWH&KDQJHVHHNVWRHVWDEOLVKDEHWWHU
 XQGHUVWDQGLQJRIFOLPDWHVFLHQFHLPSDFWVDQGFKDOOHQJHV7KLVPLVVLRQHQYLVLRQVDQHZ&OLPDWH

•

water policies and planning (e.g. Integrated Water Resources Management approaches,
water tariﬀs);

•

agricultural pricing (e.g. tariﬀs, minimum price guarantee, and subsidies for agricultural
commodities);

•

risk management (contingency plans, insurance, seed banks).

 6FLHQFH5HVHDUFK)XQGLPSURYHGFOLPDWHPRGHOOLQJDQGLQFUHDVHGLQWHUQDWLRQDOFROODERUDWLRQ
 ,WDOVRHQFRXUDJHVSULYDWHVHFWRULQLWLDWLYHVWRGHYHORSDGDSWDWLRQDQGPLWLJDWLRQWHFKQRORJLHV

Some policies can be directly identiﬁed as contributing to adaptation (e.g. water pricing reforms

 WKURXJKYHQWXUHFDSLWDOIXQGV

promoting eﬃcient water use in water-scarce areas). Yet, in most cases the climate relevance of
policies and development planning is not entirely clear a priori. Approaches that systematically
integrate adaptation considerations into policies, strategies and plans have thus gained importance.

 ,QGLDµV6WDWH$FWLRQ3ODQVIRU&OLPDWH&KDQJH 6$3&& 
$OO,QGLDQVWDWHVDUHGHYHORSLQJ6WDWH$FWLRQ3ODQVRQ&OLPDWH&KDQJHLQOLQHZLWKWKH1$3&&
WRGH½QHKRZWKH\ZLOOLQWHJUDWHDGDSWDWLRQDQGPLWLJDWLRQRIFOLPDWHFKDQJHLQWRWKHLUSROLWLFDO
DJHQGDRQJRLQJJRYHUQPHQWVFKHPHVDQGSUDFWLFDODFWLRQV7KH0LQLVWU\RI(QYLURQPHQWDQG
)RUHVWVSURYLGHGDFRPPRQIUDPHZRUNIRUWKHGHYHORSPHQWRI6$3&&LQDQGLQYLWHG
GHYHORSPHQWDJHQFLHV±*,=8QLWHG1DWLRQV'HYHORSPHQW3URJUDPPH 81'3 8.'HSDUWPHQW
IRU,QWHUQDWLRQDO'HYHORSPHQW '),' DQG:RUOG%DQN±WRSURYLGHWHFKQLFDODVVLVWDQFHWR
VHOHFWHGVWDWHVLQWKHGHYHORSPHQWRIWKHVHSODQV7KH6$3&&LGHQWLI\DQGSULRULWLVHDGDSWDWLRQ

Governance and policies for adaptation are given consideration throughout this publication, with
an indication of the sectoral policies that can be relevant for adaptation in the thematic area of the
respective chapter.

,QWHJUDWLQJDGDSWDWLRQLQWRGHYHORSPHQW
SODQQLQJ

DQGPLWLJDWLRQRSWLRQV,GHDOO\WKHSODQVDUHGHYHORSHGWKURXJKDEURDGSDUWLFLSDWRU\SODQQLQJ

The Organisation for Economic Co-operation and Development (OECD) has developed a Policy

SURFHVV7KLVLQYROYHVDOOPDMRUVWDNHKROGHUVLQFOXGLQJJRYHUQPHQWRI½FLDOVIURPYDULRXV

Guidance on integrating climate change adaptation into development planning. It suggests identify-

JRYHUQPHQWGHSDUWPHQWVSROLF\PDNHUVDFDGHPLFVQRQJRYHUQPHQWDORUJDQLVDWLRQVVFLHQWLVWV

ing appropriate levels of interventions (national to project level) and selecting appropriate entry points

WKHSULYDWHVHFWRUFLYLOVRFLHW\DQGORFDOFRPPXQLWLHV

(along the policy or project cycle). Depending on the level of analysis intended, it outlines how to
apply a ‘climate lens’ to a policy, strategy, regulation, plan, or programme to improve its general direction and priorities. This is done by investigating the extent to which measures might be aﬀected by

In addition to speciﬁc adaptation strategies, many sectoral policies and development planning

climate change or could make use of arising opportunities.

procedures are relevant for adaptation. Important policy areas include:
•

rural development (e.g. guaranteed employment for the rural poor for part of the year,

Additionally, four general steps for how to develop adaptation measures in diﬀerent settings have

investment in rural infrastructure);

been agreed upon in this Policy Guidance (OECD 2009). They are:

•

spatial planning (e.g. land use planning, zoning regulations);

•

assess vulnerability;

•

environmental regulations (e.g. strategic environmental assessments);

•

identify possible adaptation measures;
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•

select adaptation measures;

Thanks to eﬀorts to improve market participation of the poor, the proportion of poor households in

•

develop a monitoring and evaluation framework for selected adaptation measures.

the project municipalities dropped from its 2006 level of 40 % to 29 % in 2009. Climate Prooﬁng
for Development is helping to safeguard this success in poverty reduction. The provincial government

After prioritising options, the adaptation measures chosen should be integrated into policies, process-

even plans to make climate prooﬁng a standard element of local development planning. This will

es, plans, programmes and other activities to avoid parallel actions for adaptation to climate change.

boost adaptive capacity in the region, while timely consideration of climate change aspects will help
to prevent malinvestment (GTZ 2010).

GIZ has developed a training course based on this
Policy Guidance, which teaches the principles of

 &OLPDWH3URRILQJIRU'HYHORSPHQWLQ,QGLD

applying a climate lens and the four-step approach

7KHVXVWDLQDELOLW\RISXEOLFSURJUDPPHVDQGLQYHVWPHQWVPD\EHDWULVNGXHWRFOLPDWHFKDQJH

for adaptation at diﬀerent levels (GIZ 2011b).

7KHUHIRUH*,=KDVGHYHORSHGWKHWRRO&OLPDWH3URRILQJIRU'HYHORSPHQW,Q,QGLDSXEOLFLQYHVW

In addition, the course covers the interpretation

PHQWVFKHPHVDQGUXUDOGHYHORSPHQWSURJUDPPHVDUHEHLQJFOLPDWHSURRIHGLQ0DGK\D3UDGHVK

of climate data and building the institutional

5DMDVWKDQ7DPLO1DGXDQG:HVW%HQJDO

capacity needed to deal with adaptation as a
continual process. A training of trainers course
entitled Integrating Climate Change Adaptation

%\XVLQJWKH&OLPDWH3URRILQJWRROSROLF\PDNHUVDQDO\VHZKHWKHUWKHREMHFWLYHVRIJRYHUQPHQW
SURMHFWVPLJKWEHWKUHDWHQHGE\FOLPDWHFKDQJHDQGKRZWKHSODQQHGPHDVXUHVFDQEHDGDSWHG
DFFRUGLQJO\LIGHHPHGQHFHVVDU\&OLPDWHSURRILQJDOVRDVVHVVHVKRZVHOHFWHGSXEOLFVFKHPHV

into Development Planning was conducted in

DUHDOUHDG\FRQWULEXWLQJWRDGDSWDWLRQ7KLVLVIROORZHGE\DQHODERUDWLRQRIRSWLRQVIRUKRZWKH

India in July 2011.

VFKHPHVFRXOGIXUWKHUSUHSDUHFRPPXQLWLHVIRUFOLPDWLFFKDQJHVDQGEXLOGFDSDFLWLHVWRGHDOZLWK
FOLPDWHFKDQJH

GIZ has developed and piloted a practical approach called Climate Prooﬁng for Development. This approach aims at incorporating issues of climate change into policy and development planning at diﬀerent levels. The tool oﬀers a ﬂexible, participatory approach that is easy to use and even works without a
computer.

0RYLQJDKHDGRQDGDSWDWLRQLQ,QGLD
Adaptation to climate change is still a relatively new ﬁeld of work. Apart from the high priority of re-

In Viet Nam, for example, a Climate Prooﬁng for Development exercise was carried out in ﬁve mu-

ducing emissions of greenhouse gases through mitigation, the importance of dealing with inevitable im-

nicipalities of the Mekong Delta where climate change impacts are already making themselves felt.

pacts of climate variability and change through adaptation has gained worldwide recognition in recent

It involved a systematic analysis of climate risks that could jeopardise the sustainability of measures

years. Eﬀorts are being made from international to local levels to integrate adaptation to climate change

previously identiﬁed in local development planning. Responses to climate change were identiﬁed and

into ongoing policy, planning and decision-making processes. Conceptual understanding of adaptation

prioritised in poverty-relevant value chains such as rice cultivation and livestock husbandry.

is advancing at a fast pace and practical examples of climate change adaptation are rapidly developing in
many countries, particularly in those most at risk from the eﬀects of climatic changes.
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India is a major player in international climate discussions. At national and state level in India,
adaptation to climate change is being integrated into policies through the National Action Plan
on Climate Change, which in turn will be operationalised through State Action Plans on Climate
Change. Vulnerability assessments and climate prooﬁng government schemes are being piloted
at state level with the assistance of the Indo-German cooperation project on Climate Change
Adaptation in Rural Areas of India (CCA RAI). At district and community levels, many initiatives
are being tested and assessed in order to determine their potential to contribute to adaptation.
The actors are the Indian government, nongovernmental organisations, scientiﬁc institutions and
communities themselves.
Since technical adaptation interventions are also being designed and implemented through joint
Indo-German development projects, it was considered appropriate and important to take stock
of current knowledge and developments in the ﬁeld of adaptation to climate change by producing
this publication. It focuses on natural resource related sectors in rural areas, using examples of
adaptation interventions from a number of diﬀerent countries, but with priority reference to India.
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$EVWUDFW

7DEOHRIFRQWHQWV

$JULFXOWXUHSOD\VDWZRIROGUROHLQFOLPDWHFKDQJHRQWKHRQHKDQGLWLVVHYHUHO\DIIHFWHGE\

 +RZGRHVFOLPDWHFKDQJHLPSDFWDJULFXOWXUH"



 :KDWGRHVDGDSWDWLRQLQDJULFXOWXUHPHDQ"



WLRQVRQWKHZRUOGPDUNHWEXWDOVRWRDODUJHGHJUHHE\QDWXUDODQGFOLPDWHUHODWHGGLVDVWHUV

 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQDJULFXOWXUH



$GDSWDWLRQLQWKHDJULFXOWXUHVHFWRUPHDQVDGGUHVVLQJWKHQHJDWLYHLPSDFWVRIFOLPDWHFKDQJH

 $GDSWDWLRQRSWLRQVLQDJULFXOWXUH
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+RZGRHVFOLPDWHFKDQJHLPSDFWDJULFXOWXUH"

Local food security may be particularly at risk in arid and semi-arid ecosystems, in fragile mountain
and coastal areas and on small islands. In general, it can be said that the eﬀects of climate change
on agriculture will be felt most in the developing world and in least developed countries (Müller

 .H\PHVVDJHV

et al. 2009; FAO 2010; World Bank 2010). The most serious eﬀects on agricultural production are

 $JULFXOWXUDOSURGXFWLRQLVYXOQHUDEOHWRFOLPDWHULVNVDVLVIRRGVHFXULW\

projected for South Asia, southern Africa, the West African Sahel and Brazil (Lobell et al. 2008;

 ,PSDFWVZLOOYDU\LQLQWHQVLW\DWORFDOUHJLRQDODQGJOREDOOHYHOV

Schneider 2009).

 7KHUHLVVWLOOXQFHUWDLQW\FRQFHUQLQJWKHH[WHQWRILPSDFWVEXWDJULFXOWXUDOSURGXFWLRQLQ

 +RZFOLPDWHFKDQJHLPSDFWVDJULFXOWXUHLQ,QGLD

 WKHGHYHORSLQJZRUOGLVSURMHFWHGWREHZRUVWDIIHFWHG

$JULFXOWXUHLVRQHRIWKHODUJHVWFRQWULEXWRUVWR,QGLDµV*'3DSSUR[LPDWHO\,WLVWKHPDLQ
VRXUFHRIOLYHOLKRRGIRUDOPRVWRIWKHFRXQWU\µVWRWDOSRSXODWLRQ7KHLPSDFWVRIFOLPDWH

Climate change will have a major impact on biophysical and socio-economic conditions, as the table

FKDQJHRQDJULFXOWXUHZLOOWKHUHIRUHEHVHYHUHO\IHOWLQ,QGLD,WKDVEHHQSURMHFWHGWKDWXQGHU

below illustrates. Agriculture will be one of the sectors that will be hardest hit by adverse climate

WKHVFHQDULRRID&WR&WHPSHUDWXUHULVHLQ,QGLDULFH\LHOGVZLOOGURSE\DQG

conditions, since agricultural production is extremely vulnerable to underlying climate risks such as

ZKHDW\LHOGVE\7KLVZRXOGFDXVH*'3WRIDOOE\ *R,*XLWHUDV

drought, intense and erratic rainfall, and temperature shifts, which are a result of the intensiﬁcation

2(&' 

of the water cycle (see chapter 4.1). Yet, the intensity of the impacts will diﬀer from community to

'HVSLWHWKHJORRP\SUHGLFWLRQVDERXWWKHQHJDWLYHLPSDFWVIRU,QGLDµVDJULFXOWXUDOVHFWRUFOLPDWH

community, region to region and continent to continent.

FKDQJHLVJHQHUDOO\DOVRH[SHFWHGWREULQJRSSRUWXQLWLHVHJSURGXFWLRQJDLQVWKURXJKWKH&2î
IHUWLOL]DWLRQHIIHFWRUWKHH[SDQVLRQRIFXOWLYDWHGODQGWRKLJKHUDOWLWXGHVDQGQRUWKHUQODWLWXGHV

Impacts of climate change on agriculture worldwide

+RZHYHULWPXVWEHQRWHGWKDWWRGDWHDOOFOLPDWHFKDQJHSURMHFWLRQVKDYHEHHQDFFRPSDQLHGE\
XQFHUWDLQW\±QRWSULPDULO\FRQFHUQLQJWUHQGVEXWH[WHQW ,)35,81)&&& 

%LRSK\VLFDOLPSDFWV

6RFLRHFRQRPLFLPSDFWV

3K\VLRORJLFDOHIIHFWVRQFXOWLYDWHGFURSV
SDVWXUHIRUHVWV½VKUDQJHODQGDQGOLYHVWRFN
TXDQWLW\DQGTXDOLW\
&KDQJHVLQWKHTXDQWLW\DQGTXDOLW\RIODQG
VRLODQGZDWHUUHVRXUFHV
,QFUHDVHGZHHGDQGSHVWFKDOOHQJHV
DOLHQLQYDVLYHVSHFLHV
6HDOHYHOULVHFKDQJHVWRRFHDQVDOLQLW\
6HDWHPSHUDWXUHULVHFDXVLQJ½VKWRLQKDELW
GLIIHUHQWUDQJHV

&KDQJHVLQ\LHOGVDQGSURGXFWLRQ
5HGXFHGJURVVGRPHVWLFSURGXFW *'3 
IURPDJULFXOWXUHLQWKHORQJWHUP
JUHDWHU¾XFWXDWLRQVLQZRUOGPDUNHWSULFHV
&KDQJHVLQJHRJUDSKLFDOGLVWULEXWLRQRIWUDGH
,QFUHDVHGQXPEHURISHRSOHDWULVNRIKXQJHU
DQGIRRGLQVHFXULW\
0LJUDWLRQDQGFLYLOXQUHVW

6RXUFH2(&'



3ODQWVPDNHIRRGE\WDNLQJLQFDUERQGLR[LGHDQGFRQYHUWLQJLWLQWRRUJDQLFFRPSRXQGVDQGUHOHDVLQJR[\JHQWKURXJK



WKHSURFHVVRISKRWRV\QWKHVLV,QWKLVZD\WKH\FRQWULEXWHWRFDUERQVHTXHVWUDWLRQ+LJKHUFRQFHQWUDWLRQVRI&2îLQ
WKHDWPRVSKHUHLQFUHDVHVSODQWSURGXFWLYLW\7KLVLVFDOOHGWKH&2îIHUWLOL]DWLRQHIIHFW





$'$37$7,21,1$*5,&8/785(

:KDWGRHVDGDSWDWLRQLQDJULFXOWXUHPHDQ"
 .H\PHVVDJHV

most probably exhaust the farmers’ adaptive capacity. With the help of an extension service designed
to generate understanding, local farmers’ adaptation strategies could be more promising and successful – not only in the case of the Sahel.

 $GDSWDWLRQWRFOLPDWHFKDQJHLQDJULFXOWXUHDLPVDWUHGXFLQJIDUPHUVµYXOQHUDELOLW\E\

Agricultural extension services (see also section 1.4.4) can help farmers to become aware of the overall

 LPSURYLQJWKHLUDGDSWLYHFDSDFLW\

scope of adaptation to climate change and to receive information on the availability of technical

 $QDO\VLQJDGDSWLYHFDSDFLWLHVDQGYXOQHUDELOLWLHVKHOSVWRLGHQWLI\DSSURSULDWHDGDSWDWLRQRSWLRQV

water and nutrient management alternatives (e.g. ﬂood plain cultivation with ﬂood irrigation and

 7KHUHDUHPDQ\GLIIHUHQWRSWLRQVIRUDGDSWDWLRQDQGOHYHOVRILQWHUYHQWLRQZLWKLQDJULFXOWXUH
 7KH\UDQJHIURPWHFKQLFDORSWLRQVDWIDUPOHYHODQGNQRZOHGJHWUDQVIHURILQQRYDWLYH
 WHFKQRORJLHVWRSROLF\DGMXVWPHQWVDQGFURSLQVXUDQFHVFKHPHV

groundwater recharge or drip irrigation). They can even help them to access credit and insurance.
With this awareness of climate change at all levels, farmers could, for example, be connected to a
publicly planned and ﬁnanced broad-scale irrigation infrastructure. This could connect the smallscale farmers’ irrigation schemes to the water supply needed during droughts and make them less
dependent on their own individual water sources (New Agriculturist 2007).

Adaptation to climate change in agriculture aims to minimise peoples’ vulnerability by improving
their ability to cope with the impacts of climate change, which is also known as ‘adaptive capacity’

This example shows that adaptation in agriculture must include creating awareness and understand-

(see introduction, page 19). Adaptive capacity is often limited, particularly in poor rural areas where

ing of climate change and its risks at all levels, in order to enable farmers and rural communities

people live on subsistence agriculture and generally have little formal education. Here, people have

to eﬀectively identify and utilise their available adaptive capacity. A survey conducted in the small

to be provided with climate change-related information and given access to social, economic, insti-

village of Spitti in the Indian state of Himachal Pradesh demonstrated that most farmers had been

tutional, and technical resources. However, it is extremely important that new adaptation strategies

made aware of the changing climatic conditions by the problems they faced in their day-to-day life.

and measures be integrated into existing capacities, assets and resources. An analysis of the existing

The impacts felt included prolonged dry periods and less snowfall, resulting in low apple production.

adaptive capacity and assets of a given target group is therefore a crucial starting point, as can be seen

Although farmers were already adapting to these changes using their own capacities, more training

in the following example.

was required to make them aware of new technologies and thus help them adapt eﬃciently. Some
farmers have switched from traditional apple farming to short duration crops like peas, turnip and

Historically, small-scale farmers in drought-prone areas of the Sahel have always autonomously

lentils for better returns. Low rainfall also prompted farmers to invest in water harvesting structures

adapted in the short and long term to changes in climate. They have used drought-adapted

(DARE/ICAR n.d.).

crops such as sorghum and adjusted their production practices, spreading risk, for example, by staggered sowing, weeding ﬁelds promising the highest yield ﬁrst, or using hand-dug wells to irrigate
their ﬁelds in the event of low rainfall. However, these farmers are often not aware of the overall
scale of climate change and of the fact that their adaptation practices may not be able to cope with
current climate change impacts, thereby threatening their ability to sustain their family’s livelihood.
At ﬁrst, social networks might provide some kind of safety net, but a sustained dry spell would


([WHQVLRQVHUYLFHVDUHV\VWHPVWKDWSURYLGHLQIRUPDWLRQNQRZKRZDQGWHFKQRORJLHVIRUIDUPHUVWKHLURUJDQLVDWLRQV



DQGRWKHUPDUNHWDFWRUV7KH\IDFLOLWDWHLQWHUDFWLRQZLWKRWKHUUHOHYDQWSDUWQHUVHJLQUHVHDUFKHGXFDWLRQRUDJUR
EXVLQHVV([WHQVLRQVHUYLFHVDOVRRIIHUDVVLVWDQFHWRGHYHORSWHFKQLFDORUJDQLVDWLRQDODQGPDQDJHPHQWVNLOOVDQG
SUDFWLFHV )$2E 
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*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQ
DJULFXOWXUH

'LVSHUVHLQIRUPDWLRQRQ
FRQVHUYDWLRQPDQDJHPHQW
SUDFWLFHV

3URWHFWLQJ½HOGVIURPZDWHUDQGZLQGHURVLRQ
8VLQJPDQDJHPHQWSUDFWLFHVWKDWUHGXFHGHSHQGHQFHRQLUULJDWLRQLQ
RUGHUWRGHFUHDVHZDWHUFRQVXPSWLRQZLWKRXWUHGXFLQJFURS\LHOGV
&KDQJLQJWLOODJHSUDFWLFHV HJ]HURWLOODJHRQIRUPHUO\RYHUXVHG
GHSOHWHGODQG

3URYLGHDJULFXOWXUDO
H[WHQVLRQVHUYLFHV

,PSURYLQJNQRZOHGJHRQDJULFXOWXUDOFURSDQGOLYHVWRFNPDQDJHPHQW
DQGRQGURXJKWDQG¾RRGPDQDJHPHQW

the adaptive capacity of agricultural producers (Howden et al. 2007; Schimmelpfennig et al. 2007).

3URPRWHLQYHVWPHQWVLQ
DJULFXOWXUH

,QFUHDVLQJDJULFXOWXUDOSURGXFWLYLW\
,PSURYLQJPDQDJHPHQWSUDFWLFHV

So far, numerous options for policy-based adaptation to climate change have been identiﬁed for the

3URPRWHLQYHVWPHQWLQ
EHWWHULQIRUPDWLRQ 
IRUHFDVWV

,PSURYLQJFRPPXQLFDWLRQWHFKQRORJLHVLQRUGHUWRLPSURYHDFFHVVWR
DQGKDQGOLQJRILQIRUPDWLRQ
5H½QLQJPRGHOOLQJWHFKQLTXHVWKDWEULQJKLJKTXDOLW\VKRUWWHUP
IRUHFDVWVWRPDQ\SDUWVRIWKHZRUOG
6XSSRUWLQJWKHGLIIXVLRQRILQIRUPDWLRQWRKHOSLQWHUSUHWIRUHFDVWVLQ
WHUPVRIWKHLUDJURQRPLFDQGHFRQRPLFLPSOLFDWLRQV

3URYLGHIRRGUHVHUYHVDQG
UHGXFHSRVWKDUYHVWORVVHV

&UHDWLQJWHPSRUDU\UHOLHI
,QFUHDVLQJVKRUWWHUPIRRGVHFXULW\

Public policy can either be supportive to adaptation or it can, at times, create barriers or disincentives to adaptation. Hence, policies constitute an essential prerequisite and framework for enhancing

agricultural sector. Policies include eﬃcient water allocation, promoting seed research and changes
to subsidies and taxes (Smith & Lenhart 1996). An overview of speciﬁc policies and their impacts on
agriculture is given in the following table.
Policy options for adaptation in agriculture
3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

3URPRWHDJULFXOWXUDO
UHVHDUFK

'HYHORSLQJFURSDQGOLYHVWRFNWHFKQRORJLHV HJEHWWHUKHDWDQG
GURXJKWUHVLVWDQWFURSV
(QKDQFLQJVHHGEDQNV
(QFRXUDJLQJWKHWUDQVIHURUDGRSWLRQRIORFDOO\LPSRUWDQWLQQRYDWLRQV
HJZDWHUKDUYHVWLQJV\VWHPV
0DNLQJXVHRIFRPSOHPHQWDULWLHVEHWZHHQSXEOLFDQGSULYDWH
DJULFXOWXUDOUHVHDUFK

3URPRWHFURSDQGOLYHVWRFN
GLYHUVL½FDWLRQDQGDJURELRGL
YHUVLW\

$YRLGLQJPRQRFXOWXUHV
5HGXFLQJWKHULVNRIFURSIDLOXUH HJE\DGYLVLQJIDUPHUVWRJURZ
GURXJKWUHVLVWDQWIRRGFURSVVXFKDVFDVVDYDPLOOHWRUVRUJKXP

3URPRWHDGRSWLRQRI
WHFKQRORJLHV

0RGHUQLVLQJIDUPRSHUDWLRQV
8VLQJDGDSWHGVHHGV

,QFUHDVHHI½FLHQF\RI
ZDWHULQIUDVWUXFWXUH
DQGZDWHUXVH

3URYLGLQJRSSRUWXQLWLHVWRUHGXFHGLUHFWGHSHQGHQFHRQQDWXUDO
IDFWRUVVXFKDVSUHFLSLWDWLRQDQGUXQRIIDQGUHGXFHYXOQHUDELOLW\WR
FOLPDWLFYDULDWLRQVDQGQDWXUDOGLVDVWHUV
,PSURYLQJLUULJDWLRQV\VWHPV



Although some options need to be implemented in the short term to respond to the immediate
impacts of climate change, adaptation must be viewed as a long-term challenge that imperatively has
to be considered in planning (IPCC 2007). Long-term policies include, for example, investment in
rural infrastructure or granting property rights. Further examples of short and long-term adaptation
options and supporting policies to promote adaptation measures can be found in annex A of this
chapter.
Finally, it is important to keep in mind that sectoral policies must be aligned with other closely
related climate-sensitive sector policies like water, forest and other natural resources or public health.
This means: a multi-sectoral policy approach for adaptation is desirable.
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$GDSWDWLRQRSWLRQVLQDJULFXOWXUH

 ,QGLDµV1DWLRQDO0LVVLRQIRU6XVWDLQDEOH$JULFXOWXUH
7KH1DWLRQDO0LVVLRQIRU6XVWDLQDEOH$JULFXOWXUHLVRQHRIWKHHLJKWPLVVLRQVLQ,QGLDµV1DWLRQDO
$FWLRQ3ODQRQ&OLPDWH&KDQJH 1$3&& ,WVWUHVVHVKRZFUXFLDODJULFXOWXUHLVWR,QGLDµVHFRQRP\

 .H\PHVVDJHV

DQGWKHOLYHOLKRRGRILWVSHRSOHVLQFHWKHDJULFXOWXUHVHFWRUVXSSRUWVPRUHWKDQKDOIWKHFRXQWU\µV

 7KHRYHUDOODLPRIDGDSWDWLRQPHDVXUHVLVWRVDIHJXDUGDJULFXOWXUDOSURGXFWLRQGHVSLWHFOLPDWH

SRSXODWLRQRIRYHUELOOLRQSHRSOH7KHPLVVLRQIRFXVHVRQIRXUDUHDVWKDWDUHUHOHYDQWIRUWKH

 FKDQJHE\PRGLI\LQJSURGXFWLRQV\VWHPV

HQGHDYRXUVRI,QGLDµVDJULFXOWXUDOVHFWRUWRDGDSWWRFOLPDWHFKDQJH

 ,QFRPHULVNVVKRXOGEHPDQDJHGEHWWHU2SWLRQVLQFOXGHLQWURGXFLQJULVNPDQDJHPHQWWRROV

 GU\ODQGDJULFXOWXUH

 OLNHFURSLQVXUDQFHSURYLGLQJILQDQFLDOVHUYLFHVDQGFUHDWLQJRSSRUWXQLWLHVIRULQFRPH

 ULVNPDQDJHPHQW

 GLYHUVLILFDWLRQ

 DFFHVVWRLQIRUPDWLRQ

 6XSSRUWLQJDFFHVVWRPDUNHWVDQGPDUNHWLQIRUPDWLRQFRPELQHGZLWKLQIUDVWUXFWXUH

 XVHRIELRWHFKQRORJ\
3ULRULW\DFWLRQVIRUGU\ODQGDJULFXOWXUHZLWKSDUWLFXODUUHOHYDQFHWRDGDSWDWLRQZLOOEH

 GHYHORSPHQWFDQKHOSWRH[SORLWPDUNHWRSSRUWXQLWLHV

 GHYHORSLQJGURXJKWDQGSHVWUHVLVWDQWFURSYDULHWLHV
 LPSURYLQJPHWKRGVWRFRQVHUYHVRLODQGZDWHU
 FRQGXFWLQJVWDNHKROGHUFRQVXOWDWLRQVWUDLQLQJZRUNVKRSVDQGGHPRQVWUDWLRQH[HUFLVHVWRKHOS
IDUPLQJFRPPXQLWLHVVKDUHDQGGLVVHPLQDWHDJURFOLPDWLFLQIRUPDWLRQ
 SURYLGLQJILQDQFLDOVXSSRUWWRHQDEOHIDUPHUVWRLQYHVWLQDQGDGRSWUHOHYDQWWHFKQRORJLHVWR
RYHUFRPHFOLPDWHUHODWHGVWUHVVHV

There are several options for adaptation to climate change that can safeguard agricultural production.
One is to enhance existing production systems by using diﬀerent practices (e.g. changing sowing
patterns) and new technologies (e.g. irrigation systems, adapted varieties). Another option is to use
a diﬀerent production system that is better suited to the changed climatic and environmental conditions. That presupposes using new or existing varieties that are adapted to extreme environmental

6RPHRIWKHSULRULW\DFWLRQVLQWKHILHOGRIDJULFXOWXUDOULVNPDQDJHPHQWDUH

conditions. They also provide the genetic material agricultural research needs to develop technical

 VWUHQJWKHQLQJFXUUHQWDJULFXOWXUDODQGZHDWKHULQVXUDQFHPHFKDQLVPV
 GHYHORSPHQWDQGYDOLGDWLRQRIZHDWKHUGHULYDWLYHPRGHOV E\LQVXUDQFHSURYLGHUVHQVXULQJ
DFFHVVWRDUFKLYHGDQGFXUUHQWZHDWKHUGDWD 
 FUHDWLQJZHEHQDEOHGUHJLRQDOODQJXDJHEDVHGVHUYLFHVWRIDFLOLWDWHZHDWKHUEDVHGLQVXUDQFH
 GHYHORSLQJJHRJUDSKLFDOLQIRUPDWLRQV\VWHPV *,6 DQGUHPRWHVHQVLQJEDVHGPHWKRGRORJLHV

innovations. A further option is to promote agrobiodiversity, i.e. the genetic resources for food and
agriculture, support natural ecosystems capacity to mitigate the impact of extreme events (e.g. inclusion of woodlots, protection of water resources, or wetlands).

IRUGHWDLOHGVRLOUHVRXUFHPDSSLQJDQGODQGXVHSODQQLQJDWWKHOHYHORIDZDWHUVKHGRUULYHU

Before changing to diﬀerent production systems, it is important to explore market demands and

EDVLQ

ensure there are opportunities for marketing the produce. Researching and utilising existing local

 PDSSLQJYXOQHUDEOHHFRUHJLRQVDQGSHVWDQGGLVHDVHKRWVSRWV

varieties that are adapted to extreme environmental conditions is another important measure.

 GHYHORSLQJDQGLPSOHPHQWLQJUHJLRQVSHFLILFFRQWLQJHQF\SODQVEDVHGRQYXOQHUDELOLW\DQGULVN

These varieties also constitute a fundamental part of the genetic material agricultural research needs

VFHQDULRV

to develop new adapted varieties (see section 1.4.3).
6RXUFH*R,
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As mentioned earlier, an important task in climate change adaptation is capacity building. This

costly. In any case, the ‘adaptation measure that yields the greatest beneﬁt’ should always be chosen

applies to the numerous aspects of adaptation options and strategies on all levels – be it the farmer

(Rosegrant et al. 2008). With regards to agriculture, beneﬁts are generally related to the farmer’s

who receives advice on water-saving cropping systems or political decision-makers who receive sup-

income, e.g. increased agricultural yields.

port from scientiﬁc analyses and development consultation.
In any event, no-regret options that are beneﬁcial even without climate change should be prioritised

6HOHFWLRQFULWHULDIRUDGDSWDWLRQRSWLRQVLQDJULFXOWXUH

(Kumar 2008). One of these no-regret options might be the introduction of adapted crop varieties

It is essential to have selection criteria that help decision-makers to identify which adaptation strate-

well matched with the farmers’ given capacities, e.g. the ﬁnancial resources available. Integrating no-

gies or measures to implement and when to implement them. This is particularly the case if we take

regret options that provide a good balance between costs and beneﬁts into an anticipatory strategy

into consideration the fact that the process of choosing the right adaptation options is happening in

is certainly the most promising way forward. They help to cope with climate change and, at the same

the uncertain environment of climate projections and continuous change. There is often no deﬁnite

time, contribute to sustainable development (Rosegrant et al. 2008).

and species (e.g. water-eﬃcient crops). Finally, the decision on which practice to choose should be

answer to questions like:
•

How is the local climate likely to change and how fast?

•

How sensitively will certain agricultural systems actually respond to this change?

•

Will potential adaptation options perform well and will they pay oﬀ ﬁnancially in the long run?

7HFKQLFDORSWLRQVDWIDUPOHYHO
It is important that adaptation measures are site-speciﬁc and ﬁt the given conditions. The table
on the next page shows a list of technical and management-based adaptation options at farm level.

For subsistence farmers in rural areas, who generally have low adaptive capacity, many of the choices

As reﬂected in the annex, practices related to cropping systems are subdivided into inputs, soil,

will require putting in enormous eﬀort. Hence ‘choosing wrong can be costly, even deadly’ (Leary et

crops and water. Management-based adaptation practices related to livestock systems are subdivided

al. 2007).

into inputs, water and animal management.

According to Leary, criteria for the selection of adaptation measures might be:

It is diﬃcult to distinguish between good agricultural practices and ‘pure’ climate change adaptation

•

economic and social beneﬁts;

options. Good agricultural practices often derive from eﬀorts and experience that farmers acquire

•

consistency with development objectives;

over time in adapting to diﬀerent climatic conditions – be it short or long-term changes in weather

•

environmental impacts and spill-over eﬀects;

and climate. The justiﬁcation for calling any measure an adaptation option rather than just good

•

cultural acceptance and social feasibility.

‘old’ agricultural practice lies in the process of identifying a certain measure by taking climate
change into account. First of all, the climate risks have to be analysed, then possible solutions are

Prioritising adaptation measures implies deﬁning and applying criteria that help to decide when

collected and selected on the basis of certain criteria. Finally, the identiﬁed solutions are integrated

to implement an appropriate adaptation option. Consequently, anticipatory, i.e. planned, adapta-

into planned adaptation policies. The list of technical practices presented in the following table

tion would be particularly favourable in cases where future impacts are potentially catastrophic or

can be described as good agricultural practices that can be used separately or in combination to adapt

irreversible. Conversely, it might make sense to defer adaptation in cases where it would be very

to local climatic changes.
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Adaptation options at farm level
&OLPDWLF
ODQGVFDSH]RQH

$ULGDQGVHPLDULG

A more detailed compilation of adaptation options at farm level can be found in annex B and C
+XPLG

&RDVWDODUHDV

0RXQWDLQDUHDV

options that ﬁt the climatic conditions of a given region. Hence methods are classiﬁed according to

&URSSLQJV\VWHPV
([DPSOHVIRU
LQSXWVQHZDQG
DGDSWHGYDULHWLHV

&URS
PDQDJHPHQW

'URXJKWWROHUDQW
FURSV VXFKDV
PLOOHWLQVWHDGRI
FRUQ DQGYDULH
WLHV

(DUO\PDWXULQJ
YDULHWLHV

,PSURYLQJVHHG
(QKDQFLQJFURS
VWRUDJH
URWDWLRQSUDFWLFHV
&KDQJLQJFURS
SLQJSDWWHUQV

6DOWWROHUDQW
YDULHWLHV

&URSGLYHUVL½FD
WLRQHJRIIVHD
VRQFURSVVKRUW
VHDVRQFURSV
IUXLWFXOWLYDWLRQ

,QWHJUDWLQJWUHHV 0DLQWDLQLQJ
DJURELRGLYHUVLW\
DQGEXVKHVWRUH
GXFHZDWHUUXQRII WRFRQVHUYHIURVW
WROHUDQWVSHFLHV
DQGHURVLRQDQG
DQGYDULHWLHV
WRSURYLGH¾RRG
$SSO\LQJVRLODQG
SURWHFWLRQ
ZDWHUFRQVHUYD
WLRQPHDVXUHVHJ
FRQWRXUFURSSLQJ
DQGWHUUDFLQJ

arid, humid, coastal, or mountainous conditions. Methods usually ﬁt more than one agro-climatic
zone; the categorisation is not meant to be rigid.
Animal management
Semi-arid and arid areas are particularly vulnerable ecosystems. Nomadic and semi-nomadic livestock
keeping based on extensive grazing systems can make the best of what these ecosystems provide.
Overgrazing, however, can lead to desertiﬁcation. It is thus vital to ensure that stocking rates do not
exceed the carrying capacity of the grasslands. This also refers to allowing the pastures suﬃcient
time to recover between grazing periods, which may require frequent herd movement over long
distances. The composition of the herds grazing on these pastures is another important factor: goats
are the most nimble species of grazing livestock and can live on land inaccessible to other animals.
However, as a result of their bite depth and the fact that they eat a very wide range of food, they also
pose a threat to many plants. The soil surface can be damaged not only by overgrazing but also by

/LYHVWRFNV\VWHPV
([DPSOHVIRU
LQSXWV

8VLQJVXSSOH
PHQWDU\IHHGV
DQGFRQFHQWUDWHV

&RQVWUXFWLQJ
OLYHVWRFNVKHOWHUV

8VLQJVXSSOHPHQ
WDU\IHHGV

$QLPDO
PDQDJHPHQW

(QKDQFLQJDQLPDO 0RYLQJKHUGV
&RQWLQXRXVO\
IURPZDWHUORJJHG
ZHOIDUHHJYDF
PDWFKLQJVWRFN
½HOGV
FLQDWLQJDQLPDOV
UDWHVZLWKSDV
WRSURWHFWWKHP
WXUHSURGXFWLRQ
DQGUHGXFHWKH
&KDQJLQJ
VSUHDGRIGLVHDVH
JUDVVODQGFXWWLQJ
IUHTXHQF\
5HVWULFWLQJ
H[WHQVLYHOLYH
VWRFNIDUPLQJ

&RQWLQXRXVO\
PDWFKLQJVWRFN
UDWHZLWKSDVWXUH
SURGXFWLRQ
,QFUHDVLQJIHHG
UHVHUYHV
'HVLJQDWLQJ
VSHFLDODUHDVIRU
OLYHVWRFNJUD]LQJ
3URWHFWLQJVWHHS
VORSHVE\DYRLG
LQJRYHUJUD]LQJ
VRWKDWWKDWWKH
YHJHWDWLRQFRYHU
UHPDLQVVWDEOH



at the end of this chapter. These lists are intended to support practitioners in ﬁnding adaptation

8VLQJDGDSWHG
OLYHVWRFNEUHHGV

cattle trampling. The soil is exposed and becomes susceptible to wind erosion (World Bank 2003).
The following example from Rajasthan shows how livestock farmers can adapt to climatic changes.
 3DVWRUDOLVWVDGDSWLQJWRFOLPDWHFKDQJHLQ,QGLDµV5DMDVWKDQSURYLQFH
 %DFNJURXQG5DQJHODQGVLQVHPLDULGUHJLRQVRI5DMDVWKDQDUHKLJKO\GHJUDGHGDQGDWULVNRI
 IXUWKHUGHJUDGDWLRQDVDUHVXOWRIH[SHFWHGFOLPDWHFKDQJHLPSDFWV7KLVDSSOLHVLQSDUWLFXODU
 WRSRRUHUKRXVHKROGVZKLFKDUHKLJKO\GHSHQGHQWRQIRGGHUDYDLODELOLW\WRIHHGWKHLUOLYHVWRFN
 $SSURDFK&RPPXQLWLHVZHUHHQFRXUDJHGWRLPSOHPHQWSK\VLFDODQGDGPLQLVWUDWLYHPHDVXUHVWR
 SURWHFWDQGGHYHORSSDVWXUHODQGV7KLVLQFOXGHGSURWHFWLQJDUHDVIURPJUD]LQJE\SODQWLQJ
 YHJHWDWLYHIHQFHVGLJJLQJWUHQFKHVDQGEXLOGLQJVWRQHZDOOVDORQJZLWKVWRQHFKHFNGDPV
 JXOO\SOXJVDQGZDWHUKDUYHVWLQJVWUXFWXUHVWRFRQVHUYHVRLODQGZDWHU VHHDOVRVHFWLRQ 
 $GPLQLVWUDWLYHPHDVXUHVSXWHPSKDVLVRQWKHFRPPXQLWLHVµFDSDFLWLHVWRGHYHORSDQGPDLQWDLQ
 SDVWXUHVDQGWRFUHDWHDQGPDQDJHEXIIHUVWRFNVRIIRGGHU
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 2XWFRPH0XOWLSOHEHQH½WVUHVXOWHGIURPWKHFRPELQDWLRQRIWKHVHPHDVXUHV7KHSURGXFWLYLW\

GHFUHDVHE\XSWRE\+RZHYHUWKHDXWKRUVSRLQWHGRXWWKDWYHU\ORZFRVWDGDSWDWLRQ

 RIWKHODQGZDVLQFUHDVHG±IRGGHUSURGXFWLRQLQ.XQGD\YLOODJHWULSOHGZLWKLQWZR\HDUVIRU

VWUDWHJLHVOLNHFKDQJLQJYDULHW\DQGVRZLQJGDWHFRXOGUHGXFHWKHLPSDFWVDQGYXOQHUDELOLW\RI

 H[DPSOH'URXJKWUHVLOLHQFHLVOLNHO\WRLPSURYHDVWKHUHJHQHUDWLRQRIYHJHWDWLRQFRQWLQXHG

ZLQWHUVRUJKXPDQGKHOSPDLQWDLQWKHSURGXFWLYLW\RIVRUJKXPXQGHUFKDQJLQJFOLPDWLFFRQGLWLRQV

 HYHQLQSHULRGVRIEHORZDYHUDJHDQGKLJKO\YDULDEOHUDLQIDOO$JULFXOWXUDOODQGLQWKHVXUURXQ

6RXUFH6ULYDVWDYDHWDO

 GLQJDUHDEHQH½WWHGIURPJURXQGZDWHUUHFKDUJHDQGLQFUHDVHGVRLOZDWHUUHWHQWLRQ

Agrobiodiversity conservation should form a basic component of adaptation strategies and bioAdapted varieties

diversity-friendly farming practices (see also chapter 3). The ex situ conservation of seeds, involving

During the past decade, research institutions have put a great deal of eﬀort into research on adapting

storage in refrigerated banks or botanical gardens, is essential, but does not go far enough. Broader

staple crops to abiotic stresses (e.g. drought, heat, ﬂooding and salinity). Nevertheless, agricultural

and better integrated conservation schemes are needed, which rely primarily on in situ concepts, i.e.

biodiversity is still declining, posing a threat to genetic adaptability and future food security. With

concepts that bring genetic resources back to the ﬁelds and into farmers’ communities. There, the

climate change, growing water insecurity and renewed concerns about food security in the wake of

continuous exposure and interaction of the organisms with their environment allows for a dynamic

recent price spikes, the potential welfare gains from eﬀectively adapted varieties are enormous. Gains

adaptation process. Hence, agrobiodiversity conservation is not only about deep-freezing a drought-

from adapted varieties could make the diﬀerence between survival and starvation for poor people in

tolerant strain of millet for many decades in a gene bank. Even more important is continuing to

developing regions prone to climate change.

grow and breed the seeds in the ﬁelds, where they are exposed to a wide range of agricultural and
ecological conditions.

Hence, public, scientiﬁc, private and legal institutions need to step up their eﬀorts to enable farmers
to beneﬁt from crops adapted to climate change and access planting material and knowledge. This

The social dimension of these adaptive processes is no less important. In particular, poor sectors of

also applies to traditional, locally adapted varieties which address regional and local agro-ecological

the population must be enabled by governments or development organisations to adapt to changing

peculiarities and oﬀer site-speciﬁc solutions, in contrast to modern, standardised varieties that do not

environmental conditions. Traditional knowledge and social organisations must be strengthened

take account of changed growing conditions.

and further developed. Women play an important part in this process. In farming communities
around the world they always have been and still are the keepers and preservers of genetic resources.

 ,PSDFWVRIFOLPDWHFKDQJHRQVRUJKXPLQ,QGLD
$VWXG\FDUULHGRXWRQVRUJKXPRQHRI,QGLDµVPRVWLPSRUWDQWFURSVKHOSHGWRJLYHLQVLJKWV
LQWRWKHSRVVLEOHLPSDFWVRIFOLPDWHFKDQJH7KHVWXG\IRFXVHGRQZLQWHUDQGPRQVRRQFURSVRI

6DQNDSSDLVDVPDOOIDUPHURZQLQJWKUHHKHFWDUHVRIGU\ODQGLQWKHYLOODJHRI9LWWDOSXUDLQ%HOODU\

VRUJKXPLQWKUHHGLIIHUHQWFOLPDWH]RQHVRI,QGLDFHQWUDO &= VRXWKFHQWUDO 6&= DQGVRXWKZHVW

GLVWULFW1RUWKHUQ.DUQDWDND,QGLD7KLVYLOODJHLVVLWXDWHGRQWKHVHPLDULG'HFFDQ3ODWHDXDQG

6:= $FFRUGLQJWRWKH½QGLQJVDQLQFUHDVHGWHPSHUDWXUHZLOOPRVWOLNHO\OHDGWRDQRYHUDOO



 $GDSWHGYDULHWLHVSUHYHQWLQJVWDUYDWLRQ±DQH[DPSOHIURP.DUQDWDND,QGLD

UHFHLYHVDQQXDOUDLQIDOORIPPRYHUDWKUHHPRQWKSHULRGZKLFKDOORZVMXVWRQHJHQHUDWLRQ

GHFUHDVHLQFURSSURGXFWLRQ%\PRQVRRQVRUJKXPSURGXFWLRQZDVSUHGLFWHGWRGHFUHDVH

RIPLOOHWWREHJURZQEHWZHHQ-XO\DQG2FWREHU7KHDPRXQWRIUDLQIDOOLQWKLVSDUWRIWKHFRXQWU\

E\LQ&=DQG6:=DQGE\LQ6&=ZKHUHDVZLQWHUVRUJKXPSURGXFWLRQZDVHVWLPDWHGWR

KDVGURSSHGFRQWLQXRXVO\RYHUWKHODVW\HDUV,WZDVEHORZPPLQ
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/LNHKLVIRUHIDWKHUVDQGRWKHUIDUPHUVRIWKHYLOODJH6DQNDSSDJURZVIR[WDLOPLOOHW 6HWDULD
LWDOLFD 7KHPLOOHWYDULHWLHVJURZQDQGFRQVHUYHGE\WKHIDUPHUVRI9LWWDOSXUDRYHUWKH\HDUV
KDYHH[FHOOHQWGURXJKWUHVLVWDQFH´$OORWKHUFURSVIDLOHGGXHWRH[WUHPHGURXJKWDQGP\IDPLO\
DQGOLYHVWRFNZHUHVDYHGIURPVWDUYDWLRQRQO\E\WKHIR[WDLOPLOOHWKDUYHVWµVDLG6DQNDSSD
6RXUFH%DOD

Agricultural research for development relies on transfer of local experts’ know-how. That is why the
CGIAR centres, with their general international and regional focus, cooperate closely with local
farmers and national institutions as well as with non-governmental organisations. They are also
involved in a slowly growing number of projects with the private sector. One example of successful
cooperation between the CGIAR centres and local farmers and institutions worked on improvement
of drought-resistant maize (Zea mays L.) in southern Africa. Drought reduces global maize yields
by as much as 15 % each year, causing losses of more than 20 million tonnes of grain. More than

$JULFXOWXUDOUHVHDUFK

50 new drought-tolerant maize varieties developed by the International Maize and Wheat Improvement Center and its partners are grown on 1 million hectares in Africa, resulting in average yield
gains of 20 % over the varieties they replaced.

 .H\PHVVDJHV
 $JULFXOWXUDOUHVHDUFKIRUGHYHORSPHQWLVIXQGDPHQWDOWRFOLPDWHFKDQJHDGDSWDWLRQ
 $QLQWHUGLVFLSOLQDU\UHVHDUFKDSSURDFKZLWKVWURQJFRRSHUDWLRQDPRQJQDWLRQDODQG
 LQWHUQDWLRQDOUHVHDUFKHUVLVHVVHQWLDOWRILQGRSWLRQVIRUDGDSWDWLRQWRFOLPDWHFKDQJH

At national level in most developing countries it is universities and national research institutions
that can provide valuable input for research projects on climate change adaptation and mitigation.
However, ﬁnancial resources are most critical for National Agricultural Research Systems (NARS).
The NARS are deﬁned, in a given country, as encompassing all institutions, public or private,
that devote their activities full time or partially to agricultural research with a commitment to a

Agricultural research for development (e.g. producing new drought-tolerant varieties or breeds) is es-

national research agenda. In India, the Indian Agricultural Research Institute (IARI), New Delhi,

sential for conserving natural resources and in this context also for food and nutrition security. It also

is one of the premier institutions carrying out extensive research and coming up with innovations in

contributes to achieving adaptation and mitigation targets. Agricultural research for development is

the ﬁeld of agriculture and climate change adaptation. Other important organisations include the

not basic research. It is practical and development-oriented, aiming to support farmers, extension

institutes working under the Indian Council of Agricultural Research (ICAR), such as the Central

services, agricultural traders, politicians and governments in creating innovations for and growth in

Research Institute for Dryland Agriculture, Hyderabad, or various state universities with agricultural

the agricultural sector.

departments.

The 15 centres of the Consultative Group on International Agricultural Research (CGIAR) play a

 ,QGLDµV1DWLRQDO,QLWLDWLYHRQ&OLPDWH5HVLOLHQW$JULFXOWXUH

key role in international agricultural research. The results of the centres’ research are public goods

,Q'HFHPEHUDQHZVFKHPHFDOOHGWKH1DWLRQDO,QLWLDWLYHRQ&OLPDWH5HVLOLHQW$JULFXOWXUH

and are therefore generally accessible and non-patentable. The CGIAR centres also contribute to the

ZLWKDEXGJHWRIPLOOLRQ,QGLDQUXSHHVZDVDSSURYHGE\WKH,QGLDQFDELQHWWRGHDOZLWKWKH

preservation of agrobiodiversity and some centres conserve seedlings, seeds and tubers in their gene

LVVXHRIFOLPDWHFKDQJHLPSDFWVRQDJULFXOWXUH7KHREMHFWLYHRIWKLVVFKHPHLVFDSDFLW\EXLOGLQJ

banks. Eleven of the 15 CGIAR centres maintain a total of over 650,000 samples of crop, forage and

RIVFLHQWLVWVDQGRWKHUVWDNHKROGHUVLQFOLPDWHUHVLOLHQWDJULFXOWXUDOUHVHDUFKLQFRPELQDWLRQZLWK

agroforestry genetic resources. These represent approximately 10 % of the 6 million accessions stored

WKHDSSOLFDWLRQRIUHVHDUFKUHVXOWVWKURXJKDZDUHQHVVWUDLQLQJDQGH[FKDQJHYLVLWV

in over 1,300 gene banks around the world.
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7KHLQVWLWXWHVWKDWZLOOEHLPSOHPHQWLQJWKLVVFKHPHGXULQJWKHUHPDLQLQJSDUWRI,QGLDµV;,$QQXDO
3ODQDUHWKHIROORZLQJ

Farmers in developing countries or emerging economies that largely depend on agriculture mainly
use traditional methods that were handed down by their ancestors. Generally, these methods were well
adapted to the more or less stable conditions of the past. Nevertheless, with the increasing changes

 &HQWUDO5HVHDUFK,QVWLWXWHIRU'U\ODQG$JULFXOWXUH +\GHUDEDG

in climate conditions, farmers have to adapt their cultivation and harvest management methods.

 ,QGLDQ$JULFXOWXUDO5HVHDUFK,QVWLWXWH 1HZ'HOKL
 ,QGLDQ,QVWLWXWHRI+RUWLFXOWXUDO5HVHDUFK %DQJDORUH

To achieve this, they may make use of innovations (new cultivation methods) or knowledge about

 &HQWUDO,QVWLWXWHRI$JULFXOWXUDO(QJLQHHULQJ %KRSDO

traditional practices that have been virtually forgotten (e.g. about well adapted crop varieties). Agri-

 1DWLRQDO'DLU\5HVHDUFK,QVWLWXWH .DUQDO

cultural extension services and improved agricultural education are essential here. They enable farmers

 &HQWUDO0DULQH)LVKHULHV5HVHDUFK,QVWLWXWH .RFKL

to gain systematic knowledge that will help them to respond to short and long-term environmental

 ,QGLDQ&RXQFLOIRU$JULFXOWXUDO5HVHDUFK5HVHDUFK&RPSOH[IRU1RUWK(DVW+LOO5HJLRQ 6KLORQJ

changes and to challenges posed by the global food and agricultural system.

 .ULVKL9LJ\DQ.HQGUDV .9.±)DUP6FLHQFH&HQWUHV DWGLVWULFWOHYHODOORYHUWKHFRXQWU\
6RXUFH*R,

There is another important reason why it is crucial that agricultural extension services in developing
countries be strengthened: a transfer from theory into practice must take place to enable research
results and innovations to ﬁnd their way into the ﬁeld. Adopting technological innovations is one

Finally, in summary, it can be said that a lot of research on adaptation in agriculture has been carried

of the most frequently advocated strategies for agricultural adaptation to climate change (Smit &

out so far but putting it into practice remains the great challenge. One way of transferring innova-

Skinner 2002).

tions to the local farm level is described in the following section.
Agricultural extension services play an essential role in overall agricultural development. Not only

$JULFXOWXUDOH[WHQVLRQHGXFDWLRQDQGLQQRYDWLRQWUDQVIHU
 .H\PHVVDJHV

do they make the diﬀusion of innovations possible, they also facilitate an exchange of experience
among farmers and serve as a direct link between farmers and the government (Speranza et al. 2009).
One example are the Krishi Vigyan Kendras (KVK – Farm Science Centres) in India. They can be
found across the entire country and are under the overall administration of the Indian Council

 ([WHQVLRQDQGHGXFDWLRQPXVWEHVWUHQJWKHQHGLQRUGHUWRHQKDQFHIDUPHUVµFDSDELOLW\WR

for Agricultural Research (ICAR). These centres play an important role in disseminating the latest

 UHVSRQGWRFOLPDWHFKDQJHLVVXHV

agriculture technologies among Indian farmers. They work in alliance with district level departments

 ([WHQVLRQVHUYLFHVDUHDQHVVHQWLDOHOHPHQWIRUWUDQVIHUULQJFOLPDWHFKDQJHUHODWHGLQQRYDWLRQV

and agencies in diﬀerent states.

 WRUXUDODUHDV

Agricultural extension (also known as agricultural advisory or extension services) plays a crucial role
in promoting agricultural productivity, increasing food security, improving rural livelihoods, and
promoting agriculture as an engine for pro-poor economic growth (see also section 1.2).
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$JULFXOWXUDOLQVXUDQFH

The insurance policies were bundled with loans to farmers that allowed them to purchase highquality seeds. Depending on location, insurance premiums amounted to 6-10 % of the sum insured,

 .H\PHVVDJHV

made up of the cost of seed and the interest payable – an amount easily repayable from the increased
productivity of the improved seeds. In the event of a severe drought, the borrower would pay a

 7KHLQFUHDVLQJIUHTXHQF\RIH[WUHPHZHDWKHUHYHQWVLVFDXVLQJILQDQFLDOORVVHVRQDVFDOHWKDW

fraction of the loan; the rest would be paid by the insurer directly to the bank. A marketing organisa-

 WUDGLWLRQDOULVNPDQDJHPHQWVWUDWHJLHVDQGVRFLDOVDIHW\QHWVFDQQRORQJHUFRSHZLWK

tion served as a central distributor for the insurance and the seeds.

 $JULFXOWXUDOLQVXUDQFHVVXSSOHPHQWEXWGRQRWUHSODFHFRPSUHKHQVLYHULVNPDQDJHPHQWVWUDWHJLHV
 ,QVXUDQFHSURGXFWVWKDWDUHVXLWHGIRUDJULFXOWXUHLQWKHFRQWH[WRIUXUDOGHYHORSPHQWPXVWEH
 FUHDWHG

The advantage of this arrangement – lending coupled with crop insurance – is that it allowed farmers in the pilot areas to access ﬁnance that would not have been available to them otherwise. Only
because the crop insurance policies mitigated the weather risk associated with lending did oﬀering
loans to insured farmers become attractive to local banks. The reason: due to the insurance, the

With the increase in extreme weather events such as droughts, ﬂoods and exceptionally strong winds

farmer is less likely to default, which has a stabilising eﬀect on the bank’s portfolio and risk proﬁle.

that often aﬀect entire regions, traditional risk management strategies and social safety nets are

Without this assurance, banks rarely give loans to low-income farmers, since they pose a high risk.

often no longer able to counteract the resulting negative impacts. Within a comprehensive risk

As the farmers used these loans to purchase higher yielding, certiﬁed groundnut seed, they were able

management strategy that includes diversiﬁcation of agricultural activities and income, agricultural

to realise high returns on their investment. The World Bank, in conjunction with the non-proﬁt

insurance can help people to cope with the ﬁnancial losses incurred as a result of weather extremes.

organisation Opportunity International, acted as a catalyst in developing this weather insurance

Insurances support farmers in their adaptation process and prevent them from falling into absolute

product in Malawi. They provided technical assistance and training.

poverty. Apart from stabilising household incomes by reducing the economic risk, insurance
can also enhance farmers’ willingness to adapt, to make use of innovations and invest in new

In India it is the National Agricultural Insurance Scheme (NAIS) of the Ministry of Agriculture that

technologies. Additional credit insurance schemes may increase the creditworthiness of farmers

provides comprehensive risk insurance to farmers to cover yield losses due to non-preventable risks

applying for loans and thus support investment in agricultural production.

such as natural ﬁres and lightning, storms, cyclones, typhoons, tornados, ﬂoods, droughts or pests
and diseases (GoI 2010).

A project in Malawi that was initiated by the World Bank in 2005 shows how insurance can make a
diﬀerence: Malawian peanut farmers lacked access to credit and therefore could not buy high-quality

A weather-based crop insurance scheme (WBCIS) is another option initiated by the Indian Ministry

seeds. Agricultural credit institutions were reluctant to grant credit due to the high default risk –

of Agriculture. This weather-based insurance product was designed to cover losses in the event of

especially because of crop failure due to weather events (Sadler 2011). A weather-based crop insur-

adverse weather conditions like rainfall and temperature, to name the most important ones. It was

ance scheme was designed to provide compensation in the event of insuﬃcient rainfall during a crop

piloted in the state of Karnataka during the Kahrif (autumn) season of 2007. Currently, it is being

growing cycle, leading to insuﬃcient yields or no yield at all.

implemented across India by various insurance agencies (GoI n.d.).
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 ,QQRYDWLYHULVNPDQDJHPHQWLQVWUXPHQWVLQGH[EDVHGLQVXUDQFH
)RUDQ\LQVXUDQFHSURGXFWWREHDSSURSULDWHLQDGHYHORSLQJFRXQWU\FRQWH[WLWKDVWRPHHWWZREDVLF

In conclusion, agricultural insurance supplements, but does not replace, farmers’ risk management
strategies. It is crucial that ex ante strategies to reduce the negative impacts of climate change be
developed and implemented.

FULWHULD2QWKHRQHKDQGLWPXVWEHORZFRVWLQRUGHUWREHDIIRUGDEOHIRUVPDOOVFDOHIDUPHUV
2QWKHRWKHUKDQGLWKDVWRSURYLGHLWVFOLHQWVZLWKDVXI½FLHQWGHJUHHRIVHFXULW\LQRUGHUWRSURWHFW
WKHPDJDLQVWSRWHQWLDOORVVHV,QFRQWUDVWWRWUDGLWLRQDODJULFXOWXUDOLQVXUDQFHVFKHPHZKLFKLV

&RPPXQLW\EDVHGDGDSWDWLRQWRFOLPDWHFKDQJH

GHSHQGHQWRQFRVWO\RQVLWHORVVDVVHVVPHQWDQHZDQGLQQRYDWLYHSURGXFWNQRZQDVLQGH[EDVHG
LQVXUDQFHRIIHUVDOWHUQDWLYHRSSRUWXQLWLHVIRUPDQDJLQJFRYDULDQWULVNVLQDJULFXOWXUDOEXVLQHVV

 .H\PHVVDJHV

,QGH[EDVHGLQVXUDQFHVDUHFKDUDFWHULVHGE\VWDQGDUGLVHGFRQWUDFWVDQGSD\PHQWVIRUGDPDJHV

 &RPPXQLW\EDVHGLQLWLDWLYHVDVVHVVWKHYXOQHUDELOLW\RIFRPPXQLWLHVDQGWDNHPHDVXUHVWR

7KDWPHDQVWKDWLQVWHDGRILQVXULQJLQGLYLGXDOIDUPHUVDJDLQVWLQGLYLGXDOORVVHVWKHLQVXUDQFH

 VWUHQJWKHQWKHLUUHVLOLHQFH

FRPSDQ\XVHVDQLQGH[RIWKUHVKROGVIRUFHUWDLQZHDWKHUHOHPHQWVLQDUHJLRQHJD½[HGPLQLPXP
DPRXQWRISUHFLSLWDWLRQZLWKLQDFHUWDLQSHULRGDQGUHJLRQ,IWKHUDLQIDOOGRHVQRWUHDFKWKH½[HG
PLQLPXPLQVXUHGWKLVWULJJHUVWKHLQGHPQLW\SD\PHQWWRHYHU\RQHZKRKDVWDNHQRXWWKLVLQVXUDQFH

 )DUPHUVµILHOGVFKRROVDUHWUDLQLQJJURXSVRIIDUPHUVRQGLIIHUHQWDGDSWDWLRQPHDVXUHVLQD
 YHU\SUDFWLFDOZD\

:KLOHWUDGLWLRQDODJULFXOWXUDOLQVXUDQFHVFKHPHVUHTXLUHTXLWHDKLJKDPRXQWRIDGPLQLVWUDWLYH
HIIRUWDQGDVVHVVLQJFODLPVLQYROYHVKLJKWUDQVDFWLRQFRVWVSDUDPHWULFLQVXUDQFHVFKHPHVHQWDLO
IDUORZHUWUDQVDFWLRQFRVWVRQFHWKH\KDYHEHHQGHYHORSHGDQGSXWLQSODFH

Communities who live in marginal areas and whose livelihoods are highly dependent on natural
resources are among the most vulnerable to climate change. They have long been exposed to many

7KLVDSSURDFKLVZLGHO\SHUFHLYHGDVDKLJKO\SURPLVLQJFRQFHSWZKLFKZDVWDNHQXSLQQXPHURXV

kinds of environmental changes and have developed coping strategies, but the extent of future haz-

SLORWSURMHFWVWRWHVWVXLWDEOHPHWKRGRORJLHV+RZHYHUDOWKRXJKLQGH[EDVHGLQVXUDQFHKDVSURPLV

ards often exceeds their adaptive capacity. The fact that many of them are marginalised worsens their

LQJSURVSHFWVDVDULVNPDQDJHPHQWLQVWUXPHQWZLWKDIIRUGDEOHSUHPLXPVIRUVPDOOVFDOHIDUPVLW
LVVWLOOLQLWVLQIDQF\6RIDUWKHUHDUHRQO\DIHZHI½FLHQWLQGH[EDVHGLQVXUDQFHVFKHPHV

situation.

,QWKHIDFHRIFOLPDWHFKDQJHIXUWKHUGHYHORSPHQWRILQVXUDQFHVFKHPHVWKDWDUHVSHFLDOO\WDLORUHG

Many community-based initiatives ﬁrst address the issue of vulnerability assessment to understand

WRDJULFXOWXUHLVQHHGHGWRHIIHFWLYHO\FRPSOHPHQWRWKHUULVNPDQDJHPHQWVWUDWHJLHVIRUIDUPHUV

communities’ risks and vulnerabilities towards climate change before suggesting measures for ad-

VXFKDVFURSDQGLQFRPHGLYHUVL½FDWLRQ$SDUWIURPRIIHULQJORZWUDQVDFWLRQFRVWVZKLFKFDQEH

aptation (CARE International 2009). In rural areas, however, where community income is mainly

VXSSRUWHGE\WKHXVHRILQQRYDWLYHGLVWULEXWLRQFKDQQHOV VXFKDVPRELOHEDQNLQJRULQSXWVXSSOL

derived from farming, the focus of activities often lies on adapting existing farming practices to a

HUV WKHLQVXUDQFHSURGXFWVDOVRQHHGWREHHDV\WRXQGHUVWDQGDVLQVXUDQFHOLWHUDF\LQWKHWDUJHW
JURXSVLVXVXDOO\ORZ5DLVLQJIDUPHUVµDZDUHQHVVRIWKHDGYDQWDJHVRILQVXUDQFHDVDULVNPDQDJH
PHQWWRRODQGFUHDWLQJWUXVWWRZDUGVLQVXUDQFHFRPSDQLHVDUHIXUWKHUFKDOOHQJHV

changing climate. Farmers’ ﬁeld schools (FFS) constitute a practical group-based approach to train
farmers. They involve groups of farmers learning hands-on agricultural adaptation measures. They
meet regularly and are guided by a trainer to discuss relevant agricultural topics and diﬀerent adaptation measures. What is even more important: they also work together to apply their newly acquired

&RYDULDQWULVNVDUHV\VWHPLFULVNVIURPH[WHUQDOIDFWRUVOLNH¾RRGVGURXJKWVHWFZKLFKDIIHFWODUJHQXPEHUVRI



IDUPHUVLQDJLYHQDUHD



knowledge in the ﬁeld. Ownership is key in these farmers’ ﬁeld schools. It is the group members
who prepare a plan describing the content of the learning sessions and who decide which measures
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to implement in the ﬁeld. In addition to implementing adaptation strategies at local community
level, mainstreaming such strategies within national development measures requires coordination
across all levels of management and policy-making (Orindi & Eriksen 2005). The concept of farmers’ ﬁeld schools was introduced in India in 1994. By 2005, 8700 of these schools were active across
the country. Currently, they are active in many states, including Andhra Pradesh and Uttar Pradesh
(ILRI 2006).

 2XWFRPH7KHIDUPHUVKDYHEHQH½WHGPRVWIURPLQFUHDVHGWUHHFRYHUDVLWKDVUHGXFHGVRLO
 HURVLRQWRDJUHDWH[WHQWDQGDOVRKHOSHGLQJURXQGZDWHUUHVWRUDWLRQ1RWRQO\DUHWKHIDUPHUV
 FRQWLQXLQJWRSODQWWUHHVLQRUGHUWRPDLQWDLQWKHWUHHFRYHUWKH\DUHDOVRLPSRVLQJ½QHVRQ
 DQ\RQHYLRODWLQJUHJXODWLRQVGHVLJQHGWRSURWHFWWKHWUHHV$SDUWIURPLPSURYLQJWKHDJULFXOWXUDO
 ODQGWKHHIIRUWVKDYHKHOSHGIDUPHUVWRGLYHUVLI\WKHLULQFRPHHJWKURXJKVHOOLQJWLPEHUDQG
 QRQWLPEHUSURGXFWV
6RXUFH3DQGH $NHUPDQQ

A project on Sustainable Agrobiodiversity Management in the Mountain Areas of Southern China
shows how farmers ﬁeld schools work in practice. They largely rely on the farmers’ self-motivation and
help them to ﬁnd solutions to common problems through ﬁeld testing and exchange of experience.
The project, jointly implemented by German development cooperation organisations and the Chinese

$JULFXOWXUDOZDWHUPDQDJHPHQW

Ministry of Agriculture started in 2006. It encourages farmers to protect traditional local crops and
plants, such as sticky rice, local fruits and vegetables, and to use them either for their own consumption
or to bring them to the market. Encouraged by positive experiences in the project, farmers have also
come up with their own ideas on how to further protect agricultural diversity in their villages.
 &RPPXQLW\EDVHGDGDSWDWLRQ±DQH[DPSOHIURPHDVWHUQ,QGLD
 %DFNJURXQG.RGLNLWXQGDLVDYHU\VPDOOYLOODJHLQWKH,QGLDQVWDWHRI2ULVVD7KHSRSXODWLRQ

 .H\PHVVDJHV
 &OLPDWHFKDQJHLQIOXHQFHVWKHVSDWLDODQGWHPSRUDODYDLODELOLW\RIZDWHUZKLFKLQWXUQLPSDFWV
 IRRGDQGIRGGHUSURGXFWLRQ
 2SWLRQVLQDJULFXOWXUDOZDWHUPDQDJHPHQWUDQJHIURPLQFUHDVLQJWKHVXSSO\WRPDQDJLQJWKH
 GHPDQGVLGH

 FRQVLVWVPDLQO\RIIDUPHUVRIWULEDORULJLQZKRKDYHVPDOOODQGKROGLQJVDQGGHSHQGRQUDLQIHG
 DJULFXOWXUHDVRQHRIWKHLUPDLQVRXUFHVRIOLYHOLKRRG/DWHO\GXHWRKHDY\UDLQIDOODQGORQJHU
 GU\VSHOOVFRPPXQLWLHVKDYHIDFHGVKRUWDJHVRIZDWHUIRULUULJDWLRQDQGSUREOHPVOLNHGURSSLQJ

Food production and agriculture are the largest consumers of water. About 70 % of global water

 FURS\LHOGVDQGVRLOHURVLRQ)XUWKHUPRUHWKHODFNRI½QDQFLDOUHVRXUFHVRIWHQOLPLWVIDUPHUVµ

taken from rivers and groundwater go into irrigation (IWMI 2007). All agricultural production

 DFFHVVWREHWWHUIDUPLQJWHFKQRORJLHV

depends on water. With the imminent threat of climate change, this resource is under huge pressure.

 $SSURDFK$QRQJRYHUQPHQWDORUJDQLVDWLRQ 1*2 FDOOHG$JUDJDPHHKDVEHHQDFWLYHLQKHOSLQJ

Intensiﬁcation of the water cycle will impact on the spatial and temporal variability of precipitation

 IDUPHUVLQ.RGLNLWXQGDWRFRSHZLWKFKDQJLQJFOLPDWLFFRQGLWLRQVVLQFH7KHPHDVXUHV

and on rainfall intensities, causing droughts or ﬂoods. Consequently, droughts in certain regions will

 WDNHQE\WKH1*2ZLWKWKHLQYROYHPHQWDQGKHOSIURPWKHYLOODJHUVLQFOXGHFRQVWUXFWLRQRI

last longer and become more intense, and ﬂuctuations in river discharge and groundwater recharge

 FKHFNGDPV½HOGSRQGVDQGZHOOVFRQWRXUEXQGLQJDQGJXOO\SOXJJLQJ7UHHSODQWDWLRQVZHUH

will be more pronounced. The increased variability of rainfall, runoﬀ and groundwater recharge

 DOVRFUHDWHGDWVWUDWHJLFORFDWLRQV/RFDOLQVWLWXWLRQVOLNHZDWHUXVHUVRFLHWLHVDQGZRPHQµV

implies reduced predictability for water management activities in agriculture and thus increases pro-

 VHOIKHOSJURXSVZHUHHVWDEOLVKHGDQGUHFHLYHGVXSSRUW

duction risks in farming. Small-scale farmers, for whom risk avoidance is of vital importance, will be
particularly hard hit by this uncertainty.
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Options for action in agricultural water management (see also chapter 4.4.4) that are conceived to

Andean subsistence farmers in Bolivia are tradi-

help farmers to cope with the impacts of climate change will have to focus on issues such as:

tionally engaged in rainfed agriculture in semi-arid

•

•

•

Increased ﬂexibility of operations. Technical infrastructure, cropping patterns and water

mountain regions and are hence very vulnerable

management measures must be geared to allow for ﬂexible operations. This enables quick

to the eﬀects of climate change. Water shortage

and easy adjustments in water availability by adding water (irrigation) or draining as part of

in the dry season has always aﬀected crop growth,

an adaptive water management system.

but with climate change even the rainy season has

Adaption of production systems. In coastal areas, for example, salt water intrusion due to the

become less reliable. More and more dry periods

rise of the sea level will cause salinisation and necessitate adapted production systems with

are occurring during the rainy season, alternating

plants that have a higher salt tolerance.

with torrential precipitation events. Farmers there-

Implementation of new cultivation methods. Ridges, terraces or planting holes are a few

fore attempt to use supplemental irrigation.

examples of new cultivation methods that help to catch or drain surface water. In combination

•

with improved land management practices (e.g. agroforestry), this contributes to a reduction

The Agricultural Development Program (PROAGRO), implemented by the Deutsche Gesellschaft für

in soil erosion and improved livelihoods.

Internationale Zusammenarbeit (GIZ), runs water harvesting projects in nine Bolivian communities.

Availability of historical and prognostic data. The importance of data management related to

The programme improves traditional water harvesting systems built by farmers and supports the con-

water resources and their future dynamics must be given increased attention (e.g. using new

struction of new, small reservoirs that collect water from small permanent streams or springs. In cases

technologies, such as remote sensing).
•
•

•



where there is no permanent water source at all, large ponds, or atajados, are constructed. These are fed

Consumer awareness and conservation. Clear water use rights and pricing will lead to more sustain

by surface runoﬀ from surrounding slopes, which is the only way of making water accessible. The farm-

able and considerate consumption and help to conserve the diminishing sources of freshwater.

ers contribute to the projects by providing their manpower and some local building material. The over-

More attention to demand management. Options to increase water supply by greater water

all ﬁnancing comes from PROAGRO and the municipalities. PROAGRO works closely with NGOs

extraction from rivers, springs and groundwater or by storing seasonal excess water in large

to assist farmers in sustainably managing the water harvesting systems, increase water use eﬃciency and

reservoirs will decrease in the long run. Instead, attempts to promote demand management

conserve vegetation and thereby stabilise sur-

by inducing farmers to use water more eﬃciently and to prevent non-beneﬁcial losses will

rounding slopes. Furthermore, local experts are

have to be given priority.

trained to design and implement water harvesting

Finding practical solutions for existing needs. Nevertheless, in rural areas, where the vast

projects independently in their communities.

majority of the population are subsistence farmers, the focus will still be on the water supply
side. Building small water storage facilities or rebuilding traditional ones will help small

Since 2008, PROAGRO has implemented more

farmers to make their living, as illustrated in the following example.

than 775 water harvesting systems including

7KHWHUP´UHPRWHVHQVLQJµJHQHUDOO\UHIHUVWRWKHXVHRIDHULDOVHQVRUWHFKQRORJLHVWRGHWHFWDQGFODVVLI\REMHFWV



RQ(DUWK ERWKRQWKHVXUIDFHDQGLQWKHDWPRVSKHUHDQGRFHDQV E\PHDQVRISURSDJDWHGVLJQDOV HJHOHFWURPDJ
QHWLFUDGLDWLRQ 'LIIHUHQWNLQGVRISODWIRUP HJDLUFUDIWVDWHOOLWHVNLWHVHWF DQGVHQVRU HJVLQJOHOHQVUHIOH[
FDPHUDLQIUDUHGVHQVRUHWF FDQEHXVHG



372 atajados, serving nearly 1300 families. Water
harvesting, and with it irrigation, safeguards
the yields of traditional crops like potatoes and
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therefore the food security of the farmers’ families. Some of them are even able to sell their surplus at

•

storing carbon by increasing soil carbon content.

local markets. Another outcome: the harvested water allows the farmers to diversify their crops. They
are, for example, beginning to grow vegetables and forage, which leads to a more balanced diet for

Depending on local production conditions and incentive structures, e.g. prices for emission certiﬁ-

their families and animals.

cates and energy prices, these diﬀerent options have very diﬀerent mitigation potential. They also
have very diﬀerent potential for synergy with adaptation.

/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ

Generally, reducing agricultural nitrous oxide emissions and – with the exception of paddy rice
systems – also methane emissions is likely to have low potential for synergy with adaptation. On the

 .H\PHVVDJHV
 7KHDJULFXOWXUDOVHFWRUGLUHFWO\FRQWULEXWHVRIWRWDOJUHHQKRXVHJDV *+* HPLVVLRQV

contrary, increasing agricultural yields, e.g. by optimising fertilizer input, can increase water use efﬁciency of crops and, hence, save water which is often a main necessity for adaptation in agriculture.
This can be relevant in cases where higher temperatures associated with climate change are reducing

 7KHUHDUHIRXUEURDGPHFKDQLVPVIRU*+*PLWLJDWLRQWKDWKDYHYHU\GLIIHUHQWSRWHQWLDO±

water availability or increasing evopotranspiration rates. But, since fertilizer use also leads to nitrous

 ERWKIRUPLWLJDWLRQLWVHOIDQGIRUV\QHUJ\ZLWKDGDSWDWLRQ

oxide emissions from soils, the application of fertilizer, including timing, need to be managed well.

 ,WLVGLIILFXOWWRFUHDWHLQFHQWLYHVWUXFWXUHVWRIRVWHUWKHLPSOHPHQWDWLRQRIPLWLJDWLRQRSWLRQV
 LQDJULFXOWXUH

Producing diﬀerent forms of bioenergy or wood on cropland could have a similar eﬀect. If less cropland is available for food production, productivity on the remaining land has to be increased,
which may again lead to higher nitrous oxide emissions. However, both bioenergy production and

Agriculture plays a dual role in climate change. On the one hand, it is a sector that will be severely af-

forestry, particularly agroforestry, have a great deal of potential for synergy with agricultural adapta-

fected by a changing climate; on the other hand, it is a signiﬁcant contributor to global GHG emissions.

tion. Introducing new options for income generation and livelihood support, widening currently

The agricultural sector directly contributes 14 % of total GHG emissions. The main sources are nitrous

typical crop rotations, and taking a more ﬂexible view of seasonality with regard to planting and

oxide, particularly from use of fertilizers, methane from paddy rice production, and methane and am-

harvesting dates, are possible elements of future farming systems. They could adapt to climate change

monia from livestock keeping and manure management (Stern 2006). In addition, 18 % of global GHG

and could probably lead to more volatile production conditions. A suitable mix of annual and

emissions in the form of carbon dioxide (CO) are caused by land use change, tropical deforestation and

perennial food crops, together with agroforestry and low-input bioenergy crops could also play a sub-

forest degradation – which mainly occur to make way for agricultural uses and timber extraction.

stantial role in adaptation strategies in many countries.

There are basically four broad mechanisms for GHG mitigation in agriculture and agroforestry

Increasing soil carbon content provides an opportunity for triple-win situations. The vast areas of

(Smith et al. 2007a, b):

degraded soils worldwide mean that improving their fertility and soil carbon content could store

•

reducing methane and nitrous oxide emissions from agricultural production;

huge amounts of carbon and thus contribute to climate change mitigation. At the same time, this

•

producing diﬀerent forms of biomass for energy use as a substitute for fossil energy sources;

would increase agricultural yields and hence improve rural livelihoods. Moreover, it would make

•

supporting forests through reforestation, aﬀorestation and agroforestry;

many farming systems more resilient to changing temperatures and rainfall patterns.
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The problem with all these agricultural mitigation options is the diﬃculty of providing suitable and
eﬀective incentive structures to foster their implementation. First of all, agricultural emissions, un-

5HIHUHQFHVDQGIXUWKHUUHDGLQJ

like fossil fuel emissions, are very complex to measure and monitor. Hence, it is diﬃcult to ensure
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PDLQWDLQFRQVLVWHQWJUDLQRU
TXDOLW\FRQVLVWHQWZLWKWKHSUHYDLOLQJFOLPDWH
IUXLWTXDOLW\
&RPSRVWDQGPXOFKDSSOLFDWLRQWRLQFUHDVHVRLO
&RPSRVWDQGPXOFKDSSOLFDWLRQ
RUJDQLFPDWWHUDQGWKHVRLOµVZDWHUUHWHQWLRQ
8VHRIPLQHUDOIHUWLOL]HU
FDSDFLW\
8VHRIPLQHUDOIHUWLOL]HUWRJXDUDQWHHRSWLPDOSODQW
QXWULWLRQDQGGHYHORSPHQW

8VHRILPSURYHGVHHGPDWHULDO
,QSXWVSODQW
SURWHFWLRQDQG 8VHRIELRORJLFDOSHVWDQGGLVHDVHFRQWUROHJ
QDWXUDOSUHGDWRUVRUXVHRIDJURFKHPLFDOVIRU
VHHGV
SODQWSURWHFWLRQ



0DLQWDLQLQJRULPSURYLQJ
TXDUDQWLQHFDSDFLWLHVDQG
PRQLWRULQJSURJUDPPHVHJ
LQWHJUDWHGSODQWSURWHFWLRQ
PHWKRGV
8VHRIELRORJLFDOSHVWDQG
GLVHDVHFRQWUROHJQDWXUDO
SUHGDWRUVRUXVHRIDJUR
FKHPLFDOVIRUSODQWSURWHFWLRQ
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&OLPDWLF
$ULGDQGVHPLDULG
ODQGVFDSH]RQH

+XPLG

&RDVWDODUHDV

0RXQWDLQDUHDV

&URSSLQJV\VWHPV
6RLO
PDQDJHPHQW

:LQGHURVLRQFRQWUROHJE\FRQWUROOHGEXVKFOHDULQJ )OXYLDOHURVLRQFRQWUROHJ
VXVWDLQLQJYHJHWDWLRQFRYHU
DQGSODQWLQJQHZKHGJHURZV
FRQWRXUSORXJKLQJFRQWRXUHG
&KDQJHVLQWLOODJHSUDFWLFHVWRFRQVHUYHVRLOPRLV
KHGJHURZVDQGEXIIHUVWULSV
WXUH HJFURSUHVLGXHUHWHQWLRQDQGUHGXFHGVRLO
HYDSRUDWLRQ DQGHQVXUHEHWWHULQ½OWUDWLRQRIZDWHU &KDQJHVLQWLOODJHSUDFWLFHV
LHFRQVHUYDWLRQDJULFXOWXUHIRU
DQGLQFUHDVHWKHZDWHUUHVHUYHVLQWKHVRLO
EHWWHUZDWHULQ½OWUDWLRQ
,QFUHDVHRUJDQLFPDWWHUFRQWHQWRIVRLOVIRU
HQKDQFHGZDWHUDQGQXWULHQWVWRUDJHFDSDFLW\VRLO
VWUXFWXUHDQGVRLOIHUWLOLW\
5HKDELOLWDWLRQRIGHJUDGHGIRUHVWVDQGZDWHUVKHGV
HJUHFODPDWLRQRIGHVHUWDQGGHYHORSPHQWRI
VDQG\ODQGUHVWRULQJODQGXVLQJJUHHQPDQXUH

)OXYLDOHURVLRQFRQWUROVHDZDWHUHURVLRQHJ
SODQWLQJQHZKHGJHURZVDQGUHVWRUHPDQJURYHV
5HKDELOLWDWLRQRIGHJUDGHGIRUHVWVDQGZDWHU
VKHGVHJUHHVWDEOLVKLQJZHWODQGV

)OXYLDOHURVLRQFRQWURO FRQWRXUSODQWLQJ
EDUULHUVWHUUDFHVFRYHUFURSVZDWHUKDUYHVWLQJ
DQGPLFURLUULJDWLRQWHFKQLTXHV
0XOWLXVHSODQWV KLJKODQGOHJXPHVYHWFKHV
,QFUHDVHRUJDQLFPDWWHUFRQWHQWRIVRLOV HQKDQFHG
ZDWHUDQGQXWULHQWVWRUDJHFDSDFLW\
&KDQJHVLQWLOODJHSUDFWLFHVWRFRQVHUYHVRLO
PRLVWXUHDQGSUHYHQWUXQRII
5HKDELOLWDWLRQRIGHJUDGHGIRUHVWV

&URS
PDQDJHPHQW

,QWURGXFHDGDSWHGLUULJDWHGW\SHVRIODQGXVH
(QKDQFHFURSURWDWLRQSUDFWLFHV
&URSGLYHUVL½FDWLRQHJPL[HGFURSSLQJV\VWHPV
&KDQJHFURSSLQJLQWHQVLW\
$GMXVWPHQWVWRSODQWLQJDQGKDUYHVWLQJGDWHV
9DU\WUDQVSODQWLQJGHSWKIRUULFHSODQWV
$OWHUURZSODQWVSDFLQJWRLQFUHDVHURRWH[WHQVLRQ
WRVRLOZDWHU

,PSURYHGVHHGVWRUDJH
(QKDQFHGFURSURWDWLRQSUDFWLFHV
&URSGLYHUVL½FDWLRQ PL[HG
FURSSLQJV\VWHPV
$GMXVWPHQWVLQSODQWLQJDQG
KDUYHVWLQJGDWHV
,QWHJUDWLRQRIWUHHVDQGEXVKHV
WRUHGXFHZDWHUUXQRIIDQG
HURVLRQ

,PSURYHGVHHGVWRUDJH
,QWHJUDWLRQRIWUHHVDQGEXVKHVWHUUDFLQJVRLO
FRYHUDQGIRUHVWVIRUSURWHFWLRQDJDLQVW¾RRGLQJ

)URVWSURWHFWLRQIRUFURSVHJXVLQJHQFORVXUHV
WUHHV
0DLQWDLQDJURELRGLYHUVLW\WRFRQVHUYHIURVW
WROHUDQWVSHFLHVDQGYDULHWLHV
3ODQWRQFRQWRXUOLQHVRUSDUDOOHOWRVORSHWR
DYRLGHURVLRQ
$SSO\VRLODQGZDWHUFRQVHUYDWLRQPHDVXUHV
HJFRQWRXUFURSSLQJWHUUDFLQJ

:DWHU
PDQDJHPHQW

,QVLWXVRLOPRLVWXUHFRQVHUYD
,PSURYHZDWHUPDQDJHPHQWE\KDYLQJDJUHDWHU
GLYHUVLW\RIRSWLRQVIRUZDWHUVRXUFHV VPDOOVWUHDPV WLRQ±WHFKQRORJLHVWKDW
LQFUHDVHUDLQZDWHULQ½OWUDWLRQ
VKDOORZZHOOVERUHKROHVUDLQZDWHUVWRUDJH
/DQGGUDLQDJHZHWODQGV
8VHRIVXUIDFHLUULJDWLRQPHWKRGV IXUURZVDQG
PDQDJHPHQW
VPDOOEDVLQV
5HKDELOLWDWLRQDQGLPSURYHPHQWRIWUDGLWLRQDO
LUULJDWLRQV\VWHPV
8SJUDGLQJUDLQIHGDJULFXOWXUHWKURXJKLQWHJUDWHG
UDLQZDWHUKDUYHVWLQJV\VWHPV
0RUHHI½FLHQWZDWHUXVHXVLQJGH½FLWLUULJDWLRQ
HJULFHLQWHQVL½FDWLRQRUGU\VHHGULFH PLWLJDWHV
WKHLPSDFWRIGHOD\HGPRQVRRQV

:HWODQGPDQDJHPHQWDQG¾RRGUHFHVVLRQ
%XLOGLQJG\NHVDQGFKHFNGDPVWRUHGXFH¾RRG
H[SRVXUH
0DLQWDLQLQJPDQJURYHIRUHVWVIRUSURWHFWLRQ
DJDLQVW¾RRGLQJ

$GDSWFURSSODQQLQJWRFKDQJHGZDWHUDYDLODELOLW\
SDWWHUQV
6ZLWFKWROHVVZDWHULQWHQVLYHDJULFXOWXUH GULS
LUULJDWLRQUDLQZDWHUKDUYHVWLQJZDWHUVKHG
UHVWRUDWLRQ
:DWHUVKHGPDQDJHPHQWDQGODQGXVHSODQQLQJ
WRDYRLGFXOWLYDWLRQRQVWHHSVORSHVDQG¾RRGHG
YDOOH\V WKHUHE\¾XYLDOHURVLRQJXOO\ 
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&OLPDWLF
$ULGDQGVHPLDULG
ODQGVFDSH]RQH

+XPLG

&RDVWDODUHDV

0RXQWDLQDUHDV

0LJUDWLRQDQGDOWHULQJWKHORFDWLRQRIFURSSLQJ
DFWLYLWLHV
6RIWDQGKDUGVKHOWHUFRQVWUXFWLRQLQWHJUDWH
ZRRGVWRQHRUFRFRQXWOHDIZDOOV

,QWHJUDWLRQRIOLYHVWRFN
3URPRWHRIIIDUPLQFRPHJHQHUDWLRQ
,QWURGXFHSRVWKDUYHVWWHFKQRORJLHV
$EDQGRQPHQWRIDUHDVXQVXLWDEOHIRUFURS
FXOWLYDWLRQ±GHVLJQDWLRQRIFRQVHUYDWLRQDUHDV
$IIRUHVWDWLRQDQGSURWHFWLRQRIVWHHSVORSHV

&RDVWDODUHDV

0RXQWDLQDUHDV

3URYLGHOLYHVWRFNVKHOWHUV HJWUHHV
VKDGHGDUHDV

,QFUHDVHYHJHWDWLRQFRYHURISDVWXUHXVLQJ
GURXJKWWROHUDQWYDULHWLHV
,QFUHDVHSDVWXUHUHVHUYHVIRUKDUVKZLQWHUV
5HVWRUHGHJUDGHGSDVWXUH
5HYLYDORIWUDGLWLRQDOSDVWXUHPDQDJHPHQW
&RQVWUXFWOLYHVWRFNVKHOWHUV
8VHVXSSOHPHQWDU\IHHGV

&URSSLQJV\VWHPV
2WKHUDGGLWLR
QDORSWLRQV

0LJUDWLRQDQGDOWHULQJWKHORFDWLRQRIFURSSLQJDFWLYLWLHV 0LJUDWLRQDQGDOWHULQJWKH
ORFDWLRQRIFURSSLQJDFWLYLWLHV
8VLQJFOLPDWHIRUHFDVWLQJWRUHGXFHSURGXFWLRQ
ULVNDQGVHWWLQJXSDQGGHYHORSLQJPHWHRURORJLFDO 8VLQJFOLPDWHIRUHFDVWLQJWR
UHGXFHSURGXFWLRQULVN
SUHGLFWLRQVHYHQLQUHPRWHUHJLRQV
*UHDWHUXVHRIZKDWDUHNQRZQDV´QRQWLPEHU
IRUHVWSURGXFWVµ

$QQH[&$GDSWDWLRQRSWLRQVDWIDUPOHYHOIRUOLYHVWRFNV\VWHPVE\
FOLPDWLFODQGVFDSH]RQH
&OLPDWLF
$ULGDQGVHPLDULG
ODQGVFDSH]RQH

+XPLG

/LYHVWRFNV\VWHPV
,QSXWV

8VHDGDSWHGOLYHVWRFNEUHHGV
(QVXUHDGHTXDWHZDWHUVXSSOLHV
&RQVWUXFWOLYHVWRFNVKHOWHUV
8VHVXSSOHPHQWDU\IRGGHU
8VHDGDSWHGOLYHVWRFNEUHHGV
&RQVWUXFWOLYHVWRFNVKHOWHUVKHDWSURWHFWLRQFRROLQJ
,QFUHDVHUHOLDQFHRQLQGLJHQRXVIRGGHUSODQWVWKDW
DUHEHWWHUDGDSWHGWRGURXJKWVDQGSHVWV

$QLPDO
PDQDJHPHQW

8VHGLIIHUHQWDQLPDOVSHFLHVEUHHGV
&RQWLQXRXVO\PDWFKVWRFNUDWHVZLWKSDVWXUHSURGXFWLRQ
$OWHUHGURWDWLRQRISDVWXUHVPRGL½FDWLRQRIWLPHV
RIJUD]LQJ
FRQWUROH[WHQVLYHOLYHVWRFNIDUPLQJDQGFRQVLGHU
LQWHQVL½FDWLRQRIOLYHVWRFNSURGXFWLRQXVLQJIRGGHU
FURSVVLODJHDQGLQGRRUUHDULQJ UHGXFHGHPLVVLRQV
PHDQDSRVLWLYHWUDGHRIIZLWKUHJDUGWRPLWLJDWLRQ

&KDQJHJUDVVODQGFXWWLQJIUHTXHQF\
(QKDQFHDQLPDOZHOIDUHHJ
YDFFLQDWHDQLPDOVWRSURWHFWWKHP
DQGUHGXFHVSUHDGRIGLVHDVHV
0RYLQJKHUGVIURPZDWHUORJJHG
½HOGV
:LQGEUHDNDQGZRRGODQG
SODQWLQJWRSURYLGHVKHOWHUIURP
H[WUHPHZHDWKHU

0RYLQJKHUGVIURPZDWHUORJJHG½HOGV
:LQGEUHDNDQGZRRGODQGSODQWLQJWRSURYLGH
VKHOWHUIURPH[WUHPHZHDWKHU

0RGLI\JUD]LQJWLPHV
&RQWLQXRXVO\PDWFKVWRFNUDWHZLWKSDVWXUH
SURGXFWLRQ
,QFUHDVHIHHGUHVHUYHV
3UHYHQWJUD]LQJRQVWHHSVORSHV
3URWHFWFRQVHUYDWLRQDUHDV KLJKELRGLYHUVLW\ 
IURPJUD]LQJDQLPDOV

:DWHU
PDQDJHPHQW

5XQRIIVWRUDJHIRUVXSSOHPHQWDOLUULJDWLRQRI
IRGGHUFURSVXVLQJVWRUDJHVWUXFWXUHVVXFKDV
IDUPSRQGVHDUWKGDPVZDWHUSDQVDQGXQGHU
JURXQGWDQNV

3UHYHQWSROOXWLRQRIDTXLIHUVE\
LQ½OWUDWLRQRIDJURFKHPLFDOV
3URWHFWSRQGVDQGZDWHUSDQV

3URWHFWSRQGVDQGZDWHUSDQV

([SDQVLRQUHKDELOLWDWLRQRISDVWXUHZDWHUVXSSO\
'HYHORSPHQWRILUULJDWHGSDVWXUH
3URYLVLRQRIVHFXUHZDWHUVXSSO\IRUOLYHVWRFN
3URWHFWVWUHDPV



6RXUFHVDQQH[%DQG&7HUL%DHWKJHQHWDO6PLWK /HQKDUW5RVHJUDQWHWDO+RZGHQHWDO
=LHUYRJHOHWDO0DQGLS%OHVVLQ.XPDU6FKQHLGHU*UHHQSHDFH81)&&&81)&&
86$,'
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$XWKRUV
(Y\YRQ3IHLO'HXWVFKH*HVHOOVFKDIWIU,QWHUQDWLRQDOH=XVDPPHQDUEHLW *,= *PE+
,QWHUQDWLRQDO)RUHVW3ROLF\±$IULFD3URJUDPPH*KDQD
3URI1+5DYLQGUDQDWK&HQWUHIRU6XVWDLQDEOH7HFKQRORJLHV &67 
,QGLDQ,QVWLWXWHRI6FLHQFH,QGLD
,QGX.0XUWK\&HQWUHIRU6XVWDLQDEOH7HFKQRORJLHV &67 
,QGLDQ,QVWLWXWHRI6FLHQFH,QGLD
7KHDXWKRUVDFNQRZOHGJHWKHFRQWULEXWLRQVIURP
'HEDO5D\&KLHI(QYLURQPHQW2I½FHU*RYHUQPHQWRI:HVW%HQJDO,QGLD
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$EVWUDFW

7DEOHRIFRQWHQWV

&OLPDWHFKDQJHLVSURMHFWHGWRKDYHDPDMRULQ¾XHQFHRQZKHUHVSHFL½FIRUHVWW\SHVZLOOJURZ

 +RZGRHVFOLPDWHFKDQJHLPSDFWIRUHVWV"



 :KDWGRHVDGDSWDWLRQLQIRUHVWVPHDQ"



 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQIRUHVWV



DGDSWDWLRQ7KHVHDSSURDFKHVFRPSULVHERWKFKDQJHVLQWKHGHVLJQDQGLPSOHPHQWDWLRQRI

 $GDSWDWLRQRSWLRQVLQIRUHVWV



SROLFLHVDQGSURJUDPPHVDVZHOODVQHZPRGHVRIJRYHUQDQFHWKDWHQVXUHVWDNHKROGHUSDUWLFLSD



 0DLQWDLQLQJDQGSURYLGLQJHFRV\VWHPVHUYLFHV



WLRQVHFXUHODQGWHQXUHDQGIRUHVWXVHUULJKWV)LQDQFLDOLQFHQWLYHVPD\DOVREHQHHGHGWR



 0DLQWDLQLQJDQGSURYLGLQJSURYLVLRQLQJVHUYLFHV



SURPRWHPLWLJDWLRQDQGDGDSWDWLRQ



 0DLQWDLQLQJDQGSURYLGLQJUHJXODWRU\VHUYLFHV





 0DLQWDLQLQJDQGSURYLGLQJFXOWXUDOVHUYLFHV





 5HVHDUFKDQGPRQLWRULQJ



DQGZKDWWKH\ZLOOORRNOLNH%XWIRUHVWVDOVRKDYHDQLQ¾XHQFHRQFOLPDWHFKDQJHLIWKH\VXIIHU
GHJUDGDWLRQIRUHVWVDUHDVRXUFHRIJUHHQKRXVHJDVHVLIWKH\DUHFRQVHUYHGWKH\DFWDVVLQNV
IRUFDUERQ
7RDGGUHVVWKHLPSDFWRIFOLPDWHFKDQJHRQIRUHVWV¾H[LEOHDSSURDFKHVDUHQHHGHGWRSURPRWH

(FRV\VWHPEDVHGDGDSWDWLRQFDQVXSSRUWUHVWRUDWLRQDQGDYRLGGHJUDGDWLRQRIIRUHVWV,WLV
FRVWHIIHFWLYHDQGHDVLO\DFFHVVLEOHWRWKHUXUDOSRRULQPDQ\IRUHVWUHJLRQV/RFDOIRUHVWUHODWHG
NQRZOHGJHDQGSUDFWLFHVDOVRUHSUHVHQWDQLPSRUWDQWVRXUFHRIDGDSWLYHFDSDFLW\$GDSWLYH

 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ



 5HIHUHQFHVDQGIXUWKHUUHDGLQJ



FRPDQDJHPHQWEHWZHHQORFDOUHVRXUFHXVHUJURXSVDQGORFDODXWKRULWLHVLVWKHUHIRUHDNH\
VWUDWHJ\LQPDQ\IRUHVWV+RZHYHUHYHQLIDGDSWDWLRQPHDVXUHVDUHIXOO\LPSOHPHQWHGXQPLWLJDWHG
FOLPDWHFKDQJHZRXOGRYHUWKHFRXUVHRIWKHFXUUHQWFHQWXU\H[FHHGWKHDGDSWLYHFDSDFLW\RI
PDQ\IRUHVWV7KXVOLQNLQJDGDSWDWLRQWRPLWLJDWLRQDQGSURPRWLQJV\QHUJLHVLVSDUWLFXODUO\FUXFLDO
LQWKHFDVHRIIRUHVWVVLQFHLWSURYLGHVPRUHEHQH½WVWKDQSODQQLQJDQGLPSOHPHQWLQJDGDSWDWLRQ
DQGPLWLJDWLRQPHDVXUHVVHSDUDWHO\
&OLPDWHFKDQJHH[HUWVLWVHIIHFWVE\DFWLQJV\QHUJLVWLFDOO\ZLWKRWKHUIRUFHVOLNHKDELWDWIUDJPHQWD
WLRQRUXQVXVWDLQDEOHH[SORLWDWLRQ+RZHYHUWKLVDVSHFWZDVLQWHQWLRQDOO\OHIWRXWRIWKLVFKDSWHU
SULPDULO\GXHWRODFNRIFRQFOXVLYHVFLHQWL½FNQRZOHGJH
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+RZGRHVFOLPDWHFKDQJHLPSDFWIRUHVWV"
 .H\PHVVDJHV

Studies in India using diﬀerent models show that all forest types (temperate to tropical) are projected
to experience an increase in net primary production (NPP) between the 2030s and 2070s (Chaturvedi
et al. 2010; Ravindranath et al. 2006).

 ,QDOOELRPHVFOLPDWHFKDQJHLVSURMHFWHGWROHDGWRVKLIWVLQGLVWULEXWLRQRIIRUHVWW\SHVDQG

Under most scenarios, temperate forests are likely to be less aﬀected than other forest types. Produc-

 VSHFLHVDVZHOODVLQWKHLUFRPSRVLWLRQ

tivity is likely to increase in temperate forests closest to the poles and to decrease in temperate forests

 )RUHVWVLQIOXHQFHFOLPDWHFKDQJHDVVRXUFHVRIJUHHQKRXVHJDVHVZKHQWKH\DUHGHVWUR\HGDQG

bordering the subtropics. Increasingly prevalent storms could cause major disturbances. Growth

 DVVLQNVIRUFDUERQZKHQWKH\JURZRUH[SDQG

scenarios indicate that productivity in some subtropical woodland could increase due to the fertiliser

 7KHSURGXFWLYLW\RIWURSLFDOIRUHVWVLVSURMHFWHGWRLQFUHDVHZKHUHVXIILFLHQWZDWHULVDYDLODEOH

eﬀect of higher atmospheric CO levels but, in other cases, rising temperatures, higher evaporation

 KRZHYHULQGULHUWURSLFDODUHDVIRUHVWVDUHSURMHFWHGWRGHFOLQH

and lower rainfall could result in lower productivity.
Droughts will increase the prevalence of ﬁre and predispose large areas of forest to pests and patho-

Climate is probably the most important determinant of global vegetation patterns and has a signiﬁ-

gens. In the subtropics the trend of increased ﬁre is projected to wane in the latter part of the current

cant impact on forest ecology (including biodiversity), forest distribution and productivity (Kirsch-

century as lower rainfall reduces the availability of grass fuel. The subtropical domain contains many

baum et al. 1996).

biodiversity hotspots that are at particular risk, even under stable or moderate climate scenarios.
The productivity of tropical forests is projected to increase where suﬃcient water is available; in drier

In regard to a changing climate, Bernier & Schoene (2009) even went as far as to say: ‘Forest adaptation

tropical areas, however, forests are projected to decline.

to future environmental or social conditions resulting from climate change may signiﬁcantly alter how and
why forestry is practised in many parts of the globe.’ They also noted: ‘With the climate, and as a result

Tropical forests, particularly rain forests, have the highest biodiversity of all land ecosystems; even

the environment, undergoing perceptible changes within the life span of trees, achieving sustainable forest

moderate climate change (as projected in unavoidable and stable scenarios) would put some of this

management will increasingly resemble aiming at a moving target.’ When dealing with that moving target,

biodiversity at considerable risk.

it is important to keep in mind that a change in mean annual temperature as small as 1 °C over a sustained
period is suﬃcient to bring about changes in species composition as well as distribution of many tree

Anthropogenic impacts, such as deforestation and land-use changes, are likely to be of signiﬁcant

species (IPCC 1996). Under unavoidable and stable emission scenarios, forest productivity in currently

importance when discussing future trends in timber trade. The Intergovernmental Panel on Climate

temperature-limited or humid climates will stay constant or even increase as a result of CO fertilisa-

Change (IPCC) indicates that the majority of costs incurred by climate-related changes in forests

tion. Under scenarios that assume that emissions remain stable or grow, forest productivity is expected

and the forest sector are the result of lost ecosystem services. IPCC has therefore been a consistent

to increase in northern biomes and decrease in the currently more productive southern forests due to the

advocate for increasing the resilience of forest ecosystems by reducing external pressures, as caused by

impact of pests and ﬁre. The latter will produce high carbon emissions that will exacerbate climate change.

fragmentation, large-scale disturbances, pollution, and invasive species.

0DMRUFOLPDWLFDOO\RUJHRJUDSKLFDOO\GHILQHGHFRORJLFDOXQLWVSULPDULO\GHILQHGE\WKHLUVLPLODUFOLPDWLFFRQGLWLRQV



IORUDIDXQDDQGVRLOV
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 6XSSO\DQGGHPDQGIRUIRUHVWSURGXFWV±JOREDOWUHQGV

:KDWGRHVDGDSWDWLRQLQIRUHVWVPHDQ"

.OHLQHHWDO  HYDOXDWHGWKH,3&&5HSRUWRIUHJDUGLQJPDMRUFOLPDWHFKDQJHUHODWHG

It is widely accepted that the possible impacts of climate change on forests and the forest sector are

WUHQGVIRUIRUHVWSURGXFWV7KHUHVXOWVZHUH

considerable, many have already been observed. As forest conditions change, there is an inherent

 7KHSURSRUWLRQRIWLPEHUKDUYHVWHGIURPSODQWDWLRQVZLOOLQFUHDVH

need to change management and policy measures to minimise negative impacts and exploit the

 ,QGXVWULDOGHPDQGIRUZRRGZLOOLQFUHDVHRQO\VOLJKWO\

beneﬁts to be derived from climate change. Traditional sustainable forest management (SFM), as

 *OREDOIXHOZRRGFRQVXPSWLRQKDVSHDNHGDQGZLOOOHYHORXWRUGHFOLQH+RZHYHUWKHUHLVDOVR

deﬁned by the United Nations Forum on Forests in seven thematic elements (see box below), pro-

 WKHVFHQDULRRIKLJKHUHQHUJ\SULFHVZLWKWKHGUDPDWLFLQFUHDVHLQIXHOZRRGFRQVXPSWLRQWKDW

vides a very good basis, but will, in many cases, not be ﬂexible and innovative enough to respond to

 ZLOOHQWDLO

the upcoming challenges.

 &KDUFRDOFRQVXPSWLRQZLOOLQFUHDVH
 'XHWRURWDWLRQWLPHVLQGXVWULDOWLPEHUSURGXFWLRQZLOOVKLIWLQHPSKDVLVIURPWHPSHUDWHWR
 WURSLFDOIRUHVWVDQGIURPWKH1RUWKHUQWRWKH6RXWKHUQ+HPLVSKHUH

 7KH81)RUXPRQ)RUHVWVDQGWKHVHYHQWKHPDWLFHOHPHQWVRIVXVWDLQDEOHIRUHVWPDQDJHPHQW
6LQFHWKH:RUOG6XPPLWRQ6XVWDLQDEOH'HYHORSPHQWLQ5LRGH-DQHLURFRXQWULHVKDYHEHHQ
GLVFXVVLQJDFRPPRQJOREDOIUDPHZRUNWRSURPRWHVXVWDLQDEOHIRUHVWPDQDJHPHQW,Q
PHPEHUVWDWHVRIWKH8QLWHG1DWLRQV)RUXPRQ)RUHVWV½QDOO\DJUHHGRQD1RQ/HJDOO\%LQGLQJ

 +RZFOLPDWHFKDQJHLPSDFWVIRUHVWVLQ,QGLD

,QVWUXPHQWRQ$OO7\SHVRI)RUHVW 1/%, ±RU´)RUHVW,QVWUXPHQWµIRUVKRUW7KHSULPDU\SXUSRVH

$FFRUGLQJWRSURMHFWLRQVEDVHGRQDJOREDOG\QDPLFYHJHWDWLRQPRGHOWKHLPSDFWVRIFOLPDWH

RIWKH)RUHVW,QVWUXPHQWLVWRSURPRWHSROLWLFDOFRPPLWPHQWDQGDFWLRQDWDOOOHYHOVWRHQKDQFH

FKDQJHRQIRUHVWVLQ,QGLD *RSDODNULVKQDQHWDO DUHWKHIROORZLQJ

VXVWDLQDEOHIRUHVWPDQDJHPHQWDQGWKHFRQWULEXWLRQRIWKHIRUHVWVWRSRYHUW\HUDGLFDWLRQ

 $ERXWRIWKHIRUHVWHGDUHDLVOLNHO\WRXQGHUJRFKDQJHE\7KHFKDQJHVFRPSULVH

7KHVHYHQWKHPDWLFHOHPHQWVRIVXVWDLQDEOHIRUHVWPDQDJHPHQWZHUHGHYHORSHGE\WKH8QLWHG

 DQH[SDQVLRQRIWURSLFDOHYHUJUHHQIRUHVWVLQWKHHDVWHUQ,QGLDSODWHDXDQGWKH:HVWHUQ*KDWV

1DWLRQV)RUXPRQ)RUHVWVLQDQGZHUHUHDI½UPHGLQ7KH\ZHUHDOVRLQWURGXFHGDVD

 VOLJKWH[SDQVLRQRIIRUHVWVLQWRWKHZHVWHUQSDUWRIFHQWUDO,QGLDDQGDOPRVWQRFKDQJHLQ

PDMRUUHIHUHQFHLQWRWKH)RUHVW,QVWUXPHQWZKLFKFDQEHXVHGDVDQRYHUDOOSROLF\IUDPHZRUNIRU

 YHJHWDWLRQW\SHLQWKHQRUWKHDVW

DOOIRUHVWUHOHYDQWLQLWLDWLYHVDQGSURFHVVHVLQDFRXQWU\

 9XOQHUDELOLW\DVVHVVPHQWVVKRZWKDWWKHYXOQHUDEOHIRUHVWDUHDVDUHVSUHDGDFURVV,QGLDZLWKD
KLJKHUFRQFHQWUDWLRQLQXSSHU+LPDOD\DQVWUHWFKHVSDUWVRIFHQWUDO,QGLDWKHQRUWKHUQ:HVWHUQ
*KDWVDQG(DVWHUQ*KDWV1RUWKHDVWHUQIRUHVWVWKHVRXWKHUQ:HVWHUQ*KDWVDQGWKHIRUHVWHG
UHJLRQVRIHDVWHUQ,QGLDDUHHVWLPDWHGWREHWKHOHDVWYXOQHUDEOH
 7HPSHUDWHIRUHVWV RYHURI,QGLDµVIRUHVWDUHD DUHWKHPRVWYXOQHUDEOH7KH\DUHIROORZHG
 E\WURSLFDOVHPLHYHUJUHHQIRUHVWVDQGGU\DQGPRLVWGHFLGXRXVIRUHVWV

7KHVHYHQWKHPDWLFHOHPHQWVRIVXVWDLQDEOHIRUHVWPDQDJHPHQWDUH
H[WHQWRIIRUHVWUHVRXUFHV
IRUHVWELRORJLFDOGLYHUVLW\
IRUHVWKHDOWKDQGYLWDOLW\
SURGXFWLYHIXQFWLRQVRIIRUHVWUHVRXUFHV
SURWHFWLYHIXQFWLRQVRIIRUHVWUHVRXUFHV
VRFLRHFRQRPLFIXQFWLRQVRIIRUHVWV
OHJDOSROLF\DQGLQVWLWXWLRQDOIUDPHZRUN

7LPHSHULRGIURPSODQWLQJVHHGOLQJVWRKDUYHVWLQJDWUHH
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Climate change is not the primary cause of degradation of forests. Fragmentation and unplanned
exploitation are main driving forces for the transformation of forests. Climate change aggravates the
eﬀects of these forces further.

 7KHHFRV\VWHPDSSURDFK
$QHFRV\VWHPDSSURDFKVKRXOGLQYROYHWKHIROORZLQJDVSHFWV
 NQRZOHGJHRIWKHHOHPHQWVRUFRPSRQHQWVRIWKHHFRV\VWHPDQGLQWHUOLQNDJHVRU

Adaptation in the forest sector is crucial since local communities rely heavily on forests for their livelihood and since the impacts of climate change on forests, such as loss of biodiversity, are irreversible
(Ravindranath & Sathaye 2002).
There are a number of diﬀerent approaches for adapting forests to climate change: no intervention,
reactive adaptation with often short-term action, and planned, proactive adaptation.
Currently, most forest management belongs to the ﬁrst – no intervention – or at best the second

 LQWHUGHSHQGHQFLHVDPRQJWKHP
 NQRZOHGJHRIWKHSURMHFWHGLPSDFWVRIFOLPDWHFKDQJHDQGWKHYXOQHUDELOLW\RIWKHIRUHVW
 HFRV\VWHPVDQGIRUHVWGHSHQGHQWFRPPXQLWLHV
 HPSKDVLVRQFRQVHUYDWLRQUHVWRUDWLRQDQGVXVWDLQDEOHXVHRIIRUHVWUHVRXUFHVWKURXJKD
 SDUWLFLSDWRU\DSSURDFK
 LGHQWL½FDWLRQRIWKHIDFWRUVFRQWULEXWLQJWRIRUHVWGHJUDGDWLRQDQGORVVDVZHOODVLGHQWL½FDWLRQ
 RIPHDVXUHVWRDGGUHVVWKHVHGULYHUVWKDWPD\LPSDFWWKHHFRV\VWHPVHUYLFHVSURYLGHGE\
 IRUHVWVLQFOXGLQJELRGLYHUVLW\DQGFDUERQVWRUDJHDQGVHTXHVWUDWLRQ

category, as many local forestry practices are based on the implicit assumption that local climate

 SDUWLFLSDWLRQRIDOOWKHVWDNHKROGHUVLQGHYHORSLQJDQGLPSOHPHQWLQJDGDSWDWLRQDQG

conditions will not change.

 PDQDJHPHQWSUDFWLFHV±ZLWKVSHFLDOFRQVLGHUDWLRQRIORFDOFRPPXQLWLHV

Reactive adaptation management may include salvage cutting, post-disturbance changes in indus-

 LQWHJUDWLRQRIORFDORUWUDGLWLRQDOSUDFWLFHVRIDGDSWDWLRQWRFOLPDWHYDULDELOLW\LQWRDGDSWDWLRQ

trial processes to convert salvaged timber, updated harvest scheduling, recalculated allowable cuts

 SODQV

or development of socio-economic support programmes for aﬀected local communities. Short-term

 PRQLWRULQJWKHFKDQJHVLQYHJHWDWLRQVWDWXVDQGWKHLPSDFWVRIWKHQHZDGDSWDWLRQRU

actions, such as disaster action plans, are needed after extreme events and disturbances (e.g. storms,

 PDQDJHPHQWSUDFWLFHVLPSOHPHQWHG

ﬁres) to provide people with the basic essentials they need to survive.
Planned, proactive adaptation involves redeﬁning forestry goals and practices in advance to
accommodate climate change-related risks and uncertainties. It is mostly medium and long-term

Adaptive management can be viewed as a systematic process for continually improving sustainable

and involves deliberate, anticipatory interventions at diﬀerent levels and across sectors.

forest management policies and practices by monitoring and then learning from the outcomes

In addition to these approaches, it is the ecosystem approach and adaptive management that

of operational programmes. Forest management aims at moderating or oﬀsetting the potential

play important roles in adapting forests to climate change.The ecosystem approach works on the

damage caused by climate change and taking advantage of opportunities created by it. Adaptive

assumption that climate change is likely to impact multiple elements in an ecosystem. Furthermore,

forest management is one tool that could enable managers to do that by modifying the structure

in many tropical countries, agriculture and livestock production systems depend to a large part

and the consequent functioning of the forest ecosystem (Innes et al. 2009, see next box).

on forest biodiversity and biomass. Therefore, forest adaptation has to follow an ecosystem-based

Adaptive co-management goes even further. It is based on cooperation between forest authorities

approach, which means it has to consider all the elements of an ecosystem: forests, plantations,

and local communities (see also section 2.4).

grazing land, livestock, agricultural land, and water resources.
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 $GDSWLYHIRUHVWPDQDJHPHQW±FKDOOHQJHVDQGJRYHUQDQFHLVVXHV

Forests are socio-ecological systems. Managing the societal impacts of altered forests and of the
actions of society on altered forests is just as important as managing the biological systems. Policies

0DQ\FKDOOHQJHVIRUDGDSWLYHPDQDJHPHQWLQJHQHUDODQGDGDSWLYHPDQDJHPHQWRIIRUHVWVLQ

will have to ensure ﬂexibility for forest managers to respond adequately to the local conditions

SDUWLFXODUWRXFKXSRQJRYHUQDQFHLVVXHV7KHVHFDQEHVXPPDULVHGDVIROORZV

of the forest site, to accommodate indigenous knowledge and to consider the needs of local people

 GLVWLQJXLVKLPSDFWRIFOLPDWHFKDQJHIURPWKHLPSDFWRIRWKHUSUHVVXUHVVXFKDVFKDQJHVLQODQGXVH

regarding the provision of forest goods and services.

 GHDOZLWKULVNVWKDWPLJKWFRPHXSLQWKHIXWXUH
 WDNHGHFLVLRQVGHVSLWHOLWWOHWLPHRUSRVVLELOLW\RIWHVWLQJGLIIHUHQWRSWLRQVDQGDVVHVVLQJUHVXOWV
 IURPH[SHULPHQWVWKHFOLPDWHPD\KDYHDOUHDG\FKDQJHGDQGH[SHULPHQWVPD\QRORQJHUEHYDOLG
 DSSO\ZLQZLQQRUHJUHWRUORZUHJUHWPHDVXUHVLQVWHDGRISXWWLQJDFWLRQRQKROGSHQGLQJWKH
 DYDLODELOLW\RIDOOGHVLUHGLQIRUPDWLRQ
 LPSURYHWKHDYDLODELOLW\DQGTXDOLW\RIFOLPDWHUHODWHGGDWD

Sustainable forest management that incorporates the additional objective of adaptation will be at the
centre of forest policy. National Forest Policies, such as the national forest programmes, which
are seen as a process of societal dialogue around forests, should serve as the core instrument of forest
governance. Forests in most countries are controlled and managed by governments (forestry depart-

 PDNHVRXQGHFRQRPLFFDVHVIRULQYHVWLQJLQDGDSWDWLRQ

ments) and most countries have legislation, policies and programmes to promote community partici-

 DGDSWLQVWLWXWLRQVPDNHRUJDQLVDWLRQDOFXOWXUHHVWDEOLVKHGVWUXFWXUHVDQGIRUHVWPDQDJHPHQW

pation and management of forests, with or without adequate tenurial rights.

 SROLFLHVPRUH¾H[LEOHDQGEHWWHUSUHSDUHGWRTXLFNO\UHDFWWRFKDOOHQJHVQRW\HWNQRZQEHIRUH
 FULVHVDULVH

Secure land tenure and forest user rights are an indispensable precondition for investment in sus-

 PRYHWKHUHVSRQVLELOLW\IRUFRRUGLQDWLQJDGDSWDWLRQWRSRZHUIXOFHQWUDOERGLHVDSSO\DQ

tainable forest management by the private sector, communities and smallholders. However, this is

 LQWHJUDWHGFURVVVHFWRUDODSSURDFKHJLQQDWLRQDOGHYHORSPHQWVWUDWHJLHVFRPELQHPHDVXUHV

a necessary condition but not a suﬃcient one. It is the contribution to people’s livelihoods that

 ZLWKLQDQGRXWVLGHWKHIRUHVWVHFWRU

should dictate decisions about how to use the land. Any policy or change in conditions that makes

 GHDOZLWKWKHGLYHUVHVRPHWLPHVFRQWUDGLFWRU\DQGFRPSHWLQJYDOXHVDQGLQWHUHVWVRIWKH

alternative land uses more proﬁtable than forestry creates incentives for deforestation and under-

 YDULRXVVWDNHKROGHUV

mines the ability of the forest sector to adapt to climate change.
Inter-sectoral coordination is crucial. Policies in other sectors may directly or indirectly, intention-

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQIRUHVWV

ally or unintentionally, inﬂuence decisions aﬀecting forests, sometimes more so than forest-sector
policy itself. This is critical in the context of adaptation, since policies in other sectors may reduce
the adaptive capacity of the forestry sector and impede its ability to cope with climate change. Two

 .H\PHVVDJHV

sectors are particularly important in this regard: agriculture and energy.

 )OH[LEOHDSSURDFKHVWRSROLF\GHVLJQDUHQHHGHG7KH\KDYHWREHVHQVLWLYHWRWKHFRQWH[WLQ

Essentially, any measure that renders agriculture more proﬁtable can increase incentives to clear

 TXHVWLRQDQGPXVWQRWUHO\RQDVLQJOHRQHVL]HILWVDOOPHFKDQLVP

forests for farmland, and it is probable that in some countries agriculture will receive support for

 1HZPRGHVRIJRYHUQDQFHDUHUHTXLUHGWKDWHQDEOHPHDQLQJIXOVWDNHKROGHUSDUWLFLSDWLRQDQG
 SURYLGHVHFXUHODQGWHQXUHDQGIRUHVWXVHUULJKWVDVZHOODVVXIILFLHQWILQDQFLDOLQFHQWLYHV



adaptation to climate change, which again might increase pressure on forests. Communication
and coordination between the forest and agriculture sector is therefore essential. Possible trade-oﬀs
and likely economic, social and environmental impacts need to be fully considered when drafting
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policies. The same is true for energy policies, especially regarding biofuels, which also have an impact

Policy options for adaptation in forests

on the agricultural sector, and for hydropower if it requires land to be ﬂooded.
In any case, forest adaptation policies and strategies need to be assessed in the light of their impact
on other sectors and vice versa. This poses new challenges to policy integration and cross-sectoral
coordination. We have to change the time scales of our thinking and planning from short term to

3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

,QWHJUDWHIRUHVWLVVXHVLQWR
RYHUDOODGDSWDWLRQVWUDWHJLHV

$OORFDWLQJKXPDQDQG½QDQFLDOUHVRXUFHV
5HLQIRUFLQJSROLWLFDOLPSRUWDQFHDQGRYHUDOOFRRUGLQDWLRQ

(QKDQFHLQWHUVHFWRUDO
FRRUGLQDWLRQ

'HDOLQJZLWKVHFWRUVWKDWGLUHFWO\RULQGLUHFWO\LQWHQWLRQDOO\RU
XQLQWHQWLRQDOO\LQ¾XHQFHGHFLVLRQVDIIHFWLQJIRUHVWVHVSHFLDOO\
WKHDJULFXOWXUHDQGHQHUJ\VHFWRU

,PSOHPHQWQDWLRQDOIRUHVW
SURJUDPPHDQGWKH81)RUHVW
,QVWUXPHQWRI

)DFLOLWDWLQJVRFLHWDOGLDORJXHDURXQGIRUHVWVDQGHQKDQFLQJ
VWDNHKROGHUSDUWLFLSDWLRQ
'HYHORSLQJDFRPSUHKHQVLYHSROLF\IUDPHZRUNIRUDOOIRUHVW
UHODWHGLQLWLDWLYHVDQGSURFHVVHVLQDFRXQWU\
,PSURYLQJFRRUGLQDWLRQ

(QKDQFHODZHQIRUFHPHQWDQG
WUDQVSDUHQF\

,PSOHPHQWLQJSROLFLHV
&RPEDWLQJLOOHJDOORJJLQJ
,QFUHDVLQJWKHVHFWRUµVFUHGLELOLW\

medium and long term. Adaptation strategies may require additional investment and may therefore
change the balance between the costs and beneﬁts of forest management itself.
The high level of uncertainty poses additional challenges: the hierarchical top-down forest policy
that still prevails in many countries is highly inappropriate to respond to them. All this demands a
readiness to modify institutions and include new stakeholders into forest-related planning and
policies. Designing appropriate multi-stakeholder processes could be a starting point, including, for
example, setting up policy networks and network governance (Glück et al. 2009).
Finally, an essential element of any adaptation strategy will be to ensure adequate monitoring.
New indicators and sampling methods will be required to monitor the impacts of climate change.
Policies and regulatory instruments will also have to be adjusted to accommodate monitoring

(QJDJLQJWKHSULYDWHVHFWRURUFRPPXQLWLHVDQGDWWUDFWLQJ
6HFXUHODQGWHQXUHDQGGHYHORS
IDLUDQGHTXLWDEOHFRVWDQGEHQH½W LQYHVWPHQW
VKDULQJVFKHPHV
(PSRZHUWUDGLWLRQDODQG
LQGLJHQRXVFRPPXQLWLHV

needs.
Last, but not least, we have to strengthen the institutional capacity of departments and bodies
concerned with forest management, research and protection. This includes strengthening their ability
to enforce the legislation needed to decrease forests’ vulnerability to climate change.



$SSO\LQJWUDGLWLRQDONQRZOHGJHDQGEHQH½WLQJIURPKDQGVRQ
H[SHULHQFHDQGREVHUYDWLRQ
6XSSRUWLQJDGDSWDWLRQRIWKHJHQHUDOO\PRVWYXOQHUDEOHSDUWVRI
VRFLHW\

6HWWLQJSULRULWLHVIRUDFWLRQ
$SSO\HFRV\VWHPYXOQHUDELOLW\
DVVHVVPHQWVDQGHFRV\VWHPEDVHG ,QWHUDFWLQJZLWKRWKHUVHFWRUV
6DYLQJFRVWVVLQFHHFRV\VWHPDSSURDFKHVDUHRIWHQOHVV
DGDSWDWLRQDSSURDFKHV
FRVWLQWHQVLYHDQGPRUHOLNHO\WRFUHDWHZLQZLQVLWXDWLRQV
3URPRWHHFRQRPLFYDOXDWLRQRI
IRUHVWHFRV\VWHPVHUYLFHV

/LQNLQJDGDSWDWLRQZLWKPLWLJDWLRQPHDVXUHV

$SSO\PRQLWRULQJDQGHYDOXDWLRQ
RIDGDSWDWLRQPHDVXUHV

5HFRJQLVLQJWUHQGVDQGDSSO\LQJSURDFWLYHDGDSWDWLRQ

6XSSRUWFDSDFLW\GHYHORSPHQWRI
LQVWLWXWLRQV

,QYLWLQJQHZVWDNHKROGHUVWRSDUWLFLSDWH
(QKDQFLQJ¾H[LELOLW\ZLWKLQLQVWLWXWLRQV
3URPRWLQJQHWZRUNJRYHUQDQFHWKDWJLYHVURRPIRULQQRYDWLYH
DSSURDFKHV
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$GDSWDWLRQRSWLRQVLQIRUHVWV

 0LVVLRQIRUD*UHHQ,QGLD
7KH1DWLRQDO0LVVLRQIRUD*UHHQ,QGLDLVRQHRIWKHHLJKWPLVVLRQVXQGHU,QGLDµV1DWLRQDO$FWLRQ
3ODQRQ&OLPDWH&KDQJH 1$3&& 7KH0LVVLRQIRUD*UHHQ,QGLDUHFRJQLVHVWKDWFOLPDWHFKDQJH

 .H\PHVVDJHV

SKHQRPHQDZLOOVHULRXVO\DIIHFWDQGDOWHUWKHGLVWULEXWLRQW\SHDQGTXDOLW\RIWKHFRXQWU\µVQDWXUDO

 7KHUHLVQRXQLYHUVDOO\DSSOLFDEOHDSSURDFKWRDGDSWLQJIRUHVWVWRFOLPDWHFKDQJH)RUHVW

ELRORJLFDOUHVRXUFHVDQGWKHDVVRFLDWHGOLYHOLKRRGVRIWKHSHRSOH,WDFNQRZOHGJHVWKHLQ¾XHQFHV

 PDQDJHUVVKRXOGWKHUHIRUHEHIOH[LEOHHQRXJKWRGHSOR\WKHDGDSWDWLRQPHDVXUHVWKH\GHHP

WKDWWKHIRUHVWU\VHFWRUKDVRQHQYLURQPHQWDODPHOLRUDWLRQWKRXJKFOLPDWHPLWLJDWLRQIRRGVHFXULW\

 PRVWDSSURSULDWHIRUWKHLUORFDOVLWXDWLRQ

ZDWHUVHFXULW\ELRGLYHUVLW\FRQVHUYDWLRQDQGOLYHOLKRRGVHFXULW\IRUIRUHVWGHSHQGHQWFRPPXQLWLHV
%XWORFDOFRPPXQLWLHVDUHQRWRQO\WKHEHQH½FLDULHVRIWKH0LVVLRQ$FFRUGLQJWRWKH0LVVLRQIRU
D*UHHQ,QGLDWKHFRPPXQLWLHVDVZHOODVGHFHQWUDOLVHGJRYHUQPHQWVDUHPHDQWWRSOD\DNH\UROH
ZKHQLWFRPHVWRJRYHUQDQFHDQGSURMHFWLPSOHPHQWDWLRQ
7KH0LVVLRQIRUD*UHHQ,QGLDSXWV´JUHHQLQJµLQWKHFRQWH[WRIFOLPDWHFKDQJHDGDSWDWLRQDQG
PLWLJDWLRQ,WLVPHDQWWRHQKDQFH
 HFRV\VWHPVHUYLFHVVXFKDVFDUERQVHTXHVWUDWLRQDQGVWRUDJH LQIRUHVWVDQGRWKHUHFRV\VWHPV 

 /RFDOIRUHVWUHODWHGNQRZOHGJHDQGSUDFWLFHVGHYHORSHGRYHUJHQHUDWLRQVXQGHUFKDQJLQJ
 HQYLURQPHQWDOFRQGLWLRQVE\LQGLJHQRXVDQGORFDOFRPPXQLWLHVUHSUHVHQWDQLPSRUWDQWVRXUFH
 RIDGDSWLYHFDSDFLW\
 2SWLRQVIRUDGDSWDWLRQYDU\DPRQJJHRJUDSKLFDOUHJLRQVDQGIRUHVWW\SHV$GDSWDWLRQVLQ
 FRPPHUFLDOIRUHVWU\RSHUDWLRQVDUHYHU\GLIIHUHQWIURPWKRVHPDGHE\FRPPXQLWLHVWKDW
 GHSHQGRQIRUHVWVIRUVXEVLVWHQFH

 K\GURORJLFDOVHUYLFHV
 ELRGLYHUVLW\DQGDGDSWDWLRQRIYXOQHUDEOHVSHFLHVHFRV\VWHPVWRWKHFKDQJLQJFOLPDWH
 RWKHUSURYLVLRQLQJVHUYLFHVVXFKDVIXHOIRGGHUVPDOOWLPEHUDQGQRQWLPEHUIRUHVWSURGXFWV
7KHFRQFUHWHREMHFWLYHVRIWKH0LVVLRQDUHWR
 LQFUHDVHIRUHVWWUHHFRYHURQ½YHPLOOLRQKHFWDUHVRIIRUHVWQRQIRUHVWODQGVDQGLPSURYHTXDOLW\
 RIIRUHVWFRYHURQDQRWKHU½YHPLOOLRQKHFWDUHV DWRWDORIWHQPLOOLRQKHFWDUHV 
 LPSURYHHFRV\VWHPVHUYLFHVLQFOXGLQJELRGLYHUVLW\K\GURORJLFDOVHUYLFHVDQGFDUERQVHTXHVWUDWLRQ
 DVDUHVXOWRIWUHDWPHQWRIPLOOLRQKHFWDUHV
 LQFUHDVHWKHIRUHVWEDVHGOLYHOLKRRGLQFRPHRIDERXWWKUHHPLOOLRQKRXVHKROGVOLYLQJLQDQG

The following reﬂection developed by Innes at al. (2009) illustrates the challenges related to proactive adaptation: ‘If the forest canopy is lost, then a manager is faced with important decisions.
Current forestry practice for natural forests suggests that attempts should be made to replace the
forest with the same species composition as the original forest. However, this fails to take into
account that the existing forest was probably established under diﬀerent climatic conditions
from those at the site today, and that there is a strong possibility that whatever caused the canopy
loss will occur again under future climates. There is a widespread assumption that the forest currently

 DURXQGWKHIRUHVWV

at a site is adapted to the current conditions, but this ignores the extent to which the climate has

 LQFUHDVHDQQXDO&2îVHTXHVWUDWLRQE\WRPLOOLRQWRQQHVLQWKH\HDU

changed over the past 200 – 300 years, and the lag eﬀects that occur in forests. As a result, replacement
6RXUFH*R,

of a forest by one of the same composition may no longer be a suitable strategy.’
Eﬀorts to encourage proactive adaptation not only have to take into account changing climatic
conditions. They also have to address another reality: stakeholders in the forest sector often have
diverse values and interests that can impede eﬀorts to reach consensus on adaptation goals. Adaptation strategies must, therefore, pay explicit attention to normative issues such as trade-oﬀs among
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competing values and interests or distribution of costs among stakeholders. They also have to take

Plantations play an important role in maintaining the extent of forests, enhancing forest cover and reduc-

into consideration uncertainty and leave space for changing preferences, e.g. timber species used

ing pressure on existing forests. The choice of species within new plantations should take into account

for furniture, and unintended consequences on the markets over time. Greater recognition of local

projected trends in climate change. It is also important to keep in mind that demand for fuel wood

institutions and individual actors involved in planning and decision-making processes may enable

and timber will increase in the future. Possible measures to maintain the extent of forests may include:

successful implementation of adaptation measures in forests.

•

reducing deforestation and applying sustainable forest management practices in natural forests;

•

using plantation species better adapted to future climate conditions than traditional ones;

•

introducing anticipatory planting according to projected climate change at a given latitude and

A key strategy applicable to many forests, regardless which scenario is used, is adaptive co-management between forest authorities and local communities. Policies and regulations must be suﬃciently
ﬂexible to allow for adaptive co-management to take place. Furthermore, there needs to be a recogni-

altitude;
•

making use of plantations to supply an increasing demand for wood, but being aware of changes
to groundwater levels caused by new plantations;

tion that mistakes will be made.
•

converting plantations to more natural forest types so as to enhance ecosystem services;

In regard to the various services of forest ecosystems, adaptation options themselves may be diﬀeren-

•

integrating biofuel production into an overall concept in order to avoid conversion of forests;

tiated as follows (Seppälä et al. 2009):

•

enhancing local welfare by promoting community-based forest management and restoration,
developing agroforestry, making microﬁnance available, and promoting a greater role for women;

•

maintaining and providing ecosystem services;

•

maintaining and providing provisioning services;

•

oﬀering training in management, manufacturing and marketing of non-timber forest products (NTFP);

•

maintaining and providing regulatory services;

•

supporting eﬀorts to improve welfare through sound governance, strengthening institutions,

•

maintaining and providing cultural services.

greater participation and education, greater accountability, reinforced monitoring and community access to beneﬁts.

0DLQWDLQLQJDQGSURYLGLQJHFRV\VWHPVHUYLFHV
Facilitating natural adaptation of biological diversity is crucial as it enhances the resilience of ecoMaintaining ecosystem services comprises maintaining the extent of forests, facilitating natural

systems. In this regard, many actions associated with sustainable forest management are ‘no-regret’

adaptation of biological diversity and maintaining forest health.

options to reduce greenhouse gases that would pay for themselves even without a climate change
policy. However, as part of a proactive adaptation approach, it is useful to consider the following

Major activities to maintain the extent of forests involve ﬁrst of all reducing deforestation and

additional measures:

enhancing forest cover through aﬀorestation and reforestation, that is establishing forests in areas

•

where there was no forest before or re-establishing it where deforestation has taken place. In Ghana,

employing landscape-level approachesto conserving biodiversity, enabling species to migrate to
areas with more suitable climates;

Burkina Faso and Mali, for example, governments are supporting programmes to adapt forest
ecosystems to predicted climates, e.g. through aﬀorestation and reforestation, but also through research into resistance and adaption to drought and bushﬁre (Idinoba et al. 2009).



)RUHVWODQGVFDSHOHYHODSSURDFKHVDLPWRLPSURYHERWKHFRORJLFDOLQWHJULW\DQGKXPDQZHOOEHLQJ$FFRUGLQJWRWKH



*OREDO3DUWQHUVKLSRQ)RUHVW/DQGVFDSH5HVWRUDWLRQWKLVPD\LQYROYHWKHIROORZLQJSULQFLSOHV L UHVWRULQJDEDO
DQFHGDQGDJUHHGSDFNDJHRIIRUHVWDQGEURDGHUODQGVFDSHIXQFWLRQV LL DFWLYHHQJDJHPHQWFROODERUDWLRQDQG
QHJRWLDWLRQDPRQJVWDNHKROGHUV LLL ZRUNLQJRQDODUJHUODQGVFDSHOHYHOIRUH[DPSOHDZDWHUVKHGDQG LY OHDUQ
LQJDQGDGDSWLQJZLWKLQDQGDFURVVVLWHVFRXQWULHVUHJLRQVDQGJOREDOO\





$'$37$7,21,1)25(676

•

assisting migration of provenances and species;

non forest-based income sources and better local governance of forest resources. But capacity build-

•

reducing fragmentation and maintaining connected areas of forest, especially links between

ing for monitoring and coping with possible calamities on an unprecedented scale is also important.

protected areas;

Promoting co-management and community forestry is useful in increasing local adaptive capacity by

•

protecting primary and natural secondary forests;

strengthening the role of traditional knowledge in forest management and by putting decisions in

•

expanding reserve systems to ensure protection of genetically diverse populations and species-rich

the hands of the people – because they are the ﬁrst to feel the eﬀects of climate change. An example

ecosystems;

from Ghana illustrates how this can work.

•

enhancing diminished ecosystem services or replacing lost ecosystem services;

•

changing the species composition of forest stands and planting forests with genetically improved

In Ghana’s modiﬁed Taungya system, land is cleared and initially planted with both food crops and tree

seedlings adapted to a new climate.

seedlings. When fully grown, the trees are harvested by the administration for timber. The Government of
Ghana has modiﬁed this classic approach so as to provide more ﬂexibility and take into account ﬁnancial

There is considerable evidence that climate change aﬀects forest health and vitality and will con-

beneﬁts for farmers and other stakeholders involved. It has transferred the ownership of the trees from

tinue to do so. Forest management may be able to reduce the impacts of events such as forest ﬁres,

the government to the farmers and local communities. This modiﬁed approach involves more than plant-

pathogens or insect epidemics. But it will not be able to soften the impact of other events, such as

ing food crops and economic trees on the land: continuous care is required and the necessary inputs must

extreme storms or droughts. In this context, following the philosophy of proactive adaptation means

be applied throughout the tree’s life. It has been conﬁrmed that this modiﬁed Taungya system can provide

using the events themselves as an opportunity for adaptation by removing the inertia within a forest

important local-level contributions to increasing forest cover and enhancing adaptation (ETFRN 2009).

that buﬀers it against change. This includes:
•

increasing the genetic diversity of trees used in plantations;

 ,QGLDµV-RLQW)RUHVW0DQDJHPHQW

•

reducing the impact of climate change and major changes to a forest which may render it more

,QWKHHDUO\VWKH*RYHUQPHQWRI,QGLDLQLWLDWHGFRPPXQLW\EDVHGQDWXUDOUHVRXUFHPDQDJHPHQW

susceptible to future events;

DQGGHYHORSHGJXLGHOLQHVIRUDSURJUDPPHFDOOHG-RLQW)RUHVW0DQDJHPHQW -)0 2YHUWKHODVWWZR

applying management techniques such as thinning, prescribed burning and selective cutting to

GHFDGHVWZHQW\HLJKWVWDWHVKDYHDGRSWHGWKLVSURJUDPPHE\LQYROYLQJWKHFRPPXQLWLHVOLYLQJLQ

mitigate the threat of mega-ﬁres;

IRUHVWIULQJHDUHDVLQFRQVHUYDWLRQSURWHFWLRQDQGPDQDJHPHQWRIIRUHVWVDQGE\VKDULQJWKHEHQH½WV

developing strategies for dealing with forest insects, pathogens, and invasive species and applying

WRZDUGVVXVWDLQDEOHOLYHOLKRRGVIRUWKHORFDOFRPPXQLWLHV,WKDVEHHQHVWLPDWHGWKDWE\)HEUXDU\

phytosanitary standards.

PLOOLRQKHFWDUHVRIIRUHVWODQGVZHUHEHLQJPDQDJHGXQGHUWKH-)0SURJUDPPHE\DSSUR[L

•
•

PDWHO\-)0&RPPLWWHHVLQVWDWHVLQ,QGLD,WLVWKRXJKWWKDWWKH-)0LQLWLDWLYHKDGDJUHDW

0DLQWDLQLQJDQGSURYLGLQJSURYLVLRQLQJVHUYLFHV
Maintaining and providing provisioning services consists of maintaining the productivity of forest
ecosystems and the tangible socio-economic beneﬁts from forests under climate change.
Proactive adaptation management by communities may include diversiﬁcation of forest-based and


LPSDFWLQVRPHIRUHVWGHSHQGHQWFRPPXQLWLHVLQWHUPVRIHQKDQFHPHQWRIWKHLUVRFLRHFRQRPLFVWDWXV
2QHDVVXPSWLRQLVWKDWDQLQFUHDVHGIRUHVWFRYHUDQGHFRQRPLFEHQH½WVRI-)0DUHDOVRKHOSLQJIRUHVW
IULQJHFRPPXQLWLHVWRDGDSWWRFKDQJLQJFOLPDWLFFRQGLWLRQVGHSHQGLQJRQWKHZD\-)0LVEHLQJLP
SOHPHQWHGLQGLIIHUHQWVWDWHV*,=FRPPLVVLRQHG:LQURFN,QWHUQDWLRQDO,QGLD±DQRQSUR½WRUJDQLVDWLRQ
GHDOLQJZLWKVXVWDLQDEOHUHVRXUFHVPDQDJHPHQW±WRDQDO\VHWKHHIIHFW-)0KDVRQIRUHVWHFRV\VWHP
UHVLOLHQFHDQGZKHWKHULWKDVLQFUHDVHGDGDSWLYHFDSDFLWLHVRIYXOQHUDEOHFRPPXQLWLHV *RVZDPLQG 
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Most adaptations to local climate conditions serve more than one purpose. Local forest-related

•

adjusting to altered wood size and quality;

knowledge and practices and associated social institutions, developed over generations under

•

adjusting ﬁre-management systems;

changing environmental conditions by indigenous and local communities, represent an important

•

implementing soil conservation practices;

source of adaptive capacity for local forest-dependent communities in the face of climate-change

•

evaluating local preferences carefully and assisting communities in choosing and applying

impacts on forest ecosystems.

options for tree and forest management;
•

taking account of traditional knowledge and cultural and spiritual values.

 0DNLQJXVHRIORFDONQRZOHGJHIRUDGDSWDWLRQLQ,QGLDµVIRUHVWV
,QQRUWKHDVWHUQ,QGLDWKHVRLODQGYHJHWDWLRQPDQDJHPHQWSUDFWLFHVGHYHORSHGRYHUJHQHUDWLRQV

0DLQWDLQLQJDQGSURYLGLQJUHJXODWRU\VHUYLFHV

E\ORFDOFRPPXQLWLHVKDYHEHHQVKRZQWRHQKDQFHVRLOIHUWLOLW\DQGPLQLPLVHHURVLRQORVVHVLQ
VKLIWLQJFXOWLYDWLRQDUHDV 5DPDNULVKQDQ 
,QWKH+LPDOD\DVZKHUHFRPPXQLWLHVDUHIDFHGZLWKHUUDWLFUDLQIDOOGXULQJVSULQJDQGVXPPHU
IDUPHUVKDYHGHYHORSHGDJURIRUHVWU\SUDFWLFHVWRHQVXUHIRRGVHFXULW\DQGDGGLWLRQDOLQFRPH
SDUWLFXODUO\JURZLQJFDUGDPRPEDPERRJURYHVDQGIUXLWWUHHV 9HUPD 

Maintaining and providing regulatory services means maintaining soil and water resources and
enhancing forestry’s contribution to global carbon cycles under conditions of climate change.
Experienced foresters and local communities understand the protective functions forests can have.
These are important to safeguard infrastructure and human life and are widely used in mountain
areas. Forests also play an important role in watershed management; they can enhance the quality

Within the industrial forest sector, proactive adaptation should take account of the fact that tropical

and quantity of soils and water. However, forests use more water than grasslands. Consequently,

plantations are more likely to remain viable under future climate than temperate or boreal plantations.

new plantations may cause changes to groundwater levels and reduce stream ﬂows.

The shorter rotation times of the faster growing species will reduce the risk of maladaptation and
damage by extreme weather events. A trend is therefore projected by which industrial timber produc-

It makes sense to combine mitigation and adaptation measures, since forests can only contribute

tion emphasis will move from temperate to tropical forests and from the Northern to the Southern

to mitigation if they keep their adaptive capacity to climate change. Furthermore, mitigation might

Hemisphere.

be used as a potential way of ﬁnancing adaptation measures. When looking at the combination of
mitigation and adaptation agroforestry is especially interesting as it oﬀers the possibility of channel-

The following proactive measures are proposed to complement sustainable forest management and

ling beneﬁts to local people. It sequesters carbon, reduces risks, enhances diversiﬁcation and helps

maintain provisioning services:

stabilise livelihoods (see also section 2.5).

•

undertaking landscape planning to minimise ﬁre and insect damage (e.g. by introducing
multi-species plantings and reducing logging waste);

0DLQWDLQLQJDQGSURYLGLQJFXOWXUDOVHUYLFHV

•

shifting to species or areas that are more productive under new climatic conditions;

•

altering stand management within and between regions according to timber growth (i.e.

Maintaining and providing cultural services encompasses cultural values and local knowledge, as well

shortened or extended rotation periods) and harvesting patterns (i.e. reducing damage to

as aesthetic, spiritual, educational and recreational services provided by forests.

remaining trees, and salvaging dead timber);
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It has already been underlined that traditional and local forest-related knowledge is an asset for

Adaptation studies in the forest sector have not yet been initiated. There are very few long-term

developing local adaptation approaches. Consequently, it is important to counteract the erosion of

monitoring plots in the tropical forest regions that are able to generate data on impacts and responses

forest-related knowledge in forest-dependent societies. Multidisciplinary and participatory research

of vegetation to the changing climate. Although data is limited and climate projections and dynamic

should be enhanced. The eﬀorts of indigenous and local communities should be supported, e.g.

global vegetation models are fraught with uncertainty, it can be conclusively said that forests are

by documenting and preserving their knowledge and practices in coping with climate variability and

highly vulnerable to climate change.

associated changes in forest structure and function. Changes in legislation may become necessary
to take account of the fact that traditional practices, such as hunting, may be impacted by changing

Politicians and policy-makers need to recognise that ﬂexibility and room to experiment with and

species composition or migration behaviour.

test management options are needed to deal with uncertainties. New indicators and sampling
methods will be required to monitor the impacts of climate change. Reliable projections of regional

Recent publications dealing with forests and adaptation to climate change do not speciﬁcally propose

and local impacts of climate change require investment in research and monitoring infrastructure

gender-sensitive adaptation measures. However, it can be assumed that the commonly known

and increased support for early warning systems and preparedness measures.

gender-sensitive impacts of forest degradation will be aggravated by climate change. Assessments
of vulnerabilities, priorities and preferences should be looked at in a gender-sensitive manner.

Assessing impact requires baselines, which in turn require valid data on climate, as well as on the

Of course, this also applies to the adaptation measures themselves.

quantity and quality of forests. Many countries are currently making enormous eﬀorts to develop
reference levels for greenhouse gas emissions within the REDD+ framework. Here, data are collected,

The aesthetic, spiritual, educational and recreational services provided by forests quite often fall

and modelling takes place for a hypothetical ‘business as usual’ scenario. Approaches to Measuring,

in the category of provisioning services. However, they are of equal importance for societies all over

Reporting and Verification (MRV) of emission reduction activities are under development.

the world. Forests in urban areas, for example, have positive eﬀects on people’s health. They can alle-

Proactive adaptation management in forests can beneﬁt from from these eﬀorts by modifying such

viate the eﬀects of extreme temperatures and they are a source of tranquillity within an environment

systems and also applying them to monitoring and evaluating adaptation measures in the forest sector.

of constant stress.
 5(''DQG5(''

5HVHDUFKDQGPRQLWRULQJ

5(''VWDQGVIRU5HGXFLQJ(PLVVLRQVIURP'HIRUHVWDWLRQDQG)RUHVW'HJUDGDWLRQ,WDLPVWR
VLJQL½FDQWO\UHGXFHHPLVVLRQVLQGHYHORSLQJFRXQWULHVDWFRPSDUDWLYHO\ORZFRVWIRUWKHLQWHUQD

 .H\PHVVDJHV

WLRQDOFRPPXQLW\7KHEDVLFLGHDLVWRFRPSHQVDWHQDWLRQDOJRYHUQPHQWVDQGORFDOVWDNHKROGHUV
LQWURSLFDOIRUHVWFRXQWULHVIRUTXDQWL½HGDQGYHUL½HGHPLVVLRQUHGXFWLRQV,QDGGLWLRQWRIRUHVW

• 0RUHUHVHDUFKLVUHTXLUHGWRUHGXFHFXUUHQWXQFHUWDLQWLHVDERXWFOLPDWHFKDQJHLPSDFWVRQIRUHVWV

FRQVHUYDWLRQDFWLYLWLHV5(''DOVRLQFOXGHVWKH´HQKDQFHPHQWRIIRUHVWFDUERQVWRFNVµIRULQ

 DQGSHRSOHDQGWRLPSURYHNQRZOHGJHDERXWPDQDJHPHQWDQGSROLF\PHDVXUHVIRUDGDSWDWLRQ

VWDQFHE\LPSURYLQJIRUHVWPDQDJHPHQWUHKDELOLWDWLQJIRUHVWVDQGUHIRUHVWDWLRQ

• 1HYHUWKHOHVVGHVSLWHWKHOLPLWDWLRQVRIFXUUHQWNQRZOHGJHFOLPDWHFKDQJHLVSURJUHVVLQJWRR

6RXUFH*7= 

 TXLFNO\IRUXVWREHDEOHWRSRVWSRQHDGDSWDWLRQDFWLRQDQGZDLWIRUWKHRXWFRPHRIIXUWKHUVWXGLHV
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/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ
 .H\PHVVDJHV

•

Coastal mangrove plantations: they can sequester carbon in trees and soil while providing
protection to coastal areas from sea water intrusion

•

Sustainable agricultural practices involving organic manuring, mulching, soil and water
conservation practices, and multiple cropping: they can not only enhance soil organic carbon

 /LQNLQJDGDSWDWLRQWRPLWLJDWLRQLQWKHIRUHVWVHFWRULVQHFHVVDU\DQGSURYLGHVPRUHEHQHILWV

sequestration, but also reduce the vulnerability of crops to moisture stress and drought, thus

 WKDQSODQQLQJDQGLPSOHPHQWLQJWKHPVHSDUDWHO\

impacting positively on yields.

 $GGLWLRQDOFRVWIRUDGDSWDWLRQPD\EHFRYHUHGE\PLWLJDWLRQUHYHQXHV

Several projections of the IPCC indicate signiﬁcant risks that the forest’s carbon-regulating
Even if adaptation measures are fully implemented, unmitigated climate change would, during the

services will be entirely lost. This is because

course of the current century, exceed the adaptive capacity of many forests.

land ecosystems will turn into a net source of
carbon if there is a rise in global temperature

Increasing ecosystem resilience is a crucial ﬁrst step towards adaptation and mitigation because

to 2.5 °C or more above preindustrial levels.

forests can only sequester carbon and successfully store it if they are vital and healthy. Both these

Moreover, since forests also release large quanti-

characteristics are directly aﬀected by climate change. They can only be maintained if the forests

ties of carbon if deforested or impacted by

are able to adapt to climate change. This adaptive capacity can be enhanced by increasing ecosystem

other degrading stressors, they could exacerbate

resilience, which is a direct function of biodiversity and management techniques.

climate change further.

Mitigation and adaptation are generally considered separately in addressing climate change. How-

Reducing deforestation and degradation of natural forests, for example, oﬀers mitigation and adapta-

ever, they are intricately linked: many mitigation-driven actions could have either positive conse-

tion beneﬁts. Any forest management plan that strives to maintain forest health and vitality, reduce

quences for adaptation (e.g. preventing soil erosion) or negative ones (e.g. greater likelihood of

risk, prevent forest degradation and maximise productivity helps to avoid deforestation and therefore

pests and ﬁres as a result of an increase in monocultures). Similarly, adaptation actions could have

contributes to both deforestation and therefore to both mitigation and adaptation. One of the major

positive or negative implications for mitigation. Thus, there is a need to avoid trade-oﬀs between

problems involved in linking adaptation and mitigation is that adaptation is often a response to local

adaptation and mitigation and promote synergy. A study has highlighted potential options for pro-

circumstances and is therefore a local concern that beneﬁts local populations, while mitigation is a

moting synergy, particularly in the land use sector (Ravindranath et al. 2006). Potential examples

response to a global concern and is usually dealt with at the country scale (Bernier et al. 2009). It is

of actions that promote both mitigation and adaptation include:

therefore necessary to integrate climate change-mitigation and adaptation in forest-related societal

•

Agroforestry: it can contribute to carbon sequestration in trees and soil and at the same time

processes. This will raise awareness of the complexity of the issue and make it possible to better link

reduce the vulnerability of communities to climate change by diversifying livelihoods, e.g.

up the local and national level.

through tree-based non-timber forest products
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$EVWUDFW

7DEOHRIFRQWHQWV

7KHIXQGDPHQWDOUROHELRGLYHUVLW\DQGIXQFWLRQDOHFRV\VWHPVHUYLFHVSOD\IRUDGDSWLQJWRFOLPDWH

 +RZGRHVFOLPDWHFKDQJHLPSDFWELRGLYHUVLW\"



 :KDWGRHVDGDSWDWLRQPHDQLQUHODWLRQWRELRGLYHUVLW\"



 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQUHODWLRQWRELRGLYHUVLW\



 $GDSWDWLRQRSWLRQVUHODWHGWRELRGLYHUVLW\



$GDSWDWLRQGHFLVLRQVDFURVVVHFWRUVDQGJHRJUDSKLFDODUHDVWKHUHIRUHQHHGWRPD[LPLVHSRVLWLYH



 $GDSWDWLRQVWUDWHJLHVDWHFRV\VWHPDQGODQGVFDSHOHYHO



DQGPLQLPLVHQHJDWLYHLPSDFWVRQELRGLYHUVLW\,QWKLVFRQWH[WHFRV\VWHPEDVHGDGDSWDWLRQZKLFK



 6WUHQJWKHQLQJWKHUHVLOLHQFHRIGLIIHUHQWODQGXVHV\VWHPV



LQWHJUDWHVWKHXVHRIELRGLYHUVLW\DQGHFRV\VWHPVHUYLFHVLQWRDQRYHUDOODGDSWDWLRQVWUDWHJ\



 )RVWHULQJLQWHUDQGLQWUDVSHFLHVGLYHUVLW\



FDQEHFRVWHIIHFWLYHDQG\LHOGYDULRXVVRFLDOHFRQRPLFDQGHQYLURQPHQWDOFREHQH½WVIRUORFDO



FRPPXQLWLHV7KLVKDVEHHQPDGHH[SOLFLWWKURXJKWKHLQWHUQDWLRQDOVWXG\RQ7KH(FRQRPLFVRI

 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ



 5HIHUHQFHVDQGIXUWKHUUHDGLQJ



FKDQJHKDVORQJEHHQXQGHUYDOXHGLQGLVFXVVLRQVRQFOLPDWHFKDQJHDGDSWDWLRQ+RZHYHUWKHUH
LVQRGHQ\LQJWKHIDFWWKDWFOLPDWHFKDQJHLVLQFUHDVLQJO\SXWWLQJSUHVVXUHRQHFRV\VWHPVDQG
DJJUDYDWHVWKHHIIHFWVRIRWKHUVWUHVVHVH[SHGLWLQJWKHORVVRIELRORJLFDOGLYHUVLW\7KHGHJUDGDWLRQ
RIHFRV\VWHPVDQGORVVRIELRGLYHUVLW\GHSULYHHVSHFLDOO\WKHUXUDOSRRURIWKHLUQDWXUDOUHVRXUFHV
EDVHDQGH[DFHUEDWHSRYHUW\

(FRV\VWHPVDQG%LRGLYHUVLW\ 7((% 
$WWKHVDPHWLPHWKHPDLQWHQDQFHRILQWDFWHFRV\VWHPVLVRQHRIWKHDUHDVZLWKWKHJUHDWHVW
SRWHQWLDOIRUDFKLHYLQJWKHREMHFWLYHVRIERWKFOLPDWHFKDQJHDGDSWDWLRQDQGPLWLJDWLRQ'XHWR
WKHPDMRUUROHWKH\SOD\LQWKHFDUERQF\FOHWHUUHVWULDODQGPDULQHHFRV\VWHPVDUHRIVSHFLDO
LPSRUWDQFHKHUH
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+RZGRHVFOLPDWHFKDQJHLPSDFWELRGLYHUVLW\"
 .H\PHVVDJHV

 (FRV\VWHP
7KH&%'GH½QHVDQHFRV\VWHPDVD´G\QDPLFFRPSOH[RISODQWDQLPDODQGPLFURRUJDQLVP
FRPPXQLWLHVDQGWKHLUQRQOLYLQJHQYLURQPHQWLQWHUDFWLQJDVDIXQFWLRQDOXQLWµ,IRQHSDUWLV

 &OLPDWHFKDQJHDQGDVVRFLDWHGGLVWXUEDQFHVDUHLQFUHDVLQJO\SXWWLQJSUHVVXUHRQHFRV\VWHPV

GDPDJHGLWFDQKDYHDQLPSDFWRQWKHZKROHV\VWHP+XPDQVDUHDQLQWHJUDOSDUWRIHFRV\VWHPV

 DQGFDQH[DFHUEDWHWKHHIIHFWVRIRWKHUH[LVWLQJVWUHVVHV

(FRV\VWHPVFDQEHWHUUHVWULDORUPDULQHLQODQGRUFRDVWDOUXUDORUXUEDQXQGLVWXUEHGRU

 ,PSDFWVRIFOLPDWHFKDQJHRQELRGLYHUVLW\IURPWKHHFRV\VWHPWRJHQHWLFOHYHOFDQDOUHDG\EH

PRGL½HGE\KXPDQDFWLYLW\7KH\FDQDOVRYDU\LQVFDOHIURPJOREDOWRORFDO

 REVHUYHGWRGD\DQGUHYHDOVLJQL½FDQWHFRORJLFDOVRFLDODQGHFRQRPLFFRQVHTXHQFHV

 (FRV\VWHPVHUYLFHV

 &RQVHUYLQJQDWXUDOWHUUHVWULDOIUHVKZDWHUDQGPDULQHHFRV\VWHPVDQGUHVWRULQJGHJUDGHG

%LRGLYHUVLW\LVWKHIRXQGDWLRQRIHFRV\VWHPVHUYLFHV7KHGLIIHUHQWDVSHFWVDQGOHYHOVRIELRGL

 HFRV\VWHPVLVHVVHQWLDOIRUJOREDOFDUERQDQGZDWHUF\FOHVDQGLQDGDSWLQJWRFOLPDWHFKDQJH

YHUVLW\ JHQHVVSHFLHVHFRV\VWHPV GLUHFWO\DQGLQGLUHFWO\FRQWULEXWHWRHFRV\VWHPJRRGVDQG
VHUYLFHV([DPSOHVLQFOXGHIRRGIUHVKZDWHUWLPEHUFOLPDWHUHJXODWLRQSURWHFWLRQIURPQDWXUDO
KD]DUGVHURVLRQFRQWUROSKDUPDFHXWLFDOLQJUHGLHQWVDQGUHFUHDWLRQ

Biodiversity and climate change are interconnected – not only through climate change eﬀects on

6RXUFHV&%'7((%

biodiversity and ecosystems, but also through changes in biodiversity that aﬀect climate change
(SCBD 2009). Natural terrestrial, wetlands and marine ecosystems play a key role in global carbon
and water cycles and in adapting to climate change. The degradation of ecosystems in turn reduces
carbon storage and sequestration capacity, leading to increases in emissions of greenhouse gases and
accelerated climate change. At the same time changes in temperature and atmospheric CO levels

3( 23/ (
HPLVVLRQV

HFRV\VWHPVHUYLFHV

FOLPDWHLPSDFWV

have adverse and often irreversible impacts on ecosystems and species which can already be observed

GHVWUXFWLRQ

today (Campbell et al. 2009). Last but not least, human activities for climate change mitigation or
adaptation can have positive or negative eﬀects on biodiversity and ecosystem services.

FOLPDWHLPSDFWV
&/ ,0$7 (

 %LRGLYHUVLW\
%LRGLYHUVLW\LVWKHYDULHW\RIOLIHRQHDUWK7KH&RQYHQWLRQRQ%LRORJLFDO'LYHUVLW\ &%' GH½QHV

FOLPDWHUHJXODWLRQ

%,2',9( 56,7 <

 6RXUFH.XVHWDODGDSWHGIURPWKH5R\DO6RFLHW\

ELRORJLFDOGLYHUVLW\DVWKHYDULDELOLW\DPRQJOLYLQJRUJDQLVPVIURPDOOVRXUFHVLQFOXGLQJWHUUHV
WULDOPDULQHDQGRWKHUDTXDWLFHFRV\VWHPVDQGWKHHFRORJLFDOFRPSOH[HVRIZKLFKWKH\DUH

The Intergovernmental Panel on Climate Change (IPCC) concluded in its Fourth Assessment Re-

SDUW7KLVLQFOXGHVGLYHUVLW\ZLWKLQVSHFLHV JHQHWLFGLYHUVLW\ EHWZHHQVSHFLHVDQGRIHFRV\VWHPV

port (IPCC 2007b) that climate change will have signiﬁcant impacts on many aspects of biological
diversity. The rise in temperature projected for the next 100 years is comparable to the increase in
temperature over the past 10,000 years. This magnitude and rate of climate change poses particularly
severe challenges for natural ecosystems. Species and ecosystems will have to adapt at a much faster
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rate than over the past geologic times. Increasing CO concentrations, global warming, rising sea

One important ecosystem that is at high risk due to climate change is coral reefs, aﬀecting the

levels, and associated disturbances (e.g. ﬂoods, droughts, storms, ﬁres, increased rates of pests and

productivity of global ﬁsheries and over 500 million people worldwide who depend on coral reefs

diseases, ocean acidiﬁcation) are putting pressure on ecosystems and exacerbate the eﬀects of other

for their livelihoods (TEEB 2009). Not only coral reefs, but many other biodiversity-rich areas are

existing stresses, including habitat fragmentation and conversion, over-exploitation, pollution and

located in developing countries. Ecosystem degradation and biodiversity loss deprive low-income

invasive alien species.

population groups of their natural resources base, increase poverty and further reduce their capacity
to adapt to climate change.

The Fourth IPCC Assessment Report projects that approximately 10 % of species assessed so far
will be at an increasingly high risk of extinction for every 1 °C rise in global mean temperature,

 ,QGLDDQGLWVELRGLYHUVLW\

within the range of future scenarios modelled in impact assessments. The review of recent scientiﬁc

,QGLDUDQNVDPRQJWKHWRSWHQVSHFLHVULFKQDWLRQVZLWKKLJKHQGHPLVP6RIDUVSHFLHVRI

literature on the links between biodiversity and climate change prepared by the World Conserva-

DQLPDOVDQGVSHFLHVRISODQWVKDYHEHHQGRFXPHQWHGLQ,QGLDµVWHQELRJHRJUDSKLFUHJLRQV

tion Monitoring Centre of the United Nations Environment Programme (UNEP-WCMC) supports

,WLVWKHUHIRUHFRQVLGHUHGRQHRIWKHZRUOGµV´PHJDGLYHUVHµFRXQWULHVLQWHUPVRIELRGLYHUVLW\7KH

the key ﬁndings of the IPCC with a greater range of evidence from direct observation, experimental

FRXQWU\SRVVHVVHVDQH[HPSODU\GLYHUVLW\RILQGLJHQRXVDQGWUDGLWLRQDONQRZOHGJHDQGDYDULHW\

studies and modelling studies (Campbell et al. 2009).

RIHFRORJLFDOKDELWDWVOLNHIRUHVWVJUDVVODQGZHWODQGVFRDVWDOPDULQHDQGGHVHUWHFRV\VWHPV,QGLD
LVUHFRJQLVHGDVRQHRIWKHHLJKWFHQWUHVRIRULJLQDQGGLYHUVLW\RIFURSSODQWV 9DYLORYLDQ&HQWHUV 

Climate change related responses by species and ecosystems can already be observed today. Among

ZLWKPRUHWKDQZLOGDQFHVWRUVDQGFORVHUHODWLYHVRIFXOWLYDWHGSODQWVZKLFKDUHVWLOOHYROYLQJ

them are shifting geographic ranges and migration of species; changes in life cycles, ﬂowering,

XQGHUQDWXUDOFRQGLWLRQV 0R() 

reproduction and ecological interactions; CO fertilisation favouring fast growing species. Projecting

7KH,3&&LQLWVVXPPDU\UHSRUWUHOHDVHGLQ)HEUXDU\KDVHVWLPDWHGDKXJHORVVRIELRGLYHUVLW\

the rate of extinction is diﬃcult due to lags in species’ responses, incomplete knowledge of natural

IRUELRGLYHUVLW\ULFKPHJDGLYHUVHFRXQWULHVVXFKDV,QGLDGXHWRFOLPDWHFKDQJH ,3&& 

adaptive capacity, and the complex cascade of inter-species interactions. Biological systems, from
individuals to ecosystems, will often respond to climate change in rapid transformations after a long
period of little change. Such rapid transformations usually occur when ‘tipping points’ or ‘critical thresholds’ are crossed. Increasing frequency and intensity of extreme climate events have the

 %LRGLYHUVLW\HURVLRQLQWKH6XQGDUEDQV

potential to more readily breach tipping points and thresholds leading to escalating extinctions and

7KH6XQGDUEDQVDQHFRUHJLRQWKDWFRYHUVWKHVRXWKHUQWLSRI,QGLDµV:HVW%HQJDODQG%DQJODGHVKµV

widespread reorganisation of ecosystems.

6RXWKLVERWKXQLTXHDQGXQLTXHO\IUDJLOH,WLVRQHRIWKHPRVWH[WHQVLYHPDQJURYHIRUHVWVLQ
WKHZRUOGZLWKYHU\KLJKVSHFLHVGLYHUVLW\ PDMRUPDQJURYHVPLQRUPDQJURYHVDQGPDQJURYH

Changes in the Indian Summer Monsoon are considered to be such a tipping point, expecting to
double the drought frequency, while these eﬀects will be aggravated by the eﬀects of Himalayan
glaciers melting and reduced river ﬂow (Lenton et al. 2009). Although there is still uncertainty
in this area, the literature reviewed indicates that climate change is already impacting biodiversity

DVVRFLDWHV 7KHVHPDQJURYHIRUHVWVDUHRQHRIWKHPRVWVLJQL½FDQWVWURQJKROGVRIWKH5R\DO%HQJDO
7LJHUDQHQGDQJHUHGVSHFLHVDQGWKHQDWLRQDODQLPDORI,QGLD,QDGGLWLRQWKHPDQJURYHVSUHVHQWV
DQDWXUDOEXIIHUDJDLQVWFRDVWDOHURVLRQDQGVHDZDWHULQJUHVVLQWRRQHRIWKHPRVWGHQVHO\SRSXODWHG
UHJLRQVRIWKHZRUOGZKHUHDERXWPLOOLRQ,QGLDQVDQGDERXWPLOOLRQ%DQJODGHVKLVOLYH

from the ecosystem to genetic level with signiﬁcant ecological, social and economic consequences.
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7KH6XQGDUEDQVDUHFKDUDFWHULVHGE\GHYHORSPHQWDOFRQVWUDLQWVLQWHUPVRIUDSLGO\JURZLQJSRSX
ODWLRQRQWKHRQHKDQGDQGDODFNRIDSSURSULDWHWUDQVSRUWDWLRQPRGHUQHQHUJ\VHUYLFHVDGHTXDWH
KHDOWKFDUHGHOLYHU\DQGHGXFDWLRQRQWKHRWKHUKDQG*OREDOFOLPDWHFKDQJHLVPDNLQJPDWWHUV

:KDWGRHVDGDSWDWLRQPHDQLQUHODWLRQWR
ELRGLYHUVLW\"

ZRUVHIRUWKHUHJLRQDQGLWVLQKDELWDQWVERWKKXPDQDQGZLOGOLIH6HDOHYHOVDUHULVLQJIDVWHU

 .H\PHVVDJHV

WKDQWKHJOREDODYHUDJHDQGKLJKLQWHQVLW\HYHQWVVXFKDVVHYHUHF\FORQHVDQGWLGDOVXUJHVDUH
EHFRPLQJPRUHLQWHQVH/RVVRIODQGLVQRZDUHDOLW\$VODQGEDVHGOLHYHOLKRRGDFWLYLWLHVJHW

 ,QPDQ\FDVHV´FODVVLFDOµGHYHORSPHQWDFWLYLWLHVXQGHUWDNHQWRLPSURYHOLYHOLKRRGVWKURXJK

LPSDFWHGGXHWRULVLQJVHDOHYHOVFRDVWDOHURVLRQORVVRIPDQJURYHFRYHUDQGVDOWZDWHULQFXUVLRQ

 WKHVXVWDLQDEOHPDQDJHPHQWDQGFRQVHUYDWLRQRIELRGLYHUVLW\DXWRPDWLFDOO\OHDGWRDGDSWDWLRQ

PRUHDQGPRUHSHRSOHDUHH[SORLWLQJWKHOLYLQJUHVRXUFHVRIWKHHFRV\VWHPLQDPDQQHUWKDW

 EHQHILWV

ZLOOEHGLI½FXOWWRVXVWDLQRYHUWKHORQJWHUP7KHVLWXDWLRQKDVWKHSRWHQWLDOWRHURGHHFRV\VWHP

 7KHUHDUHWKUHHPDLQZD\VWRGHVFULEHKRZELRGLYHUVLW\LVOLQNHGWRDGDSWDWLRQWKDWLVWKHUROH

LQWHJULW\GXHWRRYHUH[SORLWDWLRQRIQDWXUDOUHVRXUFHV)RUWKHVHUHDVRQVFOLPDWHYXOQHUDELOLW\

 RIELRGLYHUVLW\LQRYHUDOOVRFLHWDODGDSWDWLRQVWUDWHJLHV HFRV\VWHPEDVHGDGDSWDWLRQ WKH

DVVHVVPHQWVDUHEHLQJFDUULHGRXWLQWKHUHJLRQDQGDGDSWDWLRQPHDVXUHVDUHXQGHUWDNHQE\

 LPSDFWRIDGDSWDWLRQVWUDWHJLHVRQELRGLYHUVLW\DQGDGDSWDWLRQLQWKHDUHDRIELRGLYHUVLW\

YDULRXV,QGLDQDQGLQWHUQDWLRQDORUJDQLVDWLRQV

 FRQVHUYDWLRQDQGPDQDJHPHQWLWVHOI

3DQFKDQDQ*D\HQ\HDUVROGOLYHVLQDYLOODJHFDOOHG%HJXDNKDOLRQ6DJDU,VODQG+HLVRQHRXW
RIPLOOLRQVLQWKH6XQGDUEDQVZKRGHSHQGVRQWKHODQGDQGWKHVHDIRUKLVDQGKLVIDPLOLHVµOLYHOL
KRRG$JULFXOWXUHLVKLVSULPDU\RFFXSDWLRQ%XWKHDOVRWULHGKLVKDQGDV½VKZKROHVHOOHUZRRG

The linkages between biodiversity and adaptation are more and more considered in adaptation strate-

ZKROHVHOOHUDQGDVPHGLFLQHVXSSOLHULQWKHSDVW3DQFKDQDQ*D\HQVD\V´,DPZLWQHVVWRLPPHQVH

gies which in the past often tended to focus on technological and structural measures in diﬀerent

FKDQJHVZKLFKWRRNSODFHGXULQJWKHODVWWKUHHGHFDGHV2XUYLOODJHKDGKXJHVWUHWFKHVRIVDQG\

sectors. This is because intact, well functioning ecosystems, with natural levels of biodiversity, are

EHDFKHVDQGGHQVHPDQJURYHMXQJOHVDORQJWKHFRDVW7KHVHMXQJOHVZHUHVWRFNHGZLWKDYDULHW\

usually more able to continue to provide ecosystem services and resist and recover more readily from

RIPDQJURYHVSHFLHVDQGZLOGOLIH:HORVWWKHVHXQLTXHYHJHWDWLYHIHDWXUHVDQGZLOGOLIHDIWHU

extreme weather events than degraded, impoverished ecosystems (SCBD 2009). The role of biodiversity

,QWKHSDVW%HJXDNKDOLZDVTXLWHDELJYLOODJH,WLVORFDWHGDWWKHVRXWKZHVWHUQVLGHRI6DJDU

in adaptation is therefore receiving increasing attention, especially in vulnerable areas where human

,VODQG7KHULYHULVIDVWHURGLQJRXUYLOODJHDQGLWKDVDOUHDG\ORVWKHFWDUHVRIODQGLQWKHODVW

adaptive capacity is low and local communities depend upon their natural resource base.

WKUHHGHFDGHV7KHULYHUKDVDOUHDG\ZDVKHGDZD\KRXVHVLQWKHUHFHQWSDVW0\KRXVHZDV
DOPRVWRQHNLORPHWUHDZD\IURPWKHULYHUEXWQRZLWLVRQWKHULYHUVLGH$IIHFWHGIDPLOLHVKDYH
EHHQUHORFDWHGDQGUHVHWWOHGRQWKHQRUWKHUQSDUWRIWKLVLVODQGµ

In many cases, classical development activities undertaken to improve livelihoods through the sustainable management and conservation of biodiversity and natural resources lead to adaptation beneﬁts.

6RXUFH::)

They help to buﬀer households, communities and ecosystems from various stresses that result from
diﬀerent aspects of global change – from climate change to problems related to population increase,
insecure and changing land ownership, environmental degradation, market globalisation and market
failures. Possible examples for classical development activities with a positive eﬀect on adaptation are:



•

community-based natural resources management (e.g. development-oriented nature conservation);

•

integrated watershed management;
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•

maintenance of diverse and healthy ecosystems (e.g. agroforestry, mixed cropping);

Adaptation strategies for biodiversity conservation and management

•

sustainable forest management;

Biodiversity conservation and management requires adaptation strategies for its own sake – also to

•

livelihood diversiﬁcation considering indigenous species (e.g. agrobiodiversity, home gardens).

maintain the role of biodiversity in contributing to societal adaptation as part of an overall adaptation
strategy. The conservation sector is only recently beginning to develop adaptation measures. Strategies

The Convention on Biological Diversity (CBD) Expert Group on Biodiversity and Climate Change

in this sector that are likely to increase the resilience of biodiversity to climate change could be:

has discussed new approaches that speciﬁcally aim at reducing climate change impacts on biodi-

•

improving protected area design;

versity and ecosystems, or that take advantage of biodiversity and ecosystem services in adaptation

•

maintaining habitat connectivity in the wider landscape;

strategies. The group´s ﬁndings were published in the report ‘Connecting Biodiversity and Climate

•

adapting management and business plans;

Change Mitigation and Adaptation’ (SCBD 2009). Basically, it distinguishes the following three

•

reducing various anthropogenic pressures.

ways in which biodiversity is linked to adaptation:
These three areas scrutinising the relationship between biodiversity and climate change adaption are
Ecosystem-based adaptation as part of an overall adaptation strategy

all interlinked. Ultimately, within the context of an overall adaptation policy a broader perspective is

Ecosystem-based adaptation is the use of biodiversity and ecosystem services as part of an overall

required that focuses on how ecosystems can be managed and conserved in order to deliver ecosys-

adaptation strategy across major adaptation sectors. It includes the sustainable management, conser-

tem services in a changing climate (Campbell et al. 2009).

vation and restoration of ecosystems to provide services that help people adapt to the adverse eﬀects
of climate change. Typical actions are:
•

coastal defence through the maintenance and/or restoration of mangroves and other coastal
wetlands (‘natural infrastructure’) to reduce coastal ﬂooding and coastal erosion;

•

conservation and restoration of forests to stabilise land slopes and regulate water ﬂows;

•

conservation of agrobiodiversity to provide speciﬁc gene pools for crop and livestock adaptation
to climate change.

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQ
UHODWLRQWRELRGLYHUVLW\
 .H\PHVVDJHV
 'HFLVLRQPDNHUVQHHGWREHVHQVLWLVHGWKDWWKHUHLVDQHHGWRLGHQWLI\HFRV\VWHPVRIVWUDWHJLF

Adaptation strategies and their impact on biodiversity
Biodiversity can be impacted positively or negatively by adaptation strategies and its measures, depending on the way in which such strategies are implemented. The following two examples illustrate
the necessity to increase the positive and decrease the negative eﬀects of adaptation to biodiversity:
•
•

 LPSRUWDQFHDQGWKHLUNH\IXQFWLRQV
 0DLQVWUHDPLQJELRGLYHUVLW\DQGHFRV\VWHPVHUYLFHVLQWRDGDSWDWLRQSROLFLHVSODQVDQG
 SURJUDPPHVLVNH\

Adaptation strategies increasing the diversity of agro-ecosystems can be beneﬁcial for biodiversity

 7KHYDOXHRIELRGLYHUVLW\DQGHFRV\VWHPVHUYLFHVVKRXOGEHFRQVLGHUHGLQFRVWDQGEHQHILW

and ecosystem services.

 DQDO\VHVDQGLQGHFLVLRQPDNLQJSURFHVVHVSULRULWLVLQJDQGVHOHFWLQJDGDSWDWLRQRSWLRQV

Hard infrastructure constructed to prevent ﬂooding can result in maladaptation in the long term
if it removes natural ﬂood regulation properties or disturbs sediment or nutrition ﬂows.
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Policies need to consider that adaptation to climate change usually involves a range of biodiversityrelevant actions at the following levels: ecosystem or landscape, diﬀerent land use systems, inter- and
intra-species diversity.

 5HWKLQNLQJJURZWKWKHYDOXDWLRQRIHFRV\VWHPVDQGELRGLYHUVLW\LQ,QGLD
´<RXFDQQRWPDQDJHZKDW\RXGRQRWPHDVXUHµLVWKHFRQYLFWLRQRIWKH*UHHQ,QGLDQ6WDWHV7UXVW
*,67 *,67LVDQ,QGLDQ1*2ZKLFKZDVFUHDWHGLQWRSURPRWHVXVWDLQDEOHGHYHORSPHQWLQ

When deciding on measures to address a projected climate change impact there are usually a range of

,QGLDDQGEULQJIRUWKFOLPDWHFKDQJHFRQFHUQVZLWKUHVSHFWWRELRGLYHUVLW\FRQVHUYDWLRQDQGWKH

available options, which involve diﬀerent sectoral interests, time horizons and trade-oﬀs. To ensure

DSSOLFDWLRQRIHFRQRPLFYDOXDWLRQWRROV

that adaptation decisions across sectors and geographical areas maximise positive impacts and

$PRQJRWKHUWKLQJV*,67SXEOLVKHVVWDWHOHYHO´JUHHQDFFRXQWVµWRHQFRXUDJH,QGLDµVSROLF\PDNHUV

minimise negative impacts on biodiversity, the Convention on Biological Diversity (CBD) recom-

DQGFRUSRUDWLRQVWRRYHUFRPHWKHLUDOPRVWH[FOXVLYHGHSHQGHQFHRQWKHOLPLWHGHFRQRPLFFRP

mends the following principles:

SDVVRI*URVV'RPHVWLF3URGXFW *'3 JURZWKWRPDQDJH,QGLDµVSURJUHVV*,67KDVUHSODFHG´*'3

•

The potential of ecosystem-based adaptation options as a complement to technological or

JURZWKµZLWKDKROLVWLFDOWHUQDWLYHFDOOHG´(QYLURQPHQWDOO\DGMXVWHG*'3µ7KLVDOWHUQDWLYHDFFRXQWV

structural solutions should be fully considered.

IRUDOOYLWDODVSHFWVRIQDWLRQDOZHDOWKDQGZHOOEHLQJVXFKDVFKDQJHVLQWKHTXDOLW\RIKHDOWK

The value of biodiversity and ecosystem services should be considered in cost and beneﬁt analyses

WKHH[WHQWRIHGXFDWLRQRUWKHTXDOLW\DQGTXDQWLW\RIQDWXUDOUHVRXUFHV

and decision-making processes prioritising and selecting adaptation options. Since valuable

*,67LVVXSSRUWHGE\WKH'HXWVFKH%DQN,QGLD)RXQGDWLRQWKH&HQWXULRQ%DQNRI3XQMDEDQG*,=

•

ecosystem services are often invisible in national and local accounts and budgets, policy makers



6RXUFH*,67QG

and markets can fail to adequately consider the value of these goods and services.
•

Strategic Environmental Assessment (SEA) and Environmental Impact Assessment (EIA) should

•

be applied in a way that ensures full consideration of all available alternatives.

Risks to biodiversity from climate change can

Adaptation decisions should allow for monitoring and adaptive management approaches, particu-

be assessed using available ecosystem vulner-

larly because of the high degree of uncertainty in projections about future impacts on which

ability assessment methods. In order to sensi-

adaptation decisions are based.

tise decision-makers there is a need to identify
ecosystems of strategic importance and their

Further research is required on costs and beneﬁt analyses across adaptation options. The Econom-

key functions like the contribution to rural

ics of Ecosystems and Biodiversity (TEEB) study is a major international initiative to draw attention

livelihoods, food security or climate regulation.

to the global economic beneﬁts of biodiversity. It makes a compelling cost-beneﬁt case for public

No one single methodology exists for conduct-

investment in ecological infrastructure (TEEB 2009). It focuses mainly on restoring and conserving

ing such assessments. But examples from the

forests, mangroves, river basins and wetlands as a cost-eﬀective response for adaptation generating

national scale or one speciﬁc protected area

social, economic and cultural co-beneﬁts.

demonstrate how vulnerability assessment can be
used to enhance the knowledge base for biodiver-

([DPSOHVRIFRPPRQDGDSWDWLRQDFWLRQLQGLIIHUHQWVHFWRUVDQGJHRJUDSKLFDODUHDVWKHLPSDFWVRQELRGLYHUVLW\DQG



VXJJHVWHGZD\VWRPD[LPLVHRUPLQLPLVHWKHVHHIIHFWVDUHVXPPDULVHGLQ$QQH[,,,RIWKH5HSRUWRIWKHQG$G+RF
7HFKQLFDO([SHUW*URXSRQ%LRGLYHUVLW\DQG&OLPDWH&KDQJH 6&%' 



sity-climate interactions and the identiﬁcation of possible adaptation options. Further development
and validation of tools is still necessary. In Peru and Tunisia GIZ is piloting ecosystem vulnerability
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assessment approaches which analyse changes in key ecosystem processes taking into consideration

Policy options for adaptation in relation to biodiversity

climate change and other stressors. The results are intensively discussed with key stakeholders in
order to develop and prioritise appropriate adaptation strategies. The design of such vulnerability
assessments depends on the speciﬁc needs and circumstances, and may include the use of traditional
knowledge, participatory approaches, and scientiﬁc climate modelling.
The need for integrated adaptation strategies across sectors to avoid maladaptation is becoming increasingly recognised (AIACC 2007). For example, there is a high level of interdependence between
agriculture and water resources, where sustainable watershed management can act synergistically
to improve agricultural practice, whereas unsustainable watershed management can have a nega-

3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

$GDSWDWLRQVWUDWHJLHV
DGGUHVVLQJ
!HFRV\VWHPODQGVFDSH
!SURGXFWLRQV\VWHP
!LQWHUDQGLQWUDVSHFLHV
GLYHUVLW\

&RQWULEXWLQJWR
WKHUHVLOLHQFHRIWKHZKROHV\VWHPWKURXJKWKHOLQNVEHWZHHQQDWXUDO
DQGFXOWLYDWHGODQGVFDSHV
WKHLPSURYHPHQWRIWKHVXSSRUWLYHUROHRIGLIIHUHQWODQGXVHV\VWHPV
DJULFXOWXUHIRUHVWU\½VKHULHVQDWXUHFRQVHUYDWLRQLQFOXGLQJWRXULVP IRU
WKHSURWHFWLRQDQGUHVWRUDWLRQRIHFRV\VWHPV
WKHPDLQWHQDQFHRIVSHFLHVDQGJHQHWLFGLYHUVLW\

(FRV\VWHP9XOQHUDELOLW\
$VVHVVPHQWV

$VVHVVLQJFOLPDWHFKDQJHLQGXFHGULVNVWRELRGLYHUVLW\DQGHFRV\VWHP
VHUYLFHVDVDEDVLVWRGHYHORSDGDSWDWLRQVWUDWHJLHV
&RPSOHPHQWLQJH[LVWLQJYXOQHUDELOLW\DVVHVVPHQWVIRUGLIIHUHQWVHFWRUV

9DOXDWLRQRIHFRV\VWHP
VHUYLFHVDQGELRGLYHUVLW\

3XWWLQJHQYLURQPHQWDOFRQVLGHUDWLRQVRQWKHDJHQGDRIGHFLVLRQ
PDNHUVE\PRQHWLVLQJVHUYLFHVWKDWHFRV\VWHPVSURYLGH´IUHHRIFKDUJHµ
HJFOLPDWHUHJXODWLRQZDWHUUHJXODWLRQ¾RRGPDQDJHPHQWQXWULHQW
F\FOLQJHURVLRQFRQWUROVRLOIRUPDWLRQ 9DQGHU:DWHUHQHWDO

tive impact on agricultural practice and vice versa (Lasco et al. 2008). Integration and cross-sectoral
cooperation will require signiﬁcant institutional capacity. Institutional networks to support the
inclusion of biodiversity and the eﬀective participation of local communities in adaptation strategies
are likely to be a key determinant of the integration of biodiversity into adaptation (Campbell et al.
2009). Traditional knowledge, indigenous peoples’ rights, local social and cultural institutions play a
crucial role in the design and choice of adaptation strategies (PAR 2010).
Innovation based on both traditional knowledge and latest scientiﬁc ﬁndings is of high importance.
The in-depth knowledge of indigenous communities must be seen as a precious source for new
adaptation measures required to face climate change impacts. The need to adapt to climate change
has, for example, often led to a revival of traditional practices in agriculture and of land-management
techniques. This applies especially to stress-prone environments.

(FRV\VWHPEDVHGDGDSWDWLRQ ,QWHJUDWLQJWKHXVHRIELRGLYHUVLW\DQGHFRV\VWHPVHUYLFHVLQWRDQRYHUDOO
DGDSWDWLRQVWUDWHJ\ZKLFKFDQEHFRVWHIIHFWLYHDQGJHQHUDWHVRFLDOHFRQRP
DQGLQYHVWPHQWVLQ
LFDQGFXOWXUDOFREHQH½WVDQGFRQWULEXWHWRWKHFRQVHUYDWLRQRIELRGLYHUVLW\
HFRORJLFDOLQIUDVWUXFWXUH
0DLQVWUHDPLQJELRGLYHUVLW\
DQGHFRV\VWHPVVHUYLFHV
LQWRSROLFLHV DPRQJRWKHUV
WKURXJK6WUDWHJLF(QYLURQ
PHQWDO$VVHVVPHQWV

(QVXULQJWKDW DGDSWDWLRQ GHFLVLRQVDFURVVVHFWRUVDQGJHRJUDSKLFDO
DUHDVPD[LPLVHSRVLWLYHLPSDFWVDQGPLQLPLVHQHJDWLYHLPSDFWVRQWKH
GLIIHUHQWDVSHFWVDQGOHYHOVRIELRGLYHUVLW\LHJHQHVVSHFLHVHFRV\V
WHPV

3URYLGLQJDGDSWDWLRQVWUDWHJLHVIRUELRGLYHUVLW\FRQVHUYDWLRQDQG
&OLPDWHSURR½QJRI
PDQDJHPHQWIRULWVRZQVDNH
ELRGLYHUVLW\PDQDJHPHQW
DQGFRQVHUYDWLRQVWUDWHJLHV $SSO\LQJFOLPDWHSURR½QJWR1DWLRQDO%LRGLYHUVLW\6WUDWHJLHVDQG$FWLRQ
3ODQV 1%6$3V RU3URWHFWHG$UHD0DQDJHPHQW3ODQV
(PSRZHUPHQWRIWUDGLWLRQDO *HQHUDWLQJLQQRYDWLRQVWRFRSHZLWKFOLPDWHFKDQJHVWKURXJKWKH
DQGLQGLJHQRXVFRPPXQLWLHV
FRPELQDWLRQRIWUDGLWLRQDONQRZOHGJHDQGQHZNQRZOHGJH
0DNLQJXVHRIFRPPXQDOHIIRUWVDQGIXQFWLRQLQJORFDOLQVWLWXWLRQVWR
PDQDJHQDWXUDOUHVRXUFHVDQGELRGLYHUVLW\DWWKHHFRV\VWHPRUODQGVFDSH
OHYHOLQDQDSSURSULDWHZD\
3ROLF\LPSDFWDQDO\VHVDQG
F\FOLFDODSSURDFKHV



(QDEOLQJQHZUHVHDUFKH[SHULPHQWDWLRQPRQLWRULQJDQGDGMXVWHG
PDQDJHPHQWWKURXJKLWHUDWLYHF\FOLFDODSSURDFKHVLQZKLFKELRGLYHUVLW\
RXWFRPHVDUHDSSUDLVHG
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$GDSWDWLRQRSWLRQV

Examples for co-beneﬁts through ecosystem-based adaptation
&REHQH½WV

 .H\PHVVDJHV
 $FWLYLWLHVDWWKHHFRV\VWHPDQGODQGVFDSHOHYHODLPWRPLWLJDWHDQGEXIIHUWKHHIIHFWVRI
 FOLPDWHFKDQJHWKURXJKHFRV\VWHPSURWHFWLRQDQGUHVWRUDWLRQODQGVFDSHUHKDELOLWDWLRQDQG
 WKHVXVWDLQDEOHXVHRIQDWXUDOUHVRXUFHV

$GDSWDWLRQ
PHDVXUHHJ

$GDSWDWLRQ

6RFLDO 
FXOWXUDO

(FRQRPLF

%LRGLYHUVLW\

0LWLJDWLRQ

0DQJURYH
FRQVHUYDWLRQ

3URWHFWLRQ
DJDLQVW
VWRUPVXUJHV
VHDOHYHOULVH
DQGFRDVWDO
LQXQGDWLRQ

3URYLVLRQRI
HPSOR\PHQW
RSWLRQV ½VKHU
LHVDQGSUDZQ
FXOWLYDWLRQ 
FRQWULEXWLRQWR
IRRGVHFXULW\

,QFRPHJHQHU
DWLRQIRUORFDO
FRPPXQLWLHV
WKURXJKPDU
NHWLQJRIPDQ
JURYHSURGXFWV
½VKG\HV
PHGLFLQHV

&RQVHUYDWLRQ
RIVSHFLHVWKDW
OLYHRUEUHHGLQ
PDQJURYHV

&RQVHUYDWLRQRI
FDUERQVWRFNV
ERWKDERYHDQG
EHORZJURXQG

)RUHVW
FRQVHUYDWLRQ

0DLQWHQDQFH
RIQXWULHQWDQG
ZDWHU¾RZ
SUHYHQWLRQRI
ODQGVOLGHV

5HFUHDWLRQ
SURWHFWLRQRI
LQGLJHQRXVDQG
ORFDOFRPPXQL
WLHVDQGWKHLU
FXOWXUDOKHULWDJH

,QFRPHJHQ
HUDWLRQWKURXJK
VXVWDLQDEOH
XVHRIIRUHVW
SURGXFWV
HFRWRXULVPHWF

+DELWDW
FRQVHUYDWLRQRI
IRUHVWSODQWV
DQGDQLPDO
VSHFLHV

&RQVHUYDWLRQRI
FDUERQVWRFNV
UHGXFWLRQRI
HPLVVLRQVIURP
GHIRUHVWDWLRQ
RUGHJUDGDWLRQ

 7KHLGHQWLILFDWLRQDQGYDOXDWLRQRIHFRV\VWHPVHUYLFHVFDQLQIRUPVSDWLDOSODQQLQJSURFHVVHV
 &OLPDWHFKDQJHDQGELRGLYHUVLW\FRQFHUQVQHHGWREHLQWHJUDWHGLQODQGXVHDQGGHYHORSPHQW
 SODQQLQJSURFHVVHVHJWKURXJK6WUDWHJLF(QYLURQPHQWDO$VVHVVPHQW
 7KHUHVLOLHQFHRIELRGLYHUVLW\WRFOLPDWHFKDQJHFDQEHHQKDQFHGE\UHGXFLQJQRQFOLPDWLF
 VWUHVVHVLQFRPELQDWLRQZLWKFRQVHUYDWLRQDQGVWUHQJWKHQLQJRISURWHFWHGDUHDQHWZRUNV
 UHVWRUDWLRQDQGVXVWDLQDEOHPDQDJHPHQWVWUDWHJLHV
 7KHQHHGWRUHSOHQLVKLQWHUDQGLQWUDVSHFLHVGLYHUVLW\LQHFRV\VWHPVKDVHQFRXUDJHG
 FRPPXQLW\PDQDJHPHQWRIJHQHWLFUHVRXUFHVHVSHFLDOO\LQDJULFXOWXUDOV\VWHPV

$GDSWDWLRQVWUDWHJLHVDWHFRV\VWHPDQGODQGVFDSHOHYHO

 5HVWRUDWLRQRIDJULFXOWXUDOSURGXFWLYLW\DQGELRGLYHUVLW\LQ,QGLDµV1RUWK
$JURZLQJFKDOOHQJHLQ,QGLDµVVWDWH8WWDU3UDGHVKLVWKHGHFOLQLQJSURGXFWLYLW\RIIRRGJUDLQVHV

Activities at the ecosystem and landscape level aim to mitigate and buﬀer the eﬀects of climate

SHFLDOO\ZKHDWDQGULFHGXHWRZDWHUUHODWHGODQGGHJUDGDWLRQVXFKDVVRGL½FDWLRQ3RRUO\PDQDJHG

change through ecosystem protection and restoration, landscape rehabilitation and the sustainable

LUULJDWLRQKDVOHIWPLOOLRQVRIKHFWDUHVRIODQGXQSURGXFWLYH$WWKHFRVWRIDSSUR[LPDWHO\

use of natural resources. Successful restoration of ecosystems will need to focus on restoring

PLOOLRQWKH8WWDU3UDGHVK6RGLF/DQGV5HFODPDWLRQ3URMHFW,DQG,,LQDQGUHFODLPHGD

ecosystem functionality rather than re-creating the original species composition. Examples are:
•

restoration of wetlands, peatlands, watersheds and coral reefs;

•

reforestation of tropical hillsides, riparian forests and mangroves;

•

rangeland rehabilitation and improved pasture management;

•

revegetation in drylands.

WRWDORIKHFWDUHVRIIRUPHUO\VRGLFODQGVWKURXJKPRUHVXVWDLQDEOHDJULFXOWXUDOSUDFWLFHV
:LWKLQWKHUHFODLPHGODQGVVRLOTXDOLW\DQGSURGXFWLYLW\KDYHLQFUHDVHG&URSSLQJLQWHQVLW\KDVWUL
SOHGULFH\LHOGVLQFUHDVHGIURPWRWRQQHVSHUKHFWDUHDQGZKHDWIURPWRWRQQHVSHU
KHFWDUH7KHPDUNHWYDOXHRIODQGLQFUHDVHGIRXUIROG0RUHWKDQKRXVHKROGVLHPRUHWKDQ
PLOOLRQSHRSOHEHQH½WHGGLUHFWO\IURPSURMHFWDFWLYLWLHV7KHSURMHFWIXUWKHUVKRZHGWKDWWKHLQYHVW
PHQWLQVXVWDLQDEOHODQGPDQDJHPHQWDOVRLPSURYHGHQYLURQPHQWDOTXDOLW\DVHYLGHQFHGE\DQ
RYHU½YHIROGLQFUHDVHLQ¾RUDODQGIDXQDOGLYHUVLW\DVZHOODVPLFURELDOELRPDVVLQVDPSOHGDUHDV

Such ecosystem-based adaption can yield various social, economic and environmental co-beneﬁts for
local communities as shown in the following table.


7KHVHSRVLWLYHFKDQJHVDUHLPSRUWDQWSUHFRQGLWLRQVWREXIIHUWKHHIIHFWVRIFOLPDWHFKDQJH
6RXUFH:RUOG%DQN
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Ecosystem vulnerability assessments can support the identiﬁcation and prioritisation of adaptation
measures across sectors at landscape level. They help identifying changes in key ecosystem processes

 3D\PHQWIRU(FRV\VWHP6HUYLFHV 3(6 ±DQH[DPSOHIURP+LPDFKDO3UDGHVK,QGLD

and services under diﬀerent scenarios of future climate. The identiﬁcation and valuation of ecosys-

3DODPSXUWRZQLVVLWXDWHGLQWKHIRRWKLOOVRI'KDXODGKDUUDQJHLQ.DQJUDGLVWULFWRI+LPDFKDO

tem services can also inform spatial planning processes. In general, climate change and biodiversity

3UDGHVKLQ,QGLD7KH3DODPSXU0XQLFLSDO&RXQFLO 30& LVUHVSRQVLEOHIRUGULQNLQJZDWHUVXSSO\LQ

concerns should be integrated in all land-use planning processes (OECD-DAC ENVIRONET 2008).

WKHWRZQFRPSULVLQJRIKRXVHKROGVFRPPHUFLDOHVWDEOLVKPHQWVDQGSXEOLFHQWHUSULVHV

This can be facilitated through Strategic Environmental Assessment (SEA).
In Viet Nam, for example, a SEA was conducted in 2007 and 2008 to integrate environmental issues
into the land use planning process for the Nhon Trach district near Ho Chi Minh City. An assess-

%RKDOVSULQJVLWXDWHGXSVWUHDPLQ%RKDOYLOODJHKDVEHHQRQHRIWKHPDMRUIRXUVRXUFHVRIGULQNLQJ
ZDWHUIRUWKH30&DQGRIVXSHULRUTXDOLW\DVFRPSDUHGWRRWKHUV2YHUWKHODVWIHZGHFDGHVGLV
FKDUJHIURP%RKDOVSULQJKDVGHFOLQHGVXEVWDQWLDOO\IURPDERXWOLWUHVSHUVHFRQGWROLWUHV
SHUVHFRQG7KLVKDVEHHQDPDMRUFRQFHUQIRUWKH30&

ment of the possible consequences of climate change for Nhon Trach district was made as part of the

7KH*,=SURMHFW´&DSDFLW\EXLOGLQJRI3DQFKD\DWL5DM,QVWLWXWLRQVLQ+LPDFKDO3UDGHVKµFRQGXFWHGDJHR

SEA. The assessment of climate change impacts included analyses of possible temperature increase,

K\GURORJLFDOVXUYH\RIWKHDUHDWRGHOLQHDWHWKHLQ½OWUDWLRQ]RQHIRUWKH%RKDOVSULQJV\VWHPLQWKH

precipitation changes, sea level rise, and saltwater intrusion. Proposed recommendations and measures for adapting to climate change included, amongst others (OECD-DAC ENVIRONET 2008):
•

Mangrove forests should be continued to be preserved in the district in order to mitigate
increasing hazards from high tides.

•
•

GRZQVWUHDP±WKHORFDOFRPPXQLWLHVRIWZRYLOODJHVLQWKH%RKDOVSULQJFDWFKPHQWWKH)RUHVW'HSDUW
PHQWWKH,UULJDWLRQDQG3XEOLF+HDOWK'HSDUWPHQWDQGQRWWRIRUJHWWKH30&7RJHWKHUWKH\SUHSDUHG
DFDWFKPHQWSURWHFWLRQIRUHVWPDQDJHPHQWDQGZDWHUPDQDJHPHQWSODQIRUWKH%RKDOVSULQJV\VWHP

Dyke systems that prevent the invasion of seawater in the district should be further maintained

7KHSURFHVVOHGWRWKHVLJQLQJRID\HDUVODVWLQJDJUHHPHQWEHWZHHQWKH30&DQGWKH9LOODJH

and developed.

)RUHVW'HYHORSPHQW6RFLHW\ 9)'6 RI%RKDORXWOLQLQJWKH3D\PHQWIRU(FRV\VWHP6HUYLFHV 3(6 DU

Agricultural land that was converted to other use should have tree coverage of at least 15 percent
to control soil erosion.

•

ZDWHUPDQDJHPHQWSODQ7KHSLORWSURMHFWEURXJKWWRJHWKHUNH\VWDNHKROGHUVLQWKHXSVWUHDPDQG

Cropping systems should be adapted/optimised in order to reduce the vulnerability of the
agricultural system to climate change impacts, for example via diversiﬁcation or by using new or
traditional crops that are more suitable for the changing conditions.

UDQJHPHQW7KH30&ZRXOGSD\WRWKH9)'65VSHUDQQXPZLWKDSURYLVLRQRILQFUHPHQW
HYHU\½YH\HDUIRUVRXUFHSURWHFWLRQ7KH9)'6DJUHHGWRFRPSOHWHO\VWRSRSHQJUD]LQJRIOLYHVWRFN
LQWKHFDWFKPHQWDUHDFRQWUROORSSLQJDQGIRGGHUKDUYHVWLQJDQGLPSOHPHQWDIRUHVWPDQDJHPHQW
SODQLQWKHFDWFKPHQWDUHD7KH9)'6DQG30&DJUHHGWRMRLQWO\PRQLWRUWKHSURYLVLRQVRIWKHDJUHH
PHQWWZLFHHYHU\\HDU7KHUHLVDOVRDSURYLVLRQWRUHYLHZWKH3(6DJUHHPHQWHYHU\½YH\HDUV
6RXUFH*,=

6WUHQJWKHQLQJWKHUHVLOLHQFHRIGLIIHUHQWODQGXVHV\VWHPV
In protected area management and nature conservation reducing existing stresses on species and
ecosystems (habitat loss and fragmentation, pollution, over-harvesting etc.) oﬀers a low-risk, highpayback starting point in building resilience of natural systems.
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Furthermore, enhancing sustainability of the protected area system and improving connectivity of
protected areas and natural landscapes remain important in biodiversity conservation. These meas-

 0DLQWDLQLQJDJULFXOWXUDOELRGLYHUVLW\±DQH[DPSOHIURPWKH+LPDOD\DV

ures increase the probability of maintaining viable populations of species and provide opportunities

,QPDQ\DUHDVRI,QGLDSHRSOHJURZGLIIHUHQWFURSFRPELQDWLRQVLQRUGHUWRPLQLPLVHWKHULVNGXH

for species to adapt, e.g. by migration. In Brazil, for instance, territorial conservation strategies are

WRKDUYHVWIDLOXUHDQGDWWKHVDPHWLPHPDLQWDLQDJULFXOWXUDOELRGLYHUVLW\

considered a key element in the protection of forests, biodiversity in general and climate. Brazilian-

)DUPHUVLQWKHFROGGHVHUWVRIWKH,QGLDQ+LPDOD\DVKDYHGHYHORSHGDQXPEHURIWUDGLWLRQDOFURS

German development cooperation has supported the allocation of land and resource use rights, the

SLQJSUDFWLFHVWRDGDSWWRWKHKDUVKFOLPDWLFFRQGLWLRQV7KHFROGGHVHUWDUHDVRI,QGLDQ+LPDOD\DV

proclamation of 53 new protected areas covering more than 200,000 km², and the planning and

DUHFKDUDFWHULVHGE\IDVWEORZLQJZLQGVWKDWHURGHWKHLPPDWXUHVDQG\VRLOVDQGH[WUHPHYDULD

establishment of more than 700,000 km² of land serving as ecological corridors to support species

WLRQVLQGDLO\DQGVHDVRQDOWHPSHUDWXUHV7KHUHLVHUUDWLFSUHFLSLWDWLRQGXULQJVSULQJDQGVXPPHU

migration with the moving climate zones.

ZKLFKPDUNVDVKRUWJURZLQJVHDVRQ PRQWKV )DUPHUVLQVXFKDUHDVSUDFWLFHFURSURWDWLRQ
DOWHUQDWLQJSDGG\FXOWLYDWLRQZLWKZKHDWFXOWLYDWLRQLQWKHDUHDVZLWKLUULJDWLRQZKLOHZKHDWRU

In the face of climate change there is a need to focus conservation eﬀorts on key sites which are likely
to provide refugia, i.e. locations where species have maintained populations during previous phases
of climate change. Another need is to prioritise areas of high endemism, as many of these have been
relatively climatically stable for millions of years and have species with a high degree of specialisation. However, better regional and local monitoring is required to inform decisions on biodiversity
conservation (SCBD 2009; Commonwealth of Australia 2009).

EDUOH\LVURWDWHGZLWKPDL]HRUPDVKLQDUHDVZLWKRXWLUULJDWLRQ+RZHYHULQFROGUHDFKHVZKHUH
SDGG\FDQQRWEHJURZQDQGWZRUHJXODUFURSVDUHQRWSUDFWLFDEOHFXOWLYDWLRQRIZKHDWEDUOH\RU
PDVXU OHQWLO LVIROORZHGE\DIDOORZSHULRGGXULQJWKHZLQWHU&URSURWDWLRQKHOSVLQPDLQWDLQ
LQJVRLOSURGXFWLYLW\/HJXPLQRXVFURSV½[QLWURJHQ,QWHUFURSSLQJPDL]HZKHDWEDUOH\DQGPLOOHWV
FRQVHUYHVVRLOGXHWRWKHLUGLIIHUHQWURRWV\VWHPVZKLFKH[WUDFWQXWULHQWVIURPGLIIHUHQWOD\HUV
RIWKHVRLO,WDOVRKHOSVLQFURSGLYHUVL½FDWLRQDQGFRQWURORIDQ\VRLORUFURSUHVLGXHERUQH
GLVHDVHVDQGLQVHFWSHVWV
6RXUFH6LORUL

When it comes to agricultural systems commonly employed strategies to enhance their resilience
and productivity include according to the Platform for Agrobiodiversity Research (PAR 2010):
•

diversiﬁcation of agricultural landscapes (agroforestry);

•

diversiﬁcation of production systems (cultivation of a higher diversity of crops and crop-

•
•

)RVWHULQJLQWHUDQGLQWUDVSHFLHVGLYHUVLW\

livestock-trees integration);

Intra- and inter-species diversity need to be protected, used and redistributed to strengthen the

low-input agriculture, soil conservation, and improved water use eﬃciency (mulching,

resilience of diﬀerent ecosystems (see also chapter 1.4). In cases where there are existing barriers to

cover crops, rainwater harvesting, re-vegetation, fallow, intercropping, crop rotation);

migration of wild species, such as landscape fragmentation, assisted relocation or migration may

adjustments in crop and herd management (see also chapter 1.4).

be the only approaches to ensure the persistence of the species. This can be supported by additional
engineering measures, if the appropriate habitat in the new area must ﬁrst be created or modiﬁed
to allow species to survive. Successful restoration of ecosystems (e.g. restoration of degraded forests)
will require the use of a mixture of genetic provenances collected over a broad range of sites and
climates. This way risks can be spread and the probability of restoration success can be increased.
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For agricultural systems important adaptation measures that also enhance inter- and intra-species
diversity include, for example (PAR 2010):
•

protection, reintroduction and distribution of traditional crops through community seed banks
and on-farm conservation;

/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ
 .H\PHVVDJHV

•

improvement of stress tolerance through farmers’ selection and participatory plant breeding;

 1DWXUDOUHVRXUFHVPDQDJHPHQWLVRQHRIWKHDUHDVZLWKWKHJUHDWHVWSRWHQWLDOIRUDFKLHYLQJWKH

•

use of stress-tolerant and fast-maturing crop species and varieties;

 REMHFWLYHVRIERWKFOLPDWHFKDQJHDGDSWDWLRQDQGPLWLJDWLRQ

•

use of stress-tolerant species and breeds of cattle.

 +RZHYHUDGDSWDWLRQRUPLWLJDWLRQPHDVXUHVFDQDOVRKDYHQHJDWLYHHIIHFWVRQELRGLYHUVLW\

As a last resort, species may need to be preserved outside an ecosystem context, for example in seed
banks or zoos. Such ex situ conservation of threatened species is much more expensive for animals

 7KHFUHDWLRQRIPDUNHWVIRU´IRUHVWFDUERQµRIIHUVRSSRUWXQLWLHVIRUWKHGHYHORSPHQWRIRWKHU
 HQYLURQPHQWDOPDUNHWVDQGSD\PHQWVIRUHFRV\VWHPVHUYLFHV

than for plants. That’s why zoos and oﬀ-site breeding facilities can only accommodate a small fraction of species. For agricultural crops and wild relatives considerable experience exists in maintaining

Natural resource management is one of the areas with the greatest potential for achieving the objec-

gene banks, and in linking ex situ and in situ conservation in farmers´ ﬁelds. Renowned institutions

tives of both adaptation and mitigation, due to the major role that terrestrial and marine ecosystems

in this ﬁeld are the International Crops Research Institute for the Semi-Arid-Tropics (ICRISAT)

play in the carbon cycle and above all as sinks, or stores, of carbon (Campbell et al. 2009).

headquartered in Andhra Pradesh and the Tamil Nadu based M.S. Swaminathan Research Foundation that does research on sustainable agriculture and rural development.

Deforestation and forest degradation – through agricultural expansion, infrastructure development
or destructive logging – account for nearly 20 % of global greenhouse gas emissions. Reducing

 &RPPXQLW\EDVHGPDQDJHPHQWRIJHQHWLFUHVRXUFHVLQ,QGLD

Emissions from Deforestation and Forest Degradation (REDD) is identiﬁed as a strategy with the

7KHQHHGWRUHSOHQLVKGLYHUVLW\LQDJULFXOWXUDOV\VWHPVKDVHQFRXUDJHGFRPPXQLWLHVWREXLOGXS

potential to support both mitigation and adaptation (see also chapter 2.4.5).

FRPPXQLW\VHHGEDQNVWKDWIDFLOLWDWHWKHUHYLYDODQGGLVWULEXWLRQRIWUDGLWLRQDODQGVWUHVVWROHUDQW
FURSVDQGYDULHWLHV,Q8WWDU3UDGHVKIRUH[DPSOHWKHHVWDEOLVKPHQWRIVHHGEDQNVWRIDFLOLWDWH

REDD is an eﬀort to create a ﬁnancial value for the carbon stored in forests, oﬀering incentives for

WKHGLYHUVL½FDWLRQRIORFDOIRRGV\VWHPVVHUYHVDVD¾RRGFRSLQJPHFKDQLVP,Q%LKDUDQG%HQJDO

developing countries to reduce emissions from forested lands and invest in low-carbon paths to

FRPPXQLW\VHHGEDQNVZLWKDIRFXVRQULFHKDYHEHHQHVWDEOLVKHGWRVWUHQJWKHQWKHFRPPXQLW\

sustainable development. At the same time REDD has the potential to provide signiﬁcant biodiver-

VHHGVXSSO\RI¾RRGUHVLVWDQWYDULHWLHV,Q2ULVVDLWLVVDOLQHUHVLVWDQWYDULHWLHVWKDWJHWWKHPRVW

sity and adaptation beneﬁts (Scheliha et al. 2009), and it can be seen as an opportunity to spearhead

DWWHQWLRQE\ORFDOFRPPXQLWLHVLQWKHKRSHWKDWWKHLUHIIRUWVZLOOUHVXOWLQLQFUHDVHGSURGXFWLYLW\LQ

the development of other environmental markets and new international Payments for Ecosystem

DVXEPHUJHQFHSURQHDUHD

Services (PES), e.g. for freshwater enhancement, soil conservation or biodiversity conservation
6RXUFHV:DMLK1DYGDQ\D3$5 

(TEEB 2009). Improving the management of protected areas to better retain forest cover may be an
important component of an overall REDD strategy (Scharlemann et al. 2010). Good agricultural
practices and agroforestry can equally reduce carbon loss and enhance soil organic matter. Thus, in
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most cases there is considerable potential to create synergies between climate change activities and
biodiversity conservation, between adaptation and mitigation.
The Climate, Community & Biodiversity Alliance (CCBA) is a partnership of international NGOs
and research institutes seeking to promote integrated solutions to land management. With this goal
in mind, the CCBA has developed voluntary standards to help design and identify land management
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$EVWUDFW

7DEOHRIFRQWHQWV

:DWHUUHVRXUFHVDQGWKHZD\WKH\DUHPDQDJHGLQ¾XHQFHDOPRVWDOODVSHFWVRIVRFLDODQG

 +RZGRHVFOLPDWHFKDQJHLPSDFWZDWHUUHVRXUFHV"



SUHFLSLWDWLRQZLOOVWURQJO\DIIHFWWKHDYDLODELOLW\DQGTXDOLW\RIZDWHUUHVRXUFHVZRUOGZLGH

 :KDWGRHVDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQWPHDQ"



+LJKHUWHPSHUDWXUHVDULVLQJVHDOHYHODQGDQLQFUHDVHLQWKHIUHTXHQF\RIH[WUHPHZHDWKHU

 *RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQW



ZKHUHZDWHUVWUHVVLVDOUHDG\YHU\KLJK2IWHQWKHVHFRXQWULHVKDYHRQO\OLPLWHGUHVRXUFHV

 $GDSWDWLRQRSWLRQVLQZDWHUUHVRXUFHVPDQDJHPHQW



DYDLODEOHWRFRSHZLWKDQGDGDSWWRFOLPDWHFKDQJHV



 ,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQW







 $GDSWLYH:DWHU0DQDJHPHQW



3RSXODWLRQJURZWKXUEDQLVDWLRQDQGFKDQJLQJFRQVXPSWLRQSDWWHUQVZLOOKDYHDJUHDWLPSDFW



 :DWHUVKHGPDQDJHPHQW



RQWKHIXWXUHFRQGLWLRQVRIDJULFXOWXUDOSURGXFWLRQ:LWKPRUHWKDQRIZDWHUEHLQJXVHG



 $JULFXOWXUDOZDWHUPDQDJHPHQW



IRUWKHDJULFXOWXUDOVHFWRUWKHOLQNDJHVEHWZHHQDJULFXOWXUDOSURGXFWLRQDQGZDWHUUHVRXUFHV



 2SWLPLVDWLRQDQGSODQQLQJIRUPXOWLSXUSRVHGDPGHYHORSPHQW



PDQDJHPHQWFOHDUO\VKRZWKHQHHGIRUYLDEOHDGDSWDWLRQRSWLRQVWRDGGUHVVWKLVLQWHUFRQQHFWLRQ



 &DSDFLW\EXLOGLQJIRUDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQW



7KHFKDQJLQJDYDLODELOLW\DQGTXDOLW\RIZDWHUUHVRXUFHVGXHWRFOLPDWHFKDQJHZLOOQRWRQO\



KDYHDJUHDWLPSDFWRQIRRGSURGXFWLRQEXWDOVRRQVHFWRUVOLNHHQHUJ\LQGXVWU\VDQLWDWLRQDQG

 /LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ



 5HIHUHQFHVDQGIXUWKHUUHDGLQJ



HFRQRPLFOLIH&OLPDWHSURMHFWLRQVSURYLGHDEXQGDQWHYLGHQFHWKDWFKDQJHVLQWHPSHUDWXUHDQG

HYHQWVVXFKDV¾RRGVGURXJKWVDQGKHDWZDYHVZLOOKDYHWKHJUHDWHVWLPSDFWRQFRXQWULHV

KHDOWK6LQFHWKHVFRSHRIWKHVHHIIHFWVLVXQNQRZQDQGXQSUHGLFWDEOHUHVSRQVLYHDQG¾H[LEOH
DGDSWDWLRQPHDVXUHVDUHQHHGHG
$VWKHFODVVLFDOWRSGRZQVXSSO\GULYHQDSSURDFKWRZDWHUPDQDJHPHQWKDVQRWGHOLYHUHGWKH
GHVLUHGUHVXOWVLQWKHSDVWRWKHUFRQFHSWVKDYHEHHQGHYHORSHG±IRUH[DPSOHWKHFRQFHSWRI
,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQWZKLFKZLOOEHH[SORUHGFRPSUHKHQVLYHO\LQWKLVFKDSWHU
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XVHUVZLOODOVREHDGGUHVVHGDQGDQXPEHURIWHFKQLFDODGDSWDWLRQRSWLRQVZLOOEHSUHVHQWHG
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+RZGRHVFOLPDWHFKDQJHLPSDFWZDWHU
UHVRXUFHV"

 7KHZDWHUF\FOH
7KHZDWHUF\FOHUHIHUVWRWKHFRQWLQXRXVH[FKDQJHRIZDWHUEHWZHHQWKHDWPRVSKHUHODQGVXUIDFH
DQGVXEVXUIDFHZDWHUVDQGRUJDQLVPV:DWHULVVWRUHGLQYDULRXVFRPSDUWPHQWV HJRFHDQVODNHV

 .H\PHVVDJHV
 &OLPDWHFKDQJHZLOOLQWHQVLI\WKHZDWHUF\FOHDQGZLOOWKHUHIRUHKDYHGLYHUVHLPSDFWVRQKXPDQ
 DFWLYLWLHVDQGWKHIXQFWLRQLQJRIHFRV\VWHPV

DQGJURXQGZDWHU DQGPRYHVIURPRQHWRDQRWKHUWKURXJKSK\VLFDOSURFHVVHVVXFKDVHYDSRUD
WLRQSUHFLSLWDWLRQLQ½OWUDWLRQUXQRIIDQGVXEVXUIDFH¾RZFKDQJLQJLWVDJJUHJDWHVWDWHDFFRUGLQJO\
6LQFHVRODUHQHUJ\SOD\VDNH\UROHLQHYDSRUDWLRQDQGVXEVHTXHQWSUHFLSLWDWLRQULVLQJWHPSHUDWXUHV
ZLOOOHDGWRDQDFFHOHUDWLRQRIWKHZDWHUF\FOHDQGWRKLJKHUYDULDELOLW\RISUHFLSLWDWLRQHYHQWV

 ,Q,QGLDWKHLPSDFWVRIFOLPDWHFKDQJHRQZDWHUUHVRXUFHVZLOOLQFOXGHKLJKHUYDULDELOLW\DQG
 LQWHQVLW\RISUHFLSLWDWLRQHYHQWVUHVXOWLQJLQGURXJKWVDQGIORRGVLQFUHDVHGJODFLHUPHOWVDQG
 VHDOHYHOULVH

0RLVWXUHRYHUODQG

6WRUDJHLQVQRZ
DQGJODFLHUV

Over the last 100 years, the global climate has warmed by an average of 0.5 °C due to higher concentrations of greenhouse gases in the atmosphere. This trend will continue. This means that there
will be more energy available on the Earth’s surface, leading to an intensiﬁcation of the water cycle

6XUIDFH
UXQRII

(YDSRUDWLRQIURPODQG

)UHVKZDWHU
VWRUDJH

ing in greater variability in precipitation and stream ﬂows, and increasing the intensity of extreme

The consequences will be diverse: many climate models project that up to 20 % of the world’s

(YDSRUDWLRQ

/DNH
,Q½OWUDWLRQ

6XEVXUIDFH¾RZ

/DNH

6XUIDFH
RXW¾RZ

(YDSRUDWLRQIURPRFHDQ

*URXQGZDWHU¾RZ

population living in river basins will be aﬀected by ﬂood hazards by the 2080s (IPCC 2007b).
The increasing rainfall variability will also lead to changes in river discharge, including longer periods

3UHFLSLWDWLRQ
RQRFHDQ

(YDSRWUDQVSLUDWLRQ

(IPCC 2007a). These changes will have a substantial destabilising eﬀect on the water cycle, resulthydrological events (IUCN 2003).

&RQGHQVDWLRQ

3UHFLSLWDWLRQRQODQG

*URXQGZDWHURXW¾RZ

2FHDQ

*URXQGZDWHUVWRUDJH

of low ﬂows, which will aﬀect not only human activities but also ecosystem functioning. In some
basins, slightly diﬀerent rainfall patterns can result in vast changes in river discharge. The same is
true for groundwater recharge, which is highly dependent on precipitation.



6RXUFHDGDSWHGIURP*R,
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According to India’s Initial National Communication (NATCOM) to the United Nations Frame-

How climate change impacts water resources in India

work Convention on Climate Change (UNFCCC), there will be an increase in mean temperatures

&OLPDWHVLJQDOV

of approximately 2 °C to 5 °C across the country by 2050. Higher air temperatures have already
led to higher snowmelt rates and reduced snowfall. This can be observed in the Himalayas, where
increased runoﬀ can lead to mass movements such as mudﬂows. The impacts of melting Himalayan
glaciers will also be felt in the downstream countries, i.e. India and Bangladesh. However, in the
long run, the annual runoﬀ in the Brahmaputra is projected to decline by 14 % and in the Indus
by 27 % between now and 2050 (IPCC 2007c), which will also have tremendous consequences for
water availability for all uses (e.g. households, agriculture).
The intensity of ﬂoods and severity of droughts in various parts of India is projected to increase.
Hence, some river basins might face water scarcity (GoI 2004). The combination of population
growth and climate change is predicted to reduce the availability of fresh water in India from the
current 1900 to 1000 cubic meters per capita/year by 2025 (IPCC 2007b). Furthermore, rising
sea levels may lead to increased saline intrusion into coastal and island aquifers, while increased
frequency and severity of ﬂoods may aﬀect groundwater quality in alluvial aquifers (GoI 2004).

+HDY\SUHFLSLWDWLRQ
HYHQWV

+LJKHUYDULDELOLW\RI
SUHFLSLWDWLRQLQFOXGLQJ
LQFUHDVHGGURXJKWV

,QFUHDVHLQDLU
WHPSHUDWXUHV

)ORRGLQJ
$GYHUVHHIIHFWVRQ
TXDOLW\RIVXUIDFH
ZDWHUDQGJURXQG
ZDWHUGXHWRVHZHU
RYHU¾RZV
&RQWDPLQDWLRQRI
ZDWHUVXSSO\

&KDQJHLQUXQRII
0HOWLQJJODFLHUVDQG
0RUHZLGHVSUHDG
VQRZ½HOGVLQWKH
ZDWHUVWUHVV
+LPDOD\DVDIIHFW
,QFUHDVLQJIUHTXHQF\
LQJGRZQVWUHDPULYHU
DQGPDJQLWXGHRI
V\VWHPV
GURXJKWOLNHVLWXDWLRQV 0RUHHYDSRWUDQVSLUD
,QFUHDVHGZDWHU
WLRQ
SROOXWLRQGXHWR
,QFUHDVHLQZDWHU
ORZHUGLVVROXWLRQRI
WHPSHUDWXUHV
VHGLPHQWVQXWULHQWV
SHVWLFLGHVDQGVDOW

,QFUHDVHLQZDWHU
WHPSHUDWXUHV
&KDQJHVLQODNH
DQGFRDVWDOHFRV\V
WHPV HJPRUH
DOJDHJURZWKFRUDO
EOHDFKLQJ
5LVLQJVHDOHYHOV
FDXVHGE\WKHUPDO
H[SDQVLRQDQG
PHOWLQJRIJODFLHUV
UHVXOWLQJLQ
6DOLQHLQWUXVLRQRI
FRDVWDODQGLVODQG
DTXLIHUV
5HGXFHGTXDOLW\RI
JURXQGZDWHUDORQJ
WKHFRDVWDOSODLQV

As much as 60 % of the crop area in India is rain fed, with rainfall being largely conﬁned to the
southwest monsoon season from June to September (GoI 2004). While climate models are relatively
consistent in predicting temperature increase, projecting the scope of precipitation changes remains
very diﬃcult. However, an overall increase in rainfall intensity, combined with a reduction in the
number of rainy days, will have great eﬀects for the majority of the land needed for agricultural
production. North Andhra Pradesh and the west coast are already witnessing an increase in monsoon
rainfall (+10 % to +12 % above the 100-year normal) and Madhya Pradesh, North East India and
parts of Gujarat and Kerala are experiencing a decrease in monsoon rainfall: - 6 % to - 8 % below the
100-year normal (GoI 2004).
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:KDWGRHVDGDSWDWLRQLQZDWHUUHVRXUFHV
PDQDJHPHQWPHDQ"

uncertain future risks. It also means that management approaches that deal with existing risk and
uncertainty have to be taken into consideration, along with climate scenario analyses and vulnerability
assessments (IUCN 2003; Aerts & Droogers 2009).

 .H\PHVVDJHV

As stressed in the introduction to this publication, mapping vulnerability and assessing its underly-

 ,QRUGHUWRHQVXUHZDWHUVHFXULW\ZDWHUUHVRXUFHVPDQDJHPHQWKDVWRLQFRUSRUDWHFOLPDWH

ing factors are a crucial step in identifying the policies and measures needed to reduce vulnerability,

 FKDQJHFRQVLGHUDWLRQV

increase adaptive capacity and highlight options for and constraints on adaptation. While assess-

 :DWHUPDQDJHPHQWPHDVXUHVVKRXOGFRQVLGHUIXWXUHULVNVDQGXQFHUWDLQWLHVLQRUGHUWRDGDSW
 WRFOLPDWHFKDQJH

ments of such underlying factors help to establish approaches, the urgent need for action means that
the process of identifying policies and measures should be undertaken simultaneously (Tideman &
Khatana 2004). Key priorities for initial action in the water sector include:

 :HOOSURYHQDQGHVWDEOLVKHGPHDVXUHVQHHGWREHDGMXVWHGWRWKHFKDQJLQJFRQGLWLRQV

•

addressing current and expected water scarcity problems;

 $WWKHVDPHWLPHQHZDSSURDFKHVQHHGWREHGHYHORSHG

•

dealing with ﬂoods and other extreme events;

•

expanding the knowledge base on water resources;

•

dealing with exposure to climate change and impacts;

•

strengthening the national capacity for Integrated Water Resources Management and planning

The impacts of climate change on water resources, such as the increase in extreme weather events
like droughts and ﬂoods as well as higher rainfall variability, will exacerbate the vulnerability of

(see section 4.4.1).

people’s livelihoods. Incorporating adaptation measures into the management of water resources
is vital, particularly in those regions, such as semi-arid to arid areas, which suﬀer from harsh

Adaptation in water resources management means adjusting well-proven and established measures

climatic conditions. Due to the limitation of climate models, projecting the scope of precipitation

to the changing conditions. New and innovative approaches to water resources management and

changes remains a very diﬃcult task. This calls for special attention to prepare for higher rainfall

its development are vital to reduce the vulnerability and livelihood insecurity among the poorest

variability.

and facilitate adaptation to the uncertain eﬀects of a changing climate. Climate Prooﬁng constitutes
such a new approach. It involves the systematic observation of the current and future risks and

Whereas, during past decades, water managers have already reacted to the changes in climate by

opportunities of climate change, leading to the identiﬁcation of measures to address these issues (see

adopting a range of practices, uncertain long-term challenges such as climate change and socio-

introduction, page 34, and section 4.4.3).

economic trends have not been taken into account (Aerts & Droogers 2009; IPCC 2007c).
Uncertainty makes it diﬃcult to translate trends, such as higher rainfall variability, into quantitative terms that could serve as a basis to develop concrete water management strategies and measures.
However, existing climate data and models have been instrumental in pointing out some general
changes in the water cycle that are triggered by climate change. The implication for decision-making
is that investments in water infrastructure will have to be made on the basis of unknown and
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*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQ
LQZDWHUUHVRXUFHVPDQDJHPHQW

To overcome conﬂicting objectives, such as the sustainable management of scarce water resources and
increasing national food production, water professionals, planners and practitioners should aim at
ensuring equity in the allocation of water. Both within agriculture and between agriculture and other
sectors, water should be allocated on the basis of inventories of water availability, demand, consump-

To bring about eﬀective adaptation to climate change in water resources management, greater

tion, return ﬂows and losses.

attention must be paid to shaping and strengthening policies, mechanisms and structures of water
governance on the local, national and regional level. This requires particular attention to the

 ,QGLDµV1DWLRQDO:DWHU0LVVLRQ

following elements:

,QRUGHUWRPDLQVWUHDPFOLPDWHFKDQJHLVVXHVLQWKHZDWHUVHFWRUWKH,QGLDQ*RYHUQPHQWSUHSDUHG

•

availability and communication of information;

LWV1DWLRQDO:DWHU0LVVLRQXQGHUWKH1DWLRQDO$FWLRQ3ODQRQ&OLPDWH&KDQJH 1$3&& LQ7KH

•

participation of all stakeholders involved, including local capacities for collective action and

PLVVLRQKLJKOLJKWVDVLWVPDLQREMHFWLYHVFRQVHUYDWLRQRIZDWHUPLQLPLVLQJZDVWDJHDQGHQVXULQJ

organisational capabilities of water users;

LWVPRUHHTXLWDEOHGLVWULEXWLRQERWKDFURVVDQGZLWKLQVWDWHVWKURXJK,QWHJUDWHG:DWHU5HVRXUFHV

sectoral integration and inter-sectoral coordination.

0DQDJHPHQW7KHVHREMHFWLYHVZLOOEHDFKLHYHGE\

•

 HVWDEOLVKLQJDFRPSUHKHQVLYHZDWHUGDWDEDVHLQWKHSXEOLFGRPDLQWRDVVHVVFOLPDWHFKDQJH

With regard to governance, sectoral integration and inter-sectoral coordination are of particular

 LPSDFWVRQZDWHUUHVRXUFHV

importance. National committees, task forces and working groups on climate change may provide

 SURPRWLQJFLYLFDQGVWDWHDFWLRQIRUZDWHUFRQVHUYDWLRQDXJPHQWDWLRQDQGSUHVHUYDWLRQ

a platform for coordination between sectors to identify cross-sectoral issues such as planning prin-

 IRFXVLQJDWWHQWLRQWRDUHDVZKHUHZDWHULVRYHUXVHG

ciples or provision of climate data. Many countries have already set up institutions of this kind.

 LQFUHDVLQJZDWHUXVHHI½FLHQF\E\

Administrative reforms and eﬀorts can support the necessary coordination across diﬀerent sectors

 SURPRWLQJ,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQWDWEDVLQOHYHO

and administrative levels. For instance, meteorological services and climatologists will need to

6RXUFH*R,

work more closely with water planners, irrigation managers and agricultural extension services.
Regional coordination in controlling river ﬂows to avoid ﬂoods and water shortages is an example
of coordination across diﬀerent levels.
In general, adaptation in water management also requires adjustments in policy ﬁelds outside the
water sector, such as:
•

migration and settlement;

•

transboundary cooperation in the event of disasters;

•

regional and land use planning;

•

agriculture, especially irrigation development.
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Policy options for adaptation in water resources management
3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

3ROLF\DQDO\VLVDQGFKDQJH
PDLQVWUHDPLQJDGDSWDWLRQ

3ODFLQJWKHDGDSWDWLRQLVVXHDWWKHKHDUWRIGHFLVLRQPDNLQJ
6HFXULQJVXI½FLHQW½QDQFLDOUHVRXUFHVWRLPSOHPHQWDGDSWDWLRQ
&UHDWLQJWKH¾H[LELOLW\UHTXLUHGIRUFRRUGLQDWLRQEHWZHHQGLIIHUHQWVHFWRUV
DQGDGPLQLVWUDWLYHOHYHOV
3URYLGLQJDGHTXDWHLQVWLWXWLRQDOVWUXFWXUHVIRUDGDSWDWLRQ

$GMXVWPHQWVLQZDWHU
PDQDJHPHQWUHJXODWLRQV

(VWDEOLVKLQJDSSURSULDWHVSDWLDOSODQQLQJDQGEXLOGLQJFRGHVZLWKUHJDUG
WR¾RRGV HJDYRLGLQJKLJKULVNDQGKD]DUGRXVDUHDVVSHFL½FDWLRQVIRU
WKHHOHYDWLRQRIWKHORZHVW¾RRUOHYHOXVHRI¾RRGUHVLVWDQWPDWHULDO
3URPRWLQJZDWHUVDYLQJGHYLFHV HJGULSLUULJDWLRQPXOWLSOHXVH
V\VWHPVFRPSXOVRU\UDLQZDWHUKDUYHVWLQJWDQNVIRUQHZEXLOGLQJV
,PSURYLQJHI½FLHQF\RIZDWHUGLVWULEXWLRQDQGXVH
5HXVLQJZDVWHZDWHU

'HYHORSPHQWRIQDWLRQDO
VHFWRUDODQGUHJLRQDO
DGDSWDWLRQVWUDWHJLHV

3URYLGLQJDIUDPHZRUNIRUFRRUGLQDWLQJDGDSWDWLRQDFWLYLWLHV
$VVLJQLQJDGDSWDWLRQSULRULWLHV PLGWRORQJWHUP
0RELOLVLQJVXSSRUWZLWKLQWKHFRXQWU\DQGIURPWKHLQWHUQDWLRQDO
FRPPXQLW\

,QWHUQDWLRQDOFRRSHUDWLRQ

0DNLQJXVHRILQWHUQDWLRQDOH[SHUWLVHRQFOLPDWHDQGFOLPDWHLPSDFWGDWD
)RUPXODWLQJDGDSWDWLRQVWUDWHJLHVDQGVHWWLQJDGDSWDWLRQSULRULWLHV
%XLOGLQJXSDQDO\WLFDOPRQLWRULQJFDSDFLWLHV
/HDUQLQJDERXWWRROVIRUDVVHVVLQJSROLFLHVDQGFDUU\LQJRXWFRVWEHQH½W
DQDO\VHV

&DSDFLW\EXLOGLQJ

,QFHQWLYHVIRUDGDSWDWLRQ

5DLVLQJDZDUHQHVVRIWKHHIIHFWVRIFOLPDWHFKDQJHRQZDWHUUHVRXUFHV
HJE\LQWURGXFLQJFOLPDWHFKDQJHLQWRWKHFXUULFXOXPIRUDOOVFKRRO
OHYHOV
,QWHJUDWLQJNQRZOHGJHRIH[SHFWHGFOLPDWHFKDQJHLPSDFWVRQWKHZDWHU
F\FOHLQWRZDWHUPDQDJHPHQW
,QYROYLQJWKHSULYDWHVHFWRULQSODQQLQJDQGLPSOHPHQWLQJDGDSWDWLRQ
PHDVXUHV HJLPSURYLQJHI½FLHQF\RIZDWHUXVH
*DLQLQJWKHVXSSRUWRIFLYLOVRFLHW\DQGRWKHUDFWRUVIRUWKHGHYHORSPHQW
DQGLPSOHPHQWDWLRQRIDGDSWDWLRQVWUDWHJLHVLQWKHZDWHUVHFWRU
6RXUFHV,8&11JLJL



$GDSWDWLRQRSWLRQVLQZDWHUUHVRXUFHV
PDQDJHPHQW
 .H\PHVVDJHV
 )OH[LEOHZDWHUPDQDJHPHQWDSSURDFKHVFDQKHOSWRGHDOZLWKFOLPDWHYDULDELOLW\
 3URPRWLQJLQWHJUDWHGZDWHUVKHGPDQDJHPHQWVXSSRUWVVXVWDLQDEOHOLYHOLKRRGVDQGDGDSWDWLRQ
 WRFOLPDWHFKDQJH
 7HFKQLFDOZDWHUPDQDJHPHQWPHDVXUHVPXVWLQFUHDVHWKHHIILFLHQF\DQGHIIHFWLYHQHVVRIZDWHU
 XVH
 &DSDFLW\EXLOGLQJLVQHHGHGWRHQKDQFHXQGHUVWDQGLQJRIYLDEOHDGDSWDWLRQRSWLRQVLQZDWHU
 UHVRXUFHVPDQDJHPHQW

Impacts of climate change can be diverse (see section 4.1). Hence, setting priorities for adaptation
involves assessing exposure to climate signals, determining sensitivity to a changing climate, and
assessing the adaptation capacities at diﬀerent levels (from national to community level).
Integrative and ﬂexible approaches to water resources management, such as Integrated Water
Resources Management and Adaptive Water Management, need to be taken into account in order
to address the challenges posed by climate change.

,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQW
‘Classical’ water resources management includes management of water resources in watersheds
or river basins, looking at water quantity, quality and also at environmental issues. However,
the positioning of water resources management within a wider context has led from the classical
to the broader approach of Integrated Water Resources Management (IWRM).
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•

 ,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQW
´,QWHJUDWHG:DWHU5HVRXUFHV0DQDJHPHQWLVDSURFHVVZKLFKSURPRWHVWKHFRRUGLQDWHGGHYHORS
PHQWDQGPDQDJHPHQWRIZDWHUODQGDQGUHODWHGUHVRXUFHVLQRUGHUWRPD[LPL]HHFRQRPLFDQG
VRFLDOZHOIDUHLQDQHTXLWDEOHPDQQHUZLWKRXWFRPSURPLVLQJWKHVXVWDLQDELOLW\RIYLWDOHFRV\VWHPVµ
6RXUFH*:3

Good management systems allow the right incentives to be passed on to water users.

$GDSWLYH:DWHU0DQDJHPHQW
Due to the uncertain eﬀects of climate change, identifying eﬀective interventions is particularly
challenging. Climate projections are often inconsistent and lack accuracy – especially at the regional
and local level. This has guided climate adaptation research towards new – adaptive – approaches
in water management that enable water managers to cope with future uncertainties. The concept of

IWRM is based on the acknowledgment that diﬀerent uses of water are interdependent. Hence, for

Adaptive Water Management aims at more institutional ﬂexibility and provides stakeholders with a

IWRM, the interdependence of diﬀerent water uses and users, as well as their impacts on the state

central role in an iterative social learning process. Hence adaptive management is about ﬂexibility,

of water resources, are a central concern. To take this interdependency into account and to achieve eco-

about adjusting water management strategies so that they become more resilient under a wide range

nomic, social and ecological sustainability it is essential to address the challenges of population growth

of future conditions. Various methods, such as forecasting, risk mapping and insurance systems,

and increased demand for food and water. In order to make that happen, policies, institutions and

especially for drought and ﬂood events, have been established to help develop such strategies. Wider

processes in diﬀerent sectors and at diﬀerent levels have to be coordinated eﬀectively (InfoResources

stakeholder involvement and transparency are also required to enhance political support for

2003). These requirements are expressed above in the most frequently cited deﬁnition in the interna-

sharing the burden and possible beneﬁts of the impacts of climate change (Aerts & Droogers 2009;

tional water debate.

Pahl-Wostl et al. 2005).

While the concept of IWRM does not explicitly address climate change or climate variability, its

Adaptive Water Management, an approach derived from the ﬁeld of industrial operation theory,

holistic approach means that it can be seen as an appropriate tool for coping with this variability

is rarely mentioned explicitly in Indian policy documents. However, many of the tenets of adaptive

(Van Beek 2009). In general, adaptation in IWRM refers to measures that help to adjust to situations

management have been and are increasingly being employed in the management of water resources

of increased uncertainty, risk and variability brought about by climate change. More speciﬁcally,

in India. The National Water Policy and the Common Guidelines for Watershed Development

following the IWRM principles means taking into account eﬀects of climate variability and change

Projects are both indicative of how Adaptive Water Management – when seen as a means to meet

that are already making themselves felt and others that are projected.

the environmental, social, and economic goals of multiple stakeholders in a perpetually changing
environment – is being implicitly practised in India.

IWRM is a challenging and complex approach, but its ﬂexibility oﬀers various points of entry. This integrated approach to water resources management considers the catchment as a whole (Cap-Net 2009):
•

Better water management makes it easier to respond to changes in water availability.

•

Basin planning allows for risk identiﬁcation and mitigation.

•

Involvement and participation of stakeholders such as authorities, institutions, the public and
private sector as well as civil society helps in mobilisation for action and in risk assessment.
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 $GDSWLYH:DWHU0DQDJHPHQW±H[DPSOHVIURP,QGLD

:DWHUVKHGPDQDJHPHQW

7KH1DWLRQDO:DWHU3ROLF\RIVWUHVVHVWKHLPSRUWDQFHRIPXOWLVWDNHKROGHUSDUWLFLSDWLRQDQG

 :DWHUVKHGPDQDJHPHQW

PXOWLVHFWRUDODQDO\VLVLQSODQQLQJDQGLPSOHPHQWLQJZDWHUUHVRXUFHSURMHFWV,WDWWDFKHVJUHDWYDOXH
WRLQIRUPDWLRQV\VWHPVWKDWHQFRXUDJHNQRZOHGJHJHQHUDWLRQPDQDJHPHQWDQGVKDULQJDVZHOO

:DWHUVKHGPDQDJHPHQWLVWKHUDWLRQDOXWLOLVDWLRQRIODQGDQGZDWHUUHVRXUFHVIRURSWLPXPSUR

DVPRQLWRULQJSURMHFWVWRHQVXUHQHFHVVDU\FRUUHFWLYHDFWLRQKDVEHHQPDQGDWHG7KH1DWLRQDO:DWHU

GXFWLRQZLWKPLQLPXPKD]DUGWRQDWXUDOUHVRXUFHV 7LGHPDQ 

3ROLF\FRYHUVDEURDGDUUD\RIZDWHUUHODWHGLVVXHVLQFOXGLQJJURXQGZDWHUGHYHORSPHQWGULQNLQJ
ZDWHULUULJDWLRQUHVHWWOHPHQWDQGODQGHURVLRQ,WSODFHVWKHVWDNHKROGHUVLQWKHFHQWUDOUROHDQGLV
DJRRGH[DPSOHRIKRZWKH,QGLDQ*RYHUQPHQWLVWU\LQJWREULQJ¾H[LELOLW\LQWRWKHZDWHUPDQDJHPHQW
SROLF\IUDPHZRUN

Watershed management aims to manage water supply, water quality, drainage water runoﬀ and water
rights. It also incorporates overall planning processes for watersheds. It comprises the planned, coordinated and sustainable use of:

$QRWKHUH[DPSOHRI$GDSWLYH:DWHU0DQDJHPHQWEHLQJSUDFWLVHGLQWXLWLYHO\LQ,QGLDLVWKH&RPPRQ

•

water resources,

*XLGHOLQHVIRU:DWHUVKHG'HYHORSPHQW3URMHFWVRI7KHZDWHUVKHGJXLGHOLQHVKDYHEHHQPRGL½HG

•

agricultural resources,

•

grazing land,

•

forests, and

•

areas with other uses (domestic water supply, irrigation, industrial water use, navigation).

RYHUWKHSDVWWZRGHFDGHVZKLFKVKRZVWKHDELOLW\RI,QGLDµVSROLWLFDOLQVWLWXWLRQVZLWKWKHVXSSRUW
RIFLYLOVRFLHW\WRDGDSWSUDFWLFHVDVFLUFXPVWDQFHVFKDQJHDQGSHRSOHDQGLQVWLWXWLRQVOHDUQ
IURPH[SHULHQFH7KHPRVWUHFHQWLWHUDWLRQZKLFKLVFHUWDLQWREHIROORZHGVKRUWO\E\DQRWKHUSODFHV
DVWURQJHPSKDVLVRQWKHFHQWUDOLW\RIFRPPXQLW\SDUWLFLSDWLRQDQGFDSDFLW\GHYHORSPHQWDVZHOO
DVRQPRQLWRULQJDQGHYDOXDWLRQ7KHJXLGHOLQHVKDYHHYHQPDQGDWHGWKDWRIWKHEXGJHWIRU
ZDWHUVKHGSURMHFWVVKRXOGEHDOORFDWHGWRPRQLWRULQJDQGHYDOXDWLRQDQGWRFDSDFLW\EXLOGLQJ

The Indian Government has been supporting the development of watersheds since 1973, when the

7KHFRQVWDQWDGDSWDWLRQRIWKHJXLGHOLQHVLVQRWLQGLFDWLYHRIDWULDODQGHUURUSURFHVVEXWLVUDWKHU

Drought-Prone Area Programme was introduced. Since then it has evolved with increased experience

WKHUHVXOWRILQVWLWXWLRQDOOHDUQLQJE\GRLQJWRDGDSWWRFKDQJLQJUHTXLUHPHQWV

and knowledge to ﬁnd answers to two major challenges: soil and water conservation and improve-

$SUDFWLFDOH[DPSOHRI$GDSWLYH:DWHU0DQDJHPHQWLVWKHYLOODJHRI+LZDUH%D]DULQ0DKDUDVKWUDVWDWH
NQRZQIRULWVFRPPXQLW\EDVHGLQLWLDWLYHVLQHQKDQFLQJWKHUHVLOLHQFHRIFRPPXQLWLHVWRFOLPDWLFYDUL
DELOLW\DQGH[WUHPHZHDWKHUFRQGLWLRQV +LZDUH%D]DUQG )URPWRWKHHIIRUWVRIWKHORFDO

ment of livelihoods in rural areas. At ﬁrst, making signiﬁcant changes in the original planning and
implementation processes was considered too rigid and top-down. In 1994, a government-mandated
committee carried out a critical assessment stating that implementation of large-scale soil and water

OHDGHUVKLSZHUHGLUHFWHGWRZDUGVZDWHUFRQVHUYDWLRQZKLFKLQFOXGHVERWKUHSOHQLVKLQJWKHJURXQGZDWHU

conservation programmes had been ‘sub-optimal’ thus far. This paved the way for making signiﬁcant

DQGFUHDWLQJDVXUIDFHVWRUDJHV\VWHP6LQFH+LZDUH%D]DUKDVEHHQFRQGXFWLQJDQDQQXDOZDWHU

changes in planning and implementation.

DXGLWPHDVXULQJWKHWRWDODYDLODELOLW\RIZDWHU7KHLPSOHPHQWDWLRQRIWKHVHGHYHORSPHQWSURJUDPPHV
KDVWRDODUJHH[WHQWVWRSSHGWKHPLJUDWLRQRIWKHYLOODJHUV7KHYLOODJHKDVLQWURGXFHGLWVRZQZDWHU

In fact, there have been four modiﬁcations to the guidelines on watershed management since 1994.

UHJXODWLRQVOLQNHGWRLWVFURSSLQJSODQV,WEHJDQWREDVHFURSSLQJSDWWHUQVRQZDWHUDYDLODELOLW\GHVSLWH

Partly as a result of the Indian Government’s collaboration with local and international NGOs

DZHOOHVWDEOLVKHGPDUNHWIRUWKHVXJDUFDQHFURS'HFLVLRQVRQFURSSLQJLQWHQVLW\DUHWDNHQDQQXDOO\

and international development organisations, there has been a shift towards more transparency,

HQVXULQJHI½FLHQWPDQDJHPHQWRIWKHUHVRXUFHDQGLWVHTXLWDEOHGLVWULEXWLRQ

community-participation, and an equitable distribution of beneﬁts. Furthermore, planning of new
watershed development projects has become more decentralised.
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Watershed development in India is working towards developing watersheds to create sustainable
livelihood opportunities. Building on participatory approaches, increasing water availability,
improving degraded environments and choosing sustainable agricultural activities are key features.

Preliminary assessment of the adaptation potential for a selection of watershed management measures
$FWLYLW\

2EMHFWLYH

,PSDFWV

Watershed development is thus directly dependent on climate parameters like rainfall, temperature
or evapotranspiration.

LQFOXGHGUDLQDJHOLQHWUHDWPHQWZDWHUKDUYHVWLQJVWUXFWXUHVDQGOLYHOLKRRGLQWHUYHQWLRQV
1$%$5'DQG*,=DUHVWDUWLQJDSURFHVVRIFOLPDWHSURR½QJWKH:')&OLPDWHSURR½QJVKRXOGHQVXUH
WKDWWKHDFWLYLWLHVVXSSRUWHGWKURXJK:')FRQWLQXHWREHDSSURSULDWHDQGVXVWDLQDEOHWDNLQJLQWRDF
FRXQWRXUFKDQJLQJFOLPDWH7KHH[HUFLVHRIFOLPDWHSURR½QJFRXOGLGHQWLI\SRVVLEOHPRGL½FDWLRQVRU
DGGLWLRQDO:')DFWLYLWLHVWRIXUWKHULQFUHDVHWKHDGDSWLYHFDSDFLWLHVRISHRSOHOLYLQJLQZDWHUVKHGDUHDV

As many known and well-proven watershed management measures are already in place in India, it is
necessary to ﬁrst look at the existing measures and activities and evaluate their adaptation potential.
A study was conducted that assessed the adaptation and mitigation potential of measures commonly

ZHWWHU












.HHSVVHGLPHQWRXWRI
GRZQVWUHDPDUHDV
,QFUHDVHGZDWHU
LQ½OWUDWLRQGXHWRZDWHU
EHLQJVORZHGGRZQ









/DQGVOLGH
WUHDWPHQW

6WDELOLVHH[LVW
LQJVORSHVWR
VWRSODQGVOLGHV

5HGXFHGHURVLRQ

6DYLQJDJULFXOWXUDOODQG
RUGZHOOLQJV









,QVLWX
UDLQZDWHU
KDUYHVWLQJ

,QFUHDVHGZDWHU 0RUHZDWHUDYDLODEOH
DYDLODELOLW\
ZKHUHLWIDOOV
,QFUHDVHGELRPDVV
/HVVUXQRIIDQGHURVLRQ











0LFURLUULJDWLRQ

0RUHHI½FLHQW
ZDWHUXVHDQG
LQFUHDVHG\LHOGV











 &OLPDWHSURRILQJ,QGLDµV:DWHUVKHG'HYHORSPHQW)XQG

WRFRPH7KLVIXQGKDVEHHQVHWXSWRFRYHUDQDUHDRIPLOOLRQKHFWDUHVRIODQG0DLQDFWLYLWLHV

GU\HU

3ULPDULO\WR
WUDSVHGLPHQW
VLOWLQJXOOLHV
DQGVWDELOLVH
WKHJXOO\

ment may itself be at risk from climate change. A systematic consideration of observed and expected

PHQW)XQG :') LQ7KH:')LVUHSOHQLVKHGDQQXDOO\DQGLVVHWWRFRQWLQXHIRUPDQ\\HDUV

FROGHU

6LOWGHWHQWLRQ
VWUXFWXUHV
JXOO\SOXJV
JDELRQV

hand, unless it is included in development planning processes, the success of watershed develop-

7KH1DWLRQDO%DQNIRU$JULFXOWXUHDQG5XUDO'HYHORSPHQW 1$%$5' LQLWLDWHGWKH:DWHUVKHG'HYHORS

KRWWHU
*URXQGZDWHU
5HFKDUJHRI
UHFKDUJHZDWHU
JURXQGZDWHU
IRUFDWWOH
&UHDWLRQRIODUJHRSHQ
ZDWHUERGLHVDVZLWK
DOORSHQZDWHUERG
LHVPRUHPRVTXLWRHV
PDODULD 

capacity and reducing the vulnerability of communities and farmers to climate change. On the other

development to take account of climate change.

1R
UHJUHW

3RQGV

On the one hand, watershed development in India contributes signiﬁcantly to increasing adaptive

changes in climate parameters through climate prooﬁng can contribute to optimising watershed

$GDSWDWLRQSRWHQWLDO

/HVVZDWHUXVHGDQG
FRQVHTXHQWO\OHVV
GHSOHWLRQRIJURXQGZDWHU

 +HOSIXOSRVLWLYH
9HU\KHOSIXOSRVLWLYH
 +DUPLQJQHJDWLYH
 3RVLWLYH QHJDWLYHHIIHFWVEDODQFHG
6RXUFHDGDSWHGIURP+DJHQHWDO

applied in watershed management in India. They were classiﬁed according to their potential to adapt
to diﬀerent climatic conditions (e.g. hotter, colder, wetter, drier). The following table shows a selection
of measures and their adaptation potential as identiﬁed in the study (Hagen et al. 2003).
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$JULFXOWXUDOZDWHUPDQDJHPHQW

losses. In addition, alternatives to groundwater irrigation, such as water harvesting and the use of
marginal water (see below), must be provided. The easy access to and availability of water for irriga-

In addition to the ﬁrst chapter of this publication (see chapter 1.4.7), the following paragraphs describe

tion often leads to higher consumption levels than actually needed by farmers. The ineﬃciency and

and evaluate water management techniques associated with agricultural production systems. Agricul-

lack of water pricing structures that reﬂect the actual price of water hardly provides any incentive for

tural water management is not exclusively concerned with irrigation, but encompasses diverse ap-

farmers to conserve their water resources. Improved water use eﬃciency can be achieved by:

proaches to increase the eﬀectiveness and eﬃciency of water management for rain-fed agriculture.

•

technical modernisation of the design and operation of new or rehabilitated irrigation systems;

•

improved on-farm water management, including water-saving technology (especially drip irrigation);

Irrigation

•

volumetric water prices as an incentive to save water;

With a net irrigated area of 54 million hectares, India has the largest area of irrigated land in the

•

cropping patterns, plant breeding and crop-growing practices that are suited to water availability

world (Narayanamoorthy 2006). The extraordinary importance of irrigation for Indian agriculture
is bound to increase in the future: due to increasing rainfall variability in the wake of climate change,
the demand for irrigation as a means of risk minimisation in agriculture will rise. At the same time,

and soil conditions;
•

agricultural research that focuses on water saving, e.g. in connection with traditional crops,
improved crop-growing practices and increased use of salt-tolerant plants.

however, water scarcity in many parts of the Indian subcontinent will become more pronounced
and competition between the water using sectors will intensify. The main reason for this is the fact

 7KHERRPLQJURXQGZDWHUXVHLQ,QGLDDQGLWVFRQVHTXHQFHV

that demand for foodgrains will continue to rise (NetIndian News Network 2010).

7KHXVHRIJURXQGZDWHUIRULUULJDWLRQDVRSSRVHGWRFDQDOVRUWDQNVKDVLQFUHDVHGIURPLQ
WRLQ 1DUD\DQDPRRUWK\ 7KHVRFDOOHGJURXQGZDWHUERRPLVPDLQO\

The most prevalent form of irrigation in India is groundwater irrigation. Already 70 % of Indian

DWWULEXWHGWRWKHDEVHQFHRIODUJHVFDOHVXUIDFHLUULJDWLRQVFKHPHVDQGWKHDYDLODELOLW\RIORZ

crop production is dependent on groundwater irrigation. Expanding the irrigation potential through

FRVWHOHFWULFDQGGLHVHOSXPSVLQFRPELQDWLRQZLWKORZRUQRFKDUJHVIRUHOHFWULFLW\ %KDGXULHW

groundwater irrigation is often a priority based on the assumption that it not only reduces the vari-

DO 7KHFRQVHTXHQFHVRIWKLVERRPLQJURXQGZDWHUXVHDUHGUDPDWLFWKHYHU\LQWHQVLYHXVH

ation in supply and is more reliable, but also provides the ﬂexibility to cope with unforeseen water

RIJURXQGZDWHUFRPELQHGZLWKORZDQGLUUHJXODUUDLQIDOOKDVOHGWRJURXQGZDWHUZLWKGUDZDOH[

shortages. This reduces the risks for farmers in purchasing farm inputs and therefore often leads to

FHHGLQJUHFKDUJH:KLOHZDWHUUHVRXUFHGHSOHWLRQDQGGHJUDGDWLRQLVDVHULRXVWKUHDWLQ,QGLDDQG

higher agricultural productivity (Bhaduri et al. 2005). The dependence on groundwater irrigation

6RXWK$VLDOHDGLQJWRPDMRUHQYLURQPHQWDOFRQVHTXHQFHVWKHHFRQRPLFFRQVHTXHQFHVIRUIDUPHUV

will further increase with the impacts of climate change, especially in those areas already aﬀected by

ZLOOEHHTXDOO\VHULRXV

low and irregular rainfall. Because withdrawal of groundwater often exceeds recharge, if the groundwater resource is not managed well, depletion of groundwater and degradation will pose a serious
threat to farmers and the environment alike, as shown in the example from India on the next page.

Water harvesting
One of the major options for increasing the availability of water lies in the expansion of water

Options for adaptation to climate change and improving sustainability include improved manage-

storage facilities to balance out the discrepancies between periods of peak supply and peak demand.

ment and governance of large irrigation systems by focusing on demand management rather

However, such strategies need to take a new and broader view of water storage. Apart from the

than supply management. This includes improving water use eﬃciency and helping to reduce water

‘large dam option’ – which, with its high economic, social and environmental costs, will come under
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more severe scrutiny in the future – the whole gamut of water storage options needs to be explored

 %XLOGLQJRQ,QGLDµVWUDGLWLRQV

and better utilised. These options range from improved agricultural practices to enhanced water
retention in the soil, small water storage tanks and other means of water harvesting, and recon-

7KH'HYHORSPHQWRI+XPDQH$FWLRQ '+$1 )RXQGDWLRQLVDQ,QGLDQGHYHORSPHQWRUJDQLVDWLRQ

struction and rehabilitation of traditional tanks that were in use in India for centuries, through to

,QLWLQLWLDWHGWKH9D\DODJDP7DQNIHG$JULFXOWXUH'HYHORSPHQW3URJUDPPHUHDFKLQJ

new ways of management of ensembles of small, multi-purpose reservoirs and the construction and

DSSUR[LPDWHO\IDUPHUVLQYLOODJHVLQ7DPLO1DGX$QGKUD3UDGHVKDQG.DUQDWDND
7KHSURJUDPPHµVPDLQHPSKDVLVLVRQRUJDQLVLQJZDWHUWDQNXVHUVDQGLQYROYLQJWKHPLQ

improved operation of large dams and reservoirs (see section 4.4.5).

UHKDELOLWDWLRQZRUNV,WFRQVLVWVRIWKHIROORZLQJNH\FRPSRQHQWV
 RUJDQLVLQJWKHIDUPHUVDURXQGWKHWDQNVDQGODWHURQDWWKHOHYHORIFDVFDGHVDQGSURPRWLQJ

In India, water and irrigation tanks are part of an ancient tradition of harvesting and preserving

 WDQNEDVHGIDUPHUVµDVVRFLDWLRQVDWEORFNDQGGLVWULFWOHYHO

rainfall – primarily for agricultural use and drinking water, but also for hygiene and religious bathing

 UHKDELOLWDWLQJZDWHU

rituals. Small-scale farmers are able to use the stored water for irrigating their ﬁelds, watering their

 LQYROYLQJIDUPHUVLQVHWWLQJXSKDUYHVWLQJVWUXFWXUHVWRUHVWRUHV\VWHPHI½FLHQF\LQFUHDVHZDWHU

livestock and for household needs like cooking. As early as 200 BC, sophisticated systems of drains,

 XVHHI½FLHQF\DQGWKXVLPSURYHDFFHVVWRZDWHU

wells and storage tanks were constructed, especially in those areas where rainfall is restricted to the

 SURPRWLQJWUDGLWLRQDOWDQNEDVHGZDWHUVKHGGHYHORSPHQWWRKDUYHVWDOOWKHUDLQZDWHUZLWKLQWKH

monsoon seasons, like South India.

 ZDWHUVKHGERXQGDU\
 UHYLYLQJDQGVWUHQJWKHQLQJWKHWUDGLWLRQRIDSSRLQWLQJ1HHUNDWWLV ZDWHUPDQDJHUV $ZDWHU

Over time, many ancient water harvesting structures fell into disuse and disrepair. However, in

 PDQDJHULVUHVSRQVLEOHIRUWKHVXSSO\RIZDWHUWRHYHU\½HOGDWWKHIDUPOHYHOVDIHJXDUGLQJWKH

recent years, villages have started to re-build and re-use the ancient systems. NGOs play a major role

 WDQNVWUXFWXUHVHQVXULQJZDWHUPDQDJHPHQWRQWKHEDVLVRIDYDLODEOHZDWHUDQGFURSQHHGV

in supporting villages in their eﬀorts, providing technical assistance and knowledge management.

 DQGPDQDJLQJWKHGLVWULEXWLRQRIZDWHULQWLPHVRIVFDUFLW\DQGKLJKGHPDQG

Modernising the ancient tank irrigation systems, even though they are severely degraded, is likely to

6RXUFH&6(QG

have higher pay-oﬀs than constructing new and additional channels, wells and tanks. The systems
are regarded as less capital-intensive and have a wider geographical distribution than large projects
(Palanisami 2006). However, to ensure the long-term usage of these irrigation tanks, sustainable tank

Use of marginal water

management practices must be put into place. Storing water during times of higher availability as a

In countries suﬀering from water scarcity, the use of marginal water is common in agriculture, posing

result of precipitation events augments its supply in times of water shortage and drought. Using the

great risks to human health for farmers and consumers. However, this approach may oﬀer a viable

traditional knowledge and adapting it to current conditions and future challenges supports the large

option for optimising the use of limited water resources, when handled in a proper manner.

number of marginal and small-scale farmers essentially dependent on tank irrigation. This is demon-

Marginal-quality water can be broken down into the following categories (Wichelns et al. 2007):

strated in the following example.

•

urban wastewater (domestic wastewater from commercial and industrial eﬄuent and
wastewater from commercial establishments);

•

agricultural drainage water (surface runoﬀ and deep percolation, often containing salts,
agricultural chemicals and nutrients);

•


saline or sodic surface water and groundwater (the reactions of water moving through the soil proﬁle).
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Because marginal water contains various pollutants, use of wastewater needs to be carefully managed.

 'DPVIRULUULJDWLRQDQGK\GURSRZHULQ,QGLD

Both the quality management of water according to the technical, economic and social possibilities

,QGLDKDVPRUHWKDQODUJHGDPVLQRSHUDWLRQ$OWKRXJKWKHLUSULPDU\IXQFWLRQLVLUULJDWLRQ

and the sustainable use of marginal-quality water need to be documented and experiences shared

 WKH\DOVRFRQWULEXWHWRK\GURHOHFWULFSRZHUJHQHUDWLRQ *:DFFRXQWLQJIRURIWKH

among water professionals and practitioners. Below are three examples of how to improve the quality

WRWDOLQVWDOOHGJHQHUDWLRQFDSDFLW\LQ,QGLDDQGRIWKHWRWDOK\GURSRZHUSRWHQWLDO ¾RRG

of marginal water:
•

leaching and drainage to balance salt in the soil proﬁle;

•

blending saline and sodic waters with freshwater;

•

establishing property rights for wastewater and creating economic incentives.

FRQWURODQGZDWHUVXSSO\$QXPEHURIK\GURSRZHUVFKHPHVDUHPRUHWKDQ\HDUVROGDQGKDYH
EHHQLGHQWL½HGIRUUHQRYDWLRQDQGXSJUDGLQJ$WWKHVDPHWLPHWRNHHSSDFHZLWK,QGLDµVUDSLG
HFRQRPLFGHYHORSPHQWWKH,QGLDQ*RYHUQPHQWSODQVWREXLOGDQDGGLWLRQDO*:RIK\GURFDSDFLW\
LQWKHQH[W½YH\HDUV *R,:RUOG%DQN +HUHLWLVLPSRUWDQWWRDVVHVVWKHVXVWDLQDELOLW\
RIWKHSURSRVHGGHYHORSPHQWV,QDGGLWLRQDQDQDO\VLVQHHGVWREHFDUULHGRXWWRHVWDEOLVKZKHWKHU

2SWLPLVDWLRQDQGSODQQLQJIRUPXOWLSXUSRVHGDPGHYHORSPHQW

WKHH[SHFWHGUDLQIDOOWDNLQJSURMHFWHGFOLPDWLFFKDQJHVLQWRDFFRXQWZLOOEHVXI½FLHQWWR½OODOO
WKHSODQQHGGDPVDQGIRUWKHUDQJHRILQWHQGHGZDWHUXVHV

During recent decades, there has been a debate over whether large-scale infrastructure projects, such
as dams, are inﬂexible approaches to water management, with the costs (direct and indirect) in some
cases outweighing the beneﬁts. This has certainly been the case in some instances. Under changing

Multi-purpose dams combine several advantages: the production costs for electricity are relatively

climate conditions, the variability of water ﬂow in the future will make maintaining electricity supply

low and the reservoirs provide additional beneﬁts such as irrigation, drinking water supply, and ﬂood

a more complex job for hydro planners, institutions and engineers. Adaptation to climate change,

protection – beneﬁts which can also be used as options for adaptation to climate change. Multi-

especially in monsoon regions of the Indian sub-continent, will also require more eﬀective measures

purpose dams should apply core Integrated Water Resources Management principles, such as

to deal with droughts and ﬂoods. Although today far greater attention is being given to other storage

planning at the river basin level, strong inter-sectoral cooperation, public participation and making

options such as natural wetlands, small tanks, groundwater aquifers and enhanced soil moisture, large

the best use of water resources. Furthermore, in order to avoid or at least minimise the negative

dams could nevertheless be beneﬁcial if used in a more ﬂexible and multi-purpose way.

impacts of building large-scale infrastructure, dam projects should be planned and managed in compliance with international standards and guidelines.

Appropriate reservoir management techniques could contribute to an eﬃcient linkage between energy
and water supply, food security, poverty alleviation, and climate change adaptation. Adopting stan-

Multi-purpose planning can also be applied to existing dams. The rehabilitation of existing dams is

dards for evaluating the sustainability of hydropower projects under diﬀerent climate change scenarios

a crucial ﬁrst step to sustainable water management in the context of climate change. Inadequate

is stipulated as an important criterion for decision-making in hydropower governance, with special

infrastructure can lead to major risks of water waste, thus exacerbating water stress and increasing the

emphasis put on ensuring compliance with them in the Himalayan region. Along with the political

risks of major accidents. There are three general improvement options:

and institutional strategies to address this issue, multi-purpose planning and management can provide

•

upgrading and rehabilitating facilities associated with the dam;

a useful approach to adaptation to climate change.

•

optimising operation of reservoirs, e.g. by managing daily and seasonal water levels and release
patterns for single or multi-purpose uses;

•


optimising the role of the dam within the larger system it services, e.g. by introducing new water uses.
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&DSDFLW\EXLOGLQJIRUDGDSWDWLRQLQZDWHUUHVRXUFHVPDQDJHPHQW

/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ

Adapting water management to climate change will require building capacity of people and institu-

Mitigation and adaptation need to be viewed as complementary responses to climate change in

tions, e.g. by training engineers, hydrologists, planners and many other professionals. Strengthening

general, and more particularly to its impact on the water sector. The interactions between an in-

the ability of people to manage their water resources more eﬃciently and equitably is vital. This can

creasing demand for water, the need to adapt to the eﬀects of climate change and the need to reduce

be achieved by integrating climate change adaptation into watershed management planning processes.

greenhouse gas emissions are stimulating integrated energy and water use within water resources

Making resources available for strengthening both institutional and individual capacities is a critical

management, regulatory frameworks and adaptation planning. This also reaﬃrms the importance of

early step in adapting to climate change.

integrated energy, land and water management strategies to ensure that both adaptation and mitigation measures deal adequately with climate change impacts.

Viable options for capacity building are as follows (GTZ 2008):
•

identifying priority adaptation measures and institutional responsibilities for implementing them

Tests revealed that many water reservoirs produce a certain amount of greenhouse gas emissions.

in a participatory process;

In shallow, tropical reservoirs, where the natural carbon cycle is most productive, high levels of

•

identifying alternative crops that are better adapted to expected future climate conditions;

methane emissions from the anaerobic decomposition of organic substances were even recorded

•

designing water-saving irrigation schemes;

(Bates et al. 2008).

•

organising exhibitions to raise public awareness of expected changes in climate;

•

introducing climate change into the curriculum for all school levels;

Possible conﬂicts between adaptation and mitigation might arise over water resources. In regions

•

integrating knowledge of expected hydrologic impacts of climate change into watershed management.

where hydropower stations use a large part of existing water resources for energy production, the
competition for water might increase. Water shortages are, for example, often experienced in villages

In view of its vulnerabilities to climate change, the Indonesian Government, for example, is actively

that are located downstream from areas where upstream damming is taking place. In cases like this,

promoting adaptation programmes across the country. Challenges faced in adaptation planning

feasible strategies could incorporate irrigation schemes to cope with climate change impacts in agri-

include the availability of relevant information and planning tools and the active involvement of line

culture (Bates at al. 2008).

ministries, local level administrations and other stakeholders that are key to implementing adaptation. Since 2007, GIZ (then GTZ) has been implementing a pilot project supporting an interminis-

Furthermore, the recent emphasis on introducing non-conventional energy devices and energy conser-

terial working group on adaptation in the water sector and providing decision-making support.

vation measures clearly has considerable mitigation potential. Withdrawal of groundwater, for instance,

The methodological focus is on assessing vulnerability to climate risks and its impacts, as well as on

is very energy-intensive. Pumps are often ineﬃcient and waste generated power. The high, and often

economic assessment and prioritisation of adaptation options. Climate and hydrological modelling

subsidised, energy use in groundwater irrigation causes greenhouse gas emissions. In India, such emis-

and cost-beneﬁt analyses are being performed in a pilot district and helping to identify eﬃcient

sions account for at least 6 % of the country’s overall greenhouse gas emissions (Rothausen & Conway

adaptation options. The project thus contributes to enhancing the capacity of policymakers to incor-

2011). The use of drip irrigation and eﬃcient pump sets means that less water is needed for irrigation

porate climate change issues into routine planning in the water sector (GTZ 2008).

and electricity consumption is lower, which in turn reduces emissions. To minimise the eﬀects of climate change, adaption and mitigation measures need to be implemented alongside each other.
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A preliminary assessment identifying the potential of diﬀerent measures for both mitigation and
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reducing runoﬀ, controlling erosion, reducing siltation of rivers, protecting ﬁsheries and investing in
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adaptation was conducted in Indian watershed programmes (Hagen et al. 2003). According to the
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ﬁndings, activities related to water, soil and land conservation contribute to adaptation, and some
of them even to mitigation. They include aﬀorestation, reforestation, agroforestry, use of biogas, and
improved agricultural practices as it can be seen in the table below.
Mitigation measures in other areas such as industry, agriculture and forests, have positive eﬀects on
the reduction of climate change impacts within the water sector. For example, reducing forest degradation and deforestation, combined with aﬀorestation and reforestation measures, may signiﬁcantly
contribute to avoiding emissions and storing carbon. Further positive outcomes in connection with
water resources management could include conserving water resources and preventing ﬂooding,
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General impacts of climate change on coastal zones
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Coastal zones are among the most densely populated regions on Earth, and that trend is increasing.
Around 50 % of the world’s population now lives in coastal regions and that ﬁgure is expected to
rise to 75 % by 2020 (BMVBS 2009). The development of human settlements, the expansion of
coastal and near-coastal infrastructure and increased economic activities are posing a growing threat
to the ecological and social equilibrium of coastal areas and intensifying the pressure on their resources.
 &RDVWDO]RQHV
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8SODQG
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Climate change impacts are already beginning to alter the nature of coastal and ocean ecosystems,
threatening the livelihoods of millions of people living in coastal areas. The rise in marine and coastal
water surface temperatures is causing coral bleaching and the widespread death of coral reefs. Saltwater intrusion is leading to the spread of brackish estuarine systems, which has severe consequences
for agriculture and aquaculture. Coastal erosion is worsening due to the gradual disappearance of



















6RXUFHDGDSWHGIURP12$$

mangrove belts and seagrass beds. The decline of coastal and marine ecosystems such as the coral
reefs and mangrove wetlands could have a severe impact on marine biodiversity and ﬁsheries production.
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Coastal zones are complex ecosystems. This means that climate change impacts such as warming
temperatures, sea-level rise, and changing precipitation patterns will severely aﬀect them (Murray

 +RZFOLPDWHFKDQJHLPSDFWVFRDVWDO]RQHVLQ,QGLD

2005). According to today’s predictions, climate change will increasingly ‘endanger the food security,

 $OOFRDVWDOVWDWHVDQGWHUULWRULHVLQ,QGLDDUHDIIHFWHGE\FRDVWDOHURVLRQ

water security, health, and livelihoods of coastal populations’ (Michel 2010).

 $ERXWRIWKHPDLQODQGFRDVWOLQHLVDOUHDG\VHULRXVO\HURGHGDQGPXFKRIWKHFRDVWOLQH
 LVDFWLYHO\UHWUHDWLQJ,QWKHVWDWHRI.DUQDWDNDIRUH[DPSOHHURVLRQKDVDIIHFWHGNLOR

Management of coastal zones is particularly crucial in India. Overall, India’s coastline is 7,525 kilometres long, 20 % to 25 % of the population lives within 50 kilometres of the coast, and 70 % of that
total in rural areas (ADB 2010). The Indian coastline can be categorised into three classes – emergent
coast, submergent coast and neutral coast (NATCOM 2004). When the dominant agent in shaping
the coastline is the submergence of the land relative to the sea then it is called submergent coast
and when it is emergence of the coastline relative to the sea then it is called emergent coast. The In-

 PHWUHVRIWKHVWDWHµVWRWDOFRDVWOLQHRINLORPHWUHV
 5LVLQJVHDOHYHOVDQGVWRUPVWKDWDUHOLNHO\WRLQFUHDVHLQIUHTXHQF\DQGLQWHQVLW\ZLOODJJUDYDWH
 HURVLRQ±ZLWKVHULRXVFRQVHTXHQFHVIRUWKHHFRQRP\DQGWKHHQYLURQPHQWLQWKHFRDVWDOVWDWHV
 %\WKHPLGGOHRIWKHFHQWXU\WKHVHDOHYHOLQWKH,QGLDQVXEFRQWLQHQWZLOOKDYHULVHQ
 FHQWLPHWUHV
 $PHWUHULVHLQVHDOHYHOZRXOGGLVSODFHPLOOLRQSHRSOHLQ,QGLDDVVTXDUHNLORPH
 WUHVRIODQGDQGNLORPHWUHVRIURDGVZRXOGEHORVW

dian coastal zone is inhabited by more than 100 million people in nine coastal states. The east coast

6RXUFHDGDSWHGIURP$'%

comprises West Bengal, Orissa, Andhra Pradesh, Tamil Nadu; the west coast Kerala, Karnataka,
Goa, Maharashtra, Gujarat. There are also two coastal union territories (Pondicherry, Daman and
Diu), and two groups of islands (Andaman and Nicobars, Lakshdweep).
The lives of over 40 million people living along
the Indian coastline will be aﬀected by the im-

:KDWGRHVDGDSWDWLRQLQFRDVWDO]RQHV
PHDQ"

pacts of climate change. Not only do these people
have their homes on the coast, many of them are

Adapting to climate change requires an assessment of how current and anticipated climate vari-

also dependent on it to make a living, above

ability and change is likely to aﬀect societies and ecosystems. Based on this analysis, possible

all in climate-sensitive sectors like agriculture and

adaptation measures can be identiﬁed. Apart from the eﬀectiveness of addressing climate change

ﬁsheries (INCCA 2010). The main impacts of

risks, the ﬁnancial and economic costs of the measures need to be estimated, using cost-beneﬁt

climate change are listed in the following box.

analyses to deﬁne priority measures. Aspects of governance must also be considered. For instance:
who could most appropriately tackle which areas, and what risk management interventions should
be used?
In responding to climate change, the speciﬁc nature of coastal areas calls for special approaches.
On the one hand, these areas are highly vulnerable to climate change impacts; on the other hand,
healthy coastal wetland ecosystems, such as mangrove forests, can reduce that vulnerability as they
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provide protection from climate impacts like storms or sea level rise. Climate change is not

The relatively unpredictable changes in wave action, frequency and intensity of storms, and the extent

only bringing new challenges, it is also exacerbating the human-induced pressures that already

of sea level rise due to global warming is a major challenge for today’s coastal managers who are imple-

existed.

menting ICZM approaches in an eﬀort to adapt to climate change. These managers therefore have to
devise adaptation strategies for diﬀerent extreme event and wave impacts and for a variety of sea level

In the past, climate change issues were rarely considered in coastal zone management. For the

rise scenarios. Strategies will also need to be adjusted in the future as forecasting improves (CSO 2008).

past decade, a more holistic, multi-disciplinary approach is being advocated, which also takes
climatic changes into account (Murray 2005). It is known as Integrated Coastal Zone Management (ICZM).
 ,QWHJUDWHG&RDVWDO=RQH0DQDJHPHQW

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQLQ
FRDVWDO]RQHV

7KH(XURSHDQ&RPPLVVLRQGH½QHV,QWHJUDWHG&RDVWDO=RQH0DQDJHPHQW ,&=0 DV
´DG\QDPLFPXOWLGLVFLSOLQDU\DQGLWHUDWLYHSURFHVVWRSURPRWHVXVWDLQDEOHPDQDJHPHQWRIFRDVWDO
]RQHV,WFRYHUVWKHIXOOF\FOHRILQIRUPDWLRQFROOHFWLRQSODQQLQJ LQLWVEURDGHVWVHQVH GHFLVLRQ
PDNLQJPDQDJHPHQWDQGPRQLWRULQJRILPSOHPHQWDWLRQ,&=0XVHVWKHLQIRUPHGSDUWLFLSDWLRQ
DQGFRRSHUDWLRQRIDOOVWDNHKROGHUVWRDVVHVVWKHVRFLHWDOJRDOVLQDJLYHQFRDVWDODUHDDQG
WRWDNHDFWLRQVWRZDUGVPHHWLQJWKHVHREMHFWLYHV,&=0VHHNVRYHUWKHORQJWHUPWREDODQFH

Policy development and global governance for adaptation to climate change belong to the core business of institutions like the Intergovernmental Panel on Climate Change (IPCC), the International
Union for Conservation of Nature (IUCN) or the United Nations Framework Convention on Climate
Change (UNFCCC). The list of policy options for adaptation in coastal zones shown on the following
page can be seen as oﬀering general guidelines to address the impacts of climate change in this sector.

HQYLURQPHQWDOHFRQRPLFVRFLDOFXOWXUDODQGUHFUHDWLRQDOREMHFWLYHVDOOZLWKLQWKHOLPLWVVHWE\

India has already developed its National Action Plan on Climate Change (NAPCC), which, among

QDWXUDOG\QDPLFVµ
6RXUFH(XURSHDQ&RPPLVVLRQ 

other things, sets up a programme for coastal zones with a focus on coastal protection and early
warning systems. The NAPCC identiﬁes several priority areas for India’s coastal zones (GoI 2008):
•

the Arabian Sea, to simulate regional climate change and, in particular, monsoon behaviour;

Former coastal zone management approaches were often sector-based, short-term and geared towards small-area management systems. They did not really address the broader issues of ecological

developing an air-ocean circulation modelling system especially for the Bay of Bengal and

•

carrying out high-resolution ocean-atmosphere variability studies in tropical oceans, in
particular the Indian Ocean;

sustainability and long-term community interest (Kenchington & Crawford 1993). ICZM, however, is based on cross-sector planning and pays greater attention to interactions among compo-

•

engineering a high-resolution storm surge model for coastal regions;

nent parts of natural and human systems. It also aims at a balance between economic development

•

developing salinity-tolerant crop cultivars;

and protecting the environment and social values (ibid.). Moreover, it works on the principle of

•

raising community awareness on coastal disasters and necessary action;

constructing partnerships so that individuals, non-governmental organisations and diﬀerent levels

•

establishing timely forecasting and cyclone and ﬂood warning systems;

of governments are all able to participate in decision-making and management (ibid.).

•

increased planting and regeneration of mangroves and coastal forests.
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Policy options for adaptation in coastal zones
3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

,QWHJUDWHDGDSWDWLRQLQWR
GHYHORSPHQWSODQQLQJ

$GYDQFLQJERWKDGDSWDWLRQDQGGHYHORSPHQWJRDOV
(QVXULQJDFRPPXQLW\EDVHGDQGFURVVVHFWRU,QWHJUDWHG&RDVWDO=RQH
0DQDJHPHQW ,&=0 DSSURDFK

,QFUHDVHDZDUHQHVVRIDQG
NQRZOHGJHDERXWDGDSWDWLRQ

(QDEOLQJLQGLYLGXDOVDQGGHFLVLRQPDNHUVWRWDNHDFWLRQ
$FWLYDWLQJLQGLYLGXDOVFRPPXQLWLHV1*2VDQGWKHSULYDWHVHFWRUWR
LQYHVWDQGSDUWLFLSDWHLQWKH,&=0DSSURDFK

6WUHQJWKHQWKHUROHVRI
ORFDODQGQDWLRQDO
LQVWLWXWLRQVZLWKUHJDUG
WRDGDSWDWLRQLVVXHV

(QDEOLQJLQVWLWXWLRQVRQDOOOHYHOVWRPDNHWKHLUFRQWULEXWLRQWRWKH
,&=0DSSURDFK
6WUHQJWKHQLQJFHUWDLQSRVLWLRQVWKDWLQFUHDVHWKHFKDQFHVRI
LPSOHPHQWLQJ,&=0LQDFURVVOHYHODQGFURVVVHFWRUPDQQHU

5HKDELOLWDWHQDWXUDOUHVRXUFHV %XIIHULQJDJDLQVWIXWXUHFOLPDWHFKDQJHLPSDFWV
0LWLJDWLQJFOLPDWHFKDQJHLPSDFWV
DQGSURWHFWWKHPIURP
FOLPDWHUHODWHGGDPDJH
,QYROYHDWULVNVWDNHKROGHUV 2SWLPLVLQJHPHUJHQF\SUHSDUHGQHVVDQGFRDVWDO]RQHUHVSRQVH
PHFKDQLVPV
LQDGDSWDWLRQSODQQLQJDQG
,PSURYLQJGLVDVWHUPDQDJHPHQWDQGSUHSDUHGQHVVIRUZHDWKHU
LPSOHPHQWDWLRQ
SKHQRPHQDVXFKDVVWRUPVXUJHVDQGF\FORQHV
8VHORFDWLRQVSHFL½F
VWUDWHJLHV

(QVXULQJDSSURSULDWHQHVVRIVWUDWHJLHVIRUWKHLQGLYLGXDOFRQWH[WV
RISDUWLFXODUDUHDV

$GDSWQRZ

3UHYHQWLQJULVLQJFRVWVIRUDGDSWDWLRQLQWKHIXWXUH
6RXUFHDGDSWHGIURP6KHD '\RXOJHURYDQG:RQJ

$GDSWDWLRQRSWLRQVLQFRDVWDO]RQHV
In general terms, adaptation options for coastal zones can be divided into two categories: structural
and non-structural interventions. Technological interventions like building dykes around islands and
mangrove plantations, or beach restoration, would fall under the category of structural interventions.
Non-structural interventions would involve, for example, information dissemination, land use control
programmes and risk insurance. Of course, there are programmes that include both categories.
Furthermore, the options can also be either reactive or anticipatory. Reactive options would include
measures taken after the impacts are observed while anticipatory options would include measures taken
before the impacts are observed.
The three projects from India described in the following are examples of these diﬀerent types of intervention:
 &RPPXQLWLHVHQJDJLQJLQPDQJURYHUHVWRUDWLRQ±DQH[DPSOHIURP7DPLO1DGX,QGLD
%DFNJURXQG3LFKDYDUDPPDQJURYHZHWODQGLVORFDWHGDWWKHQRUWKHUQPRVWHQGRIWKH&DXYHU\GHOWD
LQ7DPLO1DGX,WFRYHUVDWRWDODUHDRIDERXWKHFWDUHVFRQVLVWLQJRIDERXWVPDOO\HW
LQKDELWHGLVODQGV'XHWRH[WHQVLYHIHOOLQJRIPDQJURYHWUHHVWRJHQHUDWHUHYHQXHWKHZKROHDUHD
KDVH[SHULHQFHGDQXPEHURISUREOHPVOLNHLQFUHDVHGVDOLQLW\ORVVRIELRGLYHUVLW\DQGFRPSOHWH
GHJUDGDWLRQRIWKH3LFKDYDUDPZHWODQG
$SSURDFK7KH066ZDPLQDWKDQ5HVHDUFK)RXQGDWLRQ 0665) ZLWKWKHVXSSRUWRIWKH6WDWH
)RUHVW'HSDUWPHQW *RYHUQPHQWRI7DPLO1DGX DQGWKHSDUWLFLSDWLRQRIORFDOPDQJURYHXVHU
FRPPXQLWLHVVWDUWHGDSURJUDPPHRIPDQJURYHUHVWRUDWLRQRQDVPDOODUHDRIKHFWDUHV
$UWL½FLDOFDQDOV\VWHPVZHUHEXLOWHQDEOLQJWLGDOZDWHUWR¾RZIUHHO\WRDQGIURPWKHGHJUDGHG
DUHDVLQFUHDVLQJWKHVRLOPRLVWXUHDQGGHFUHDVLQJVRLODQGJURXQGZDWHUVDOLQLW\7KLVPDGH
WKHDUHDVXLWDEOHIRUPDQJURYHVWREHSODQWHGZLWKJRRGFKDQFHVRIVXUYLYDO
2XWFRPH7KHVHHIIRUWVOHGWRDQLQFUHDVHLQPDQJURYHFRYHUDQGDGHFUHDVHLQVDOLQLW\RIJURXQG
ZDWHULQWKHWHVWHGDUHD7KHVXFFHVVRIWKLVSURMHFWOHGWRDFRPPXQLW\EDVHGMRLQWPDQJURYH
PDQDJHPHQWVFKHPHEHLQJVHWXSLQWKLVDUHDDQGWRWKHUHVWRUDWLRQRIWKH3LFKDYDUDPZHWODQG
6RXUFH6HOYDPHWDO
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 &RPPXQLWLHVUHSODQWLQJDQGUHVWRULQJPDQJURYHV±DQH[DPSOHIURP*XMDUDW,QGLD

Under the notiﬁcation, all development activities proposed in these zones are regulated according to
speciﬁc guidelines. Special focus would be put on ecologically sensitive areas such as Sundarbans in

%DFNJURXQG7KH,QGLDQVWDWHRI*XMDUDWKDVDVKDUHLQWKHFRXQWU\µVWRWDOPDQJURYHFRYHU

West Bengal and on vulnerability and hazard mapping. This will be taken into consideration when

,QRUGHUWRUHVWRUHWKHGHFOLQLQJPDQJURYHFRYHUWKHVWDWHIRUHVWGHSDUWPHQWVWDUWHGWRVXSSRUWPDQ

framing coastal zone management plans for each state. Each coastal state has a designated coastal

JURYHSODQWDWLRQVLQWKHGLVWULFWVRI.XWFKDQG-DPQDJDU,QWKH*XMDUDW(FRORJ\&RPPLVVLRQ

zone management authority under the Coastal Regulation Zone Notiﬁcation and is responsible for

*(& ZKLFKLVDQDXWRQRPRXVERG\XQGHUWKHVWDWHJRYHUQPHQWVWDUWHGDFRPPXQLW\EDVHGSURMHFW
IRUPDQJURYHUHVWRUDWLRQZLWK½QDQFLDOKHOSIURPWKH,QGLD&DQDGD(QYLURQPHQW)DFLOLW\ ,&() 
$SSURDFK7KHSURMHFWFRYHUHGDWRWDORIYLOODJHVLQ*XMDUDW,WVNH\IHDWXUHZDVEXLOGLQJ
FDSDFLW\LQWKHFRPPXQLWLHVWRSURPRWHUHJHQHUDWLRQDQGVXVWDLQDEOHPDQDJHPHQWRIWKHPDQJURYH
UHVRXUFHV,QDGGLWLRQWRPDQJURYHSODQWDWLRQDFWLYLWLHVDZDUHQHVVSURJUDPPHVZHUHDOVR
FRQGXFWHGWRHGXFDWHSHRSOHDERXWPDQJURYHVDQGWKHLUHFRORJLFDODQGHFRQRPLFLPSRUWDQFH
7KHVWDWHJRYHUQPHQWKDGDYHU\SURDFWLYHUROHLQWKLVSURMHFW

implementing the regulation and drawing up a coastal zone management plan (MoEF 2010).
 7RZDUGVVXVWDLQDEOHZDWHUPDQDJHPHQW±DQH[DPSOHIURP7DPLO1DGX,QGLD
%DFNJURXQG.DGDLNDGXDFRDVWDOWRZQLQWKH1DJDSDWWLQDPGLVWULFWRI7DPLO1DGXLVKRPHWR
SHRSOH,WVFORVHSUR[LPLW\WRWKHVHDDQGORZO\LQJODQGVPDNHVLWYXOQHUDEOHWRVXGGHQFOLPDWLF
FKDQJHV/DWHO\WKHWRZQµVIUHVKZDWHUVXSSO\KDVVWDUWHGWREHFRPHVFDUFHGXHWR¾RRGLQJDQG
FKDQJLQJUDLQIDOOSDWWHUQVDVZDWHUVWRUDJHSRQGVDUHHLWKHUWXUQLQJVDOLQHRUUXQQLQJGU\7KLVLV

2XWFRPH8QGHUWKLVSURMHFWZKLFKHQGHGLQDWRWDORIKHFWDUHVRIPDQJURYHVZHUH
SODQWHG7KHSURMHFWDOVRKHOSHGWRHVWDEOLVKDSRRORIORFDOH[SHUWVZKRDUHDEOHWRVXVWDLQDEO\
PDQDJHWKHUHVWRUHGPDQJURYHIRUHVWVDQGFUHDWHODUJHVFDOHDZDUHQHVVDPRQJORFDOFRPPXQLWLHV
DERXWWKHVLJQL½FDQFHRIPDQJURYHV

WKUHDWHQLQJWKHOLYHOLKRRGVRIWKHDJULFXOWXUHEDVHGFRPPXQLWLHVRI.DGDLNDGX
$SSURDFK7RDGGUHVVWKHVHFKDOOHQJHV*,=$GYLVRU\6HUYLFHVLQ(QYLURQPHQWDO0DQDJHPHQWLQL
WLDWHGWKH&DS&RDVWSLORWSURMHFWIRU.DGDLNDGXZLWKIXQGLQJIURPWKH*HUPDQ)HGHUDO0LQLVWU\IRU
(FRQRPLF&RRSHUDWLRQDQG'HYHORSPHQW2QHRILWVDLPVLVWRFOLPDWHSURRIDIUHVKZDWHUSRQGLQ

6RXUFH*(&

WKHYLOODJHWKDWLVDQWLFLSDWHFOLPDWHLPSDFWVRQLWVXVDJHDQGUHVSRQGLQZD\VWKDWPLQLPLVHULVN
DQGXWLOLVHRSSRUWXQLWLHV7KHLQWHQWLRQLVWRLQFUHDVHWKHFDSDFLW\RIZDWHUUHVHUYRLUVDQGVXSSRUW
JURXQGZDWHUUHFKDUJHZKLFKZLOOLQWXUQHQKDQFHZHOOZDWHUVRXUFHV7KHWHFKQRORJLFDOLQWHUYHQ

In India, the Coastal Regulation Zone Notiﬁcation 1991 developed by the Indian Ministry of

WLRQVDUHDFFRPSDQLHGE\FDSDFLW\GHYHORSPHQWDQGNQRZOHGJHWUDQVIHULQZDWHUUHVRXUFHPDQDJH

Environment and Forests is the government programme for protecting and conserving the country’s

PHQWDQGLQFOXGHOLPLWLQJJURXQGZDWHUH[WUDFWLRQWRDQDPRXQWWKDWFDQEHUHSOHQLVKHG

coastal environment, including the islands of Andaman and Nicobar, and Lakshadweep. The latest

2XWFRPH7KHVHHIIRUWVPDGHLWSRVVLEOHWRSUHYHQWVDOLQLVDWLRQRIWKHZDWHUVRXUFHVDQGQHDUE\

amendment to the notiﬁcation was proposed in 2010 and is still under discussion. This amendment

½HOGVWKDWSURYLGHWKHPDLQVRXUFHRIOLYHOLKRRG,QDGGLWLRQEXQGVZHUHFRQVWUXFWHGWRSURWHFWWKH

would divide the coastal area into four coastal regulation zones (CRZ):

SRQGIURPWKHLQWUXVLRQRIEUDFNLVKZDWHUGXULQJF\FORQHVDQG¾RRGLQJ

•

ecologically sensitive areas (CRZ-I);

•

built-up municipal areas (CRZ-II);

•

rural areas, whether developed or not developed (CRZ-III);

•

aquatic areas (CRZ-IV).



 6RXUFH*,=
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Adaptation options in coastal zones

Integrated Coastal Zone Management
Integrated Coastal Zone Management (ICZM) combines interventions in diﬀerent sectors and eco-

$GDSWDWLRQRSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

3URWHFWDQGPDLQWDLQLPSRUWDQW
FRDVWDOHFRV\VWHPV

&RDVWDOHFRV\VWHPVOLNHPDQJURYHVVHDJUDVVEHGVDQGFRUDOUHHIV
DUHDEOHWRSURWHFWFRDVWOLQHVDQGPLWLJDWHFOLPDWHFKDQJHLPSDFWV

(QKDQFHSK\VLFDOLQIUDVWUXFWXUH

,QIUDVWUXFWXUHFDQEHLPSURYHGWKURXJKDSSURSULDWHG\NHGHVLJQXVH
RIEDUULHUVWREUHDNZDYHVOLPLWDWLRQRIHURVLRQLQFUHDVHRIVHGL
PHQWDWLRQDQGUHKDELOLWDWLRQRIPDQJURYHVXQGHUUHODWLYHO\VKHOWHUHG
FRQGLWLRQVEHKLQGWKHZDYHEUHDNLQJEDUULHU

,GHQWLI\FRDVWDODUHDVDWULVN
(QKDQFH¾H[LELOLW\

2QFHDUHDVDWULVNDUHLGHQWL½HGHPHUJHQF\SUHSDUHGQHVVDQGFRDVWDO
]RQHUHVSRQVHPHFKDQLVPVFDQEHVWUHQJWKHQHGDQGRSWLPLVHG
)OH[LELOLW\FRPELQHGZLWKNQRZKRZDOORZVIRUWKHGHYHORSPHQWRI
QHZVWUDWHJLHVWKDWFDQSURYLGHDEXIIHUDJDLQVWWKHQHJDWLYHLP
SDFWVRIFOLPDWHFKDQJHE\LPSURYLQJWKHFKDQFHVRIDGDSWLQJPRUH
VPRRWKO\DQGSDLQOHVVO\

,QWHJUDWHSURJUDPPHVDQGSODQVIRUHFR
QRPLFGHYHORSPHQWHQYLURQPHQWDOTXDOLW\
PDQDJHPHQWDQGODQGXVH

,QWHJUDWHUHVSRQVLELOLWLHVIRUYDULRXV
PDQDJHPHQWWDVNVDPRQJGLIIHUHQW
JRYHUQPHQWOHYHOVLHORFDOVWDWHSURYLQ
FLDOUHJLRQDOQDWLRQDOLQWHUQDWLRQDO

ideal strategy for adaptation to climate change in coastal zones (see also section 5.2). The following list
pinpoints a number of sectors and interventions that ICZM encompasses:
•

safeguarding usage rights for and access to aquatic resources (especially to exclusive economic
zones and for marginalised ﬁshers and women);

•

management of conﬂicts of interests between nature conservation, the safety of shipping,
tourism and the ﬁshing industry;

•

analysis of ecological, social and economic processes and perspectives in coastal regions;

•

research into the development of sustainable land use systems (e.g. opportunities for multiple use);

•

evaluation of coastal subsidence rates to facilitate better land use planning in sensitive coastal
regions;

•

using coastal protection structures (e.g. dykes, water retention basins) and boosting the natural
resilience and protective function of coastal ecosystems (e.g. mangrove forests, coral reefs, ﬂood

,QWHJUDWHSURJUDPPHVIRUFHUWDLQVHF
WRUVVXFKDVIRRGSURGXFWLRQ LQFOXGLQJ
DJULFXOWXUHDQG½VKLQJ HQHUJ\WUDQVSRU
WDWLRQZDWHUUHVRXUFHVZDVWHGLVSRVDO
DQGWRXULVP
,QWHJUDWHFRDVWDOPDQDJHPHQWWDVNV±
IURPSODQQLQJDQGDQDO\VLVWRLPSOHPHQ
WDWLRQRSHUDWLRQDQGPDLQWHQDQFHDQG
PRQLWRULQJDQGHYDOXDWLRQ

systems within coastal zones and also includes policy adjustments. It can therefore be regarded as an

plains);
•

extending coastal countries’ spatial plans to encompass the 12-nautical-mile zone and the exclusive economic zone;

$OOWKHVHDGDSWDWLRQRSWLRQVDLPWRJXDUDQWHH
WKHLQWHJUDWLRQDVSHFWRIFRDVWDO]RQH
PDQDJHPHQWDVGHVFULEHGLQVHFWLRQ
)XUWKHUPRUHWKHVHDGDSWDWLRQRSWLRQVHQVXUH
WKHLQFOXVLRQRIHQYLURQPHQWDODQGFOLPDWH
FKDQJHLPSDFWVLQWRIXWXUHFRDVWDO]RQH
PDQDJHPHQWDSSURDFKHV

•

reducing habitat fragmentation and developing buﬀer zones and migration corridors for diﬀerent
species;

•

contingency plans for human migration in response to sea level rise;

•

emergency preparedness for weather extremes (e.g. cyclones and storm surges);

•

developing ﬁnancing strategies for the protection and sustainable use of aquatic resources and
coastal zones (e.g. eco-tourism);

,QWHJUDWLQJUHVSRQVLELOLWLHVDPRQJ
GLIIHUHQWVWDNHKROGHUVIURPWKHSXEOLF
DQGSULYDWHVHFWRU


8QGHUWKHODZRIWKHVHDDQH[FOXVLYHHFRQRPLF]RQH ((= LVDVHD]RQHRYHUZKLFKDVWDWHKDVVSHFLDOULJKWV
 RYHUWKHH[SORUDWLRQDQGXVHRIPDULQHUHVRXUFHV,WVWUHWFKHVIURPWKHVHDZDUGHGJHRIWKHVWDWHµVWHUULWRULDOVHD
 RXWWRQDXWLFDOPLOHVIURPLWVFRDVW :LNLSHGLDD 

,QWHJUDWHGLIIHUHQWGLVFLSOLQHVHJVFLHQ
FHV HFRORJ\JHRPRUSKRORJ\DQGPDULQH
ELRORJ\ HFRQRPLFVHQJLQHHULQJ WHFKQR
ORJ\ SROLWLFDOVFLHQFH LQVWLWXWLRQV ODZ

7HUULWRULDOZDWHUVRUDWHUULWRULDOVHDDUHGHILQHGE\WKH8QLWHG1DWLRQV&RQYHQWLRQRQWKH/DZRIWKH6HD








DVDEHOWRIFRDVWDOZDWHUVH[WHQGLQJDWPRVWQDXWLFDOPLOHV NLORPHWUHVRUPLOHV IURPWKHEDVHOLQH
XVXDOO\WKHPHDQORZZDWHUPDUN RIDFRDVWDOVWDWH7KHWHUULWRULDOVHDLVUHJDUGHGDVWKHVRYHUHLJQWHUULWRU\RI
DVWDWHDOWKRXJKIRUHLJQVKLSV ERWKPLOLWDU\DQGFLYLOLDQ DUHDOORZHG´LQQRFHQWSDVVDJHµWKURXJKLWWKLVVRYHU
HLJQW\DOVRH[WHQGVWRWKHDLUVSDFHRYHUDQGVHDEHGEHORZ :LNLSHGLDE 

6RXUFHDGDSWHGIURP6KHD '\RXOJHURYDQG:RQJ
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•

creating income-generating measures for marginalised coastal populations;

Community-based adaptation (CBA) can be understood as an ‘innovative approach enabling communi-

•

designation and management of marine protected areas and no-take areas where ﬁshing is not

ties to enhance their own adaptive capacity and empowering them to increase their resilience to climate

permitted;

change impacts. CBA focuses on activities carried out by highly vulnerable and poor communities,

reforestation and management of mangroves.

mostly in developing countries’ (Wong 2010). Community-based adaptation ensures the population is

•

included and receives information in order to facilitate a bottom-up implementation of ICZM.
ICZM’s adaptation strategy is characterised by its integrated approach, which attempts to balance
environmental, economic, and social objectives (Wong 2010). The integrated aspect of the approach

Ecosystem-based adaptation (EBA) in coastal zones is based on the assumption that climate change will

includes at least ﬁve diﬀerent dimensions of integration (Cicin-Sain et al. 2000):

entirely transform coastal and marine ecosystems in ways that today’s management systems are often

1) intersectoral: integration among diﬀerent coastal and marine sectors, such as oﬀ-shore ﬁsheries,

unprepared for and unable to accommodate. The EBA for coastal zones approach was developed to make

coastal ﬁsheries, oil and gas development;
2) intergovernmental: integration among diﬀerent levels of government – national, provincial, and
local;
3) spatial: integration between the land and ocean sides of the coastal zone;

it possible to respond to the total transformation of coastal and marine ecosystems. EBA ‘takes a broader
view of management decisions in order to understand the ecosystems themselves’ (Wong 2010). The
approach prepares ‘to take account of potential future changes that may be greater than those induced by
present stresses, adopting a longer perspective that includes non-climate issues’ (ibid.).

4) science-management: integration among the diﬀerent disciplines important in coastal and ocean
management (natural sciences, social sciences, and engineering);
5) international: integration across countries, e.g. when a nation borders enclosed or semi-enclosed
seas or when there are international disputes over ﬁshing activities, transboundary pollution,
establishment of maritime boundaries, or passage of ships.

 1HZSDWKVIRU,QGLDµVFRDVWDO]RQHPDQDJHPHQW
,Q,QGLDLQWHJUDWLQJDGDSWDWLRQWRFOLPDWHFKDQJHLQWRFRDVWDO]RQHPDQDJHPHQWLVJDLQLQJPRPHQWXP
2QHH[DPSOHLVWKH,QWHJUDWHG&RDVWDO=RQH0DQDJHPHQW3URMHFWWREHFRRUGLQDWHGE\WKH6RFLHW\RI
,QWHJUDWHG&RDVWDO0DQDJHPHQW 6,&20 ZKLFKZDVHVWDEOLVKHGE\WKH,QGLDQ*RYHUQPHQWLQ6HSWHP
EHU 0R() ,WSODQVWRHVWDEOLVKD1DWLRQDO&HQWUHIRU6XVWDLQDEOH&RDVWDO0DQDJHPHQWDW

The ICZM approach is also characterised as a continuous and dynamic process that has the goal

$QQD8QLYHUVLW\&KHQQDLZLWKLQWKHQH[WIHZ\HDUV7KHFHQWUHZLOOEHZRUNLQJZLWKWKHFROODERUDWLQJ

of achieving ‘sustainable use, development, and protection of coastal and marine areas and resources’

LQVWLWXWHVLQHDFKRIWKHFRDVWDOVWDWHVDQGXQLRQWHUULWRULHV7KHSURJUDPPHZLOOVWDUWLQWKUHHVWDWHV

(Cicin-Sain et al. 2000). ICZM acknowledges the interrelations that exist between use of the coast

2ULVVD:HVW%HQJDODQG*XMDUDW DQGZLOOWKHQEHH[WHQGHGWRRWKHUVWDWHV 0R() 

(tourism, agriculture, land-based industries, harbours) and the ocean (ﬁsheries, aquaculture, oil

$QRWKHUSURJUDPPHLQ,QGLDLVWKH6XVWDLQDEOH&RDVWDO3URWHFWLRQDQG0DQDJHPHQW,QYHVWPHQW3URJUDPPH

exploitation, shipping) by humans, on the one hand, and environment, on the other hand.

ZKLFKZLOOEHFRRUGLQDWHGE\WKH0LQLVWU\RI:DWHU5HVRXUFHVZLWK½QDQFLQJIURPWKH$VLDQ'HYHORS

Due to its holistic approach and its promising climate change adaptation potential, a wide variety

PHQW%DQN $'% 7KH$VLDQ'HYHORSPHQW%DQNµVHQYLURQPHQWDODVVHVVPHQWUHSRUWSXEOLVKHGLQ

of organisations are involved in ICZM, ranging from government agencies to universities and non-

0DUFKSURPLVHV´7KHDSSURDFKWRFRDVWDOSURWHFWLRQDQGPDQDJHPHQWZLOOVLJQL½FDQWO\FKDQJHLQ

governmental organisations (Crawford et al. 1993).

DZHOOSODQQHGDQGSURJUDPPHGWUDQVLWLRQIURPHQYLURQPHQWDOO\KDUPIXOSURWHFWLRQ ª WRHQYLURQPHQ
WDOO\DSSURSULDWHDQGVXVWDLQDEOHVROXWLRQVµ LELG 

ICZM also has two sub-approaches, the community-based adaptation approach and the ecosystem-based adaptation approach.
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To gain further understanding of diﬀerent ways of successfully implementing ICZM approaches, it

Sea level rise is also aﬀecting coastal communities. During times of strong monsoon winds and storm

can also be useful to take a look at some good examples from other countries.

surges, which are often accompanied by high tides, coastal ﬂooding and erosion of beaches have
occurred in some low-lying areas on small, ﬂat islands oﬀ southern Palawan and in Central Visayas.

GIZ oﬀers two good examples of climate change adaptation projects in coastal areas – one in the

This caused displacement of coastal communities and destruction of infrastructure.

Philippines, one in Viet Nam. GIZ supports both countries in implementing ICZM, which involves:
•

diversifying and rehabilitating coastal forests to increase biodiversity and enhance the protection

Through the Environment and Rural Development Programme in the Philippines, GIZ has sup-

of the coasts from climate change impacts such as storms and erosion;

ported 37 cities and municipalities in the Visayas Region in establishing 40,000 hectares of marine

establishing co-management schemes in mangrove forests to improve the incomes of the poor

protected areas. Additional protected areas are planned. Support has also been given to national

and reduce conﬂicts of interests between economic development, sustainable management and

initiatives such as the Marine Protected Area Network and inter-regional initiatives like the Coral

protection of natural resources;

Triangle Initiative, which covers six countries and their territorial waters, which are known to have

•

improving the management of protected areas and coastal forests;

the highest marine biodiversity in the world.

•

identifying the most eﬀective means of stabilising eroding coastal shorelines;

•

establishing marine protected areas, including mangrove forests, coral reefs and seagrass beds;

In Viet Nam, GIZ is supporting three projects: Management of Natural Resources in the Coastal

•

introducing disaster risk management, i.e. community-based early ﬂood warning systems.

Zone of Soc Trang Province, Integrated Conservation and Development of the Biosphere Reserve

•

in Kien Giang Province, and Sustainable Management of Forest Ecosystems for Coastal Protection
In the Philippines, GIZ is supporting two projects on ICZM: Adaptation to Climate Change and

in Bac Lieu Province. Apart from that, GIZ is implementing a pilot project on integrating climate

Protection of Biodiversity in the Philippines and Environment and Rural Development Programme

change risk assessment into local development planning in the Mekong Delta of Viet Nam.

Philippines (GTZ 2009; GTZ DENR n.d.).
The Mekong Delta, although relatively small in size in relation to the entire country, plays an imporLike many South Asian and South-East Asian countries, the Philippines has a long coastline. Its

tant role as the ‘rice bowl’ for the whole of Viet Nam. However rapid expansion in shrimp farming

coastal and marine ecosystems consist of beaches, mangrove forests, coral reefs, seagrass beds, soft-

and economic interests in aquaculture have brought about unsustainable use of natural resources in

bottom communities, open marine waters and small islands. A large proportion of the population

the coastal zone of Soc Trang Province. This is threatening the protection function of the mangrove

lives in coastal areas, depending largely on coastal ecosystems. Coral reefs, mangroves, and seagrass

forest belt and reducing income for local communities. The coastal zone will moreover be aﬀected

beds provide food, building materials and coastal protection from storm surges and heavy monsoon

by the impacts of climate change, which will cause increased intensity and frequency of storms and

winds. They also serve industries such as ﬁshing and tourism.

ﬂoods as well as rising sea levels. In addition, the ﬂow regime of the Mekong River, the tidal regime
of the South China Sea, and the coastal longshore currents driven by monsoon winds together

Climate change impacts can already be felt and seen in the Philippines. Rising sea surface tempera-

produce a dynamic process of accretion and very severe erosion in some areas along the coast of Soc

ture has aﬀected the open coastal waters and coral reefs, resulting in episodes of coral bleaching.

Trang Province.

Coral reefs provide a considerable amount of harvestable ﬁsh species in the country, but they have already lost 90 to 95 % of their ﬁsh biomass and their species richness, particularly the top carnivores.
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GIZ’s project on Management of Natural Resources in the Coastal Zone of Soc Trang Province (GIZ
2010) is supporting the Forest Protection Department and the Soc Trang Provincial People’s Com-

/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ

mittee by:

Apart from planting coastal forests, the most promising approach for linking adaptation and mitiga-

•

tion in coastal zones is the conservation of Marine Protected Areas (MPAs).

planting, rehabilitation and management of
mangroves with emphasis on resilience to

•

climate change;

 0DULQH3URWHFWHG$UHDV

developing models for sustainable co-

.HOOHKHU  GHILQHV0DULQH3URWHFWHG$UHDVDV

management of coastal areas;
•

setting up an erosion control model that
combines dyke design, computer-based
current and erosion modelling, wave barriers

´ ª DQ\DUHDVRILQWHUWLGDORUVXEWLGDOWHUUDLQWRJHWKHUZLWKLWVRYHUO\LQJZDWHUDQGDVVRFLDWHGIORUD
IDXQDKLVWRULFDODQGFXOWXUDOIHDWXUHVZKLFKKDYHEHHQUHVHUYHGE\ODZRURWKHUHIIHFWLYHPHDQVWR
SURWHFWSDUWRUDOORIWKHHQFORVHGHQYLURQPHQWµ

and mangrove planting schemes;
•

raising environmental awareness with the

According to this deﬁnition, MPAs include mangroves, coral reefs and seagrass beds. MPAs serve diﬀer-

aim of promoting positive change;

ent purposes: they prevent further destruction of marine and coastal ecosystems and conserve vital parts

increasing income along aquaculture value chains, such as shrimp farming, through public-

of them. They also contribute to high biodiversity and genetic diversity (GTZ 2002). As mentioned

private-partnerships, co-management and certiﬁcation;

earlier, coastal ecosystems, especially mangrove forests and coral reefs, also act as buﬀers against extreme

•

developing a participatory environmental impact monitoring system;

weather conditions and natural disasters, thereby reducing the vulnerability of coastal communities

•

devising concepts for the sustainable ﬁnancing of ecosystem services provided by coastal wetlands.

and their investments. However, in the context of mitigation, the most important quality of MPAs is

•

their ability to reduce CO emissions substantially. They can help nature and society to mitigate climate
change by sequestering and storing carbon in natural ecosystems. They are able to store huge amounts
of carbon, particularly in coastal zones where capture is equivalent to 0.2 gigatonnes per year. Salt
marshes, mangroves and seagrass beds all have important potential to sequester carbon. But all these
systems are currently under pressure and ‘without better protection they could switch from being sinks
to sources of emissions. There is an urgent need both for new protected areas to be established and
for better implementation and management of existing protected areas’ (Dudley et al. 2010).
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LQJRFFXUUHQFHRIZHDWKHUUHODWHGKD]DUGVLVQRWVHHQDV´QDWXUDOµDQ\PRUHEXWDVRIRXURZQ
PDNLQJ'LVDVWHUVFDQXQGRGHFDGHVRIGHYHORSPHQWHIIRUWVDQGUHYHUVHSRYHUW\UHGXFWLRQDFKLHYH
PHQWV7KHUHIRUHWKHUHLVDJURZLQJDZDUHQHVVDPRQJGHYHORSPHQWSUDFWLWLRQHUVDQGWKHSULYDWH
VHFWRUDOLNHWKDWZHKDYHWRV\VWHPDWLFDOO\DVVHVVUHGXFHDQGPDQDJHULVNVDQG½QGV\QHUJLHV
EHWZHHQGLVDVWHUULVNPDQDJHPHQW '50 DQGFOLPDWHFKDQJHDGDSWDWLRQHIIRUWV
&OLPDWHFKDQJHDQG'50DUHLQWHUFRQQHFWHGEHFDXVHFOLPDWHFKDQJHLVFDXVLQJDQLQFUHDVHLQ
WKHPDJQLWXGHDQGIUHTXHQF\RIH[WUHPHHYHQWVVXFKDVVWRUPV¾RRGVDQGGURXJKWV)XUWKHUPRUH
FOLPDWHFKDQJHLVLQFUHDVLQJVRFLHWLHVµYXOQHUDELOLW\WRVXFKHYHQWVFUHDWLQJVWUHVVHVRQDJUL
FXOWXUHUHGXFWLRQVLQZDWHUDQGIRRGDYDLODELOLW\DQGFKDQJHVWROLYHOLKRRGV,QGLDLVHVSHFLDOO\
YXOQHUDEOHWRFOLPDWHFKDQJHLPSDFWV7KHHFRQRP\LVJUHDWO\LQ¾XHQFHGE\PRQVRRQVDQGWKHVH
DUHOLNHO\WREHDIIHFWHGE\FOLPDWHFKDQJHUHVXOWLQJLQDYDULDWLRQLQWKHLUSDWWHUQVDQGLQWHQVLW\
'50DLPVWRSUHYHQWWKHHPHUJHQFHRIQHZULVNVDQGUHGXFHVRFLHWLHVµYXOQHUDELOLW\E\LQFUHDVLQJ
WKHLUFDSDELOLWLHVWRFRSHZLWKWKHP'50SURYLGHVWRROVWRPLWLJDWHWKHLPSDFWVRISUHVHQWDQG
IXWXUHFOLPDWHULVNVE\GHWHUPLQLQJSRVVLEOHLPSDFWVDQGWKHUHVXOWLQJYXOQHUDELOLWLHV,WDOVRKHOSV
LGHQWLI\WKHPHDVXUHVWKDWQHHGWREHWDNHQWRDGDSWWRH[LVWLQJDQGQHZULVNV
3URPRWLQJJRRGJRYHUQDQFHLGHQWLI\LQJDGHTXDWHSROLF\RSWLRQVEXLOGLQJOHJDODQGLQVWLWXWLRQDO
IUDPHZRUNVDQGGHYHORSLQJVWUDWHJLFLQVWUXPHQWVSOD\NH\UROHVLQLQWHJUDWLQJFOLPDWHFKDQJH
DGDSWDWLRQLQWR'50&RPPXQLW\LQLWLDWLYHVDQG½QDQFLDOPHFKDQLVPVDUHWZRPHDVXUHVWKDWFDQ
PDNHDGDSWDWLRQDQG'50HIIRUWVQRWRQO\FRVWHIIHFWLYHEXWDERYHDOOVXVWDLQDEOH
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+RZGRHVFOLPDWHFKDQJHLPSDFW
GLVDVWHUULVNV"

and hurricanes – will become more intense (IPCC 2007a). Precipitation is very likely to increase in
frequency in high latitudes and is likely to decrease in most subtropical land regions, continuing recent
observed trends. These changes may lead to an increase in storms, droughts, ﬂoods and landslides
(IPCC 2007b), but also to an increased risk from forest ﬁres due to increased dry spells (Greenpeace

 .H\PHVVDJHV

India 2010).

 7KHUHDUHJRLQJWREHPRUHH[WUHPHZHDWKHUHYHQWVLQWKHIXWXUHGXHWRFOLPDWHFKDQJH
 7KHVHDUHOLNHO\WRLQFUHDVHWKHQXPEHUDQGVFDOHRIK\GURPHWHRURORJLFDOGLVDVWHUV
 &OLPDWHFKDQJHLPSDFWVLQFUHDVHWKHYXOQHUDELOLW\RIFRPPXQLWLHVWRQDWXUDOKD]DUGV

Number of natural disasters on a global scale (1900–2005), registered in the international
disaster database EM-DAT


 ,Q,QGLDLWLVSUHGRPLQDQWO\FKDQJHVLQWKHSDWWHUQVDQGLQWHQVLW\RIPRQVRRQVIORRGLQJ
 DQGGURXJKWVWKDWZLOOLQFUHDVHGLVDVWHUULVNV





Climate change increases disaster risk. The eﬀects of climate change on disaster risk management



(DRM) stem, on the one hand, from the likely increase in weather and climate hazards and, on the



other hand, from an increase in the vulnerability of communities to natural hazards, particularly



as a result of ecosystem degradation, reductions in water and food availability, and changes to liveli-



hoods (UNISDR 2008).



7KH8QLWHG1DWLRQV,QWHUQDWLRQDO6WUDWHJ\IRU'LVDVWHU5HGXFWLRQ ,6'5 GHILQHVDGLVDVWHUDV
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+\GURPHWHRURORJLFDO

6RXUFH81,6'5D

´DVHULRXVGLVUXSWLRQRIWKHIXQFWLRQLQJRIDFRPPXQLW\RUDVRFLHW\LQYROYLQJZLGHVSUHDGKXPDQ
PDWHULDOHFRQRPLFRUHQYLURQPHQWDOLPSDFWV GDPDJHVDQGORVVHV ZKLFKH[FHHGVWKHDELOLW\RI
WKHDIIHFWHGFRPPXQLW\RUVRFLHW\WRFRSHXVLQJLWVRZQUHVRXUFHVµ

Extreme events can be especially devastating for developing countries where a great number of
poor people are forced to settle in hazardous areas and have less capacity to adapt (Ravindranath &
Sathaye 2002; IPCC 2007a). This undeniably creates an unholy alliance between climate change,

Over the past decades, the frequency and impact of natural disasters have increased substantially around

disasters, and development as can be seen in the chart on the next page.

the globe, as can be seen in the chart on the next page. The Intergovernmental Panel on Climate
Change (IPCC) believes that, as a result of climate change, hot extremes, heat waves and heavy precipitation are very likely to continue to become more frequent, and that tropical cyclones – typhoons
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Environment-development interface for disasters and adaptation

 +RZFOLPDWHFKDQJHLVLQWHQVLI\LQJGLVDVWHUVLQ,QGLD

1DWXUDO5HVRXUFH
0DQDJHPHQW

&OLPDWH&KDQJH
$GDSWLRQ

7KHUHLVFRQVLGHUDEOHHYLGHQFHWKDWHFRQRPLFGDPDJHFDXVHGE\H[WUHPHZHDWKHUHYHQWVKDV
LQFUHDVHGVXEVWDQWLDOO\RYHUWKHODVWIHZGHFDGHV)RUDFRXQWU\OLNH,QGLDZLWKRYHURILWV
SRSXODWLRQUHO\LQJGLUHFWO\RULQGLUHFWO\RQDJULFXOWXUHIRUWKHLUOLYHOLKRRGVWKHLPSDFWRIH[WUHPH
ZHDWKHUHYHQWVLVFULWLFDO3HRSOHRIWHQOLYHLQDUHDVRIKLJKHFRORJLFDOYXOQHUDELOLW\DQGUHODWLYHO\
ORZOHYHOVRIUHVRXUFHSURGXFWLYLW\DQGKDYHOLPLWHGDQGLQVHFXUHULJKWVRYHUSURGXFWLYHQDWXUDO

(QYLURQPHQWDO
+HDOWK

(GXFDWLRQ
(PSOR\PHQW
,QIUDVWUXFWXUH
&RPPXQLFDWLRQV

UHVRXUFHV7KHVHFRPELQHGIDFWRUVDUHVLJQL½FDQWIRUFHVFRQWULEXWLQJWRYXOQHUDELOLW\WRQDWXUDO
GLVDVWHUV %DXPDQQHWDO 
&KDQJHVLQWKHSUHFLSLWDWLRQSDWWHUQVDQGDQ\LQWHQVL½FDWLRQRIWKHPRQVRRQVZLOOFRQWULEXWHWR
¾RRGGLVDVWHUVDQGODQGGHJUDGDWLRQDQGZLOOWKXVKDYHIDUUHDFKLQJFRQVHTXHQFHVIRUWKHHQWLUH
HFRQRP\ 6WHUQ ,QWKHODVWGHFDGH,QGLDKDVEHHQUHSHDWHGO\EDWWHUHGE\VXFFHVVLYHPRQ

'LVDVWHU5LVN
5HGXFWLRQ

6RXUFH*XSWDHWDO

The continent of Asia is particularly vulnerable to climate change and disasters. Between 1991 and
2000, 83 % of people aﬀected by disasters worldwide were in Asia. Within Asia, 24 % of deaths due
to disasters occur in India – a result of its size, high population and extreme vulnerability.
5LYHU

0DQJURYH

&RUDO5HHI disaster database EM-DAT used by the
For the period between 1998 and 2008, the international

Centre for Research on the Epidemiology of Disasters (CRED) indicates that 75,731 people in India
were reported killed by disasters, with a further 650,393,577 people aﬀected by them. Disasters are
estimated to currently cause up to 13 % GDP loss every year in India (CRED n.d.)

VRRQV¾RRGLQJDQGGURXJKWV)RUH[DPSOHWKHVWDWHRI2ULVVDKDVH[SHULHQFHG¾RRGVLQRIWKH
ODVW\HDUVGURXJKWVLQDQGF\FORQHVLQ\HDUV7KHRFFXUUHQFHRIGURXJKWV¾RRGVDQG
F\FORQHVLQDVLQJOH\HDULVQRWXQXVXDO,QDGGLWLRQWKHQXPEHURIYLOODJHVLQ,QGLDH[SHULHQFLQJ
GURXJKWLVLQFUHDVLQJ 7RPSNLQV ,QGLDµVZDWHUVXSSO\GHSHQGVQRWRQO\RQPRQVRRQUDLQVEXW
DOVRRQJODFLDOPHOWZDWHUIURPWKH+LQGX.XVKDQGWKH+LPDOD\DV5LVLQJWHPSHUDWXUHVZLOOFDXVH
VQRZOLQHVWRUHWUHDWIXUWKHULQFUHDVLQJWKHULVNRI¾RRGVGXULQJWKHVXPPHUPRQVRRQVHDVRQ
*UHHQSHDFH,QGLD 
&XUUHQWO\DVPXFKDVRI,QGLDLVGURXJKWSURQHDQG±LHPRUHWKDQPLOOLRQKHFWDUHV±
LV¾RRGSURQH,QGLDKDVDORQJFRDVWOLQHRIDERXWNLORPHWUHVRI¾DWFRDVWDOWHUUDLQDQG
VKDOORZFRQWLQHQWDOVKHOIZLWKKLJKSRSXODWLRQGHQVLW\DQGLVH[WUHPHO\YXOQHUDEOHWRF\FORQHVDQG
LWVDVVRFLDWHGKD]DUGVOLNHVWRUPWLGHKLJKYHORFLW\ZLQGDQGKHDY\UDLQV$OWKRXJKWKHIUHTXHQ
F\RIWURSLFDOF\FORQHVLQWKH1RUWK,QGLDQ2FHDQLQFOXGLQJWKH%D\RI%HQJDODQGWKH$UDELDQ

Climate change is driven by increased greenhouse gas emissions and exacerbated by the loss of car-

6HDLVWKHORZHVWLQWKHZRUOG RIWKHJOREDOWRWDO WKHLULPSDFWRQWKHHDVWFRDVWRI,QGLDLV

bon sinks. Environmental modiﬁcations, including intensive land use and overexploitation of natural

PRUHGHYDVWDWLQJLQUHODWLYHWHUPV 0LWWDO $ERXWRIWKHDUHDLQWKHFRXQWU\LVSURQHWR

resources, reduce the ability of natural systems to act as a buﬀer against extreme weather events,

F\FORQHUHODWHGGLVDVWHUV7KHQXPEHURIVWRUPVZLWKPRUHWKDQPLOOLPHWUHVRIUDLQIDOOLQD

hence increasing disaster risk at regional/local levels. As well as intensifying hydro-meteorological

GD\LVUHSRUWHGWRKDYHLQFUHDVHGE\SHUGHFDGH 81(3 

hazards and the risk of complex emergencies, environmental degradation also increases the vulnerability of socio-economic systems, ecosystems and livelihoods.







$'$37$7,21$1'',6$67(55,6.0$1$*(0(17

:KDWGRHVDGDSWDWLRQLQGLVDVWHUULVN
PDQDJHPHQWPHDQ"

Nevertheless, there are diﬀerences between adaptation to climate change and DRM. DRM focuses
on present-day vulnerabilities based on past experience and deals with multiple hazards, not only
hydro-meteorological events. Such hazards include technical and geological risks not caused by
climate change. In contrast, increases in extreme weather events are just one of the many impacts

 .H\PHVVDJHV

of climate change that require adaptation on the part of aﬀected societies. Furthermore, adaptation

 $GDSWDWLRQWRFOLPDWHFKDQJHDQGGLVDVWHUULVNPDQDJHPHQWERWKVHHNWREXLOGUHVLOLHQFH

to climate change deals with slow changes over a longer time period, using projections and scenarios,

 LQWKHIDFHRIK\GURPHWHRURORJLFDOKD]DUGV

in an attempt to anticipate future impacts.

 7KHUHLVDVLJQLILFDQWRYHUODSRILQVWUXPHQWVDQGVWDNHKROGHUVEHWZHHQWKHWZRGLVFLSOLQHV
 'LVDVWHUULVNPDQDJHPHQWKHOSVUHGXFHIXWXUHFOLPDWHFKDQJHLPSDFWVRQVRFLHW\E\
 VWUHQJWKHQLQJWKHQHFHVVDU\FDSDFLWLHV

Overlap between DRM and adaptation to climate change
'LVDVWHU5LVN0DQDJHPHQW

!(QFRPSDVVHVDOOHYHQWVUHODWHG
 WRQDWXUDOKD]DUGV

Disaster risk management (DRM) aims to reduce disaster risk, prevent the emergence of new risks

!$GUHVVHVH[LVWLQJULVNV

and decrease a society’s vulnerability (UNISDR 2008). The focus is therefore on reducing the vul-

!+LVWRULFDOSHUVSHFWLYH

nerability of the population to events such as earthquakes, ﬂoods and storms; or even averting the

!)RFXVHVRQSUHYHQWLRQRIHYHQWV

impacts of new hazards, such as landslides caused by inappropriate land use or deforestation (BMZ

$GDSWLRQWR&OLPDWH&KDQJH

%RWKXVHWKHVDPHRU
VLPLODUPHWKRGVDQGLQVWUXPHQWV
%RWKIRFXVRQUHGXFLQJ
YXOQHUDELOLW\DQGHQKDQFLQJ
UHVLOLHQFH

!)RFXVHVRQFOLPDWHUHODWHG
 KD]DUGVRQO\
!$GUHVVHVQHZULVNVXQFHUWDLQW\
!)RUZDUGORRNLQJSHUVSHFWLYH
!(QFRPSDVVHVFKDQJHVRI
 DYHUDJHFRQGLWLRQV

2008).
 6RXUFH9HQWRQ /D7UREH

DRM and adaptation to climate change both pursue similar aims in terms of seeking to build
resilience in the face of hazards and to reduce or avert social and economic consequences. There is a

DRM for adaptation to climate change implies that response mechanisms and economic planning

certain overlap in terms of challenges and courses of action, as natural disasters and climate change

for disasters based on past vulnerabilities may no longer suﬃce (Sperling & Szekely 2005). In an

both pose a threat to sustainable development, increase the vulnerability of aﬀected populations and

attempt to deal with current and future climate variability and climatic extremes, classical disaster

contribute to poverty, especially in developing countries. This overlap can be seen in the diagram

management, which draws its lessons from past events, has evolved into DRM, which adopts a more

on the next page. Furthermore, neither climate change nor disaster risk stop at political or country

anticipatory and forward-looking approach (Thomalla et al. 2006). DRM has recognised the

borders, so both require cross-border actions. Drivers of climate-change and associated disasters,

importance of adaptation to climate change and incorporates measures to promote climate change

and strategies to address them are related to environmental processes, ecological systems and natural

adaptation by addressing the drivers of vulnerability, building response capacity and managing cli-

resources, and thus, have the environment as a common background. This involves addressing the

mate risks. By adopting measures to mitigate existing disaster risks and anticipate future ones, DRM

same actors and sectors, such as ministries, by using similar or familiar instruments (GTZ 2010).

can be seen as part of adaptation to climate change in regions where traditionally there has been no
disaster risk but where new risks may arise due to climate change, e.g. coastal ﬂooding (GTZ 2008).
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In the context of climate change, DRM is regarded as an adaptation option (Sperling & Szekely
2005). DRM has also been seen as a way to achieve sustainable development (Boulle et al. 1997) and
contributes towards adaptation and mitigation by reducing pressure on and damage to ecosystems.

*RYHUQDQFHDQGSROLFLHVIRUDGDSWDWLRQ
LQGLVDVWHUULVNPDQDJHPHQW

One of the best ways to mainstream climate change concerns into DRM is to understand possible

 .H\PHVVDJHV

current and future impacts and address them in development and risk reduction planning. For this,

 9DULRXVFRQYHQWLRQVDJUHHGXSRQE\WKHLQWHUQDWLRQDOFRPPXQLW\LQWKHODVWWZRGHFDGHV

it is necessary to look at a range of climate scenarios and overlay them with future socio-economic

 HPSKDVLVHGLVDVWHUPDQDJHPHQWDVDPDMRUHQYLURQPHQWDOFRQFHUQ

scenarios to obtain an idea of future risks. However, there are limitations, such as lack of availability
of dependable high-resolution climate change scenarios and uncertainties that even the best available

 7KH*RYHUQPHQWRI,QGLDKDVHVWDEOLVKHGDQLQVWLWXWLRQDOIUDPHZRUNRQGLVDVWHUULVNPDQDJHPHQW

scenarios and projections have not addressed. Hence, there is a need to look for alternative means of

 'LVDVWHUULVNPDQDJHPHQWDQGDGDSWDWLRQFDQEHLQWHJUDWHGVWUDWHJLFDOO\LQWRHQYLURQPHQWDO

addressing uncertain climate risks. One way to do this is to identify no-regret or win-win options, as

 DQGQDWXUDOUHVRXUFHSROLFLHVDQGOHJLVODWLRQ

these would be beneﬁcial in reducing vulnerabilities to a range of possible changes in climate (Lomborg 2007).
The relevance of adaptation to climate change for disaster risk management (DRM) is growing. In
 7KH+\RJR)UDPHZRUNIRU$FWLRQ

order to harness the synergy eﬀects between the two, policies need to be developed to heighten aware-

,QSURPSWHGE\DQLQFUHDVLQJQXPEHURIHQYLURQPHQWDOKD]DUGLQGXFHGGLVDVWHUVWKHLQWHUQD

ness, intensify trans-boundary cooperation and improve governance through capacity development.

WLRQDOFRPPXQLW\FDOOHGIRUDVXEVWDQWLDOUHGXFWLRQLQGLVDVWHUULVNVZLWKWKH+\RJR)UDPHZRUN

Institutional and policy frameworks for disaster and climate risk management must be developed

IRU$FWLRQ%XLOGLQJWKH5HVLOLHQFHRI1DWLRQVDQG&RPPXQLWLHVWR'LVDVWHUV7KLVIUDPH

at regional and national level to strengthen the links and collaboration between national DRM and

ZRUNLGHQWLILHGFOLPDWHFKDQJHDVRQHRIWKHPDMRUWKUHDWVWRWKHZRUOGµVIXWXUHDQGGHWHUPLQHG

climate change programmes and platforms. This will ensure a consistent approach and an exchange

'50DVRQHRIWKHNH\HQWU\SRLQWVIRUWDFNOLQJFOLPDWHFKDQJHWKUHDWV7KHZRUGVRIWKHIUDPH

of information on issues of common interest. Governments need to prepare and qualify the relevant

ZRUNOLQNLQJWKHWZRVSKHUHVRI'50DQGFOLPDWHFKDQJHDGDSWDWLRQUHDGDVIROORZV´3URPRWHWKH

organisations for their governance tasks and to mainstream disaster risk reduction measures appropri-

LQWHJUDWLRQRIULVNUHGXFWLRQDVVRFLDWHGZLWKH[LVWLQJFOLPDWHYDULDELOLW\DQGIXWXUHFOLPDWHFKDQJH

ately across sectors and levels. The following table gives an overview of policy options in DRM.

LQWRVWUDWHJLHVIRUWKHUHGXFWLRQRIGLVDVWHUULVNDQGDGDSWDWLRQWRFOLPDWHFKDQJHZKLFKZRXOG
LQFOXGHWKHFOHDULGHQWLILFDWLRQRIFOLPDWHUHODWHGGLVDVWHUULVNVWKHGHVLJQRIVSHFLILFULVNUHGXFWLRQ
PHDVXUHVDQGDQLPSURYHGDQGURXWLQHXVHRIFOLPDWHULVNLQIRUPDWLRQE\SODQQHUVHQJLQHHUVDQG
RWKHUGHFLVLRQPDNHUVµ
6RXUFH81,6'5
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Policy options for adaptation in disaster risk management

 ,QVWLWXWLRQVLQFRQQHFWLRQZLWK,QGLDµV'LVDVWHU0DQDJHPHQW$FW

3ROLF\RSWLRQ

3RWHQWLDOLPSDFWVDQGWDUJHWSRLQWV

7KH'LVDVWHU0DQDJHPHQW$FWRIVHWXSDPHFKDQLVPIRUFUHDWLQJDQXPEHURILQVWLWXWLRQV

0DLQVWUHDP'50RQDOO
DGPLQLVWUDWLYHOHYHOV

6WUHQJWKHQLQJFDSDFLWLHVRILQVWLWXWLRQVDWDOOOHYHOV
0DLQVWUHDPLQJ'50LQWRFOLPDWHFKDQJHDGDSWDWLRQSROLFLHVDQG
DFWLYLWLHV 1DWLRQDO$GDSWDWLRQ3URJUDPPHVRI$FWLRQ±1$3$V
)RUPDOLVLQJFROODERUDWLRQDQGWKHFRRUGLQDWLRQRIFOLPDWHUHODWHG
ULVNUHGXFWLRQDFWLYLWLHVWKURXJKDPXOWLVHFWRUPHFKDQLVP
'HYHORSLQJPHFKDQLVPVWRDFWLYHO\HQJDJHDQGHPSRZHUFRPPXQLWLHV
DQGORFDOJRYHUQPHQWVLQWKHDVVHVVPHQWRIYXOQHUDELOLW\DQGLPSDFWV
)RUPXODWLQJORFDODGDSWDWLRQDFWLYLWLHVFRQWDLQLQJ'50PHDVXUHV

LQ,QGLD

3URPRWH'50UHVHDUFK

(QKDQFHHDUO\ZDUQLQJ
V\VWHPV

,QYHVWLQJLQEHWWHULQIRUPDWLRQDQGIRUHFDVWV
6HOHFWLQJDQGHYDOXDWLQJLQIRUPDWLRQRQIXWXUHGLVDVWHUVWKHHIIHFWVRI
FOLPDWHFKDQJHDQGWKHUHVXOWLQJLPSDFWV
&RQGXFWLQJDVVHVVPHQWVRIYXOQHUDELOLW\DQGLGHQWLI\LQJSDUWLFXODUO\
YXOQHUDEOHJURXSV
'HYHORSLQJDQGGLVVHPLQDWLQJKLJKTXDOLW\LQIRUPDWLRQDERXWFOLPDWH
KD]DUGVDQGWKHLUOLNHO\IXWXUHFKDQJHV
,PSOHPHQWLQJSURFHGXUHVWRHQVXUHZDUQLQJVUHDFKYXOQHUDEOHJURXSV
'HYHORSLQJORFDOFDSDFLWLHVIRUXQGHUVWDQGLQJDQGGLVVHPLQDWLQJZDUQLQJ
PHVVDJHVLQDSURSHUPDQQHU
8QGHUWDNLQJSXEOLFLQIRUPDWLRQDFWLYLWLHVWRKHOSSHRSOHXQGHUVWDQGWKH
ULVNVWKH\IDFH

5HGXFHXQGHUO\LQJULVNIDFWRUV ,QFRUSRUDWLQJFOLPDWHULVNUHODWHGFRQVLGHUDWLRQVLQWRGHYHORSPHQW
SODQQLQJSURFHVVHVDQGVHFWRUSODQV
,QWHJUDWLQJFOLPDWHULVNUHODWHGLQIRUPDWLRQLQFLW\SODQQLQJODQGXVH
SODQQLQJDQGZDWHUPDQDJHPHQW
6WUHQJWKHQLQJDQGPDLQWDLQLQJSURWHFWLYHZRUNVVXFKDVFRDVWDOZDYH
EDUULHUVDQG¾RRGSRQGV
&RQVWUXFWLQJVKHOWHUVWRSURWHFWSHRSOHDQGOLYHVWRFN
%XLOGDFXOWXUHRIUHVLOLHQFH &UHDWLQJSDUWLFLSDWRU\ULVNPDSV
'HYHORSLQJHGXFDWLRQFXUULFXODRQFOLPDWHDGDSWDWLRQDQGULVNUHGXFWLRQ
WKURXJKDZDUHQHVVDQG
,QFRUSRUDWLQJDGDSWDWLRQDFWLYLWLHVLQWRSODQVIRUUHFRYHU\IURPVSHFL½F
HGXFDWLRQ
GLVDVWHUV
6XSSRUWLQJWKHGLIIXVLRQRILQIRUPDWLRQ

 7KH1DWLRQDO'LVDVWHU0DQDJHPHQW$XWKRULW\ 1'0$ LVDQDSH[DXWKRULW\RIWKH,QGLDQ
 *RYHUQPHQWZLWKWKH3ULPH0LQLVWHUDVLWVFKDLU1'0$LVPDQGDWHGWRGHYHORSSROLFLHVDQG
 QDWLRQDOJXLGHOLQHVRQGLVDVWHUPDQDJHPHQW7KLVLQFOXGHVSURPRWLQJYDULRXVIXQFWLRQV
 DVVRFLDWHGZLWKSUHYHQWLRQPLWLJDWLRQSUHSDUHGQHVVUHVSRQVHDQGUHFRYHU\LQFDVHRIDGLVDVWHU
 6WDWH'LVDVWHU0DQDJHPHQWDQG'LVWULFW'LVDVWHU0DQDJHPHQW$XWKRULWLHVDUHNH\IXQFWLRQDO
 XQLWVLQWKHSODQQLQJDQGGLVFKDUJHRIGLVDVWHUSUHYHQWLRQDQGPLWLJDWLRQDFWLYLWLHV7KHVH
 DXWKRULWLHVDWVWDWHDQGGLVWULFWOHYHOKDYHVLPLODUIXQFWLRQVWR1'0$DWQDWLRQDOOHYHO
 7KH1DWLRQDO([HFXWLYH&RPPLWWHH 1(& LVWKHH[HFXWLYHFRPPLWWHHRI1'0$1(&ZDVVHWXS
 WRFRRUGLQDWHWKHUHVSRQVHLQWKHHYHQWRIDGLVDVWHUSUHSDUHWKH1DWLRQDO3ODQIRU'LVDVWHU
 0DQDJHPHQWEDVHGRQWKH1DWLRQDO3ROLF\RQ'LVDVWHU0DQDJHPHQWDQGPRQLWRUWKHLPSOHPHQ
 WDWLRQRIJXLGHOLQHVLVVXHGE\1'0$
 7KH1DWLRQDO,QVWLWXWHRI'LVDVWHU0DQDJHPHQW 1,'0 LVDVWDWXWRU\ERG\IRUFDSDFLW\EXLOGLQJ
 ,WLVUHVSRQVLEOHIRUSURPRWLQJWUDLQLQJUHVHDUFKGRFXPHQWDWLRQDQGQHWZRUNLQJ1,'0IXQFWLRQV
 WKURXJKLWVKHDGTXDUWHUVLQ1HZ'HOKLDQGDQHWZRUNRIXQLYHUVLWLHVUHVHDUFKDQGWUDLQLQJ
 LQVWLWXWHVDVZHOODVPXOWLODWHUDODQGLQWHUQDWLRQDODJHQFLHV
 ,QDGGLWLRQD1DWLRQDO'LVDVWHU5HVSRQVH)RUFH 1'5) KDVEHHQVHWXS

India’s paradigm shift in DRM, which is also envisaged in the National Disaster Management Policy
2009, is based on the conviction that development cannot be sustainable unless it takes disaster
mitigation into account. State governments have therefore converted their Relief Codes into Disaster
Management Codes by including aspects of prevention, reduction and preparedness.
Various pieces of environmental legislation – particularly on atmosphere, water, waste, biodiversity,
climate, land use, wetlands, and desertiﬁcation – contain signiﬁcant provisions for promoting a culture of disaster prevention and management, and facilitating options for integrating adaptation into
DRM. Concerns have also been raised about the need to focus on indigenous and local capacities for
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preparedness and emergency response rather than depending on external support or calling on central
response forces to handle disasters only.
Disaster management, as outlined in the National Action Plan on Climate Change (NAPCC)
launched by the Government of India in 2008, comprises of:

0LFURLQVXUDQFH 0, KDVDOVRHYROYHGLQ,QGLDSULPDULO\ZLWKWKHDLPRIVXSSRUWLQJSRYHUW\
DOOHYLDWLRQDQGKHOSLQJPDUJLQDOLVHGSHRSOHHVSHFLDOO\IDUPHUV7KHUHKDYHEHHQWKUHHGLVWLQFW
SKDVHVLQWKH,QGLDQGHYHORSPHQWRIPLFURLQVXUDQFH7KH½UVWSKDVHFRLQFLGHGZLWKWKHLQWUR
GXFWLRQRIWDUJHWRULHQWHGSRYHUW\DOOHYLDWLRQSURJUDPPHVVXFKDVWKH,QWHJUDWHG5XUDO'HYHORS
PHQW3URJUDPPH ,5'3 7KHVHFRQGSKDVHRI0,JURZWKFDQEHVHHQLQFRQMXQFWLRQZLWKWKH

•

reducing risk to infrastructure through better design and engineering;

JURZWKRIFUHGLWGLVEXUVHPHQWWRWKHSRRUHUVHJPHQWVRIVRFLHW\WKURXJK6HOI+HOS*URXSV 6+*V 

•

strengthening communication networks and disaster management facilities;

+RZHYHUPRVW0,SURGXFWVRQWKHPDUNHWDUHUHODWHGWRKHDOWKLQVXUDQFHZLWKRQO\DIHZRIIHULQJ

•

protecting coastal areas among key initiatives for addressing climate change.

LQVXUDQFHIRUDVVHWVVXFKDVKRXVHVDQGWRROVOLYHVWRFNRUFURSV,QDWKLUGSKDVHWKH*RYHUQPHQW
ODXQFKHGVSHFL½FIXQGVVXFKDVDQLQFRPHVWDELOLVDWLRQIXQGLQIRUVPDOOIDUPHUVFXOWLYDWLQJ

The three NAPCC Missions – for a Green India, for Sustainable Agriculture and for Sustaining the

IRXUSODQWDWLRQFURSVFRIIHHWHDUXEEHUDQGWREDFFR7KHIXQGZRUNVDVDVDYLQJVDFFRXQWZLWK

Himalayan Ecosystem – are relevant to DRM since intact ecosystems can greatly attenuate hazards.

WKH*RYHUQPHQWFRQWULEXWLQJWRWKHDFFRXQWGXULQJGLVWUHVV\HDUVIDUPHUVFRQWULEXWLQJGXULQJERRP
\HDUVDQGERWKSDUWLHVVKDULQJWKHFRQWULEXWLRQHTXDOO\GXULQJQRUPDO\HDUV5HFHQWO\D&HQWUDO)RRG

 )LQDQFLDOPHFKDQLVPVIRUGLVDVWHUULVNUHGXFWLRQDQGUHOLHILQ,QGLD

6HFXULW\)XQGKDVEHHQSURSRVHG

7KH&DODPLW\5HOLHI)XQG &5) ZDVFUHDWHGDWVWDWHOHYHOZLWKFRQWULEXWLRQVIURPERWKFHQWUDO
DQGVWDWHJRYHUQPHQWV UDWLR DQGLVXVHGWRSD\IRUUHOLHIPHDVXUHVLQWKHHYHQWRIGURXJKWV
¾RRGVF\FORQHVKDLOVWRUPVWVXQDPLVHWF
7KH1DWLRQDO&DODPLW\&RQWLQJHQF\)XQG 1&&) ZDVFUHDWHGDWFHQWUDOOHYHOZLWKFHQWUDO
JRYHUQPHQWIXQGLQJ,WLVXVHGIRUDQ\UHOLHIRSHUDWLRQVQRWFRYHUHGE\WKH&5)
,QGLDLVDOVRDGPLQLVWHULQJDFURSLQVXUDQFHSURJUDPPHWKDWLVWKHODUJHVWLQWKHZRUOGLQWHUPVRI

The need to institutionalise the economic evaluation of environmental impacts of disasters and
of overall damage and losses has also found recognition in India recently. Cost-beneﬁt analysis
methodologies for decisions regarding choice of technology or disaster risk reduction options have
been piloted in certain cases of ﬂood and drought risk management. These methodologies help
especially in assessing structural measures and their sustainability.

WKHQXPEHURIIDUPHUVLQVXUHG7KH1DWLRQDO$JULFXOWXUDO,QVXUDQFH6FKHPH 1$,6 DQQXDOO\LQVXUHV
DSSUR[LPDWHO\PLOOLRQIDUPHUVRURIDOOIDUPHUVDQGDSSUR[LPDWHO\RIDOOIDUPHG
ODQG:HDWKHUEDVHGFURSLQVXUDQFHZKLFKEHJDQLQ,QGLDLQLVDYDLODEOHXQGHUWKHXPEUHO
ODRI1$,6$WSUHVHQWWKH$JULFXOWXUH,QVXUDQFH&RPSDQ\RI,QGLD $,& DORQJZLWKWZRSULYDWH
LQVXUHUVLVSURYLGLQJZHDWKHULQVXUDQFH$OWKRXJKXQWLOPRVWRIWKHVHDFWLYLWLHVZHUHEDVHG
RQWKHLQLWLDWLYHRISDUWLFXODULQVXUHUVLQWKH*RYHUQPHQWEHJDQRIIHULQJDQDOWHUQDWLYHWR
1$,6E\LQLWLDWLQJSLORWSURMHFWVLQVHOHFWHGDUHDVIRUVHOHFWHGFURSV/LYHVWRFNLQVXUDQFHVFKHPHV
EHJDQDVORQJDJRDVWKHHDUO\V+RZHYHUWKH\DUHVWLOOLQQHHGRIVXEVWDQWLDOLPSURYHPHQW
LQWHUPVRIVFRSHDQGFRYHUDJH
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$GDSWDWLRQRSWLRQVLQGLVDVWHUULVN
PDQDJHPHQW

The information derived from risk analysis can be used in further planning for disaster prevention
and preparedness. Risk maps can also help make risks more visible to the community concerned
and highlight the need for action by local governments and the population. It is important to use
a community-based approach to gather information that is speciﬁc to the area in danger and to

 .H\PHVVDJHV

strengthen a community’s self-help capacity. In terms of adapting to climate change, risk analysis

 'LVDVWHUULVNPDQDJHPHQWIRUDGDSWDWLRQWRFOLPDWHFKDQJHLQYROYHVULVNDQDO\VLVGLVDVWHU

should incorporate long-term climate change predictions (where they are available on the appropriate

 SUHYHQWLRQDQGPLWLJDWLRQGLVDVWHUSUHSDUHGQHVVDQGGLVDVWHUSUHYHQWLYHUHFRQVWUXFWLRQ

scale), take their possible impacts into account and integrate them into the analysis (BMZ 2008).

 DQGHFRV\VWHPPDQDJHPHQW
 7RIDFLOLWDWHWKHLQWHJUDWLRQRIDGDSWDWLRQLQWRGLVDVWHUULVNPDQDJHPHQWFDSDFLWLHVQHHG
 WREHVWUHQJWKHQHGRQDOOOHYHOV7KLVFDQEHDFKLHYHGE\LQYROYLQJDXWKRULWLHVDQGWKH
 FRPPXQLWLHVDQGE\XVLQJDPXOWLWLHUDQGLQWHUGLVFLSOLQDU\DSSURDFK
 &DSDFLW\GHYHORSPHQWLVHVVHQWLDOIRULQWHJUDWLQJFOLPDWHFKDQJHDGDSWDWLRQLQWRGLVDVWHUULVN
 PDQDJHPHQW7HDFKLQJRQDGDSWDWLRQWRFOLPDWHFKDQJHDQGGLVDVWHUULVNPDQDJHPHQWQHHGV
 WREHLQFRUSRUDWHGLQWRHQYLURQPHQWDOGHJUHHFRXUVHVDQGUHVHDUFK

The aim of disaster prevention is to minimise the possible adverse impacts of a natural event and its
consequences and provide permanent protection against its eﬀects. The long-term perspective of all
the following disaster prevention and mitigation instruments makes them suitable for use in adaptation to climate change:
•

establishment and implementation of land plans;

•

regulation of building design and construction;

•

education and training measures for the population and employees of municipalities and other
authorities;

The main task in responding to climate change, apart from mitigating it, is to manage its impacts.

•

establishing and strengthening local and national disaster preparedness structures by setting up

The elements of disaster risk management (DRM) – risk analysis, disaster prevention and mitigation,

disaster committees, promoting sustainable resource management and improving infrastructure

disaster preparedness and disaster-preventive reconstruction – are all designed to reduce, or even

(more stable and risk-adapted design).

prevent, damage and losses resulting from natural hazards that are exacerbated by climate change.
This means that DRM also oﬀers options for adaptation to climate change.

Disaster preparedness seeks to avoid or reduce loss of life and damage to property and to provide
an immediate response to an upcoming natural event on the basis of a risk analysis. At local level,

The aim of risk analysis is to determine the vulnerability of a group or community to a natural

mobilisation of self-help resources is supported by preparing participatory emergency and evacuation

hazard. It gathers information on past natural hazards and their impacts and goes on to identify

plans, training and upgrading, infrastructural and logistical measures. Included in the latter are es-

future geological, meteorological and climatic threats to society. A speciﬁc assessment of vulnerable

tablishing emergency accommodations, conducting disaster protection exercises, and setting up and

groups is conducted so that their needs can be targeted accordingly. Risk maps are developed

monitoring early warning systems. Disaster preparedness actions also include revising contingency

and updated based on all the above-mentioned information and with the participation of local

plans to take into account the projected changes in existing hazards and new hazards not experienced

authorities, community members and experts. Through the community-based approach, risk

before.

analysis makes use of local information and observations, thus helping to downscale global trends
and identify local impacts.
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 7KHUROHRIPRGHUQVFLHQFHDQGWHFKQRORJ\LQ,QGLDµVGLVDVWHUULVNPDQDJHPHQW
7KHUHDUHVHYHUDODUHDVRIVFLHQFHDQGWHFKQRORJ\ZKHUHPRGHUQLQWHUYHQWLRQVSOD\DVLJQL½FDQWUROH
LQGLIIHUHQWVWDJHVRIGLVDVWHUPDQDJHPHQW±ERWKLQWHUQDWLRQDOO\DQGLQ,QGLD,Q,QGLDWKH\DUHSUL
PDULO\VSDFHWHFKQRORJ\HQYLURQPHQW HDUWKVFLHQFHIRUHVWU\DJULFXOWXUHHFRORJ\V\VWHPG\QDPLFV
HQJLQHHULQJJHRJUDSK\DQGKHDOWKVFLHQFH6SHFL½FDQGLQWHJUDWHGHIIRUWVKDYHEHHQPDGHLQULVN

IRU'50DQGFOLPDWHFKDQJHDGDSWDWLRQ 1DLU *XSWD +RZHYHUWKHDYDLODELOLW\RIZHDWKHU
GDWDLQIRUPVWKDWDUHGLUHFWO\XVHIXOWRVWDNHKROGHUVLQUXUDOFRQWH[WVLVVWLOOXQGHUGHYHORSHG
.QRZOHGJHPDQDJHPHQWLVDQDUHDZKHUHJUHDWHULQWHUYHQWLRQLVQHHGHGWRIDFLOLWDWHUHVLOLHQFHWR
FOLPDWHUHODWHGGLVDVWHU(PSKDVLVLVQRZSODFHGRQZHDWKHUGDWDSURGXFWVDQGWUDQVODWLQJLQIRU
PDWLRQLQWRNQRZOHGJHWKDWFDQEHSXWWRXVHE\VWDNHKROGHUVIRU½HOGOHYHOGHFLVLRQVDQGDFWLRQV

DVVHVVPHQWPLWLJDWLRQSODQQLQJDQGGLVDVWHUUHVSRQVH'LVDVWHUULVNPDQDJHPHQWEHJLQVZLWKULVN
LQIRUPDWLRQDQGLWVDSSURSULDWHGLVVHPLQDWLRQ7KHDGYDQFHVLQLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQR
ORJLHV ,&7 WKDWKDYHHPHUJHGRYHUWKHODVWWZRGHFDGHVOHQGWKHPVHOYHVWRJUHDWHUSRVVLELOLWLHVRI
LQWHJUDWLRQLQGLIIHUHQWFRPPXQLFDWLRQV\VWHPV/HVVRQVOHDUQWVRIDUKDYHSURYHQWKDWFRPPXQLW\
RZQHG,&7EDVHGDSSURDFKHVKDYHDJUHDWHULPSDFWDQGDUHPRUHVXVWDLQDEOH
.QRZOHGJHDERXWWKHHQYLURQPHQWKROGVWKHNH\WRULVNDVVHVVPHQWSUHSDUHGQHVVDQGUHFRYHU\
SODQQLQJ7KUHHPDMRUHQYLURQPHQWDODVSHFWVDUHFUXFLDOLQ'50FOLPDWHFKDQJHODQGXVHDQG

 0DNLQJNQRZKRZDYDLODEOHIRU,QGLDµVGLVDVWHUULVNPDQDJHPHQW
7KH,QGR*HUPDQFRRSHUDWLRQSURMHFWRQ(QYLURQPHQWDO.QRZOHGJHIRU'LVDVWHU5LVN0DQDJHPHQW
HN'50 LPSOHPHQWHGE\WKH1DWLRQDO,QVWLWXWHRI'LVDVWHU0DQDJHPHQW 1,'0 DQG*,=ZKLFK
SODFHVHPSKDVLVRQK\GURPHWHRURORJLFDOGLVDVWHUVZDVODXQFKHGLQ

QDWXUDOUHVRXUFHV6DWHOOLWHEDVHGGHFLVLRQVXSSRUWV\VWHPVLQWHJUDWLQJVDWHOOLWHPHWHRURORJ\ZLWK

7KHHN'50SURMHFWIRFXVHVRQFOLPDWHFKDQJHODQGXVHDQGQDWXUDOUHVRXUFHVGHJUDGDWLRQDVWKH

IRUHFDVWLQJDQGFRPPXQLFDWLRQGHYLFHVHQDEOHHDUO\ZDUQLQJIRUGLVDVWHUV7KH,QGLDQ6SDFH5H

NH\DVSHFWVRIHQYLURQPHQWDOFKDQJHGULYLQJWKHGLVDVWHUV6SHFL½FLQWHUYHQWLRQVLQFOXGHWUDLQLQJ

VHDUFK2UJDQLVDWLRQ ,652 KDVGLVDVWHUPDQDJHPHQWV\VWHPVRIWZDUHVSHFL½FDOO\IRUWKLVSXUSRVH

UHVHDUFKSXEOLFDWLRQVDQGXVHRILQIRUPDWLRQLQWKHIROORZLQJDUHDV

,WZDVZD\EDFNLQZKHQVDWHOOLWHWHFKQRORJ\VWDUWHGWRUHYHDOLWVKXJHVRFLDODQGHGXFD

 UROHRIHQYLURQPHQWDOVWDWLVWLFVLQ'50

WLRQDOSRWHQWLDO7KHELJJHVWVDWHOOLWHEDVHGHGXFDWLRQH[SHULPHQWWRRNSODFHLQUXUDOYLOODJHV

 GHFLVLRQVXSSRUWV\VWHPVDQGVSDFH

DFURVVVL[,QGLDQVWDWHVXQGHUWKH½UVWSKDVHRIWKH6DWHOOLWH,QVWUXFWLRQDO7HOHYLVLRQ([SHULPHQW

 WHFKQRORJ\LQ'50

6,7( 7KHH[SHULPHQWWKDWPDGHHGXFDWLRQDOWHOHYLVLRQSURJUDPPHVDYDLODEOHIRUUXUDO,QGLDZDV

 HQYLURQPHQWDOQDWXUDOUHVRXUFHOHJLVODWLRQ

MRLQWO\GHVLJQHGE\WKH86EDVHG1DWLRQDO$HURQDXWLFVDQG6SDFH$VVRFLDWLRQ 1$6$ DQG,652

 LQ'50

6,7(ZDVIROORZHGE\VLPLODUH[SHULPHQWVLQYDULRXVFRXQWULHVZKLFKVKRZHGWKHLPSRUWDQWUROH

 HQYLURQPHQWDOVHUYLFHVLQGLVDVWHUVDQG

VDWHOOLWH79FRXOGSOD\LQSURYLGLQJLQIRUPDWLRQDQGHGXFDWLRQ

 HPHUJHQFLHV

7ZRRIWKHPDMRULQIRUPDWLRQUHVRXUFHQHWZRUNVLQ,QGLDWRGD\DUHWKH,QGLD'LVDVWHU5HVRXUFH
1HWZRUN ,'51 DQGWKH,QGLD'LVDVWHU.QRZOHGJH1HWZRUN ,'.1 7KH\KDYHEHHQGHYHORSHGZLWK
VXSSRUWIURPWKH8QLWHG1DWLRQV'HYHORSPHQW3URJUDPPHµV 81'3 GLVDVWHUULVNPDQDJHPHQW
SURJUDPPH,'.1LVQRZSDUWRIWKH6RXWK$VLD'LVDVWHU.QRZOHGJH1HWZRUN 6$'.1 
7KH1DWLRQDO1DWXUDO5HVRXUFH'DWD0DQDJHPHQW6\VWHP 115'06 WKH(QYLURQPHQWDO,QIRUPDWLRQ6\V

 LQWHJUDWLRQRIQDWXUDOUHVRXUFHPDQDJHPHQW
 DQGGLVDVWHUULVNUHGXFWLRQ
7KHZHEVLWHRIWKH,QGR*HUPDQSURMHFW(QYLURQPHQWDO
.QRZOHGJHIRU'LVDVWHU5LVN0DQDJHPHQW HN'50 
6RXUFHHN'50QG

WHP (19,6 DQGLQLWLDWLYHVE\WKH&HQWUDO6WDWLVWLFDO2UJDQLVDWLRQ &62 GHOLYHULPSRUWDQWLQIRUPDWLRQ
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Disaster-preventive reconstruction aims to draw appropriate lessons from natural disasters and

concepts. However, there is still a long way to go before environmental management policies become

includes disaster reduction criteria and measures directly in the reconstruction process (BMZ 2008).

an integral part of DRM. The following chart outlines how climate change adaptation, ecosystem

Disaster-preventive reconstruction involves carrying out risk assessments in diﬀerent sectors such as:

management and disaster risk reduction are interlinked.

•

infrastructure (e.g. ﬂood-resistant construction, provision of shelter);

•

institutions (responsibility and cooperation of actors);

•

local structures (strengthening organisations and structures);

•

future prevention (e.g. protection of resources, creation of ﬂood concepts).

Disaster-preventive reconstruction measures are designed to be included in long-term development

Linkage of climate change adaptation, ecosystem management and disaster risk reduction
&OLPDWH&KDQJH$GDSWDWLRQ
,QFUHDVHVWKHUHVLOLHQFHRIHFRV\VWHPVDQG
FRPPXQLWLHVWRFOLPDWHFKDQJHLPSDFWVDQG
VXSSRUWVGLVDVWHUULVNUHGXFWLRQ

activities following the reconstruction and rehabilitation phase. Aspects of climate change should be
incorporated at the reconstruction and rehabilitation stage, particularly if the natural disaster appears
to be due to changed climate conditions.
Natural disasters are environmental processes and can be understood as ‘environmental extremes’.

(FRV\VWHP0DQDJHPHQW
,QFUHDVHVWKHUHVLOLHQFHRIHFRV\VWHPVDQG
FRPPXQLWLHVWRFOLPDWHFKDQJHLPSDFWV
SURWHFWVWKHPIURPGLVDVWHUVDQG
VHTXHVWHUVFDUERQ

The vicious conundrum of ‘climate change – ecosystem degradation – accelerated disasters’ causes

'LVDVWHU5LVN5HGXFWLRQ
,QFUHDVHVWKHUHOLDQFHRIHFRV\VWHPVDQG
FRPPXQLWLHVWRGLVDVWHUVDQGFRPSOHPHQWV
FOLPDWHFKDQJHDGDSWDWLRQHIIRUWV

 6RXUFH81(3

severe economic and ecological dislocation and disruption, including loss of life, property and biodiversity. Ecosystem management therefore constitutes an essential part of a global climate change

When the Indian Ocean tsunami hit the Indian

adaptation strategy. Healthy ecosystems act as natural buﬀers and/or barriers to the impacts of extreme

Andaman and Nicobar islands in December

weather events. They protect infrastructure (e.g. mangroves protecting dykes and housing), and

2004, more women died than children or men –

increase the resilience of human systems to climate-related disasters. Healthy and diverse ecosystems

not due to chance, but due to gender inequalities.

also recover faster from disasters and can adapt more easily to climate change themselves. Natural

Even though tsunamis are not directly linked to

ecosystems oﬀer a cost-eﬀective and proven way for climate change adaptation and disaster risk

climate change, this example shows how women’s

reduction (UNDP India 2010).

roles as carers and mothers meant that, when the
disaster hit, they put the safety of their chil-

A failure to address environmental risks and the insuﬃcient inclusion of environmental considerations

dren and belongings before their own survival.

in relief operations can undermine the relief process. This can cause additional loss of life, displace-

Furthermore, the women had spent their lives

ment, aid dependency and increased vulnerability (Delrue & Sexton 2009).

in the home and had very limited experience of

Over the past decade, there has been greater focus on the interface between the environment, liveli-

interacting with others outside this private space.

hoods and disasters. The consequences are a more robust conceptual understanding of ecosystem

Food security and family well-being are threat-

services for both sustainable development and DRM, and increased empirical evidence to reinforce

ened when the resource base on which women
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rely to carry out their critical roles and obtain supplementary incomes is undermined. In rural areas in

local communities comes from Mozambique

many parts of the world, women’s insecure land tenure can cause unsustainable practices and be a criti-

(GTZ 2005). This East African country is one

cal factor in constraining their potential for recovery in the aftermath of disasters. Research on gender

of the poorest in the world; it is also one of the

and sustainable development should give greater attention to land tenure and its impact on natural

world’s top ten hotspots for ﬂoods, droughts and

disasters (Fourth World Conference on Women 1995). Without the full participation and contribution

cyclone disasters. It was in this context that in

of women in decision-making and leadership, real community resilience to climate change and disasters

2001 GIZ (then GTZ) set up an early warning

simply cannot be achieved (UNISDR 2008).

system for the catchment area of the Rio Búzi.
The pilot project was developed on behalf of the

Effective risk assessment and management,

German Federal Ministry for Economic Coopera-

particularly in the rural areas, requires the active

tion and Development (BMZ) with support from

involvement of local communities and civil society

the Munich Re Foundation. The creation of local

groups. Community-based disaster risk manage-

DRM committees has meant that the local com-

ment aims at combining the objectives of decreas-

munities are now better prepared for emergency

ing the occurrence of disasters and reducing losses

situations and know how to reduce disaster risk. This is an important step for climate change adaption,

and costs if disasters do occur. In India, the 73rd

since recent studies on climate change indicate that disaster risk will rise in the future.

Constitutional Amendment of 1993 institutionalises three tiers of local government at district (usu-

The implementation of DRM components began with a participatory risk analysis, which identiﬁed

ally called Zilla Parishad), block and village (Gram

a third of the district’s population as being particularly disaster-prone. Detailed risk maps were devel-

Panchayat) levels, collectively called Panchayati

oped, depicting high-risk areas and elevated ground for emergency evacuation. In terms of disaster

Raj institutions. Gram Panchayats have been vested, among other things, with the responsibility for

prevention and mitigation, the project focused on people-centered early warning systems, integration

preparing plans for managing and developing natural resources within their boundaries. This system of

of disaster prevention into district planning, and sensitisation of both the population and the local

devolved natural resource management has key and signiﬁcant potential for disaster risk reduction and

political and administrative decision-makers. The local DRM committees are responsible for warning

management strategies at ﬁeld levels. Here once more, the gender issue plays a role, since risk manage-

the population by radio before a disaster occurs and for organising transportation and evacuations.

ment is a task for both men and women in rural contexts.

As a result of the project, climate-driven disasters and threats can now be eﬀectively met by concerted,
decentralised community action and self-organisation.

Community-based risk and vulnerability assessment practices using Community Geoinformatics (C-GIS)
have begun to appear in DRM practice in India. GIZ’s experience in countries like Mozambique and

After implementing simple and eﬀective measures at local level, a follow-on programme is now focusing

Nicaragua can serve as examples of good practice and support community-based approaches in India.

on upscaling DRM to higher levels. It advises the institutions involved on how to incorporate DRM
into policymaking. Legislation to institutionalise DRM is under development and should be completed

One example of successful integration of adaptation measures into DRM systems in cooperation with


within the next years.
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Another successful example of adaptation through DRM comes from Nicaragua, where climate change

have been felled. Furthermore, replacing oil and other fossil fuels with wood as biomass energy can

is making itself felt with increasing storms, ﬂoods, hurricanes, drought and irregularities in the rainfall

reduce CO emissions, bringing about a slowdown in global warming (Venton & La Trobe 2008).

cycle. In 2004, GIZ (then GTZ) initiated a project with selected rural communities entitled Adaptation to Climate Change through Risk Management. The aim was to improve the communities’ capacity

Another factor contributing to the intensiﬁca-

to adapt to climate change by means of strengthened DRM and to integrate this capacity into their

tion of anthropogenic greenhouse eﬀects is

planning processes.

forest ﬁres. DRM creates and strengthens the
necessary infrastructure to extinguish wildland

The main issue was to raise awareness among those aﬀected and those in charge at community level and

fires and forest fires. It makes it possible to

to provide them with a plan and the means to manage disaster risk. To ensure collaboration at commu-

ﬁght forest ﬁres more eﬀectively by setting up

nity level, multiple participatory risk analyses were conducted, relying on information provided by 550

ﬁre prevention and ﬁreﬁghting units and by

individuals from diﬀerent communities. In addition, special risk analysis training for employees from

providing the necessary training and education.

municipalities and local authorities helped ensure preparedness. The next step was to integrate the iden-

In addition, the use of existing communication

tiﬁed risks into the local land management plans and deﬁne the necessary steps to reduce them. Early

structures and the development of ﬁre man-

warning systems were installed or improved in the pilot communities. To ensure fast communication

agement concepts help suppress ﬁres and thus

and information exchange, hands-on training on how to use the equipment was organised for around

avoid further CO emissions. A GIZ project in

150 individuals. The early warning systems substantially improved the preparedness and speed of evacu-

Mongolia illustrates how this can work.

ation during the 2005 hurricanes Wilma and Beta. To ensure that these pilot projects have a sustainable
impact, they have been integrated into GIZ’s long-term Programme for Sustainable Resource Manage-

In Central Asia, in particular, existing changes

ment and Entrepreneurial Capacity Building in Nicaragua.

in climate, in combination with changes in
land use, are already causing more intense for-

/LQNLQJDGDSWDWLRQDQGPLWLJDWLRQ

est and wildland ﬁres, threatening ecosystems,
the livelihoods of the local population and the
economy. The aim of the project is to reduce

An important part of addressing climate change is dealing with its root causes by reducing green-

disaster risk through integrated ﬁre manage-

house gas emissions from human activity. Examples of mitigation actions include managing natu-

ment measures and at the same time minimise

ral carbon sinks such as forests, vegetation and soils so that they absorb carbon dioxide (UNISDR

the negative impacts of forest ﬁres on people,

2008). Afforestation and reforestation are two instruments of disaster risk management (DRM)

property and climate.

that can reduce risk. Trees and other vegetation help to lessen the impact of ﬂoods and avoid soil
erosion. These DRM measures also indirectly contribute to mitigating global warming: forests and

The project covered diﬀerent levels and ap-

other vegetation have the capacity to absorb carbon dioxide and store it for decades even after trees

proaches to integrated ﬁre management. Key
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aspects included identifying aﬀected areas, developing a risk analysis and recommendations on
incorporating the results into the National Round Table on Fire Management. A round table initiated by GIZ supported the establishment of an Inter-Agency Fire Management Board with the
participation of civil organisations and associations. Improvements in ﬁre management structures
and capacities at community, state and national level and cross-border cooperation were fostered
by targeting representatives of the diﬀerent levels. The knowledge generated from this project is
expected to help prevent ﬁre risk due to climate change.
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