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� "HSFFNFOU XJUI HSFBUFS SFTJEFOUJBM EFOTJUZ

* BHSFF XJUI JODSFBTJOH SFTJEFOUJBM EFOTJUZ DMPTF UP UIF DPNNFSDJBM DFOUSFT PG /FMTPO BOE 4UPLF�

� *OBEFRVBDZ PG NPUJWBUJPOT

5IF QSPQPTFE DIBOHF EPFT OPU SFDPHOJTF NVDI PG UIF SFBTPOJOH UIBU DPVME NPUJWBUF JODSFBTFE
SFTJEFOUJBM EFOTJUZ� 5IFSF BSF NBOZ
 JODMVEJOH CFUUFS FDPOPNJD GVODUJPO 	OPUBCMZ GPS EPXOUPXO
SFUBJM

 CFUUFS GVODUJPOJOH BOE QSPWJTJPO PG QVCMJD USBOTQPSUBUJPO
 JNQSPWFE QVCMJD TBGFUZ
 SFEVDFE
DPOHFTUJPO
 CFUUFS BDDFTT UP SVSBM TQBDF CFDBVTF JU XJMM SFNBJO DMPTF UP SFTJEFOUT SBUIFS UIBO CFJOH
QVTIFE PVU CZ TQSBXM�

4BZJOH UIBU QFPQMF OFFE IPNFT JT USVF� 4BZJOH POMZ UIBU QFPQMF OFFE IPNFT JT MZJOH CZ PNJTTJPO

HVBSBOUFFT B QPPS EFDJTJPO�NBLJOH QSPDFTT
 BOE DBOOPU CF FYQFDUFE UP MFBE VT UP PQUJNBM PVUDPNFT�

3॔৸ॣ॔ॡॢ� (JWF NPUJWBUJPOT UIBU FYQMBJO UIF QSPQPTBM
 HSPVOEFE JO B DPNQSFIFOTJWF FWBMVBUJPO PG
EFTJSFE PVUDPNFT
 BOE ESJWFO CZ B DPNQSFIFOTJWF FWBMVBUJPO PG /FMTPOۜT DVSSFOU DPOTUSBJOUT BOE
QSPCMFNT�

� (FOFSBM JOBEFRVBDZ PG QSPQPTBM

5IJT QSPQPTFE DIBOHF JT WFSZ EJयDVMU UP SFTQPOE UP CFDBVTF JU IBT CFFO QSFTFOUFE XJUIPVU UIF CBDL�
HSPVOE SFTFBSDI OFFEFE UP VOEFSTUBOE XIBU JU JT GPS BOE XIBU JU JT NFBOU UP BDIJFWF� 4QFDJभDBMMZ
 JU
MBDLT SBUJPOBMF GPS BOZ TQFDJभD DIBOHFT
 BOE JU MBDLT B DMFBS TUSBUFHJD EJSFDUJPO PS QVSQPTF� *U IFODF
EPFT OPU SFBE BT B QMBO DIBOHF QSPQPTBM
 CVU NFSFMZ BT B OFX NBOBHFSJBM SVMFTFU UIBU BQQFBST UP
CF VOJOGPSNFE CZ FWFO JOUSPEVDUPSZ�MFWFM VSCBO QMBOOJOH DPODFQUT
 QSJODJQMFT BOE NFUIPET�

"T UIF 3FTPVSDF .BOBHFNFOU "DU JT GSBNFE MBSHFMZ BSPVOE UIF BTTFTTNFOU PG FOWJSPONFOUBM
FबFDUT
 JU DPNFT BDSPTT BT JSPOJD UIBU UIJT QMBO QSPQPTBM QSPWJEFT OP TFSJPVT BTTFTTNFOU PG XIBU
FOWJSPONFOUBM FबFDUT TIPVME CF FYQFDUFE GSPN JUT JNQMFNFOUBUJPO�

1MFBTF SFNFNCFS UIBU NBUFSJBMT GPS QVCMJD DPOTVMUBUJPO OFFE UP CF XSJUUFO GPS QFPQMF XIP BSF
OPU TQFDJBMJTUT JO UIF भFME� 5IJT EPFT OPU NFBO MFBWJOH PVU BMM PG UIF TQFDJBMJTU SBUJPOBMF
 CVU JU EPFT
NFBO DPOWFZJOH JU JO B XBZ UIBU JOGPSNT BOE FEVDBUFT VT XIP EP OPU LOPX�

/PU IBWJOH EPOF UIJT XSJUJOH XPSL
 QMVT UIF HFOFSBM BCTFODF PG SBUJPOBMF BOE WJTJPO
 HJWFT UIF
JNQSFTTJPO UIBU UIF QSPQPTBM XBT XSJUUFO JO CBE GBJUI� :PV NVTU CFBS JO NJOE UIBU XF XIP TVCNJU
EP OPU IBWF B $PVODJM TBMBSZ UP TVQQPSU PVS TVCNJTTJPO XPSL� JU DPTUT VT UJNF UP TVCNJU
 ZPV CFOFभU
GSPN QFSTQFDUJWF BOE FYQFSUJTF UIBU TVCNJUUFST CSJOH
 BOE JU JT SFBTPOBCMF GPS TVCNJUUFST UP SFDFJWF
DPOTVMUBUJPO EPDVNFOUT UIBU XFSF XSJUUFO FYQSFTTMZ GPS DPOTVMUBUJPO� "T UIJOHT TUBOE
 ZPV XJMM OPU
CF HFUUJOH TVCNJTTJPOT GSPN UIPVTBOET XIP DBOOPU TQBSF UIF UJNF BOE FOFSHZ UP EP TP� XF IBWF
TFFO OPUIJOH UP GBDJMJUBUF FOHBHFNFOU GSPN TVQQSFTTFE WPJDFT�

3॔৸ॣ॔ॡॢ� 8SJUF B OFX QSPQPTBM UIBU TQFBLT FYQMJDJUMZ UP HPPE VSCBO QMBOOJOH� 5IJT NVTU JODMVEF
CBTJDT TVDI BT NPEFMMJOH

�&�NBJM BEESFTT� BMJTUBJS�LXBO!HNBJM�DPN� .Z QIPOF OVNCFS JT ��� ��� ���� CVU QMFBTF EP OPU DBMM XJUIPVU भSTU
BSSBOHJOH B UJNF CZ F�NBJM PS 4.4�

* EP OPU SFRVFTU UP TQFBL BU B QVCMJD IFBSJOH�
* XJMM HBJO OP USBEF BEWBOUBHF UISPVHI UIJT TVCNJTTJPO�
* BN BO BDBEFNJD BOE UFDIOJDBM XSJUFS BOE FEJUPS� NZ भFMET JODMVEF IFSJUBHF BOE IJTUPSZ 	TQFDJBMJTJOH JO TJUFT BOE PCKFDUT



VSCBO QMBOOJOH
 BSDIJUFDUVSF
 BOE IFBUJOH
 WFOUJMBUJPO BOE BJS DPOEJUJPOJOH 	)7"$
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�� DJSDVMBUJPO
 USBOTQPSU
 UFNQFSBUVSF
 IVNJEJUZ
 XJOE
 XBUFS मPXT
 OPJTF MFWFMT
�� VSCBO FDPTZTUFN TFSWJDFT

UP JEFOUJGZ CPUI

�� XIFSF JODSFBTFE QPQVMBUJPO EFOTJUJFT XJMM BDIJFWF UIF CFTU PVUDPNFT
�� XIFSF UBMMFS
 DMPTFS CVJMEJOH GPSNT XJMM BDIJFWF UIF CFTU PVUDPNFT�

3॔৸ॣ॔ॡॢ� $POUFYUVBMJTF UIF QSPKFDU XJUIJO B WJTJPO GPS /FMTPOۜT MPOH�UFSN GVUVSF ۖ B EFTJHO TUSBU�
FHZ UIBU XF OFFE PVS $PVODJMMPST UP TUSJWF UPXBSET
 FWFO JG UIFZ IBWF OPU TUVEJFE VSCBO QMBOOJOH�

3॔৸ॣ॔ॡॢ� *G ZPV EP OPU IBWF B UFDIOJDBM XSJUFS BOE FEJUPS PO TUBब
 IJSF POF GPS UIF QSPKFDU� *G
ZPV EP IBWF UIFN
 QMFBTF CSJOH UIFJS BCJMJUJFT UP UIF QSPKFDU� 5FDIOJDBM XSJUJOH BOE FEJUJOH JOWPMWF
TQFDJBMJTU XSJUJOH
 NVMUJEJTJQMJOBSZ MFBSOJOH
 BOE JOGPSNBUJPO NBOBHFNFOU TLJMMT UIBU BMNPTU OP
POF IBT JO UIF BQQSPQSJBUF DPNCJOBUJPO�

3॔৸ॣ॔ॡॢ� &OBCMF QBSUJDJQBUJPO GSPN QFPQMF XJUIPVU FOPVHI UJNF
 FOPVHI NPOFZ
 FOPVHI TBGFUZ

FOPVHI DVMUVSBM DBQJUBM�

� 1SPWJTJPO OFFEFE GPS VSCBO JNQSPWFNFOU

5IF QSPQPTBM NBLFT OP NFOUJPO PG BDUVBMMZ JNQSPWJOH BOZUIJOH�

3॔৸ॣ॔ॡॢ� * BTL UIBU TPNF FYQMJDJU FWBMVBUJPO PG VSCBO DPOEJUJPOT CF JODMVEFE CPUI UP KVTUJGZ UIF
QMBO DIBOHF
 BOE BMTP BT B DSJUFSJPO GPS VSCBO EFWFMPQNFOU�

5IF PQUJPOT JODMVEF NFBTVSJOH VSCBO FDPTZTUFN TFSWJDFT
 VTJOH F�H� MBOETFOTFT FDPMPHZ� -BOE�
TFOTFT FDPMPHZ IBT CFFO EFWFMPQJOH GPS OFBSMZ B EFDBEF
 BT B NPSF NVMUJEJTJQMJOBSZ BQQSPBDI UP
VSCBO FDPTZTUFN TFSWJDFT� -BOETFOTFT FDPMPHZ JOUFHSBUFT UIF IVNBO BOE OBUVSBM XPSMET UP FYBN�
JOF UIF SFBMJUJFT PG PDDVQBOUTۜ FWFSZEBZ FYQFSJFODF TVDI BT PVS BDDFTT UP GPPE BOE XPSL BOE TIFMUFS

PVS TBGFUZ BOE TFDVSJUZ
 PVS QFBDFGVM FOKPZNFOU PG B TQBDF
 PVS CFJOH XFMDPNF JO B TQBDF
 PVS CF�
JOH BCMF UP FOUFS BOE UP MFBWF B TQBDF BU XJMM� &OHBHJOH MBOETFOTFT FDPMPHZ XJMM QSPWJEF OBUVSBM
PQQPSUVOJUZ UP TQFBL UP BP .ÁPSJ DPOTJEFSBUJPOT PG UIF VSCBO GPSN
 JUT GVUVSF
 BOE DPNNVOJUZ
XFMMCFJOH�

"OZ TVCTUBOUJBM DIBOHF UP B TJUF TIPVME SFRVJSF KVTUJभDBUJPO CZ TIPXJOH UIBU VSCBO FDPTZTUFN
TFSWJDF NFBTVSFT BSF JNQSPWFE JO BU MFBTU TPNF DBUFHPSJFT
 BOE OPU XPSTFOFE JO BOZ DBUFHPSJFT�

3॔৸ॣ॔ॡॢ� 3FBE

ۥ (³NF[�#BHHFUIVO � BM�
 ۟6SCBO FDPTZTUFN TFSWJDFT۠ JO &MNRWJTU � BM� FEE� 6SCBOJ[BUJPO
 #JPEJ�
WFSTJUZ BOE &DPTZTUFN 4FSWJDFT� $IBMMFOHFT BOE 0QQPSUVOJUJFT 	4QSJOHFS
 ����
 QQ� ���ۖ��� BOE

ۥ .FVSL � BM�
 ۟&DPTZTUFN TFSWJDFT JO /FX ;FBMBOE DJUJFT۠ JO %ZNPOE
 FE� &DPTZTUFN TFSWJDFT JO /FX
;FBMBOE ڰ DPOEJUJPOT BOE USFOET 	.BOBBLJ 8IFOVB 1SFTT
 -JODPMO
 /FX ;FBMBOE
�

3॔৸ॣ॔ॡॢ� 1SPWJEF NBQT TIPXJOH UIF DVSSFOU TUBUF PG FDPTZTUFN TFSWJDFT� 5IFTF BSF OFFEFE UP
JEFOUJGZ BOE QSJPSJUJTF XIFSF CJHHFS DIBOHFT TIPVME IBQQFO
 BOE XIBU LJOET PG DIBOHFT ۖ JG BOZ ۖ
TIPVME IBQQFO
 FWFSZXIFSF�

3॔৸ॣ॔ॡॢ� 3FRVJSF UIBU BQQMJDBUJPOT GPS DIBSBDUFS�DIBOHJOH EFWFMPQNFOU JODMVEF B EFNPOTUSBUJPO
ۖ QFSIBQT VTJOH MBOETFOTFT FDPMPHZ
 PS VSCBO FDPTZTUFN TFSWJDFT NPSF HFOFSBMMZ ۖ UIBU RVBMJUZ PG
MJGF XJMM JNQSPWF
 PS BU MFBTU OPU EFDMJOF
 CPUI DMPTF UP UIF TJUF 	F�H� XJUIJO �� NFUSFT

 BOE BMTP JO
TPNF CSPBEFS OFJHICPVSIPPE BSFB 	F�H� XJUIJO ��� TUSFFU�NFUSFT
 PG UIF TJUF�

�



� 1SPUFDUJPOT OFFEFE GPS OFJHICPVSٝT DPTUT PG MJWJOH

&YUFOTJWF NFOUJPO IBT CFFO BMSFBEZ PG QFPQMF MPTJOH UIF VTFGVMOFTT PG TPMBS QIPUPWPMUBJD DFMMT BOE
EJSFDU�JOTPMBUJPO XBUFS IFBUFST EVF UP TIBEJOH CZ OFX
 UBMM CVJMEJOHT CFJOH FSFDUFE OFYU�EPPS� 5IF
MPTT PG QIPUPWPMUBJD HFOFSBUJPO DBQBDJUZ JT PG TJHOJभDBODF OPU POMZ UP UIF PDDVQBOU
 CVU BMTP PO
B OBUJPOBM TDBMF BT JU DPOमJDUT XJUI HPWFSONFOU FबPSUT UP JNQMFNFOU B EJTUSJCVUFE CVबFS BHBJOTU
PWFSTIPPUJOH FMFDUSJDBM EFNBOE QFBLT� 5IJT EJTUSJCVUFE CVबFS DPNQSJTFT SFTJEFOUJBM CBUUFSJFT
 GPS
XIJDI JNNFOTF HPWFSONFOU TVQQPSU IBT BMSFBEZ CFFO QSPWJEFE UP 4PMBS ;FSP�

5IFSF BSF BMTP PUIFS MPTTFT UP DPOTJEFS�

ۥ -PTU XJOUFS IFBU HBJO UISPVHI JOTPMBUJPO PO UIF SPPG BOE XBMMT� 4VDI MPTT XPVME SFEVDF UIF FG�
GFDUJWFOFTT PG IVNJEJUZ SFNPWBM TZTUFNT UIBU SFMZ PO QSFIFBUFE BJS JO UIF SPPG DBWJUZ
 BOE XPVME
JODSFBTF UIF OFFE GPS IFBUJOH UIF JOUFSJPS MJWJOH TQBDFT� 5IF SFTVMUT
 JO CPUI DBTFT
 BSF JODSFBTFE
DPTUT UP UIF PDDVQBOUT�

ۥ -PTU GPPE QSPEVDUJPO UISPVHI TIBEJOH PG HBSEFOT
 SFTVMUJOH JO JODSFBTFE GPPE DPTUT�
ۥ -PTU SFDSFBUJPOBM HBSEFOJOH QSPTQFDUT UISPVHI TIBEJOH PG HBSEFOT
 SFTVMUJOH JO SFEVDFE NFOUBM
IFBMUI UISPVHI HFOFSBM DVMUVSBM BOE MFJTVSF JNQPWFSJTINFOU�

5IF QSPQPTFE QMBO EPFT OPU FYQMBJO IPX EFWFMPQFST TIPVME SFDPNQFOTF OFJHICPVST GPS UIF
DPTUT UIBU DBTUJOH NPSF TIBEF XJMM DBVTF� (JWFO /FMTPOۜT FTUBCMJTIFE DIBSBDUFS BT B MBSHF SFUJSFNFOU
DPNNVOJUZ
 BOE SFQFBUFE FYIPSUBUJPOT UP NBLF JU GSJFOEMJFS UPXBSET ZPVOHFS GBNJMJFT
 BOZ QMBO
DIBOHF NVTU QSPWJEF GPS UIFN�

3॔৸ॣ॔ॡॢ� *ODPSQPSBUF CFUUFS QSPUFDUJPOT GPS OFJHICPVSۜT TVO ۖ XIJDI NBZ DPNF JO WBSJPVT GPSNT

TVDI BT

ۥ भOBODJBM DPNQFOTBUJPO GPS MPTU BSFB�TVO�IPVST 	BSFB PG TIBEF
 JOUFHSBUFE PWFS UJNF PG TIBEJOH

SFDPHOJTJOH UIBU UIF JNQPTFE DPTUT BSF
 JO FबFDU
 GPSFWFS

ۥ NPSF DPOTFSWBUJWF SFDFTTJPO QMBOFT
ۥ HVBSBOUFFE BSFB�TVOMJHIU�IPVST 	TRVBSF NFUSFT PG EJSFDU TVO
 JOUFHSBUFE PWFS FYQPTVSF UJNF
 BU
XJOUFS TPMTUJDF
 PO PQFO HSPVOE JO BU MFBTU TPNF SFTJEFOUJBM MBOE�VTF [POFT

ۥ DPNQFOTBUPSZ HBSEFO TQBDF
 F�H� UISPVHI SPPॅPQ BOE DPVSUZBSE HBSEFOT PO OFX CVJMEJOHT PS
MJGFUJNF BMMPUNFOUT PO DPNNVOJUZ HBSEFO TJUFT OFBSCZ

ۥ DPNQFOTBUPSZ HBSEFO TQBDF BMPOH SPBETJEFT�

3॔৸ॣ॔ॡॢ� "EKVTU SFDFTTJPO QMBOFT BOE TFUCBDL MJOFT UP BMMPX UFSSBDFE IPVTJOH BDSPTT TFDUJPOT JO
UIF JOOFSNPTU MBOE VTF [POFT TP UIBU JNNFEJBUFMZ BEKBDFOU XBMMT
 BOE JOEFFE QBSUZ XBMMT
 DBO CF B
NFBOT PG UIFSNBM DPOUSPM ۖ UIFZ OFJUIFS UBLF JO TPMBS IFBU OPS SBEJBUF JU UP TQBDF�

� *OBEFRVBUF QSPWJTJPO GPS DPNNVOJUZ

.VDI JT TBJE BCPVU UIF OFFE UP BDDPNNPEBUF JOEJWJEVBMT BOE GBNJMJFT� .PSF NVTU CF TBJE BCPVU
UIF OFFE UP CVJME DPNNVOJUJFT� 5IF QSPCMFN DPOUFYU IFSF JT B DJUZ
 OPU B XBSFIPVTF� XF EP OPU QVU
VQ BQBSUNFOUT TJNQMZ UP TUPSF QFPQMF JO� 5IPTF QFPQMF IBWF MJWFT� 5IFZ OFFE UP DPNF BOE HP
 UIFZ
OFFE UP DPOOFDU XJUI PUIFST CPUI UISPVHI UIFJS XJOEPXT BOE PWFS UIFJS QSPQFSUZ CPVOEBSJFT
 BOE
BMTP XIFO UIFZ MFBWF BOE SFUVSO UP UIFJS QSPQFSUJFT� 0UIFST OFFE UP CF BCMF UP DPOOFDU XJUI UIFN
UP GPSN OFJHICPVSIPPE DPNNVOJUJFT�

3॔৸ॣ॔ॡॢ� 1SPWJEF GPS QPTJUJWF JOUFSBDUJPO� OPU NFSFMZ TFUUJOH BTJEF TQBDF TVDI BT BO PDDBTJPOBM
QBSL
 CVU CZ SFRVJSJOH TQBUJBM EFTJHO PG FOWJSPONFOUBM DVFT UP JODSFBTF TPDJBM DPOOFDUJWJUZ BOE
DPNNVOBM UISJWJOH 	TFF FDPTZTUFN TFSWJDFT BCPWF
�

�



� *OBEFRVBUF QSPWJTJPO GPS PVUMPPLT BOE WJFXTIB࠼T

0QFO WJFXT PG OBUVSBM TQBDF BSF JNQPSUBOU CPUI PVU PG B CVJMEJOH
 BOE BMTP POUP B CVJMEJOH� 7JFXT
QSPWJEF OPU TJNQMZ GPS TJNQMF OJDFOFTT
 CVU GPS NFOUBM IFBMUI� .BOZ IPVTFT BMPOH -PDLJOH 4USFFU

GPS FYBNQMF
 HFU WJFXT POMZ UP UIF (SBNQJBOT BOE
 JG ZPV MPPL EJSFDUMZ VQ
 JOUP UIF TLZ� *ODPO�
TJEFSBUFMZ FSFDUJOH B UBMM CVJMEJOH BU UIF XFTU FOE PG &YBNJOFS 4USFFU NBZ DVU UIPTF SFTJEFOUT Pब
FOUJSFMZ�

4JNJMBSMZ
 DPOTJEFS UIF भOF TQFDJNFO PG BHHSFTTJWF
 BOUJTPDJBM BSDIJUFDUVSF UIBU XBT FSFDUFE
CFIJOE ��� (SPWF 4USFFU� 5IF IPNF JT EFMJHIUGVM GSPN UIF GSPOU
 CVU UIF CBDL ZBSE IBT CFFO NBEF
JOUP B OBTUZ IFMMIPMF CZ UIF EFMJCFSBUFMZ JNQPTJUJPO PG IPSSJCMF UXP�TUPSFZ CVJMEJOHT PO UIF TJUF
CFIJOE JU� 5IJT MJUFSBMMZ BO BSTF�FOE WJFX� UIF OFJHICPVST BSF HSFFUFE XJUI HSVCCZ FM�DIFBQP TUVDDP
QVODUVBUFE CZ UPJMFU XJOEPXT BOE QMVNCJOH WFOUT� $POTJEFSBCMF DPODFSO IBT CFFO FYQSFTTFE UIBU
EFWFMPQFST XJMM EP TJNJMBSMZ FMTFXIFSF JO UIF DJUZ�

3॔৸ॣ॔ॡॢ� 1SPUFDU GPS TPNF MPOH�SBOHF WJFX
 F�H� HVBSBOUFF TPNF TPMJE BOHMF NFBTVSF PG WJFX UP
BOE BCPWF UIF IPSJ[PO GSPN UIF NBJO MJWJOH TQBDFT PG FYJTUJOH CVJMEJOHT�

3॔৸ॣ॔ॡॢ� 1SPUFDU BHBJOTU UIF JNQPTJUJPO PG BOUJTPDJBM XBMM WJFXT�

� " NPSF NBUVSF BQQSPBDI UP IFSJUBHF JT OFFEFE

5IF DJUZۜT DVSSFOU BQQSPBDI UP VSCBO IFSJUBHF IBT DFOUSFE NBJOMZ PO SFUBJOJOH MBUF ��UI DFOUVSZ
BOE FBSMZ ��UI DFOUVSZ IPVTFT
 NBJOMZ UIF FYUFSJPST� 5IJT JT OPU VSCBO IFSJUBHF
 CVU POMZ GB§BEJTN�
8IFO QSPQFSUZ PXOFST UIFO DVU UIFJS GSPOUBHFT Pब GSPN QVCMJD WJFX CZ FSFDUJOH UBMM GFODFT PS
HSPXJOH EFOTF
 UBMM IFEHFT
 UIFTF IPVTFT OP MPOHFS DPOUSJCVUF UP IFSJUBHF JO BOZ QVCMJD TFOTF�

5IF $PVODJM IBT BDDFQUFE UIF 5BPOHB UVLV JIP IFSJUBHF TUSBUFHZ� "T POF PG JUT DPOUSJCVUPST
 *
BN BXBSF UIBU $PVODJM IBT DPNNJUUFE UP B NPSF NBUVSF BQQSPBDI UP VSCBO BOE SFHJPOBM IFSJUBHF
UIBU DPOTJEFST NPSF UIBO KVTU MPPLT
 BOE NPSF UIBO KVTU DPMPOJBM BEEJUJPOT�

$PVODJM IBT UIVT DPNNJUUFE UP UIF XIBLBQBQB PG TJUF BOE TUSVDUVSFT
 XIJDI FYUFOET GBS CFZPOE
UIF CFBVUJGVM UJNCFS IPVTFT UIBU XF TP HSFBUMZ USFBTVSF� *U JODMVEFT QBTU VTFT PG UIBU MBOE
 BOE JU
JODMVEFT UIF MBOE JUTFMG
 BOE UIF XBUFSXBZT UIBU VTFE UP SVO UISPVHI JU� $PVODJM IBT DPNNJUUFE UP
VOEFSTUBOEJOH UIBU XIBLBQBQB JT OPU KVTU B MJTU PG UIJOHT UIBU XFSF UIFSF CFGPSF
 CVU UIF DIBJO PG
DBVTFT UIBU NBLF /FMTPO BOE 8IBLBUī XIBU UIFZ BSF UPEBZ
 BOE UIBU DPOUJOVFT PO JOUP UIF GVUVSF�

5IFTF DPNNJUNFOUT BMJHO XFMM XJUI BQQSPBDIJOH VSCBO QMBOOJOH UISPVHI FDPTZTUFN TFSWJDFT
	TFF BCPWF
�

3॔৸ॣ॔ॡॢ� 3FRVJSF EFWFMPQNFOU UP FYUFOE UIF XIBLBQBQB PG UIF TJUF BOE PG FYJTUJOH BOE QSFWJPVT
TUSVDUVSFT BOE VTFT�

3॔৸ॣ॔ॡॢ� "MM $PVODJM TVQQPSU PG VSCBO IFSJUBHF TJHOJभDBODF TIPVME DPOUSJCVUF UP QVCMJD IFSJUBHF
TFSWJDF
 OPU UP QSJWBUF IFSJUBHF QPTTFTTJPO� 'PS FYBNQMF
 SFRVJSF UIBU UIF GSPOU CPVOEBSJFT
 JO BSFBT
DPOTFSWBUJWFMZ QSFTFSWFE GPS UIFJS IFSJUBHF
 CF ��� USBOTQBSFOU VQ UP UXP NFUSFT GSPN UIF HSPVOE

UP CF BDIJFWFE UISPVHI B DPNCJOBUJPO PG GFODF�IFEHF IFJHIU
 GFODF�IFEHF PQBDJUZ 	F�H� HBQT CF�
UXFFO TMBUT PS SBJMT

 BOE VOPDDMVEFE HBUFXBZT�

3॔৸ॣ॔ॡॢ� &ODPVSBHF BOE GBWPVS EFWFMPQNFOUT UIBU NBLF HPPE VTF PG FYJTUJOH
 PO�TJUF NBUFSJBMT
BOE TUSVDUVSFTۣ

3॔৸ॣ॔ॡॢ� .VDI BT XF QSPUFDU BJSTIFET GSPN भSFQMBDF QPMMVUBOUT
 QSPUFDU PUIFS BTQFDUT PG PVS OBU�
VSBM IFSJUBHF�

ۣ4FF F�H� 1BHF
 8IZ QSFTFSWBUJPO NBUUFST 	:BMF
 ����
�

�



� *OBEFRVBUF QSPWJTJPO GPS XBUFS NBOBHFNFOU

5IF SFEVDFE SFRVJSFNFOU GPS QFSNFBCMF TVSGBDF JT VOEFSTUBOEBCMF CVU
 HJWFO BMPOF
 JU DPNFT BDSPTT
BT IBMG�CBLFE 	JG OPU NFSFMZ GBCSJDBUFE
�

3॔৸ॣ॔ॡॢ� *ODSFBTF UIF QSPWJTJPOT GPS XBUFS BCTPSQUJPO CZ BEEJOH F�H� HSFFO SPPGT
 JOभMUSBUJPO
QPOET
 QFSNFBCMF QBWFNFOU
 HSFFO XBMMT
 FUD�

�� *OBEFRVBUF QSPWJTJPO GPS VSCBO NJDSPDMJNBUF
 BOE GPS FOWJSPONFOUBM DIBOHFT NPSF HFOFS�
BMMZ

5IF QSPQPTFE QMBOT TBZ OPUIJOH BU BMM BCPVU IPX UBMMFS
 DMPTFS CVJMEJOHT XJMM BबFDU UFNQFSBUVSFT

BJSमPX
 BOE SFमFDUFE MJHIU BOE IFBU� $JUJFT BSF BMSFBEZ EFTJHOFE UP BENJU DPPMJOH BOE SFGSFTIJOH
CSFF[FT
 UP QSPWJEF TIBEF� .PEFMT 	F�H� JNQMFNFOUFE JO &/7*�NFU TPॅXBSF
 BSF PॅFO B CJU DSVEF
ۖ NBJOMZ EVF UP UIF DPNQVUBUJPOBM DPTUT PG भOF EFUBJM ۖ CVU UIFZ BU MFBTU HJWF TVयDJFOU SFMJBCMF
CBMMQBSL JOEJDBUJPOT UP CF XJEFMZ VTFE� 5IFSF JT OPUIJOH OFX IFSF� *U JT IFODF IBSE UP UIJOL PG BOZ
HPPE SFBTPOT XIZ UIF NPEFMMJOH XBT OPU JODMVEFE JO UIF QSPQPTBM�

*O BEEJUJPO
 XF IBWF TPNF SFNBSLBCMZ EVNC EJTBTUFST TVDI BT UIF ۛDSFBUJWFۜ BSDIJUFDUT XIP
CVJME DPODBWF NJSSPST JOUP B -POEPO TLZTDSBQFS
 GPDVTTJOH UIF SFमFDUFE TVOMJHIU UJHIUMZ POUP UIF
SPBE CFMPX ۖ DBVTJOH HSFBU EJTDPNGPSU UP QFEFTUSJBOT BOE EBNBHJOH UIF QBJOU PO QBSLFE DBST� 4VDI
NJSSPST BMTP SFमFDU OPJTF JO UIF TBNF XBZ� 5IF NBUIFNBUJDT UP IBOEMF UIJT IBT CFFO BWBJMBCMF GPS
BQQSPYJNBUFMZ UXP UIPVTBOE ZFBST 	DPOTJEFS F�H� "QPMMPOJVTۜT XPSLT
� UIFSF JT
 BHBJO
 OPUIJOH OFX�

3॔৸ॣ॔ॡॢ� 1SPWJEF NPEFMT UIBU TIPX UIF FबFDUT PG CVJMEJOH EFOTJभDBUJPO�

3॔৸ॣ॔ॡॢ� 3FRVJSF EFWFMPQFST UP TIPX TVDI NPEFMT UP EFNPOTUSBUF UIBU UIFJS QSPQPTFE CVJMEJOHT
XJMM DBVTF OP TVCTUBOUJBM IBSN�

3॔৸ॣ॔ॡॢ� &ODPVSBHF HSFFO SPPGT
 HSFFO XBMMT�
1MFBTF DPOTJEFS $POEPNJOJP �� 7FSEF
 B भWF�TUPSFZ BQBSUNFOU CMPDL PO WJB (BCSJFMF $IJBCSFSB


5PSJOP� *U IBT CFFO UIFSF TJODF ����
 B WFSZ TIPSU XBML GSPN UIF #PSHP .FEJFWBMF� *U DPOUBJOT PWFS
�� BQBSUNFOUT
 JOUFSTQFSTFE BOE JOUFSQFOFUSBUFE CZ MJWJOH HSFFOFSZ� *G UIJT JT QPTTJCMF UP SFNFEJBUF
B EZJOH JOEVTUSJBM IPMF JO *UBMZ
 XF TIPVME TVSFMZ CF BCMF UP BDIJFWF BU MFBTU IBMG PG UIBU JO B CVJMEJOH
IFSF� 0S EP XF OPU BTQJSF ۤ

�� 3FHVMBUJPO PG WFIJDMF OPJTF BOE QPMMVUJPO NJTTFT UIF QSPCMFN
 QBTTFT UIF CVDL

5IFSF IBT OPU CFFO FOPVHI BUUFOUJPO UP UIF OPJTF BOE EVTU DBVTFE CZ WFIJDMFT� 5IJT OPJTF JT MBSHFMZ
PQUJPOBM
 BOE JOTVMBUJOH BHBJOTU JU EPFT OPU SFEVDF UIF FबFDU UIBU JU IBT PO QFEFTUSJBOT BOE DZDMJTUT�
SPBE OPJTF TJNQMZ NBLFT UIF DJUZ JOIPTQJUBCMF
 BOE SFRVJSJOH JOTVMBUJPO BMPOH IJHIXBZT JT JHOPSJOH
UIBU QSPCMFN�

3॔৸ॣ॔ॡॢ� "EESFTT OPJTF BOE EVTU CZ OPU DSFBUJOH TP NVDI PG JU JO UIF भSTU QMBDF� QSFTDSJCF MPX�
OPJTF
 MPX�BCSBTJPO SPBE TVSGBDFT�

5IF TJUVBUJPO IBT CFDPNF POMZ NPSF BDVUF HJWFO 	B
 UIF SFDFOU PCTFSWBUJPO UIBU UIF WBTU NB�
KPSJUZ PG PDFBOJD NJDSPQMBTUJDT DPNFT GSPN DBS UZSFT
 BOE 	C
 UIF FYQFDUBUJPO UIBU
 BT UFNQFSBUVSFT
JODSFBTF
 /FX ;FBMBOE SPBET XJMM TIPX FWFS NPSF EBNBHF ۖ OPUBCMZ QPUIPMFT ۖ CFDBVTF UIFZ BSF
OPU EFTJHOFE GPS TVDI DPOEJUJPOT�

3॔৸ॣ॔ॡॢ� 1SFTDSJCF QBWFNFOU TUSVDUVSFT UIBU XJMM TUBOE VQ UP UIF OFX DMJNBUJD DPOEJUJPOT�

ۤIUUQT���NBQT�BQQ�HPP�HM�:XU#[P'X:/G�VGQX�

�

https://maps.app.goo.gl/YwtBzoFwYNf1ufpw5


�� #SPBEFS JEFBT GPS VSCBO EJSFDUJPO

5IJT QMBO DIBOHF HJWFT VT OP TFOTF PG B QPTJUJWF GVUVSF JOUP XIJDI XF BSF IFBEJOH� BT ZPV IBWF
TFFO
 JU IBT SBUIFS JOTQJSFE BOHFS BOE ESFBE� 1FPQMF BSF TDBSFE PG BMM NBOOFS PG ۛXIBU J৫ۜ TDFOBSJPT

PG IBWJOH UIFJS MJWFT SVJOFE� .VDI PG UIJT NJHIU IBWF CFFO BWPJEFE IBE BO VSCBO EFTJHO TUSBUFHZ
CFFO QSPWJEFE�

* भOJTI XJUI B GFX OPUFT PO XIBU * XPVME MJLF UIF $PVODJM UP DPOTJEFS�

���� $POOFDU XJUI UIF .BJUBJ

3॔৸ॣ॔ॡॢ� 5SFBU UIF .BJUBJ BT POF PG UIF DJUJFT DJSDVMBUJPO BSUFSJFT� 1SPWJEF EJSFDU BDDFTT UP UIF
XBUFS ۖ F�H� CZ TUFQT BOE CFBDIFT ۖ TP UIBU XF DBO JOUFSBDU XJUI UIF SJWFS
 WFSTVT NFSFMZ TFFJOH
JU BU B EJTUBODF� 4VDI BDDFTT QSPWJTJPO XJMM BMTP DPOUSJCVUF UP TBGFUZ� TQPUT XIFSF QFPQMF DBO HFU
EPXO UP UIF XBUFS BSF BMTP TQPUT XIFSF
 IBWJOH GBMMFO JO BDDJEFOUBMMZ
 UIFZ XJMM CF BCMF UP HFU PVU�

���� 0QFO CVSJFE SJWFST
)JHI�UJEF मPPEJOH JT OPU TJNQMZ CFDBVTF UIF UJEF SJTFT
 CVU CFDBVTF UIF TQBDF UIBU JU SJTFT JOUP JT
UPP TNBMM�

3॔৸ॣ॔ॡॢ� 3F�PQFO UIF CVSJFE SJWFST
 BOE EFWFMPQ UIFN BT JOUFSWFOUJPO OVDMFJ GPS UIF JOOFS DJUZۜT
MFJTVSF TQBDF BOE DPNNFSDJBM SFJOWJHPSBUJPO� "T B NPEFM
 DPOTJEFS UIF $BOBM 4U�.BSUJO JO 1BSJT

BOE UIF $IFPOHHZFDIFPO JO 4FPVM� 5IJT DPVME CF UIF MPXFS FOE PG 4U 7JODFOU BOE 7BOHVBSE 4USFFUT�
1MFBTF MPPL BMTP UP UIF MJUFSBUVSF PO TISJOLJOH DJUJFT GPS FYBNQMFT PG IPX EJTVTFE DPNNFSDJBM BOE
JOEVTUSJBM TQBDF IBT CFFO IBOEMFE ۖ UIJT NBZ PबFS TPNF TPMVUJPOT UP UIF FHSFTT PG SFUBJM GSPN DFOUSBM
/FMTPO�

3F�PQFOJOH UIF CVSJFE SJWFST DPVME BMTP DPOUSJCVUF
 WJB B TIJॅ PG ESBJOBHF OFFET
 UP UIF JNQSPWF�
NFOU PG #SJEHF 4USFFU�

���� *ODSFBTF UIF VSCBO GPSFTU
5SFF DPWFSBHF XJMM CF MPTU UISPVHI JODSFBTFT JO CVJMEJOH DPWFSBHF
 XJUI DPOTFRVFODFT GPS XBUFS
NBOBHFNFOU
 UFNQFSBUVSF
 BOE HSFFOOFTT 	TFF VSCBO FDPTZTUFN TFSWJDFT BCPWF

 BOE BMTP GPS UIF
XJMEMJGF DPOOFDUJWJUZ CFUXFFO UIF DPBTU
 UIF #SPPL8BJNBSBNB 4BODUVBSZ
 BOE PUIFS OFBSCZ FDPTZT�
UFN BSFBT�

5IFSF JT FYUFOTJWF SFDFOU SFTFBSDI PO IPX DJUJFT CFOFभU JO NBOZ
 NBOZ XBZT GSPN VSCBO GPSFTU
DPWFSBHF�

3॔৸ॣ॔ॡॢ� 1MBOU NPSF USFFT
 BOE XPSL UPXBSET TVCTUBOUJBM TIBEF DPWFSBHF
 BMPOH TUSFFUT BOE JO
DBSQBSLT� 4UBSU XJUI SFBTPOBCMZ MBSHF USFFT
 OPU UJOZ TBQMJOHT� -FU UIF USFFT HSPX MBSHF� MBSHF JT
JNQPSUBOU�

3॔৸ॣ॔ॡॢ� *ODMVEFNPSF PQFO TQBDF
 BOENPSF HSFFO TQBDF
 UISPVHIPVU UIF DJUZ ۖ QPDLFUT OFFE UP CF
FWFSZXIFSF
 TFSWJOH BT CPUI DPNNVOJUZ GPDJ BOE BT SFMJFG GPS SFTJEFOUT� /PUF UIBU
 JG JNQMFNFOUFE
BT QVCMJD DPVSUZBSET
 UIFTF TQBDFT NJHIU BMTP CF DPOTJEFSFE SFBTPO UP DPOTUSVDU CVJMEJOHT DMPTFS
UP UIF TJUF CPVOEBSZ� 5IFZ XPVME OFFE UP CF QSPUFDUFE BT XFMDPNJOH QVCMJD TQBDF
 IPXFWFS ۖ OPU
DPOभHVSFE BT QTFVEP�GPZFST GPS UIF CVJMEJOHT BEKBDFOU UP UIFN 	GPS B NPEFM PG B QVCMJD TQBDF XIPTF
EFTJHO HBWF DPOUSPM UP QSJWBUF JOUFSFTU
 DPOTJEFS $JUZ 4RVBSF JO .FMCPVSOF
�

���� "EESFTT UIF DJUZٝT QSPࠪMF
'PDVT EFOTJभDBUJPO PO UIF JOOFS DJUZ� JU TIPVME TQJLF DFOUSBMMZ
 PS WFSZ OFBSMZ DFOUSBMMZ� %PXOUPXO
/FMTPO EPFT OPU IBWF BO BSFB MJLF UIF *UBMJBO DFOUSJ TUPSJDJ UIBU SFRVJSFT UPUBM QSFTFSWBUJPO BT�JT
 OPS

�



B CPNCFE�PVU DJSDMF PG 8PSME 8BS ** IPSSPS JOUP XIJDI XF DBO QJMF B IVOESFE DIFBQ�BOE�VHMZ
	CVU RVJDL�UP�CVJME
 BQBSUNFOU CMPDLT� XF DBO NPSF BQQSPQSJBUFMZ BEE SFTJEFOUJBM TUSVDUVSFT UP UIF
JOOFS DJUZ XIJMF JNQSPWJOH UIF EPXOUPXO FOWJSPONFOU BOE BEEJOH QPQVMBUJPO UP TVQQPSU SFUBJM
BOE IPTQJUBMJUZ� %PJOH TP EPFT OPU OFFE UP HFOFSBUF DPOमJDU XJUI OJHIUDMVCT�

*NQMFNFOUJOH FRVBM EFOTJभDBUJPO GVSUIFS PVU XPVME OBUVSBMMZ JODSFBTF USBOTQPSUBUJPO OFFET

SFEVDJOH PWFSBMM VSCBO FयDJFODZ BOE QVUUJOH NPSF TQFOEJOH JOUP GVFM UIBO JOUP UIF HPPET BOE
TFSWJDFT UIBU PVS MPDBM FDPOPNZ NJHIU PUIFSXJTF UISJWF PO�

"O JOUFSNFEJBUF SJOH PG NFEJVN�EFOTJUZ
 UXP� PS UISFF�TUPSFZ UPXOIPVTFT 	DPOTJEFS -POEPO
UFSSBDF IPVTFT XJUI TNBMM CVU TVCTUBOUJBM CBDLZBSET
 DPVME CF JOWBMVBCMF JO BDIJFWJOH SFTJEFOUJBM DB�
QBDJUZ XJUIPVU HJWJOH UIF DJUZ B EFMUB�QVMTF QSPभMF
 BOE DVMUJWBUJOH JUT OBUVSBM NFSHF XJUI BEKBDFOU
HSFFOTQBDF�

5IFTF QPJOUT IBWF BMSFBEZ CFFO NBEF JO UIF ���� /FMTPO 6SCBO (SPXUI 4USBUFHZ�

5IBOL ZPV GPS UIF PQQPSUVOJUZ UP TVCNJU�

�



    Thomas   Elmqvist     •    Michail   Fragkias     
   Julie   Goodness     •    Burak   Güneralp     
   Peter J.   Marcotullio     •    Robert I.   McDonald     
   Susan   Parnell     •     Maria   Schewenius     
   Marte   Sendstad     •    Karen C.   Seto     
   Cathy   Wilkinson     
 Editors 

 Urbanization, Biodiversity 
and Ecosystem Services: 
Challenges and Opportunities 

 A Global Assessment                         

A Part of the Cities and Biodiversity Outlook Project

Sub No: S623 Continued



 ISBN 978-94-007-7087-4   ISBN 978-94-007-7088-1 (eBook) 
 DOI 10.1007/978-94-007-7088-1 
 Springer Dordrecht Heidelberg New York London 

 Library of Congress Control Number:  2013950081 

 Open Access This book is distributed under the terms of the Creative Commons Attribution Non-
commercial License which permits any noncommercial use, distribution, and reproduction in any 
medium, provided the original author(s) and source are credited.   
 All commercial rights are reserved by the Publisher, whether the whole or part of the material is 
concerned, specifi cally the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting, 
reproduction on microfi lms or in any other way, and storage in data banks. Duplication of this publication 
or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s location, 
in its current version, and permission for commercial use must always be obtained from Springer. 
Permissions for commercial use may be obtained through RightsLink at the Copyright Clearance Center. 
Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of 
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for 
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with 
respect to the material contained herein. 

 Printed on acid-free paper 

 Springer is part of Springer Science+Business Media (www.springer.com)  

 Editors 
   Thomas   Elmqvist   
  Stockholm Resilience Centre
Stockholm University 
  Stockholm ,  Sweden   

   Julie   Goodness   
  Stockholm Resilience Centre 
 Stockholm University 
  Stockholm ,  Sweden   

   Peter J.   Marcotullio   
  Department of Geography  
 City University of New York (CUNY) 
Hunter College 
  New York   ,  NY, USA   

   Susan   Parnell   
  Department of Environmental 

and Geographical Science 
 University of Cape Town 
  Cape Town ,  South Africa   

   Marte   Sendstad   
  Stockholm Resilience Centre 
 Stockholm University 
  Stockholm ,  Sweden   

   Cathy   Wilkinson   
  Stockholm Resilience Centre 
 Stockholm University 
  Stockholm ,  Sweden   

   Michail   Fragkias   
  Department of Economics 
 College of Business and Economics Boise 

State University 
  Boise ,  ID ,  USA   

   Burak   Güneralp   
  Department of Geography 
 Texas A&M University 
  College Station ,  TX ,  USA   

   Robert I.   McDonald   
    The Nature Conservancy 
  Arlington ,  AV ,  USA   

   Maria   Schewenius   
  Stockholm Resilience Centre 
 Stockholm University 
  Stockholm ,  Sweden   

   Karen C.   Seto   
  School of Forestry and Environmental 

Studies 
 Yale University 
  New Haven ,  CT ,  USA   

 © The Editor(s)(if applicable) and the Author(s) 2013   



175T. Elmqvist et al. (eds.), Urbanization, Biodiversity and Ecosystem Services: Challenges
and Opportunities: A Global Assessment, DOI 10.1007/978-94-007-7088-1_11,
© The Authors 2013

    Abstract     We explore the potential of urban ecosystem services for improving 
resilience and quality of life in cities. First, we classify and categorize important 
ecosystem services and disservices in urban areas. Second, we describe a range of 
valuation approaches (cultural values, health benefi ts, economic costs, and resilience) 
for capturing the importance of urban ecosystem service multiple values. Finally, 
we analyze how ecosystem service assessment may inform urban planning and gov-
ernance and provide practical examples from cities in Africa, Europe, and America. 
From our review, we fi nd that many urban ecosystem services have already been 
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identifi ed, characterized and valued, and have been found to be of great value and 
importance for human well-being and urban resilience. We conclude that the use of 
the concept of urban ecosystem services can play a critical role in reconnecting 
cities to the biosphere, and reducing the ecological footprint and ecological debt of 
cities while enhancing resilience, health, and quality of life of their inhabitants.  

11.1        Reconnecting Cities to the Biosphere 

 Cities are interconnected globally through political, economic, and technical systems, 
and also through the Earth’s biophysical life-support systems (Jansson  2013 ). Cities 
also have disproportionate environmental impacts at the local, regional, and global 
scales well beyond their borders (Grimm et al.  2000 ,  2008 ; Seto et al.  2012 ), yet they 
provide critical leadership in the global sustainability agenda (Folke et al.  2011 ). 
Although urbanized areas cover only a small portion of the surface of the planet, 
they account for a vast share of anthropogenic impacts on the biosphere. Still, the 
impacts of urbanization on biodiversity and ecosystems as well as the potential 
benefi ts from ecosystem restoration in urban areas remain poorly understood (see 
e.g., McDonald and Marcotullio  2011 ). For further discussion on urban restoration
ecology, also see Chap.   31    .

11.1.1     Ecology of vs. Ecology in Cities 

 Cities appropriate vast areas of functioning ecosystems for their consumption and 
waste assimilation (see Chaps.   2     and   26    ). Most of the ecosystem services consumed 
in cities are generated by ecosystems located outside of the cities themselves, often 
half a world away (Rees  1992 ; Folke et al.  1996 ; Rees and Wackernagel  1996 ; 
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Deutsch and Folke  2005 , see Chap.   2    ). Folke et al. ( 1997 ) estimated that the 29 largest 
cities in the Baltic Sea Drainage Basin, taking into account only the most basic 
ecosystem services such as food production and assimilation of nitrogen and carbon, 
appropriate ecosystem areas equivalent to the size of the entire drainage basin, several 
hundred times the area of the cities themselves (Chap.   26    ). Thus, our analysis 
needs to go beyond what is sometimes referred to as “the ecology  in  cities” (Niemelä 
et al.  2011 ), which often focuses on single scales and on designing energy- effi cient 
buildings, sustainable logistics, and providing inhabitants with functioning green 
urban environments, to put more focus on “the ecology  of  cities” characte rized by 
interdisciplinary and multiscale studies with a social-ecological systems approach 
(Grimm et al.  2000 ; Pickett et al.  2001 , see also Chap.   3    ). This framework acknow-
ledges the total dependence of cities on the surrounding landscape and the links 
between urban and rural, viewing the city as an ecosystem itself (Grimm et al. 
 2008 ). We need to be concerned with the generation potential, not only to uphold 
and safeguard the well-being of city inhabitants, but also to effectively manage the 
potential of cities as arenas for learning (this aspect is discussed in detail in Chap.   30    ), 
development, and transformation.  

11.1.2     Urban Ecosystems and Ecological Infrastructure 

 Defi nitions of urban areas and their boundaries vary between countries and regions 
(for a discussion on “What is urban?” see Chap.   1    ). The focus of this chapter is on 
the services and benefi ts provided by urban ecosystems, defi ned here as those areas 
where the built infrastructure covers a large proportion of the land surface, or as 
those in which people live at high densities (Pickett et al.  2001 ). In the context of 
urban planning, urban ecosystems are often portrayed as embedding both the built 
infrastructure and the ecological infrastructure. The concept of ecological infra-
structure captures the role that water and vegetation in or near the built environment 
play in delivering ecosystem services at different spatial scales (building, street, 
neighborhood, and region). It includes all ‘green and blue spaces’ that may be found 
in urban and peri-urban areas, including parks, cemeteries, gardens and yards, urban 
allotments, urban forests, single trees, green roofs, wetlands, streams, rivers, lakes, 
and ponds (EEA  2011 ). Defi ning clear boundaries for urban ecosystems often 
proves diffi cult because many of the relevant fl uxes and interactions necessary to 
understand the functioning of urban ecosystems extend far beyond the urban boun-
daries defi ned by political or biophysical reasons. Thus, the relevant scope of urban 
ecosystem analysis reaches beyond the city area itself; it comprises not only the 
ecological infrastructure within cities, but also the hinterlands that are directly 
affected by the energy and material fl ows from the urban core and suburban lands 
(Pickett et al.  2001 , p. 129), including city catchments, and peri-urban forests and 
cultivated fi elds (La Rosa and Privitera  2013 ). Whilst virtually any ecosystem is 
relevant to meet urban ecosystem service demands, the focus here is on services 
provided within urban areas.   

11 Urban Ecosystem Services
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11.2     Classifying Urban Ecosystem Services 

 In recent years a mounting body of literature advanced our understanding of 
urban ecosystem services in their biophysical, economic, and socio-cultural 
dimensions. Furthermore, urban ecosystem services were addressed by major 
initiatives like the Millennium Ecosystem Assessment (Chapter 27 in MA  2005 ) 
and The Economics of Ecosystems and Biodiversity (TEEB  2011 ), and also have 
received increasing attention as part of the policy debate on ecological infrastruc-
ture. Yet, despite the fact that more than half of the world’s population today lives 
in cities, the attention given to urban ecosystems in the ecosystem services litera-
ture has yet been relatively modest as compared to other ecosystems like wet-
lands or forests. This section aims at classifying and describing ecosystem 
services provided in urban areas and how these may contribute to increase qual-
ity of life in cities. 

 Building on previous categorizations of ecosystem services (Daily  1997 ; de Groot 
et al.  2002 ), the Millennium Ecosystem Assessment (MA  2005 ) and The Economics 
of Ecosystem Services and Biodiversity (TEEB  2010 ) grouped ecosystem services 
in four major categories: provisioning, regulating, habitat, and cultural and ame-
nity services (TEEB  2010 ) (Fig.  11.1 ). Provisioning services include all the mate-
rial products obtained from ecosystems, including genetic resources, food and 
fi ber, and fresh water. Regulating services include all the benefi ts obtained from 
the regulation by ecosystem processes, including the regulation of climate, water, 
and some human diseases. Cultural services are the non-material benefi ts people 
obtain from ecosystems through spiritual enrichment, cognitive development, 
refl ection, recreation, and aesthetic experience as well as their role in supporting 
knowledge systems, social relations, and aesthetic values. Finally, supporting or 
habitat services are those that are necessary for the production of all other ecosys-
tem services. Examples include biomass production, nutrient cycling, water 
cycling, provisioning of habitat for species, and maintenance of genetic pools and 
evolutionary processes.

   Because different habitats provide different types of ecosystem services, general 
classifi cations need to be adapted to specifi c types of ecosystems. Urban ecosys-
tems are especially important in providing services with direct impact on human 
health and security such as air purifi cation, noise reduction, urban cooling, and run-
off mitigation. Yet, which ecosystem services in a given scale are most relevant 
varies greatly depending on the environmental and socio-economic characteristics 
of each geographic location. Below we provide a classifi cation and description of 
important ecosystem services provided in urban areas using the Millennium 
Ecosystem Assessment and the TEEB initiative as major classifi cation frameworks, 
and drawing on previous research on the topic (e.g., Bolund and Hunhammar  1999 ; 
Gómez-Baggethun and Barton  2013 ). 
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11.2.1     Provisioning Services 

11.2.1.1     Food Supply 

 Urban food production takes place in peri-urban farm fi elds, on rooftops, in back-
yards, and in community gardens (Andersson et al.  2007 ; Barthel et al.  2010 ). 
In most geographical contexts, cities only produce a small share of the food they 
consume, depending largely on other areas to meet their demands (Folke et al.  1997 ; 
Ernstson et al.  2010 ). In some geographical areas and in particular periods, how-
ever, food production from urban agriculture can play an important role for food 
security, especially during economic and political crises (Smit and Nasr  1992 ; 
Moskow  1999 ; Page  2002 ; Buchmann  2009 ; Barthel et al.  2011 ;    Barthel and 
Isendahl  2013 ). Altieri et al. ( 1999 ) estimated that in 1996 food production in urban 
gardens of Havana included 8,500 t of agricultural products, 7.5 million eggs and 

Based on MA and TEEB clasifications with icons designed by Jan Sasse for TEEB  
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Goods obtained from

ecosystems

• Food 

• Fresh water
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• Medicines
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3,650 t of meat. Moustier ( 2007 ) provides an extensive summary of the importance 
of urban agriculture in 14 African and Asian cities. Among the results they found 
that 90 % of all vegetables consumed in Dar es Salaam (Jacobi et al.  2000 ) and 60 % 
of vegetables consumed in Dakar (Mbaye and Moustier  2000 ) originate from urban 
agriculture. With regards to staple foods such as rice, plantain banana, and maize, 
the situation is highly variable among cities. In Asia, the share of rice supplied by 
the city to urban residents ranges from 7 % (in Phnom Penh) to 100 % (in Vientiane, 
where pressure on land is low); Hanoi is an intermediary case with 58 % (Anh  2004 ; 
Ali et al.  2005 ). For a detailed examination of the connection between urbanization 
and food systems, see Chap.   26    .  

11.2.1.2     Water Supply 

 The growth of cities throughout the world presents new challenges for securing 
water to meet societal needs (Fitzhugh and Richter  2004 ). Ecosystems provide cities 
with fresh water for drinking and other human uses and by securing storage and 
controlled release of water fl ows. Vegetation cover and forests in the city catchment 
infl uences the quantity of available water (for a global overview of cities’ relationships 
with freshwater ecosystem services, see Chap.   3    ). One of the most widely cited 
examples of the importance of functioning ecosystems for city water supply is the 
New York City Watershed. This watershed is one of New York State’s most impor-
tant natural resources, providing approximately 1.3 billion gallons of clean drinking 
water to roughly nine million people every day. This is the largest unfi ltered water 
supply in the United States (Chichilnisky and Heal  1998 ). Another example is the 
Omerli Watershed outside Istanbul, Turkey. The Omerli Watershed is the most 
important among the seven Mediterranean watersheds that provides drinking water 
to Istanbul, a megacity with over ten million people. The watershed, however, is 
threatened by urban development in and around its drinking water sources, and it 
faces acute, unplanned pressures of urbanization with potentially serious impacts on 
water quality and biodiversity (Wagner et al.  2007 ). For a detailed assessment on 
Istanbul, including further discussion on the Omerli Watershed, see Chap.   16    .   

11.2.2     Regulating Services 

11.2.2.1     Urban Temperature Regulation 

 Ecological infrastructure in cities regulates local temperatures and buffers the 
effects of urban heat islands (Moreno-Garcia  1994 ). For example, water areas buffer 
temperature extremes by absorbing heat in summertime and by releasing it in win-
tertime (Chaparro and Terradas  2009 ). Likewise, vegetation reduces temperature in 
the hottest months through shading and through absorbing heat from the air by 
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evapotranspiration, particularly when humidity is low (Bolund and Hunhammar 
 1999 ; Hardin and Jensen  2007 ). Water from the plants absorbs heat as it evaporates, 
thus cooling the air in the process (Nowak and Crane  2000 ). Trees can also regulate 
local surface and air temperatures by refl ecting solar radiation and shading surfaces, 
such as streets and sidewalks that would otherwise absorb heat. Decreasing the heat 
loading of the city is among the most important regulating ecosystem services trees 
provide to cities (McPhearson  2011 ).  

11.2.2.2     Noise Reduction 

 Traffi c, construction, and other human activities make noise a major pollution 
problem in cities, affecting health through stress. Urban soil and plants can attenuate 
noise pollution through absorption, deviation, refl ection, and refraction of sound 
waves (Aylor  1972 ; Kragh  1981 ; Fang and Ling  2003 ). In row plantings of trees, 
sound waves are refl ected and refracted, dispersing the sound energy through the 
branches and trees. It has also been shown that different plant species mitigate noise 
differently (see e.g., Ishii  1994 ; Pathak et al.  2007 ). Empirical research has found 
that vegetation factors important for noise reduction include density, width, height 
and length of the tree belts as well as leaf size and branching characteristics. For 
example, the wider the vegetation belt, the higher the density, and the more foliage 
and branches to reduce sound energy, the greater the noise reduction effect (Fang 
and Ling  2003 ). Noise reduction is also affected by factors beyond the characteristics 
of vegetation. For example, climate infl uences the velocity of sound propagation 
(Embleton  1963 ) and noise attenuation increases with distance between the source 
point and the receiver due to friction between atmospheric molecules when sound 
progresses (Herrington  1976 ).  

11.2.2.3     Air Purifi cation 

 Air pollution from transportation, industry, domestic heating, and solid urban waste 
incineration is a major problem for environmental quality and human health in the 
urban environment; it leads to increases in respiratory and cardiovascular diseases. 
Vegetation in urban systems can improve air quality by removing pollutants from 
the atmosphere, including ozone (O 3 ), sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ), 
carbon monoxide (CO) and particulate matter less than 10 μm (PM10) (Nowak
 1994a ; Escobedo et al.  2008 ). While signifi cant differences in performance have 
been found between plant species (e.g., between deciduous and evergreen species), 
urban trees have been shown to be especially important in intercepting air pollutants 
(Aylor et al.  2003 ). The distribution of different particle size fractions can differ 
both between and within species and also between leaf surfaces and in waxes 
(Dzierzanowski et al.  2011 ). Removal of pollution takes place as trees and shrubs 
fi lter out airborne particulates through their leaves (Nowak  1996 ). Performance of 
pollution removal also follows daily variation because during the night the plant 

11 Urban Ecosystem Services



182

stomata are closed and do not absorb pollutants, and monthly variation because of 
the changes in light hours and because of the shedding of the leaves by deciduous 
forest during the winter.  

11.2.2.4     Moderation of Climate Extremes 

 Climate change is increasing the frequency and intensity of environmental extremes; 
this poses increasing adaptation challenges for cities, especially for those located in 
coastal areas (Meehl and Tebaldi  2004 ; Zahran et al.  2008 ). In Europe, heat waves 
have been the most prominent hazard with regards to human fatalities in the last 
decade. The European 2003 heat wave, for example, accounted for more than 
70,000 excess deaths (EEA  2010 ). Ecological infrastructure formed by mangroves, 
deltas and coral reefs can act as natural barriers that buffer cities from extreme climate 
events and hazards, including storms, heat waves, fl oods, hurricanes, and tsunamis; 
this infrastructure can drastically reduce the damage caused to coastal cities (Farber 
 1987 ; Danielsen et al.  2005 ; Kerr and Baird  2007 ). Vegetation also stabilizes the 
ground and reduces the likelihood of landslides. Devastating effects caused by 
events like the Indian Ocean Tsunami in 2004 and Hurricane Katrina in 2005 have 
led a number of scientists to call for a new vision in risk management and vulnera-
bility reduction in cities, based on wise combinations in the use of built infrastruc-
ture (e.g., levees) and ecological infrastructure (e.g., protective role of vegetation) 
(Danielsen et al.  2005 ; Depietri et al.  2012 ).  

11.2.2.5     Runoff Mitigation 

 Increasing the impermeable surface area in cities leads to increased volumes of 
surface water runoff, and thus increases the vulnerability to water fl ooding. 
Vegetation reduces surface runoff following precipitation events by intercepting 
water through the leaves and stems (   Villarreal and Bengtsson 2005). The underlying 
soil also reduces infi ltration rates by acting as a sponge by storing water in the pore 
spaces until it percolates as through-fl ow and base-fl ow. Urban landscapes with 
50–90 % impervious cover can lose 40–83 % of rainfall to surface runoff compared 
to 13 % in forested landscapes (Bonan  2002 ). Interception of rainfall by tree canopies 
slows down fl ooding effects and green areas reduce the pressure on urban drainage 
systems by percolating water (Bolund and Hunhammar  1999 ; Pataki et al.  2011 ). 
Street trees in New York, for instance, intercept 890 million gallons of stormwater 
annually (Peper et al.  2007 ). Other means of reducing urban stormwater runoff 
include linear features (bioswales), green roofs, and rain gardens (Clausen  2007 ; 
Shuster et al.  2008 ). For example, green roofs can retain 25–100 % of rainfall, 
depending on rooting depth, roof slope, and the amount of rainfall (Oberndorfer 
et al.  2007 ). Also, green roofs may delay the timing of peak runoff, thus lessening the 
stress on storm-sewer systems. Rain gardens and bioretention fi lters can also reduce 
surface runoff (Clausen  2007 ; Villarreal and Bengtsson  2005 ; Shuster et al.  2008 ).  
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11.2.2.6     Waste Treatment 

 Ecosystems fi lter out and decompose organic wastes from urban effl uents by storing 
and recycling waste through dilution, assimilation and chemical re-composition 
(TEEB  2011 ). Wetlands and other aquatic systems, for example, fi lter wastes from 
human activities; this process reduces the level of nutrients and pollution in urban 
wastewater (Karathanasis et al.  2003 ). Likewise, plant communities in urban soils 
can play an important role in the decomposition of many labile and recalcitrant 
litter types (Vauramo and Setälä  2010 ). In urban streams, nutrient retention can be 
increased by adding coarse woody debris, constructing in-channel gravel beds, and 
increasing the width of vegetation buffer zones and tree cover (Booth  2005 ).  

11.2.2.7     Pollination, Pest Regulation and Seed Dispersal 

 Pollination, pest regulation and seed dispersal are important processes in the func-
tional diversity of urban ecosystems and can play a critical role in their long term 
durability (Andersson et al.  2007 ). However, pollinators, pest regulators and seed 
dispersers are threatened by habitat loss and fragmentation due to urban develop-
ment and expansion. In this context, allotment gardens (called community gardens 
in North America, i.e. a plot of land made available for individual, non-commercial 
gardening), private gardens and other urban green spaces have been shown to be 
important source areas (Ahrné et al.  2009 ). Also, research in urban ecosystem 
services shows that a number of formal and informal management practices in allot-
ment gardens, cemeteries and city parks promote functional groups of insects that 
enhance pollination and bird communities, which in turn enhance seed dispersal 
(Andersson et al.  2007 ). To manage these services sustainably over time, a deeper 
understanding of how they operate and depend on biodiversity is crucial (Nelson 
et al.  2009 ). Jansson and Polasky ( 2010 ) have developed a method for quantifying 
the impact of change in pollination potential in the regional urban landscape. Their 
results indicate that while the impact of urban development on the pollination 
service can be modest, the erosion of the resilience of the service, measured through 
change in response diversity, could be potentially high. For discussion on response 
diversity see Elmqvist et al. ( 2003 ).  

11.2.2.8     Global Climate Regulation 

 Because urban areas exhibit multiple artifi cial surfaces and high levels of fossil fuel 
combustion, climate change impacts may be exacerbated in cities (Meehl and 
Tebaldi  2004 ). Emissions of greenhouse gases in cities include carbon dioxide 
(CO 2 ), methane (CH 4 ), nitrous oxide (NO 2 ), chlorofl uorocarbons (CFCs), and tropos-
pheric ozone (O 3 ). Urban trees act as a sinks of CO 2  by storing excess carbon as 
biomass during photosynthesis (Birdsey  1992 ; Jo and McPherson  1995 ; McPherson 
and Simpson  1999 ). Because the amount of CO 2  stored is proportional to the biomass 
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of the trees, increasing the number of trees can potentially slow the accumulation of 
atmospheric carbon in urban areas. Thus an attractive option for climate change 
mitigation in cites is tree-planting programs. The amount of carbon stored and 
sequestered by urban vegetation has often been found to be quite substantial, for 
instance, 6,187 t/year in Barcelona (Chaparro and Terradass  2009 ) and 16,000 t/year 
in Philadelphia (Nowak et al.  2007b ). Urban soils also act as carbon pools (Nowak 
and Crane  2000 ; Pouyat et al.  2006 ; Churkina et al.  2010 ). Yet, the amount of carbon 
a city can offset locally through ecological infrastructure is modest compared to over-
all city emissions (Pataki et al.  2011 ).   

11.2.3     Cultural Services 

11.2.3.1     Recreation 

 Because city environments may be stressful for inhabitants, the recreational aspects 
of urban ecosystems are among the highest valued ecosystem service in cities 
(Kaplan and Kaplan  1989 ; Bolund and Hunhamar  1999 ; Chiesura  2004 ; Konijnendijk 
et al.  2013 ). Parks, forests, lakes and rivers provide manifold possibilities for recre-
ation, thereby enhancing human health and well-being (Konijnendijk et al.  2013 ). 
For example, a park experience may reduce stress, enhance contemplativeness, reju-
venate the city dweller, and provide a sense of peacefulness and tranquility (Kaplan 
 1983 ). The recreational value of parks depends on ecological characteristics such as 
biological and structural diversity, but also on built infrastructure such as availability 
of benches and sport facilities. The recreational opportunities of urban ecosystems 
also vary with social criteria, including accessibility, penetrability, safety, privacy 
and comfort, as well as with factors that may cause sensory disturbance (i.e., recre-
ational value decreases if green areas are perceived to be ugly, trashy or too loud) 
(Rall and Haase  2011 ). Urban ecosystems like community gardens also offer mul-
tiple opportunities for decommodifi ed leisure and nowadays represent important 
remnants of the shrinking urban commons.  

11.2.3.2     Aesthetic Benefi ts 

 Urban ecosystems play an important role as providers of aesthetic and psychological 
benefi ts that enrich human life with meanings and emotions (Kaplan  1983 ). 
Aesthetic benefi ts from urban green spaces have been associated with reduced stress 
(Ulrich  1981 ) and with increased physical and mental health (e.g., Maas  2006 ; van 
den Berg et al.  2010a ). Ulrich ( 1984 ) found that a view through a window looking 
out at greenspaces could accelerate recovery from surgeries, and van den Berg et al. 
( 2010b ) found that proximity of an individual’s home to green spaces was corre-
lated with fewer stress-related health problems and a higher general health percep-
tion. People often choose where to live in cities based in part on the characteristics 
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of the natural landscapes (Tyrväinen and Miettinen  2000 ). Several studies have 
shown an increased value of properties (as measured by hedonic pricing) with 
greater proximity to green areas (Tyrväinen  1997 ; Cho et al.  2008 ; Troy and Grove 
 2008 ; Tyrväinen and Miettinen  2000 ; Jim and Chen  2006 ).  

11.2.3.3     Cognitive Development 

 Exposure to nature and green space provide multiple opportunities for cognitive 
development which increases the potential for stewardship of the environment and 
for a stronger recognition of ecosystem services (Krasny and Tidball  2009 ; Tidball 
and Krasny  2010 ). As an example, urban forests and allotment gardens are often 
used for environmental education purposes (Groening  1995 ; Tyrväinen et al.  2005 ) 
and facilitate cognitive coupling to seasons and ecological dynamics in technologi-
cal and urbanized landscapes. Likewise, urban allotments, community gardens, 
cemeteries and other green spaces have been found to retain important bodies of 
local ecological knowledge (Barthel et al.  2010 ), and embed the potential to com-
pensate observed losses of ecological knowledge in wealthier communities (Pilgrim 
et al.  2008 ). The benefi ts of preserving local ecological knowledge have been high-
lighted in terms of increased resilience and adaptive capacities in urban systems 
(Buchmann  2009 ), and the potential to sustain and increase other ecosystem ser-
vices (Colding et al.  2006 ; Barthel et al.  2010 ). For further discussion on how urban 
landscapes can serve as learning arenas for biodiversity and ecosystem services 
management, see Chap.   30    .  

11.2.3.4    Place Values and Social Cohesion 

 Place values refer to the affectively charged attachments to places (Feldmann  1990 ; 
Altman and Low  1992 ). Research conducted in Stockholm, for example, found 
sense of place to be a major driver for environmental stewardship, with interviewees 
showing strong emotional bonds to their plots and the surrounding garden areas 
(Andersson et al.  2007 ). Attachment to green spaces in cities can also give rise to 
other important societal benefi ts, such as social cohesion, promotion of shared 
interests, and neighborhood participation (Gotham and Brumley  2002 ). Examples 
include studies conducted in Chicago, Illinois, United States, and Cheffi eld, United 
Kingdom (Bennett  1997 ). Environmental authorities in the European Union have 
emphasized the role of urban green space in providing opportunities for interaction 
between individuals and groups that promote social cohesion and reduce criminality 
(European Environmental Agency  2011 ; Kázmierczak  2013 ). Likewise, urban eco-
systems have been found to play a role in defi ning identity and sense of community 
(Chavis and Pretty  1999 ; Gotham and Brumley  2002 ). Research on sense of com-
munity in the urban environment indicates that an understanding of how communities 
are formed enable us to design housing that will be better maintained and will provide 
for better use of surrounding green areas (Newman  1981 ).   
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11.2.4     Habitat Services 

11.2.4.1    Habitat for Biodiversity 

 Urban systems can play a signifi cant role as refuge for many species of birds, 
amphibians, bees, and butterfl ies (Melles et al.  2003 ; Müller et al.  2010 ). Well- 
designed green roofs can provide habitat for species affected by urban land-use 
changes (Oberndorfer et al.  2007 ; Brenneisen  2003 ). In cold and rainy areas, golf 
courses in urban setting can have the potential to contribute to wetland fauna 
support (Colding and Folke  2009 ; Colding et al.  2009 ). Old hardwood deciduous 
trees in the National City Park of Stockholm, Sweden are seen as an important 
resource for the whole region for species with high dispersal capacity (Zetterberg 
 2011 ). Diversity of species may peak at intermediate levels of urbanization, at 
which many native and non-native species thrive, but it typically declines as urbani-
zation intensifi es (Blair  1996 ). 

 A synthesis of the above classifi cation of urban ecosystem services is provided 
in Table  11.1 

11.2.5         Ecosystem Disservices 

 Urban ecosystems not only produce ecosystem services, but also ecosystem disser-
vices, defi ned as “functions of ecosystems that are perceived as negative for human 
well-being” (Lyytimäki and Sipilä  2009 , p. 311). For example, some common city 
tree and bush species emit volatile organic compounds (VOCs) such as isoprene, 
monoterpenes, ethane, propene, butane, acetaldehyde, formaldehyde, acetic acid 
and formic acid, all of which can indirectly contribute to urban smog and ozone 
problems through CO and O 3  emissions (Geron et al.  1994 ; Chaparro and Terradas 
 2009 ). Urban biodiversity can also cause damages to physical infrastructures; 
microbial activity can result in decomposition of wood structures and bird excre-
ments can cause corrosion of stone buildings and statues. The root systems of 
vegetation often cause substantial damages by breaking up pavements and some 
animals are often perceived as a nuisance as they dig nesting holes (de Stefano and 
Deblinger  2005 ; Lyytimäki and Sipila  2009 ). 

 Green-roof runoff may contain higher concentrations of nutrient pollutants, such 
as nitrogen and phosphorus, than are present in precipitation inputs (Oberndorfer 
et al.  2007 ). Further disservices from urban ecosystems may include health prob-
lems from wind-pollinated plants causing allergic reactions (D’Amato  2000 ), fear 
from dark green areas that are perceived as unsafe, especially by women at night- 
time (Bixler and Floyd  1997 ; Koskela and Pain  2000 ; Jorgensen and Anthopoulou 
 2007 ), diseases transmitted by animals (e.g., migratory birds carrying avian infl u-
enza, dogs carrying rabies), and blockage of views by trees (Lyytimäki et al.  2008 ). 
Likewise, just as some plants and animals are perceived by people as services, as 
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discussed above, animals such as rats, wasps and mosquitoes, and plants such as 
stinging nettles, are perceived by many as disservices. A summary of disservices 
from urban ecosystems is provided in Table  11.2 .

11.3         Valuing Urban Ecosystem Services 

11.3.1     Ecosystem Services Values 

 Valuation of ecosystem services involves dealing with multiple, and often confl ict-
ing value dimensions (Martinez Alier et al.  1998 ; Chan et al.  2012 ; Martín-López 
et al.  2013 ). In this section, we broaden the traditional focus of the ecosystem ser-
vices literature on biophysical measurement and monetary values to explore a range 
of value domains, including biophysical, monetary, socio-cultural, health, and 
insurance values, and discuss concepts and methods through which they may be 
measured and captured. 

   Table 11.2    Ecosystem disservices in cities (Modifi ed from Gómez-Baggethun and Barton 2013)   

 Ecosystem functions  Disservice  Examples  Key references 

 Photosynthesis  Air quality 
problems 

 City tree and bush species 
emit volatile organic 
compounds (VOCs) 

 Chaparro and 
Terradas ( 2009 ); 
Geron et al. 
( 1994 ) 

 Tree growth through 
biomass fi xation 

 View blockage  Blockage of views by trees 
standing close to 
buildings 

 Lyytimäki et al. 
( 2008 ) 

 Movement of fl oral 
gametes 

 Allergies  wind-pollinated plants 
causing allergic 
reactions 

 D’Amato ( 2000 ) 

 Aging of vegetation  Accidents  Break up of branches 
falling in roads and 
trees 

 Lyytimäki et al. 
( 2008 ) 

 Dense vegetation 
development 

 Fear and stress  Dark green areas perceived 
as unsafe in night-time 

 Bixler and Floyd 
( 1997 ) 

 Biomass fi xation in 
roots; 
decomposition 

 Damages to 
infrastructure 

 Breaking up of pavements 
by roots; microbial 
activity 

 Lyytimäki and 
Sipila ( 2009 ) 

 Habitat provision for 
animal species 

 Habitat competition 
with humans 

 Animals/insects perceived 
as scary, unpleasant, 
disgusting 

 Bixler and Floyd 
( 1997 ) 

  Modifi ed from Gómez-Baggethun and Barton ( 2013 )  
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11.3.1.1    Biophysical Values 

 Quantifying ecosystem service performance involves the use of biophysical 
measures and indicators. The diffi culty of measuring ecosystem services in bio-
physical terms increases as the focus shifts from provisioning, to regulating to 
habitat, to cultural services. Thus, while most provisioning and some regulating 
ecosystem services can be quantifi ed through direct measures, such as tons of 
food per hectare per year, or tons of carbon sequestered per hectare per year, in 
most cases measurement in biophysical terms involves the use of proxies and 
indicators. 

 Biophysical measures of ecosystem services are often presented as a prereq-
uisite for sound economic valuations. While this may hold true, biophysical 
measures themselves often provide powerful information to guide urban plan-
ning. Thus, various biophysical indexes of urban green areas have been used for 
guiding planning procedures in cities (revised in Farrugia et al.  2013 ). An early 
attempt was made in Berlin, Germany with the Biotope Area Factor (BAF), 
which scored land surface types in development sites according to their ecologi-
cal potential and formulated target BAFs for specifi c urban functions which 
developers were obliged to meet in order to obtain approval for any develop-
ment proposal. Malmö City Council in Sweden adopted a similar system to 
incorporate green and blue infrastructure in land use planning, while aiming to 
reduce the extent of impervious surfaces in any development plans (Kruuse 
 2011 ). Another attempt to quantify the value of green areas was made in Kent 
Thameside in the United Kingdom (Defra 2008), which scored ecosystem ser-
vices such as biodiversity, recreation and fl ood regulation using surrogates. The 
Southampton City Council in the United Kingdom developed a version of the 
Green Space Factor (GSF) tool to evaluate the contribution of green areas to 
water regulation fl ood control (Finlay  2010 ). 

 A summary with examples of indicators and proxies to measure ecosystem ser-
vices and disservices is provided in Table  11.3 .

11.3.1.2       Economic Values 

 Conventional economic valuations are restricted to priced goods and services, 
which represent only a limited subset of ecosystem services (i.e., those which are 
exchanged in markets). As price formation is conditioned to the existence of supply 
and demand relations, every change in human well-being lacking a market is invis-
ible to conventional economic accounts. The economic literature refers to these 
effects as environmental externalities, which can be either negative (e.g., pollution) 
or positive (e.g., ecosystem services). The public good nature of most ecosystem 
services implies that their economic value is often not adequately refl ected in man-
agement decisions that are mainly based on economic information (e.g., cost–ben-
efi t analysis). Consequently, it is argued, ecosystem services with no explicit 
economic value tend to be depleted. 
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 Because biodiversity loss generally involves long-term economic costs that are 
not adequately refl ected in conventional economic accounts (Boyer and Polasky 
 2004 ; Tyrväinen et al.  2005 ; TEEB  2010 ; EEA  2011 ; Escobedo et al.  2011 ; Elmqvist 
et al.  forthcoming ) economic valuation of ecosystem services attempts to make 
 visible the ‘hidden’ economic costs from the conversion of ecological infrastructure 
to built infrastructure (or from natural capital to human-made capital). These may 
include sanitary costs related to health damages from air pollution (Escobedo et al. 
 2008 ,  2011 ; Escobedo and Nowak  2009 ) and costs from increased property  damages 
with loss of natural barriers to climate extremes (Costanza et al.  2006a ). 

   Table 11.3    Examples of indicators and proxies for measuring urban ecosystem services and 
disservices in biophysical terms   

 Ecosystem services  Examples of biophysical indicators and proxies 

  Provisioning services  
 Food supply  Production of food (t/year) 
 Freshwater supply  Water fl ow (m 3 /year) 

  Regulating services  
 Water fl ow regulation and runoff 

mitigation 
 Soil infi ltration capacity; % sealed relative to permeable 

surface (ha) 
 Urban temperature regulation  Leaf Area Index 
 Noise reduction  Leaf area (m 2 ) and distance to roads (m); noise reduction 

[dB(A)]/vegetation unit (m) 
 Air purifi cation  O 3 , SO 2 , NO 2 , CO, and PM 10  μm pollutant fl ux (g/cm 2 /s)

multiplied by tree cover (m 2 ) 
 Moderation of environmental 

extremes 
 Cover density of vegetation barriers separating built areas 

from the sea 
 Waste treatment  P, K, Mg and Ca in mg/kg compared to given soil and water 

quality standards 
 Climate regulation  CO 2  sequestration by trees (carbon multiplied by 3.67 to 

convert to CO 2 ) 
 Pollination and seed dispersal  Species diversity and abundance of birds and bumble bees 

  Cultural services  
 Recreation and health  Area of green public spaces (ha)/inhabitant (or every 1,000 

inhabitants); self-reported general health 
 Cognitive development and 

knowledge preservation 
 Participation, reifi cation, and external sources of social- 

ecological memory 

  Habitat for biodiversity  
 Habitat for biodiversity  Abundance of birds, butterfl ies and other animals valued for 

their aesthetic attributes 

  Ecosystem disservices    Examples of indicators proxies  
 Air quality problems  Emission of VOCs (t/year)/vegetation unit 
 View blockage  Tall trees close to buildings 
 Allergies  Allergenicity (e.g., OPALS ranking) 
 Accidents  Number of aged trees 
 Fear and stress  Area of non-illuminated parks 
 Damages on infrastructure  Affected pavement (m 2 ) wood (m 3 ) 
 Habitat competition with humans  Abundance of insects, rats, etc. 

  Modifi ed from Gómez-Baggethun and Barton ( 2013 ), based on various sources  
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 Over the last few decades, a range of methods have been developed to calcu-
late  economic costs resulting from loss of ecological infrastructure. Avoided cost 
methods, for example, show that loss of urban vegetation can lead to increased 
energy costs in cooling during the summer season (McPherson et al.  1997 ; 
Chaparro and Terradas  2009 ). Likewise, decline of water regulation services 
from land-use change and loss of vegetation in the city catchments increase the 
dependence on water purifi cation technologies, which are generally very costly 
(Daily and Ellison  2003 ). Economic costs may also derive the loss of ecosystem 
services such as air purifi cation (McPherson et al.  1997 ; Nowak and Crane  2002 ), 
noise reduction by vegetation walls (Bolund and Hunhammar  1999 ), carbon 
sequestration by urban vegetation (McPherson et al.  1999 ; Jim and Chen  2009 ), 
buffering of climate extremes by natural barriers (Costanza et al.  2006a ), and 
regulation of water fl ows (Xiao et al.  1998 ). These costs are not merely hypo-
thetical. In most cases they are real economic costs derived from the partial sub-
stitution of ecological infrastructure and ecosystem services by built infrastructure 
and different economic services. Table  11.4  shows examples of quantitative mea-
sures of economic values directly or indirectly attached to ecosystems services in 
the urban context.

   When pollutants are not specifi ed, calculations include NO 2 , SO 2 , PM 10 , O 3  and 
CO). Results from Jim and Chen ( 2009 ) concerted from RMB to $US after Elmqvist 
et al.  forthcoming . Not all fi gures were normalized to net present values and there-
fore they should be taken as illustration only. 

 Using combinations of valuation methods is often necessary to address multiple 
ecosystem services (Boyer and Polasky  2004 ; Costanza et al.  2006b ; Escobedo 
et al.  2011 ). The choice of valuation methods is determined by factors including the 
scale and resolution of the policy to be evaluated, the constituencies that can be 
contacted to obtain data, and supporting data constraints, all subject to a study bud-
get (Table  11.5 ).

   Avoided expenditure or replacement cost methods are often used to address 
values of regulating services such as air pollution mitigation and climate regulation 
(Sander et al.  2010 ). Meta-analyses on economic valuations of ecosystem services 
show that hedonic pricing (HP) and stated preference (SP) methods (and contingent 
valuation in particular), have been the methods most frequently used in urban 
contexts (Boyer and Polasky 2004; Tyrväinen et al.  2005 ; Costanza et al.  2006b ; 
Kroll and Cray  2010 ; Sander et al.  2010 ; Brander and Koetse  2011 ). Economic valu-
ation using hedonic pricing has often been used to capture recreational and amenity 
benefi ts (Tyrväinen and Miettinen  2000 ), views and aesthetic benefi ts (Anderson and 
Cordell  1985 ; Sander et al.  2010 ), noise reduction (Kim et al.  2007 ), air quality 
(Smith and Huang  1995 ; Bible et al.  2002 ; Chattopadhyay  1999 ), and water quality 
(Leggett and Bockstael  2000 ). A review by Kroll and Cray ( 2010 ) shows that hedonic 
pricing methods have been used mainly to value property features at neighborhood 
scales, especially in relation to open space, vegetation, and wetlands (Table  11.6 ).

   Table  11.7  suggests potential valuation methods that can inform urban planning 
issues at different scales.
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11.3.1.3       Social and Cultural Values 

 People bring various material, moral, spiritual, aesthetic, and other values to 
bear on the urban environment; their values can affect their attitudes and actions 
toward ecosystems and the services they provide. These include emotional, 
affective and symbolic views attached to urban nature that in most cases cannot 
be adequately captured by commodity metaphors and monetary metrics (Norton 
and Hannon  1997 ; Martinez Alier et al.  1998 ; Gómez-Baggethun and Ruiz-
Pérez  2011 ; Daniel et al.  2012 ). Here, we refer to these values broadly as social 
and cultural values. The ecosystem services literature has defi ned cultural val-
ues as “aesthetic, artistic, educational, spiritual and/or scientifi c values of eco-
systems” (Costanza et al.  1997 , p. 254) or as “non-material benefi ts people 
obtain from ecosystems through spiritual enrichment, cognitive development, 
refl ection, recreation, and aesthetic experience” (Millennium Ecosystem 
Assessment  2005 , p. 894). 

 Social and cultural values are included in all prominent ecosystem service 
typologies (Daily et al.  1997 ; de Groot et al.  2002 ; Millennium Ecosystem 
Assessment  2005 ). Yet, compared with economic and biophysical values, social, 
cultural, and other non-material values of ecosystems and biodiversity have gener-
ally been neglected in much of the ecosystem services literature. Moreover, social 
and cultural values may be diffi cult to measure, often necessitating the use of more 
holistic approaches and methods that may include qualitative measures, constructed 
scales, and narration (Patton  2001 ; Chan et al.  2012 ). In some cases, tools have been 
developed to measure these values using constructed scales, as in the case of sense 
of place (Williams and Roggenbuck  1989 ; Shamai  1991 ) and local ecological 
knowledge (Gómez-Baggethun    et al.  2010a ). In other cases translating cultural val-
ues into quantitative metrics may be too diffi cult or produce results that are nonsen-
sical or meaningless. 

 Recent research has made substantial progress in the quest to better integrate 
social perspectives and valuation techniques into the ecosystem services frame-
work, and to enable a fuller representation of socio-cultural values in research and 
practice (e.g., Chan et al.  2012 ). Articulation of social and cultural values in 
decision- making processes may require, in most cases, some sort of deliberative 

   Table 11.6    Overview of hedonic pricing studies in cities   

 Scale  Property feature  # of studies 

 National/regional  Policies affecting property rights  5 
 Regional/neighborhood  Open space  28 

 Water & wetlands  24 
 Neighborhood/streetscape  Open space vegetation & trees  20 
 Streetscape  Pavement type  7 
 Streetscape/property  Climate & temperature  5 
 Building  Energy effi ciency  7 

  Produced by Barton et al. ( 2012 ), adapted from Kroll and Cray ( 2010 )  
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process, use of locally defi ned metrics, and valuation methods based on qualitative 
description and narration. A set of values that may be labeled as socio-cultural and 
associated descriptions is provided in Table  11.8 .

11.3.1.4       Health Values 

 Multiple connections between urban vegetation and human health have been identi-
fi ed (Tzoulas et al.  2007 ; Bowler et al.  2010a ), and the study of the links between 
green areas, human health and recovery rates is a rapidly expanding fi eld of research 
(Grahn and Stigsdotter  2003 ). For example, access to green space in cities was 
shown to correlate with longevity (Takano et al.  2002 ), with recovery from surgeries 
(Ulrich  1984 ) as well as with self-reported perception of health (Maas  2006 ; van 
den Berg et al.  2010a ). Proximity to green space reduced stress in individuals 
(Korpela and Ylén  2007 ), and children with attention defi cit disorder have showed 
improved alertness (Taylor and Kuo  2009 ). Evidence also exists of other health 
benefi ts that correspond to green space availability (Hu et al.  2008 ; Bedimo-Rung 
et al.  2005 ; Ohta et al.  2007 ). Kaczynski and Henderson ( 2007 ) reviewed 50 quan-
titative studies that looked at the relationship between parks and physical activity 
and found that proximity to parks was associated with increased physical activity. 

 Green spaces have also been shown to infl uence social cohesion by providing a 
meeting place for users to develop and maintain neighborhood ties (Maas et al. 
 2009 ; Kázmierczak  2013 ). Other studies suggest that urban ecosystem services like 
air pollution reduction (Lovasi et al.  2008 ; Pérez et al.  2009 ) and urban cooling 
(Bowler et al.  2010b ) have multiple long term health benefi ts. However, although 
the evidence of most studies suggests that green spaces have benefi cial health 
effects, it should be noted that establishing a causal relationship has proven very 
diffi cult (Lee and Maheswaran  2010 ).  

   Table 11.8    Socio-cultural values of ecosystems and biodiversity   

 Socio-cultural 
values  Explanation  References 

 Spiritual values  In many places, especially among peoples 
with animistic religions, ecosystems 
and biodiversity are deeply inter-
twined with spiritual values 

 Stokols ( 1990 ) 

 Sense of place  Emotional and affective bonds between 
people and ecological sites 

 Altman and Low ( 1992 ), Feldman 
( 1990 ), Williams et al. ( 1992 ), 
Norton and Hannon ( 1997 ) 

 Sense of 
community 

 Feelings towards a group and strength of 
attachment to communities 

 Doolittle and McDonald ( 1978 ), 
Chavis and Pretty ( 1999 ) 

 Social cohesion  Attachment as source of social cohesion, 
shared interests, and neighborhood 
participation 

 Bennett ( 1997 ), Gotham and 
Brumley ( 2002 ), Kázmierczak 
( 2013 ) 

  Produced by Gómez-Baggethun (2013)  
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11.3.1.5    Environmental Justice Values 

 Social practices not only affect which ecosystem services are produced through the 
management of urban ecosystems (Andersson et al.  2007 ), but also who in society 
benefi ts from them (Ernstson  2012 ). Urban political ecology is the study of eco-
logical distribution confl icts (i.e., confl icts on the access to ecosystem services and 
on the burdens of pollution). Environmental justice (Hofrichter  1993 ) represents 
the perspective within political ecology that conceives of balanced access to eco-
system services and balanced exposure to pollution across groups as a fundamental 
right. The notion was fi rst used in relation to environmental confl icts in cities of the 
United States, where minority groups including African Americans, Latinos, and 
Native Americans bore disproportionate burdens of urban pollution and exposure 
to toxic waste (Martínez Alier  2005 ). While the bulk of the literature has focused 
on unequal exposure to pollution, the study of environmental confl icts related to 
unequal access to the benefi ts of ecosystem services are likely to become an impor-
tant fi eld of research for political ecology in the coming years. A recent study by 
Ernstson ( 2012 ) draws on empirical studies from Stockholm, Cape Town, and 
other cities to inform a framework to relate ecosystem services to environmental 
justice in urban areas. 

 Ecological distribution confl icts not only emerge from unequal access to eco-
system services within cities but also from asymmetries in the appropriation of 
ecosystem services by cities vis-à-vis their surrounding environment and more 
distant regions (Hornborg  1998 ). Extensive research has shown that urban growth 
depends on the appropriation of vast areas of ecosystem services provision beyond 
the city boundaries (Folke et al.  1997 ; Rees  1992 ; Rees and Wackernagel  1996 ). 
Thus, an important associated value of urban ecosystem services resides in their 
potential to reduce the ecological footprint of cities, and thus, cities’ ecological 
debt to the non- urban environment. Building on the ecosystem services concept, 
Gutman ( 2007 ) calls for a new rural–urban compact, where cities channel more 
employment opportunities and more income to the rural areas in exchange for a 
sustainable supply of products and ecosystem services provided by restored rural 
environments.  

11.3.1.6    Insurance Values 

 Urban ecological infrastructure and ecosystem services can play a major role in 
increasing the resilience of cities through enhancing their ability to cope with dis-
turbance and adapt to climate and other global change. The contribution of ecologi-
cal infrastructure and ecosystem services to increased resilience and reduced 
vulnerability of cities to shocks has been referred to as a form of insurance value 
(Gómez-Baggethun and de Groot  2010 ). Ecosystem services that are critical to the 
resilience of cities in response to specifi c disturbances include urban temperature 
regulation, water supply, runoff mitigation, and food production. For example, 
urban temperature regulation can be critical to buffer the effects of heat waves 
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(Lafortezza et al.  2009 ; EEA  2010 ; Depietri et al.  2012 ), ecological infrastructure 
that enhances water supply can increase resilience to drought, and runoff mitigation 
provided by urban vegetation can reduce the likelihood of damages by fl ooding and 
storms (Villarreal and Bengtsson  2005 ). 

 Special attention has been given to the role that food production in urban allot-
ments can play in increasing food security and building resilience to shocks, espe-
cially in times of economic and political crisis (Smit and Nasr  1992 ; Moskow  1999 ; 
Page  2002 ; MA  2005 ; UNEP  1996 ). The Millennium Ecosystem Assessment notes 
that “for many of today’s urban dwellers, urban agriculture provides an important 
source of food and supplementary income” (MA  2005 , p. 810). In Cuba, urban 
agriculture that emerged in response to the decline of Soviet aid and trade and the 
persistence of the trade embargo came to play a major role in food security (Altieri 
et al.  1999 ; Moskow  1999 ). Likewise, urban agriculture has provided an important 
safety net for landless peoples in sub-Saharan Africa (Maxwell  1999 ). At present, 
urban social movements associated with allotments gardens are emerging all around 
Europe (Barthel et al.  2010 ). Table  11.9  provides examples of how urban allotments 
can contribute to increasing resilience and storing social-ecological memory to deal 
with shocks.

   Recent contributions have also noted the role of urban ecosystems in main-
taining living bodies of local ecological knowledge (Andersson et al.  2007 ). 
Because local and traditional knowledge systems embed accumulated knowledge 
and practices to cope with environmental change, maintaining these bodies of 
knowledge can be essential for resilience to shocks (Barthel et al.  2010 ; Gómez-
Baggethun et al.  2012 ). 

 Measuring the insurance value of resilience remains a challenging task. For 
example, there is growing evidence that increased resilience can bring multiple 
indirect economic benefi ts (Walker et al.  2010 ). Yet, translating the value of resil-
ience into monetary metrics can be complicated and in some cases also useless. 
Because the economic value of ecosystem services is affected by the distance to 
ecological thresholds, trying to capture the value of resilience with economic 
valuation at the margin can be risky and even misleading (Limburg et al.  2002 ); 

   Table 11.9    Sources of resilience and carriers of social-ecological memory to deal with disturbance 
and change in urban allotments   

 Category  Examples found in allotment gardens 

 Habits/rituals ( participation )  Imitation of practices, exchange of seeds, embodied habits 
 Oral tradition ( participation )  Ongoing negotiations, mentor programs, daily small talk 
 Rules-in-use ( reifi cation )  Norms of social conduct, norms towards the environment, 

property rights 
 Physical forms/artifacts 

( reifi cation ) 
 Written material, pictures, the gardens, tools, stories 

 External memory sources  Media and organizations external to individual allotment 
gardens 

  Produced by Jansson (2012), modifi ed from Barthel et al. ( 2010 )  
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when thresholds are close, small changes can trigger abrupt shifts in ecosystem 
services and related values (Scheffer et al.  2001 ; Walker and Meyers  2004 ; 
Pascual et al.  2010 ).    

11.4     Ecosystem Services and Urban Governance 

11.4.1     Connecting Ecosystem Service Values to Urban Policy 
and Governance 

 Local authorities in many cities throughout the world are looking for innovative 
ways to maintain and increase ecological infrastructure as a part of urban planning 
and design (Rosenzweig et al. 2009; see also Chap.   27    ). Yet, many studies have sug-
gested that the ability of local authorities to implement ecological infrastructure is 
not suffi ciently recognized and hence lacks further integration into spatial planning 
systems (Kruuse  2011 ). Economic and non-economic valuation of ecosystem ser-
vices is often demanded by policy makers and practitioners as supporting informa-
tion to guide decisions in urban planning and governance. Ways in which valuation 
can inform urban planning include awareness raising, economic accounting, 
priority- setting, incentive design, and litigation, thus broadly refl ecting the objec-
tives of “recognizing, demonstrating, and capturing value” as suggested in the 
TEEB report (TEEB  2010 ) (Fig.  11.2 ).

   The demand for accuracy and reliability of valuation methods increase succes-
sively when moving from a policy setting, requiring simply awareness raising (e.g. 
regarding costs of ecosystem service loss); to including ecological infrastructure in 
accounting of municipal assets; to priority-setting (e.g. for location of new neighbor-
hoods); to instrument design (e.g. user fees to fi nance public utilities); or fi nally to 
calculation of claims for damage compensation in a litigation (e.g. siting of locally 
undesirable land-uses (LULUs)). While several monetary valuation methods are 
potentially applicable at different spatial scales, valuation studies in urban areas for 
support in any given decision-making context are more demanding because of require-
ments for higher spatial resolution and multiple scales of analysis. Using valuation of 
urban ecosystem services for decisions about ecological infrastructure requires attrib-
uting service values to the particular assets at specifi c locations. For regulating ser-
vices this requires some form of spatially explicit biophysical modeling which 
increases valuation costs with increasing geographical scale and resolution (Fig.  11.2 ).  

11.4.2     Ecosystem Services in Urban Planning and Design 

 A better understanding of ecosystem services, their spatial characteristics and inter-
relations is very much needed in order to move ecosystem services from an 
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assessment tool to a practical instrument for planning and design (Troy and Wilson 
 2006 ). For a discussion of patterns and trends in urban biodiversity and design, with 
applications to ecosystem services, see Chap.   10    . Ecosystem service research is 
slowly merging with landscape ecology and spatial planning to address the issue of 
the scales and structures related to the generation and utilization of ecosystem ser-
vices (see e.g., Fisher et al.  2009 ). There are several possible spatial relationships 
between the scale at which one ecosystem service is generated and the scale at 
which people may benefi t from it. Some services can only be enjoyed at the source 
(e.g., shading from vegetation or many recreational uses of green areas), whereas 
others spill over into adjacent areas (e.g., noise reduction, wind breaks and pollina-
tion). Such spill- over may be unidirectional or directional, the latter partly due to 
physical geography (e.g., of waterways, topography, and location of roads) and the 
location of the benefi ciaries. The connection between ecosystem service source 
areas and end-users is mediated by social structures such as built infrastructure and 
institutions defi ning access to land. There are a wide range of solutions for provid-
ing the people in different cities with similar ecosystem services and city-specifi c 
scales of relevance for addressing each ecosystem service. 

 Spatial scales and landscape structure affect the possibilities and constraints for 
ecosystem service planning. Efforts to address bundles of services to create or 
maintain multifunctional landscapes have seen considerable progress in the last 
decade. On larger scales, access to multiple ecosystem services can be achieved by 
ensuring generation of different ecosystem services in different parts of the land-
scape—as long as they are accessible to the users (see Brandt and Vejre  2003 ). 
However, the scale in these studies is often coarse and is not well suited to pick up 
the small-scale heterogeneity of the urban landscape. When the potential service-
providing areas are few and situated in a matrix of many and diverse users, the 
number of services expected from each of these areas is likely to increase. Multiple 
interests coupled with limited size will highlight trade-offs between services and 
potentially lead to confl icts. 

 The urban mosaic is often complex and characterized by multiple spatial bound-
aries between different land-uses. With such heterogeneity, relative location and 
context can be expected to be especially important. Some ecosystem services will 
rely on species that require easy access to two or more habitat types (Andersson 
et al.  2007 ). For example, Lundberg et al. ( 2008 ) described how long-term mainte-
nance of an oak dominated landscape with highly valued cultural and aesthetical 
qualities in Sweden depends also on patches of coniferous forest, the latter provid-
ing the main seed disperser, Eurasian Jay ( Garrulus glandarius ), with breeding 
habitat. Other ecosystem services such as pest control or pollination rely on close 
proximity to a source area (e.g. Blitzer et al.  2012 ). 

 Many ecosystem services are directly mediated or provided by different organ-
isms (Kremen  2005 ) and can thus be addressed through a focus on these organ-
isms. From a temporal perspective, long-term provisioning of ecosystem services 
within cities raises concerns about population dynamics, including the risks of 
extinction (at least on the local scale) and potential for re-colonization. For many 
species, habitat within cities may be perceived as quite fragmented, suggesting 
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not only that future urban development should try to avoid further fragmentation 
but also that increased connectivity should be one of the prime objectives for 
 restoration efforts (Hanski and Mononen  2011 ). It seems reasonable that the gen-
eral character of urban green structures should be as similar as possible to that of 
the hinterlands in order to benefi t the most from potential near-city source areas 
of ecosystem-service- providing organisms. To draw on these source areas, cities 
need a  connected green structure that reaches all the way through urban and peri-
urban areas into the rural. 

 From a spatial perspective, at least two distinct strategies for ensuring ecosystem 
service generation can be identifi ed (see Forman  1995 ). The fi rst draws on tradi-
tional conservation planning and is foremost concerned with enhancing and secur-
ing internal values within a bounded area, for example biodiversity or recreational 
opportunities within a protected area. This approach advocates large areas, and if 
spatial issues are considered at all it is usually in terms of green area networks 
where “green areas” are not necessarily the same as ecosystem service generating 
areas. The second strategy adopts more of a landscape management perspective in 
which the focus is on enhancing the performance of all parts of the landscape (see 
Fahrig et al.  2011 ), not just the few large areas suggested in the fi rst approach. 
Instead, this perspective highlights the potential of smaller units interspersed 
throughout an area (for example, small clumps of trees mixed with residential 
development may enhance overall biodiversity or aesthetic values). The two 
approaches are by no means incompatible or always opposing, but their focus, pri-
oritizations, and trade-offs differ. Both are needed and address different aspects of 
ecosystem services.   

11.5     Ecosystem Services in Three Cities 

 Since appropriate management strategies for ecosystems outside and within cities 
may differ due to, for example, the difference in social, ecological and economic 
pressures, it is essential to acquire a fairly detailed outline of a city’s ecosystem 
service needs, both within and outside the city boundaries. The information on 
where different ecosystem services are being produced (i.e., the location of the pro-
duction unit), whether inside the city itself or elsewhere, is also signifi cant in deter-
mining how vulnerable or resilient a city and its inhabitants are to potential 
disruptions in the generation of ecosystem services when exposed to change. 
Assessing restoration/transformation potential in the urban landscape is important 
for mitigating disruptions in service generation and can be a powerful tool for urban 
planning. Furthermore, since the generation of ecosystem services in a specifi c eco-
system often affects the generation potential in other ecosystems, it is also crucial to 
identify spill-over effects. In the following tables a review of ecosystem services for 
three different cities are presented: Cape Town, New York, and Barcelona (in-depth 
assessments on Cape Town and New York are presented in Chaps.   24     and   19    , 
respectively). 
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11.5.1     Cape Town 

 The city of Cape Town is home to approximately 3.7 million people. It is 
 characterized by apartheid city planning with racially distinct urban residential areas 
and a massive disparity in development between these areas. Key  socio-economic 
challenges within the city include the provision of housing, education, transport 
infrastructure, nutrition and healthcare. Current development strategies acknowl-
edge these issues and also recognize that population growth and migration to this 
city will increase the magnitude of these challenges. 

 The Cape Floristic region in which Cape Town is located is a globally recognized 
biodiversity hotspot. The city is home to 19 of the 440 national vegetation types, 
and hosts 52 % of the nationally critically endangered vegetation types (Rebelo 
et al.  2011 ). Cape Town is also a major tourism destination in Africa, a function of 
the heterogeneous natural environment, which provides multiple other ecosystem 
services. The Table Mountain National Park, which is surrounded by the city, is a 
key conservation area for retaining both the biodiversity as well as the ecosystem 
services that support local residents (Anderson and O’Farrell  2012 ). The lowland 
areas within the City area are not well protected and are under extreme and constant 
pressure of transformation, particularly for much-needed housing (see Chap.   24    ). In 
a recent assessment of the ecosystem services found within Cape Town, O’Farrell 
et al. ( 2012 ) examined the effect of transformation on a number of services by con-
trasting historical landscape structure (500 years prior) with current conditions, and 
in addition explored potential future transformation effects (using a scenario where 
all undeveloped land not under formal conservation protection was transformed to 
formal housing) (Fig.  11.3 ). Their study indicated that all services had decreased 
from their potential level; provisioning services were particularly affected, with 
reductions between 30 and 50 % depending on the service. The study highlights the 
signifi cance of the loss of regulating services, which while less threatened than 
other services in the study, are potentially more problematic when lost, as these 
services must be delivered in situ. Whereas provisioning services can be outsourced 
to areas beyond the city boundaries (such as the provision of food), this is not pos-
sible with most regulating services (such as fl ood mitigation and coastal zone pro-
tection) (see Table  11.10 ).

    Recognized important ecosystem services to the City of Cape Town are the pro-
vision of water supply, fl ood mitigation, coastal zone protection and tourism (see 
Table  11.10 ). Many of these services, and the biodiversity and ecological infrastruc-
ture on which they depend, have been degraded. There are a number of examples 
where there are programs and projects in place aimed at attempting to restore these 
and thereby enhance ecosystem service benefi ts. 

 Invasive alien plants have become a dominant feature in the catchments that 
 supply Cape Town with water. These plants use signifi cantly more water than 
the indigenous vegetation, and thereby decrease surface run-off and ultimately 
water supply and security (Le Maitre et al.  1996 ). The Working for Water program 
was established in 1995 as a direct response to the loss of this critical resource 
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(Van Wilgen et al.  1998 ) (see Chap.   24    ). Clearing teams are continuing to remove 
 invasive plants from these catchments in an attempt to restore optimal water fl ows, 
which are critical to the growth and development of the city. 

 Within this restoration space, interventions are emerging at many tiers of society. 
Smaller initiatives driven by local communities or smaller government agencies 
aimed at restoring natural vegetation have been shown to have considerable ecosys-
tem service benefi t (Avlonitis  2011 ). While these often emerge in a cultural space, 
or towards recreational ends, there are evident ecological spin-offs. A study by 
Avlonitis ( 2011 ) has shown the potential of communities to work in conjunction 
with larger government initiatives such as Working for Wetlands, where community 
initiative and labor are used to promote the development of indigenous vegetation 
gardens. Here, cultural agendas are forwarding the restoration of regulating ser-
vices. This study points to the value of targeting sites where multiple agendas can 
be met through intervention. Restoration initiatives should take advantage of com-
munity interest and energy and align interventions with local cultural needs. An 
examination of the relevance of urban green space to the local population shows 
multiple opportunities to fi nd these nodes of congruent opportunity (Pitt and Boulle 
 2010 ). 

 The opportunity for restoring the regulating services of coastal zone protection 
are largely lost where there has been considerable historic development close to the 
coastal zones. These areas tend to be associated with erosion problems and are a 
major fi nancial sink for City management who strive to protect settlements, often 

Land capability

Grazing
Potential
Current
Future

Flood
mitigation

Soil retention

Critical infiltrationCoastal zone
protection

Ground water
recharge

Ground water
yield

Ground water
quality

20

40

60

80

100

  Fig. 11.3    Present and potential changes in ecosystem service supply for Cape Town shown as a 
percentage of the potential service produced (Modifi ed from O’Farrell et al.  2012 , p. 6. Published 
with kind permission of © Ecology and Society 2012. All Rights Reserved)       
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with expensive engineering interventions. Opportunities need to be sought for the 
effective incorporation of existing regulating services into ongoing and future devel-
opments. Large buffer zones protecting coastal dune systems with an associated 
functioning ecology are a critical service and one likely to become more so with 
projected sea rise and increased storm surge. A spatial plan needs to be developed 
assessing where restoration might be an option, and where engineering interven-
tions must be considered. Remnant areas need the strictest protection as the city 
continues to grow within these areas (see Chap.   24     for additional discussion on this 
challenge). 

 There are numerous cases where ecosystem services may be effectively deliv-
ered outside of the natural indigenous biodiversity framework. For example, certain 
urban agricultural areas may be effective sites of groundwater recharge serving as a 
site of effective regulation, and forest plantations provide much enjoyed recreation 
sites serving an important cultural service. What is apparent is a suite of emerging 
novel ecosystems that speak to ecosystem service delivery, but do not necessarily 
meet biodiversity conservation goals. The high endemic biodiversity and global 
conservation signifi cance of the vegetation of South Africa’s Western Cape means 
that conservation agendas tend to predominate in this discourse. This is where eco-
system services and biodiversity conservation agendas may diverge. Future spatial 
planning and development as well as restoration activities must pay due attention to 
both conservation priorities and the ecosystem service needs and delivery potential 
of the remaining open spaces within the city.  

11.5.2     New York 

 New York City is a classic example of a complex social-ecological system (SES) 
(McGrath and Pickett  2011 ; McPhearson  2011 ) situated in a large urban region 
along the northeast coast of the United States. The metropolitan region encom-
passes a dense urban core, surrounded by sprawling suburban and exurban develop-
ment housing over 20 million people with unparalleled ethnic and social diversity. 
New York is both the largest city in the U.S. and the densest. Though people may 
often think of the city as a network of tightly-knit architectural forms and elabo-
rately paved infrastructure, New York has a higher percentage of open space than 
any other major city in the U.S. (The Trust for Public Land 2011). 

 Throughout the fi ve municipal boroughs of Manhattan, Brooklyn, Queens, 
Bronx, and Staten Island, there are approximately 11,300 ha of city parkland—
nearly 40 % of which (4,450 ha) is still natural—harboring freshwater wetlands, salt 
marshes, rocky shorelines, beaches, meadows and forests. Ensconced within 
these ecosystems are more than 40 % of New York State’s rare and endangered 
plant species. As a result, scientists are beginning to view New York City as an 
ecological hot spot—more diverse and richer in nature than the suburbs and rural 
counties that surround it. Regional ecosystems beyond the city boundaries also 
provide critical ecosystem services to New Yorkers including drinking water, 
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climate regulation, food production, recreation, and more, some of which have yet 
to be documented and described (Table  11.11 ).

   Nonetheless, valuation of ecosystem services in New York has moved from eco-
nomic valuation assessment of wetlands and forests to planning and legislation 
aimed at expanding and improving the management of ecosystems in the city for the 
purpose of improving the health and well-being of urban residents. The most promi-
nent example is the recent 20-year economic and environmental sustainability plan, 
PlaNYC, which includes 132 initiatives. These ambitious initiatives range from 
revamping aging infrastructure to cutting greenhouse gas emissions 30 % by 2030 
(New York City  2011 ). Since its inception, PlaNYC has gained tremendous atten-
tion both nationally and internationally and has been acknowledged around the 
world as one of the most ambitious and pragmatic sustainability plans anywhere 
(see Chap.   19    , Local Assessment of New York). 

 One of the many ecosystem service-focused initiatives of PlaNYC is 
MillionTreesNYC, a public-private partnership between the NYC Department of 
Parks & Recreation and the New York Restoration Project, with the goal of 
planting and caring for one million trees across the city’s fi ve boroughs over the 
next decade. By planting one million trees, New York City intends to increase the 
size of its urban forest by 20 %. Since MillionTreesNYC began in 2007, over 
600,000 trees have already been planted on city streets, private land, and public 
parkland. The impetus for such a signifi cant investment in trees is the ecosystem 
services that the urban forest provides to city residents. One recent study by the 
U.S. Forest Service put the compensatory value of the city’s urban forest at over $5 
billion (Nowak at el.  2007a ). Nowak and colleagues estimated that the urban forest 
stores 1.35 million tons of carbon, a service valued at $24.9 million. The forest 
sequesters an additional 42,300 t of carbon per year (valued at $779,000 per year) 
and about 2,202 t of air pollution per year (valued at $10.6 million per year; Nowak 
et al.  2007a ). Urban trees provide a direct ecological service to cities by reducing 
urban surface and air temperatures through shading and evapotranspiration, yet the 
indirect effects of trees are just as important. For example, a cooler city leads to 
substantial reductions in energy use for air-conditioning. The U.S. Forest Service 
found that New York City’s street trees provide an estimated $27 million a year in 
energy savings through shading buildings. Trees can also regulate local surface and 
air temperatures by refl ecting solar radiation and shading surfaces, such as streets 
and sidewalks that would otherwise absorb heat. Decreasing the heat loading of the 
city and thereby mitigating the urban heat island effect may be the most important 
ecological service trees provide to cities (McPhearson  2011 ). If an urban area like 
New York City eventually adds one million additional trees to its urban forest, the 
total cooling effect could decrease the heat of the city by a full degree or more 
(Rosenzweig et al.  2009 ). 

 Urban trees also capture rainfall on their leaves and branches and take up water 
through their roots, acting as natural stormwater capture and retention devices. 
Capturing stormwater to prevent pollution loading to local streams, rivers, and estu-
aries is a major goal of PlaNYC. Street trees in NYC intercept almost 900 million 
gallons of stormwater annually, or 1,500 gallons per tree on average. The total value 
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of this benefi t to New York City is over $35 million each year. A comprehensive 
accounting of the ecosystem services of New York’s urban forest and other green 
spaces is part of research in progress, but it is clear that urban ecological infrastruc-
ture is providing additional social and ecological benefi ts to the city including 
increased wildlife habitat, forestry products, materials for community projects, 
neighborhood beautifi cation, places for social bonding, increased safety, neighbor-
hood stability, and social-ecological resilience (Grove et al. 2006). 

 For example, ecological infrastructure in New York provides a number of cul-
tural services to city. New York City’s park system offers numerous recreational 
opportunities to residents from large urban parks such as Central Park in Manhattan 
and Prospect Park in Brooklyn, to playgrounds, sport fi elds and small pocket and 
neighborhood parks. While the city’s park system is one of the largest in the world, 
PlaNYC acknowledges that many communities still lack suffi cient access to park 
and open space. Therefore, the City has set a target of 1.5 acres of open space per 
1,000 people, coupled with the goal of having a park within a 10-min walk for all 
city residents. To achieve these goals, the City has committed to expanding the park 
system by 2,700 acres, improving existing facilities and offering extended hours in 
various park facilities. US$400 million are slated for investment in the creation of 
new regional parks within the city boundaries (New York City  2007 ,  2011 ). 

 Ecological infrastructure is also important for the provisioning of food for New 
York residents (Table  11.11 ). Though only a small fraction of food consumed is 
produced locally, the vibrant and growing local food movement is one of the prom-
ising trends in urban ecosystem services. Urban gardens in private homes, commu-
nity gardens, rooftop gardens and urban farms contribute to urban ecosystems by 
providing habitat to support biodiversity and increased resilience. In addition they 
provide varied ecosystem services such as runoff retention, recreation and educa-
tion opportunities, and support sense of place and are sites for social-ecological 
memory. The New York local food movement is diverse, comprised of NGOs, 
research and education institutions, government organizations and many individu-
als. Programs such as the City’s GreenThumb (  http://www.greenthumbnyc.org/    ), 
Farming Concrete (  http://farmingconcrete.org/    ), 596 acres (  http://596acres.org/    ), 
Five Borough Farm (  http://www.designtrust.org/projects/project_09farm.html    ) and 
many others are working tirelessly to convert built acres into ecologically sound, 
productive spaces. With over 1,000 gardens, 30 urban farms and 2,000 acres of still 
vacant land, the trend is only beginning to fulfi ll its potential. 

 That the human components of the social-ecological system are intimately tied 
to the ecological components through ecosystem services is becoming better under-
stood in policy and planning in New York City. The last decade has shown signifi -
cant progress towards resilience and sustainability planning, most recently through 
PlaNYC. Still, it will continue to be essential for city planners, managers, and pol-
icy makers to better understand trade-offs and synergies in the provisioning of eco-
system services in order to generate best practices for managing and enhancing 
biodiversity and ecosystem services in the New York metropolitan region.  

E. Gómez-Baggethun et al.
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11.5.3     Barcelona 

 Barcelona is a compact city located at the Mediterranean shore in North-Eastern 
Spain. The Barcelona Metropolitan Region (BMR) has been described as a circular 
structure, comprised of two extensive outer metropolitan rings, a dense middle ring 
and the municipality of Barcelona as the compact inner core (Catalán et al.  2008 ). 
The BMR, with around fi ve million inhabitants—including the municipality of 
Barcelona with 1.62 million inhabitants—is the second largest urban area in Spain. 
Population density is relatively low in the outer rings and increases to over 16,000 
inhabitants per km 2  in the inner core (Census 2012, IDESCAT), which makes 
Barcelona one of the densest cities in Europe. While the population size of the BMR 
showed stability within the last decades, its distribution pattern changed consider-
ably. The horizontal expansion of the city—in form of a migratory movement from 
the dense core to outer rings of the BMR—more than doubled the size of the urban-
ized area since 1975 (Domene and Saurí  2007 ; Catalán et al.  2008 ). This urban 
sprawl movement has been described as benefi cial to the population of the BMR, 
considering trade-offs between the loss of rural landscape in the outer parts and an 
increase of green space per capita in the inner city (Garcia and Riera  2003 ). 

 Currently, the total green space within the municipality of Barcelona amounts to 
28.93 km 2 , representing 28.59 % of the total municipal area and 17.91 m 2  of green 
space per inhabitant (Barcelona City Council, Statistical Yearbook 2012). However, 
most of this green space corresponds to the peri-urban forest of Collserola (Boada 
et al.  2000 ). In the core of Barcelona—excluding Collserola forest—green space 
per capita amounts to no more than 6.80 m 2  per inhabitant, which is a very low ratio 
in comparison with other European cities (Fuller and Gaston  2009 ). On the contrary, 
the number of single street trees—with almost 160,000 units and a ratio of almost 1 
tree per 10 inhabitants—is comparatively high (Pauleit et al.  2002 ). 

 The urban street trees and the urban forests of Barcelona have been documented 
to provide a wide range of benefi ts to the city dwellers by generating a variety of 
regulating ecosystem services such as urban temperature regulation, noise reduc-
tion, and water fl ow regulation (Table  11.12 ). Chaparro and Terradas ( 2009 ) esti-
mate that urban forests in Barcelona contribute to GHG emission offsets by carbon 
storage amounting to 113,437 t (11.2 t/ha) and by carbon sequestration amounting 
to net 5,422 t/year (0.54 t/ha/year). Urban forests also contribute to air purifi cation, 
an important policy issue in Barcelona due to elevated air pollution levels ( Toll and 
Baldasano 2000 ; Pérez et al.  2009 ). Air purifi cation by urban forest, shrubs, and 
street trees in Barcelona has been estimated in 305.6 t/year, including 166 t/year 
PM10 removal, 72.6 t/year of O 3 , 54.6 t/year of NO 2 , 6.8 t/year of SO 2 , and 5.6 t/
year of CO removal (Chaparro and Terradas  2009 ). Decreases in air pollution levels 
can provide considerable health benefi ts. For example, previous research has sug-
gested that urban vegetation of Barcelona could decrease current PM10 levels from 
50 to 20 mg/m 3 , thereby increasing the average life expectancy of its inhabitants by 
14 months (Pérez et al.  2009 ).
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   However, the importance of green space for biodiversity and the generation of 
ecosystem services has only gained stronger recognition in urban policy making 
recently, as manifested in Barcelona’s  Pla del Verd i la Biodiversitat  (Plan of Green 
Space and Biodiversity), a strategic plan with the goal to enhance Barcelona’s eco-
logical infrastructure. Because Barcelona is a highly compact city and available 
space for the restoration of green space is relatively low, urban planning needs to 
account for trade-offs between different ecosystem services as favored under differ-
ent policy and land-use scenarios. The perceived scarcity of available green space in 
Barcelona and a disregard of the need for specifi c ecosystem services by urban plan-
ning has led to many individual and community-based informal greening initiatives 
(Domene and Saurí  2007 ; Arbaci and Tapada-Berteli  2012 ). An outstanding exam-
ple is the creation of the “Pou de la Figuera,” a green space located in the old town 
of the city. This area, which was previously intended for the construction of parking 
spaces and high-end apartments, is today a popular green space created by the ini-
tiative of neighbors and environmental activists. It embeds planted areas, sports 
areas, and a community garden, all of which provide support for a variety of ecosys-
tem services including recreational activities, social cohesion, environmental edu-
cation, and food production (see Anguelovski  2012 ). 

 The provision of cultural ecosystem services is also crucial in urban parks, which 
have been in the focus of urban planning in Barcelona since the end of the nine-
teenth century (Roca  2000 , p.405). For example, the Park Montjuïc, which—with 
more 300 ha—is the biggest inner city park in Barcelona, provides a broad range of 
cultural ecosystem services and receives about 16 million visitors per year 
(Ajuntament de Barcelona, Modifi cació del Pla General Metropolità de la Muntanya 
de Montjuïc 2010). Simultaneously Montjuïc embeds the city’s highest levels of 
biodiversity and serves as habitat for multiple species (Boada et al.  2000 ). The lim-
ited amount of green space in the dense city of Barcelona necessitates a broader 
knowledge about trade-offs and synergies between the supply of different ecosys-
tem services. It further requires a broader acknowledgement of citizens’ needs in the 
planning of urban green spaces. Waste and brown-fi elds, even if they are very lim-
ited in their extension, have a high potential to provide ecosystem services when 
used—for example—as community gardens.   

11.6     Conclusions 

 Urbanization and technological progress has fostered the conception of an urban 
society that is increasingly disconnected and independent from ecosystems. 
However, demands on natural capital and ecosystem services keep increasing 
steadily in our urbanized planet (Gómez-Baggethun and de Groot  2010 ; Guo et al. 
 2010 ). Decoupling of cities from ecosystems can only occur locally and partially, 
thanks to the appropriation of vast areas of ecosystem services provision beyond the 
city boundaries. Just as any other social-ecological system, cities depend on ecosys-
tems and their components to sustain long-term conditions for life, health, good 
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social relations and other important aspects of human well-being. If taken seriously 
in urban policy, ecosystem services can play an important role in reconnecting cities 
to the biosphere (Jansson  2013 ). 

 The present review synthesizes research that outlines the potential role of urban 
ecological infrastructure in enhancing resilience and quality of life in cities. 
Ecosystem services that can be especially relevant in urban contexts include noise 
reduction, urban temperature regulation, moderation of climate extremes, outdoor 
recreation, cognitive development, and social cohesion. Besides their contribution 
to quality of life, urban ecosystem services can be a major source of resilience for 
cities, thereby enhancing capacity to deal with environmental and socio-economic 
shocks. For example, temperature regulation by vegetation reduces health impacts 
from heat waves, and natural barriers such as mangroves and coral reefs in coastal 
cities reduce the potential damages from storms and waves. Likewise, urban allot-
ment gardens can improve food security in times of crises. 

 The importance of urban ecosystem services can be approached from multiple, 
sometimes confl icting, value perspectives, each of which may capture a relevant 
dimension of urban environmental policy (Martínez Alier  2002 ). Ethics and aesthet-
ics, health, environmental justice, economic costs, and resilience are all relevant 
languages in the valuation of urban ecosystem services. They each emphasize dif-
ferent forms of value that cannot simultaneously maximized or reduced to single 
measurements. Loss of green space may simultaneously involve health impacts and 
increased vulnerability to shocks but may (or may not) also provide additional eco-
nomic benefi ts. Clearing a patch of forest to create a park enhances recreational 
values but generally reduces biodiversity. Thus, trade-offs arise not only across eco-
system services but also across the different dimensions of value of those services 
(Martín-López et al.  2013 ). Furthermore, specifi c ecosystem processes and compo-
nents that may be perceived as services by some, may be perceived as disservices by 
others. Green areas in cities can be simultaneously perceived by different people as 
pleasant sites for recreation (Chiesura  2004 ) or as dangerous places to walk at night 
(Bixler and Floyd  1997 ). Likewise, large street trees may be positively seen as pro-
viding shade and aesthetic benefi ts by pedestrians, while people living in the build-
ings close to them may perceive them as a nuisance because they reduce sunlight 
and block views out of their windows. Reaching a comprehensive picture of the 
multiple potential benefi ts and nuisances of restoring or losing urban ecosystems 
therefore involves endorsing integrated valuation approaches capable of combining 
multiple value dimensions, stakeholder perspectives, knowledge systems and fi elds 
of expertise. 

 Framing and achieving a new vision to enhance the sustainability of cities based 
on the restoration of ecological infrastructure and ecosystem services means mov-
ing away from conventional approaches to economics and engineering and towards 
the application of ideas from broader, more transdisciplinary fi elds (Costanza et al. 
 2006a ; Lundy and Wade  2011 ). Although the ecosystem services perspective has 
led to great progress in our understanding of specifi c forms of human-nature rela-
tions, it should be noted that awareness of the links between urban ecosystems and 
human well-being is not a novel fi nding of the ecosystem service approach 
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(Gómez- Baggethun et al.  2010b ). Meteorologists, urban architects, urban planners, 
urban ecologists, and urban sociologists, among others, also have studied the effects 
of urban vegetation in cooling, pollutant reduction, noise attenuation, aesthetics, 
and also the role of green space for human enjoyment and quality of life in cities—
though not necessarily under the terms of what we today call urban ecosystem 
services. An important contribution of the ecosystem service approach has been to 
provide a framework to integrate information from various fi elds of knowledge 
concerned with the urban environment and to facilitate an arena for interdisciplinary 
dialogue. 

 Despite mounting evidence of the links between urban ecosystems and quality of 
life, direct relations of specifi c ecosystem services to well-being components should 
not be taken for granted or extrapolated in simplistic ways into urban planning pro-
cesses. Commonly cited benefi ts of urban ecosystems are still poorly supported by 
empirical evidence, and our understanding of their links to well-being is uneven. 
For example, a recent study by Pataki et al. ( 2011 ) found that to date, there is little 
data showing that urban green space can reduce urban greenhouse-gas emissions or 
air and water pollutant concentrations but that there is wide evidence supporting 
substantial reductions in urban runoff and effects in local temperature regulation. 
These authors also suggest that improvements in human health do not seem to be 
related in simple ways to absorption of air pollutants by urban forest. The effective-
ness of solutions to urban problems based on ecological infrastructure should also 
be compared against other strategies, and often considered as a complement to 
them. For example, whereas restoration of urban forests is likely to be an effective 
measure to enhance biodiversity and opportunities for recreation, caps on car use or 
taxes on fuels may be a more effective measure to reduce urban greenhouse-gas 
emissions and to improve air quality in cities. 

 The same cautionary note holds for over simplistic narratives on the eco-
nomic benefi ts of restoring urban ecological infrastructure. Including the eco-
nomic value of ecosystem services in cost-benefi t analysis does not guarantee 
that  solutions based on ecological infrastructure will be cheaper when compared 
to solutions based on built infrastructure and technology. Moreover, when using 
the approach of economic values, serious economic analysis should not only 
take into account benefi ts from ecosystem services but also costs from ecosys-
tem disservices. Multiple valuation languages come at play in our interaction 
with urban nature and perspectives relying on single values are unlikely to cap-
ture the complexity of ecosystem services. Urban development projects that 
make economic sense may not be acceptable if they affect important cultural 
values, human health, habitats for rare species, or if they violate basic principles 
of environmental justice. 

 Urban ecosystem services and ecological infrastructure can play a key role in 
reconnecting cities to the biosphere, restoring local commons, reducing ecological 
footprints, orchestrating disciplinary fi elds and stakeholder perspectives, and guid-
ing policies to improve quality of life in cities. Strategies aimed at restoring and 
enhancing urban ecosystem services should play a major role in the transition 
towards more healthy, resilient, and sustainable cities.
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INTRODUCTION
The concept of ecosystem services arose from a concern that 

modern human societies have a limited understanding of how 
their well-being depends on the health of natural ecosystems. 
There was concern, especially, that degradation of large natural 
ecosystems of the world – such as the rainforests, tundra, grass-
lands, rivers, and ocean ecosystems – threatened the long-term 
sustainability of human life on the planet (e.g. Ninan 2008). 
While this remains one of the main ideas driving the concept, 
ecologists have since moved to broaden the scope to include less 
visible natural services embedded in cultural landscapes, that are 
nevertheless very signifi cant. Further, ecologists are now inclined 
to view cities themselves as ecosystems, and are learning how 
the health of these ecosystems depends in turn on the health of 
component natural, or quasi-natural constructed ecosystems. 
Streets, roofs, walls, derelict areas, gardens, lawns, and open 
drains are occupied or continually being colonised by plants and 
animals, and play important ecological roles in the urban land-
scape. Like their natural counterparts, these distinctively urban 
ecosystems (Kotze et al. 2011) exhibit a condition and dyna-
mism that results from on-going stress and disturbance (Grime 
1977; Meurk 2004), and their benefi ts to the wider landscape can 
legitimately be viewed as ecosystem services. They are the urban 
counterparts to habitats found in nature – the stressed canyons, 
cliffs, outcrops, ledges, karst, sandy or stoney soils, dry savannah 
woodlands and cold tundra, and the disturbed landslide surfaces, 
riverbeds, beaches, rangelands, and wind-throw patches.

Globally, urban ecosystem services directly affect the well-
being of more than 3 billion people, as more than half of the 
world’s population now live in cities (Colding 2011, p. 229). 

Some of these services are more important to urban inhabit-
ants than others. The water provisioning and regulatory services 
provided by urban ecosystems are just as important as the provi-
sioning services of rural ecosystems such as farmlands, while 
food production services of urban ecosystems may be less 
signifi cant – but with the potential to increase (Morgan 2010). 
Our understanding of many urban ecosystem services is far from 
complete and benefi ts hitherto underestimated or unknown are 
now becoming better documented (Ealing LA21 2005). There 
is growing understanding of the importance of urban ecosys-
tems in regulating the climate and pollution levels within cities, 
with consequences for human health and mortality rates, and 
researchers have documented both physiological and psycholog-
ical health benefi ts of green space on human well-being (Sadler et 
al. 2010), especially in industrialised cities (Kuo 2010).

The new importance attached to urban ecosystems and 
ecosystem services has been recognised in the major interna-
tional ecosystem assessments performed in the last decade. Urban 
ecosystems were included within the frameworks of both the 
Millennium Ecosystem Assessment (MEA 2005) and the United 
Kingdom National Ecosystem Assessment (UK NEA 2011) 
(Davies et al. 2010), although the authors of these assessments 
have noted that assembling meaningful datasets is hindered by the 
wide range of contributing organisations and differing descriptive 
typologies (Mace and Bateman 2011).

New Zealand is a green country, even in the cities. Compared 
with many other urban societies, New Zealanders have high 
exposure to green space, and correspondingly greater potential 
to benefi t from urban ecosystem services. While urban-dwellers 
now make up around 85% of its total population (Mulet-Marquis 

ABSTRACT: Urban ecosystem services affect and benefi t all levels of New Zealand’s urban population. They are not confi ned to 
green spaces or places with indigenous or any one kind of biodiversity. Ecosystem services are of especial signifi cance in cities, 
mainly through regulating services that affect water quality, stormwater, fl ood and erosion control, waste disposal and air quality, 
and cultural services such as recreation, health and well-being, and contributing to a sense of place. These cultural services are 
particularly diffi cult to value economically, but are clearly valued very highly by most urban residents and contribute signifi cantly 
to quality of life and social capital in cities, with consequences for mental well-being, innovation, and economic activity.
 Focusing on known high-productivity ecosystems such as waterways, wetlands, estuaries, and areas of high quality soils can boost 
urban ecosystem services most effectively. High quality soils in peri-urban areas are important for food production or for contributing 
to biodiversity through remnants or green belts. Flourishing peri-urban agriculture using short, environmentally sensitive transport links, 
can not only supply food effi ciently, but also help shape an agri-food system in which people have equitable access to fresh, nutritious 
food. Water regulation and fl ood control needs to use a city-wide approach or at least a catchment-wide approach in key catchments. 
For urban and peri-urban agriculture to be sustainable and healthy, air-borne and water-borne toxins must be ameliorated.

There is a signifi cant potential for urban design to increase benefi ts from ecosystem services – amenity of both public and private areas 
including domestic houses and gardens, access to green and blue spaces, recreation opportunities, clean water, quality of environment 
generally and biodiversity. Every city has potential to become an ‘eco-city’ with the ‘transition town’ process being one pathway. 
This can effectively lower New Zealand’s ecological footprint and progressively lead to improved quality of life for 85% of the total 
population.

Key words: air quality, blue space, green space, peri-urban, stormwater, recreation, social capital, transport links, urban population, 
waste disposal.
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and Fairweather 2008), urban population densities have remained 
very low (Table 1), by international standards. Urban areas are 
generally greener, private gardens larger, and city parks more 
accessible than in cities elsewhere. Residents in three out of four 
New Zealand neighbourhoods are estimated to be able to travel by 
car to some kind of park in less than two and a half minutes, and 
65% of the population lives within 5 kilometres of the sea (Witten 
et al. 2008). Nevertheless, we take many of these advantages and 
benefi ts for granted, and urban planners and designers need better 
information to ensure that green infrastructure is developed and 
managed appropriately, especially given the demands for more 
compact cities that minimise greenhouse gas emissions and pres-
sures on surrounding arable lands. It has to also be recognised that 
the urban greenness in New Zealand has low biodiversity quality 
in that the bulk of lawns, gardens, shrubs and trees are introduced 
and even potentially pest species (Meurk et al. 2009).

In this chapter, we review the ecosystem services provided by 
urban ecosystems, examine some of the attempts at monetising 
these services, and then consider the challenges in planning and 
designing urban areas in such a way that ecosystem services are 
optimised. Our focus on the ‘green’ infrastructure of a city may 
seem restrictive, since many other elements of urban ecosys-
tems provide ecological services, whether they be composting 
plants, waste treatment and recycling plants, industrial ecosys-
tems, or environmental services from businesses or organisations, 
including schools and universities providing education and 
research services. This focus, however, is in keeping with the 
core intent of the ecosystem services concept, which has always 
been to provide a means for understanding and valuing the role 
that natural systems and their constructed counterparts play in 
underpinning the well-being of society.

PROVISION OF ECOSYSTEM SERVICES IN NEW ZEALAND 
CITIES 

From the literature we have compiled the following inven-
tory and commentary on provision of ecosystem services in 
New Zealand cities. It largely follows the format of Landcare 
Research’s standard classifi cation of ecosystem services in 
New Zealand, under the headings of Direct Use, Indirect Use 
and Passive Value (Dymond et al. 2012), as used elsewhere in 
this book. Table 2 is based primarily on this classifi cation but 
modifi ed according to MEA (2005) and with reference to global 
literature including the UK National Ecosystem Assessment (UK 

NEA 2011). The classifi cation that we have adopted here, of 
indirect use values, particularly cultural services, is broader and 
more detailed than in Dymond et al. (2012), refl ecting the human 
domination of urban ecosystems that are fundamentally directed 
at satisfying the economic, physical and cultural needs of their 
inhabitants. This contrasts with ‘natural’, wild or rural ecosys-
tems in the hinterland where humans are much more sparsely 
distributed.

Ecosystem services with direct use values provide tangible 
material benefi ts or products, whether provisioning (1–8) or 
regulating (9–16) (Table 2). Ecosystem services with indirect 
use value essentially comprise all the cultural services. These 
contribute greatly to the sum total of what it is to be human, 
and are an essential component of sustainable development 
with a balance between ecological, social and economic values 
(Vejre et al. 2010), but are not easily measured in conventional 
economic terms.

DIRECT SERVICES
Crops

‘Crops’ includes all cultivated plant or agricultural produce 
harvested for human or animal consumption or medicine. 
The plants may be grown in commercial or private gardens. 
Historically, domestic vegetable gardens were very important 
as New Zealand cities grew (Dawson 2010). These were times 
when paid work was 40 hours a week, shop hours were restricted, 
and weekends were freer than now. Vegetable seedlings were 
germinated or bought, and nurtured by an urban population 
whose parents or grandparents were often farmers. Underpinning 
this informal production is soil quality, and it is unsurprising 
that urbanisation symbiotically expanded onto some of the most 
versatile soils in the country. Commercial or market gardens 
established around the periphery of cities to benefi t from the 
fertile soils and feed the growing urban population. Some of these 
around Christchurch occupied drained peat and inevitably much 
stored carbon has been oxidised as the peat soils consolidated 
to the point where they can no longer be economically drained. 
Although some native species (e.g. mānuka - Leptospermum 
scoparium) produce pharmaceuticals that are marketed globally, 
and may have signifi cance to indigenous peoples, this activity 
does not appear to have been conducted in urban areas. Some 
crops have been especially associated with urban Māori. Kūmara 
and taro have been planted in the north while puhā and watercress 
are collected from the semi-wild, subject to water quality.

Recent growth in community gardens, roof gardens, and allot-
ments may be compensating to some extent for shrinking private 
and commercial gardens (Mathieu et al. 2007; Earle 2011). 
Similarly, the planting of fruit trees in newer parks may contribute 
to this service. In Auckland, feijoa and citrus have typically been 
planted in recent subdivisions such as Stonefi elds and Hobsonville 
parks, while pip fruit have been planted in areas such as Albany 
Civic Centre Park. The Dunedin Garden Study (Mathieu et al. 
2007) set out, among other things, to understand the relationship 
of Dunedin householders to their gardens. In that city, domestic 
gardens were found to make up approximately 36% of urban 
land and 46% of the residential area, the largest single land use 
within the city. The role of gardens in producing nature has been 
explored in an eco-social context in Christchurch (Doody et al. 
2010), while Wilcox (2012) has carried out a comprehensive 
evaluation of the tree assets of Auckland City including a wide 
variety of fruit and nut trees, which are being increasingly planted 
in streets, parks and schools (Figure 1). There is a well-used ‘NZ 

Type of area Population 
density (per km2)

Percentage of 
NZ population

Percentage of 
NZ land area

Main urban area 522.8 71.1 1.9
Satellite urban 
community 232.1 3.0 0.2

Independent 
urban community 265.9 11.7 0.6

Rural areas 
with high urban 
infl uence

12.9 2.6 2.8

TABLE 1 Population density, percentage of total population and land area of 
urban areas in New Zealand (Source: Statistics New Zealand 2004)

Note: International comparisons with these data are very diffi cult to  
make because of variable defi nitions of different types of urban areas, 
and resulting variability of density fi gures.  Urban densities range up to 
43,100 per km2 in Asia (eg Manila, Delhi, Kolkata), 20 700 in Europe 
(eg Paris, Athens, Barcelona) and 10 200 in USA (eg New York City, San 
Francisco, Boston) (data from Wikipedia at http://en.wikipedia.org/wiki/
List_of_cities_proper_by_population_density) 
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Ecosystem service Defi nition (adapted from Dymond et al. 2012) Where in NZ urban areas does it occur?

DIRECT USE VALUES

Provisioning services

1. Crops Cultivated plant or agricultural produce 
harvested for human or animal consumption

Everywhere within urban limits – from rural land to CBD. Private and 
public. Includes community gardens and orchards, roof gardens and 
allotments, signifi cant commercial (market) gardening

2. Animal products including
aquaculture

Animals raised for domestic or commercial 
consumption or use. Includes fi sh reared in 
ponds, enclosures and other forms of fresh- or 
salt-water confi nement for harvesting

Backyard chicken raising was relatively common in suburbs (probably 
declining). Limited elsewhere. Includes some traditional farming in 
enclosed or peripheral rural zones of cities. Aquaculture very limited

3. Fibre, fuel and biomass energy Timber and wood fi bre and biomass fuel from 
trees harvested from forest ecosystems, planta-
tions or non-forest lands

Limited but some commercial timber plantations and fi rewood stands 
within rural limits. Harvesting of fi rewood takes place informally 
elsewhere

 4. Other energy provision Non-biomass renewable energy (e.g. wind, 
solar, hydro) generated within urban limits

Wind power within Wellington and Palmerston North cities (private and 
corporate).
Dispersed solar power (building roofs); proposed elsewhere

5. Freshwater supply Inland bodies of water, groundwater, rainwater 
and surface waters for household, industrial 
and agricultural uses

Freshwater for urban populations derived both from urban and peri-
urban areas

6. Genetic resources Genes and genetic information used for animal 
breeding, plant improvement, and biotech-
nology. Includes rare and threatened species

Gardens, natural areas, zoos, botanic gardens and arboreta

7. Physical support for structures Places for secure and environmentally clean 
shelters and other structures

All built-on surfaces within urban areas

8. Provision of natural habitat
and species niches

Habitat provided by ecosystems including 
fragments and remnants of previous natural 
areas and populations

Signifi cant remnants and other habitats remain in many urban areas, 
in some cases critical because of extreme loss in intensively farmed 
lowlands. Habitats for biota in gardens and vegetated areas throughout 
cities

Regulating services*

9. *Climate regulation Infl uence ecosystems have on the global 
climate affecting carbon balance, both emis-
sion and absorption. Also includes local 
infl uences on climate, especially temperature

All permanently vegetated areas – effects of urban trees; green space, 
green roofs on domestic insulation and heat island effect

10. Runoff and stormwater
regulation

Infl uence ecosystems have on the timing and 
magnitude of water runoff, fl ooding, and 
aquifer recharge 

Natural and constructed wetlands, vegetated waterways, detention and 
retention ponds

11. *Water purifi cation, waste-
water and solid waste treatment

Role ecosystems play in the fi ltration and 
decomposition of organic wastes and pollut-
ants in water, and trapping of sediment; also 
assimilation and detoxifi cation of compounds 
through soil and subsoil processes

Natural and constructed wetlands, vegetated waterways. Biological 
waste treatment plants. Treatment trains

12. *Human disease regulation Infl uences ecosystems have on the incidence 
and abundance of human pathogens and 
communicable disease vectors

Everywhere. Public open space especially important where over-
crowding, poor sanitation, hygiene and nutrition, and lack of outdoor 
activity occur in deprived urban areas

13. Pest regulation Infl uence ecosystems have on the prevalence 
of crop and livestock pests and regulation

Mainly signifi cant to the extent of urban agriculture, but benefi cial 
insects may be present in many garden habitats 

14. Pollination Animal-assisted pollen transfer between 
plants, without which many plants cannot 
reproduce

Important in urban gardens, botanical gardens etc. Urban environments 
may provide habitats for benefi cial insects and birds

15. *Air quality enhancement Infl uence ecosystems have on air quality by 
emitting chemicals to the atmosphere (i.e. 
serving as a source) or extracting chemicals 
from the atmosphere (i.e. serving as a sink)

Critical to quality of life in some cities especially where there is smog 
(e.g. Christchurch, Nelson)

16. Natural hazard and erosion
regulation

Capacity for ecosystems to reduce the damage 
caused by natural disasters such as hurricanes, 
fl oods, and tsunamis and to maintain natural 
fi re frequency and intensity. Role vegetation 
plays in soil retention (mitigation / prevention 
of erosion)

Urban hill areas – Wellington, Dunedin, etc.
Infl uence on fl ood occurrence and severity in many urban areas – Hutt 
Valley, Palmerston North, Invercargill, and many smaller towns and 
settlements

INDIRECT USE VALUES

Cultural services

17. Spiritual & religious values Spiritual and religious values to ecosystems or 
their components

Many faith communities have urban retreat centres. Urban marae.

18. Aesthetic and amenity values Natural characteristics of an area that 
contribute to people’s appreciation of its 
beauty, pleasantness, aesthetic coherence, and 
cultural attributes

Natural areas, green spaces, neighbourhoods, other open spaces 
throughout urban areas

19. Cultural diversity and
heritage values, including sense 
of place and social capital

Diversity of culture infl uenced by diversity of 
ecosystems and landscapes, i.e. all kinds of 
heritage. Also includes sense of identity and 
belonging to a place associated with recog-
nised features of people’s environment, and 
the social capital associated with those places

All ecosystem-associated neighbourhood or iconic places of cultural or 
personal urban signifi cance. Social capital can be enhanced everywhere, 
especially where there are green areas adjacent to where people live

TABLE 2 Summary of ecosystem services relevant to New Zealand urban areas 
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20. Health and well-being Health and well-being benefi ts from contact 
with urban green/open/blue spaces, including 
recreational health benefi ts people derive from 
these spaces

Parks, open spaces and any habitats where active recreation or contact 
with open/ natural space takes place. New Zealanders have good access 
to both green and blue areas. Private and community gardens. Some 
variation in access between and within NZ cities but less than in other 
countries

21. Tourism Recreational pleasure domestic or interna-
tional tourists derive from natural or cultivated 
ecosystems; importance of uniqueness, point 
of difference from other parts of the world

Any ecosystem setting from CBD (not common except for very old 
facilities) to outskirts.
Botanical gardens and/or zoos in all main centres

22. Education Increasing knowledge and understanding of 
biodiversity, ecosystems and natural values 
and processes, from both formal and informal 
education and public awareness

All types of urban ecosystems, especially where there are green areas 
adjacent to where people live. Schools are important for school gardens 
and environmental education programmes

PASSIVE VALUES 

Option Keeping options for future development or use 
potential, e.g. buffer zones, land banks

All places with above values

Existence Value of knowing a natural ecosystem is 
present even if not used or visited. Includes 
intrinsic values of biodiversity (species and 
ecosystem levels)

All natural areas but especially those that are relatively wild

Bequest Values available as bequest to future 
generations

All places with above values

* Note that almost all regulating services, but especially those marked with an asterisk, also have direct benefi ts for human health and well-being, listed here 
primarily as a cultural ecosystem service.

Fruit and Food Share Map’ (Google) that allows resources to be 
located when they are ripe.

In large European cities there has been a long tradition of 
public spaces allocated or leased for gardening. As intensifi cation 
proceeds, growth of allotment/city gardening can compensate 
for loss or shrinking of private garden space (Ealing LA21 2005; 
Freeman et al. 2012). After a post-war lull, there are now long 
waiting lists for garden plots in many European cities (see http://
communitygarden.org.au/2002/10/11/looking-back-200/).

The soils used for farming (urban and rural) provide 
ecosystem services themselves. They act as carbon sinks as 
well as sources and have the capacity to absorb rainfall, reduce 
stormwater peak fl ows, provide nutrients and a water supply 
buffer during drought (Ealing LA21 2005). In general, however, 
they are compacted and eroded and of low fertility and organic 
matter content compared with their rural counterparts (Effl and 
and Pouyat 1997; Sauerwein 2011). Where they are derived from 
fertile alluvial soils, they can be nutrient suppliers but, at least in 
the past, rural soils have also been sources of contamination with 
persistent pesticides, fungicides and copper from former agricul-
tural or horticultural land uses. Auckland and Wellington cities 
have both needed to remediate soils as suburbs have expanded 

onto surrounding green fi elds. Residual arsenic, copper, lead and 
organo-chlorines (including forms of DDT) are the main contam-
inants detected on properties used for horticulture in Auckland. 
Common contaminants in urban areas in New Zealand are lead 
(from historical use in paint and petrol), arsenic (wood preserva-
tives and pesticides) and polyaromatic hydrocarbons (http://
www.healthychristchurch.org.nz/media/36557/contaminated-
land.pdf ). At times excessive levels of pesticides and fertilisers 
may be applied to home gardens (CDM pers. obs.) that would 
leach to groundwater, reduce diversity of benefi cial insects, pose 
health risks and lead to a kind of unhealthy dependency on high 
levels of chemical and artifi cial inputs. Redevelopment of brown-
fi elds on former industrial or disposal sites may require removal 
or capping of contaminated soils and importation of clean soil. 

We are unaware of national data on urban or peri-urban 
land use trends but there is some information in the most recent 
Auckland ‘State of the Environment’ report (Auckland Council 
2010). In the Auckland Region (current Auckland Council area) 
between 1987 and 2006, the residential density of the urban area 
increased 24% to 25.7 people per hectare. Most of the population 
growth, however, was accommodated by a 24 % expansion of the 
urban area from 40 000 to 49 500 hectares. Pasture was still the 
most extensive type of land cover (50%) but it declined by about 
2000 hectares (0.8%) between 1997 and 2002. Loss of prime 
agricultural land (Land Use Capability Classes I–III) to urbanisa-
tion over this period occurred at an average rate of 333.4 hectares 
per year. Horticultural use very slightly increased (210 hectares) 
between 2002 and 2007.

Greenfi elds subdivision continues to occur in Auckland, 
and fragmentation of rural land was most intense around the 
Auckland Metropolitan Urban Limits in the south-east and in 
the northern coastal areas. The effi ciency of metropolitan urban 
limits as devices for encouraging sustainable urban development 
is currently a subject of intense regional and national debate. 
The draft Auckland Unitary Plan, currently under consultation, 
proposes a partial relaxation of these limits to offset negative 
impacts of increasing population density and impervious surfaces 
on environmental quality. Auckland is currently ranked in the top 
ten cities internationally for ‘liveability’ and its mayor aims to 
improve this standing.

FIGURE 1 Citrus, pip fruit, and feijoa planted in a recent public park in 
Auckland: Stonefi elds Park, St Johns.
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These data from New Zealand’s largest city suggest the trend 
overall is towards declining crop provision, particularly as encir-
cled market gardens become defunct or converted to residential 
or other land uses with higher economic returns. Densifi cation of 
suburbia causes loss of garden space, and less time and knowl-
edge is available for home gardening. This cumulatively reduces 
the production from and benefi ts of urban gardens. This trend is 
probably compensated for only to a minor degree by the fl edg-
ling community garden movement. Nevertheless urban gardens 
undoubtedly provide an important outlet and fulfi lment for many 
(Freeman et al. 2012).

Animal products
Most New Zealand cities include livestock-producing areas 

within their urban limits. Some of this land is farmed commer-
cially, or is grazing land associated with oxidation ponds or meat 
works. In Auckland, regional parks and some of the larger city 
parks centred on volcanic cones are grazed for grass maintenance 
on areas too steep to mow. Among the peri-urban lifestyle blocks, 
boutique farming of horses, alpacas/llamas, goats, ostriches, etc. 
has occurred at the expense of commercial livestock farming. 
Domestic raising of animals for the pot (rabbits, guinea pigs, 
pigs, lambs, or ducks) seems to have found little favour in 
New Zealand – at least for the past 50 years or so. Until the 1960s, 
having hens in urban gardens was not uncommon. In recent 
decades there has been a steadily growing appetite for ‘back to 
nature’, organic or free-range production systems. Some of the 
land uses represent environmental innovations, such as grazing 
by sheep of wetland turfs to maintain small indigenous herba-
ceous species against competition from dense exotic grasses – a 
service towards biodiversity. A population of sheep descended 
from subantarctic Campbell Island is farmed at Travis Wetland 
Nature Heritage Park, preserving both sheep genetic material and 
uncommon native plants in the ‘grazing marsh’. Overall there 
has probably been a downward trend in animal products derived 
directly from urban holdings, but with some localised increases. 
Urban hens and bees may have shown a recent modest increase, 
but because they are non-notifi ed activities, there are no readily 
available statistics.

Fishing and aquaculture
Recreationally caught fi sh form a signifi cant proportion of 

New Zealand’s total catch for some species. For example, recrea-
tional landings of snapper formed 34% of the total catch in 2008 
(Ministry of Agriculture and Fisheries unpublished data 2008, 
cited in Carbine 2011). Much of this would have come from 
boats domiciled within Auckland and other North Island cities 
and fi shing within the coastal marine zone, and the waters of the 
Hauraki Gulf and Waitemata Harbour.

There are no documented studies of ecosystem services 
from commercial aquaculture in New Zealand urban areas, and 
attempts to create urban aquaculture in western countries have 
met with patchy results. Commercial aquaculture has, however, 
long been practised in highly settled areas in China and south-
east Asia using dike-pond systems (Korn 1996). Coarse fi sh 
enthusiasts in New Zealand have, for some time, been moving 
perch, tench, and carp around to available water bodies, including 
urban ponds. This is discouraged by conservation management 
agencies because of the damage to water quality and predation or 
competition with indigenous fi sh species. Coarse sports fi sh are 
not generally used as human food. The native short-fi n eel may 
be suited to urban aquaculture although the fl esh is likely to be 

contaminated, as the eel tolerates relatively poor water quality 
and survives in many degraded urban streams, and even road 
catch-pits connected to surface streams by stormwater pipes.

Fibre, fuel and biomass energy
Even densely populated cities contain trees and wooded 

areas, collectively known as urban forests, which yield timber, 
fuel, other forest products, as well as providing amenity. Trees 
are a dominant feature of many mature urban landscapes in 
New Zealand, and are important stores of carbon, especially the 
larger, old trees such as European hardwoods and New Zealand 
podocarps. Suburbs in Christchurch have up to 20% tree or shrub 
cover and 30% grass (Renard and Meurk 2004).

Several New Zealand city councils (including Dunedin, 
Christchurch and Wellington) own multi-purpose forests within 
their urban boundaries, providing commercial wood products, 
sludge treatment, as well as providing recreation and amenity 
benefi ts and other ecosystem services. Although urban forests 
have potential to be managed more effectively for multiple 
purposes, their main function in New Zealand is enhancement of 
amenity values.

Overall, services from fi bre, fuel, and biomass are likely to 
be declining in New Zealand, despite an emerging trend towards 
providing larger city park areas to service medium or high density 
apartments, and establishing more indigenous, larger trees in 
those public spaces. The most widely cultivated crop that meets 
ongoing cultural needs of tangata whenua is the indigenous fi bre 

FIGURE 2 (Top) Janet Stewart Reserve, Christchurch, incorporating Te 
Kōrari – a cultural harakeke garden for harvesting by weavers. (Bottom) The 
layout of the garden is in a spiral (koru) pattern.
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plant harakeke or NZ fl ax (Phormium). This is almost ubiquitous 
in private gardens and streetscapes, often as cultivars, but there 
are some dedicated public gardens that serve the needs of tradi-
tional weavers (Figure 2).

Other energy provision
Historically, New Zealand’s hydroelectricity and wind energy 

resources have been developed by the state. Local governments 
were involved in small hydro-power schemes. Dunedin City 
developed a scheme at Waipori Gorge as early as 1907; wind 
farms more recently have been developed within ex-urban areas 
of Wellington and Palmerston North cities. Other, especially 
remote, settlements in windy places (such as Oban, in Stewart 
Island) have long been viewed as suitable candidates for alle-
viating domestic electricity requirements currently supplied 
by diesel generators. There are many precedents for renewable 
energy (mainly wind and solar) production from within urban 
areas, to the extent that generation capacity is built into the infra-
structure of buildings from the outset. Coastal industrial estates, 
with reliable wind-run, provide signifi cant opportunities for 
generating wind power without nuisance to residents (Figure 3).

Freshwater supply
In New Zealand, all fresh water for urban businesses and resi-

dential consumers comes from either aquifer or catchment sources 
often within urban territorial council boundaries. Wellington 
City’s water fl ows from catchments in Hutt and Upper Hutt cities 
and artesian supplies within the Hutt Valley. Auckland City’s 
water is supplied from the Hunua and Waitakere Ranges, within 
the Auckland Council area, and supplemented by drawings from 
the Waikato River, and groundwater sources in Onehunga. Until 
earthquake damage to infrastructure occurred in 2010–2011, 
Christchurch had the only large untreated water supply in the 
country resting predominantly on the specifi c service of arte-
sian water. There are, however, concerns that both wasteful use 
beyond replenishment rates and leachate from the expansion of 
irrigated dairying in the hinterland could threaten this hitherto 
pure resource. Te Papanui Conservation Park, 60 kilometres 
west of Dunedin, provides the city with water for drinking, as 
well as power generation and irrigation for Dunedin City and 
surrounding residents (Butcher and Partners 2006). Most of Te 
Papanui Conservation Park lies within Dunedin City, although 
well outside the urbanised portion of the city, and is administered 
by the Department of Conservation. The total volume of water 
supplied by Te Papanui to Dunedin City is estimated to be 13 

FIGURE 3 Wind energy generation technology installed in industrial areas 
of the Netherlands (Rotterdam) where noise restrictions are less strict than in 
New Zealand.

million cubic metres per year, and the park protects about 60% 
of the city’s water catchment area. Land use of these catchments 
is relevant to supply; there is greater water yield from tussocks in 
humid and foggy upland catchments than from pasture or forests 
(Mark and Dickinson 2008) although the wider application of this 
research is controversial (Fahey et al. 2011).

There is increasing capture of fresh water from urban roofs in 
cisterns for on-site, non-potable uses such as fl ushing toilets and 
irrigating landscaping. This approach is encouraged in ‘Green 
star’ and other sustainability rating systems, but it requires addi-
tional energy and carbon use associated with water storage and 
duplication of piping as mains connection is usually still required 
(Mithraratne and Vale 2007). A barrier to use of urban roof runoff 
for potable water is the consistent implementation of simple low 
cost technologies or design features to improve water quality 
such as fi rst-fl ush diverters and fi ltration systems to reduce the 
levels of pathogens and other contaminants entering rain tanks 
(CE Associates 2007). Rain tanks were promoted by North Shore 
City Council for peak fl ow reduction of stormwater (Nagels 
2005; Vesely et al. 2005).

Genetic resources 
Urban zoos, private gardens and public botanic gardens or 

arboreta have traditionally been important refuges for genetic 
resources embodied in biodiversity collections. Rare and 
threatened species, as well as heirloom and other valued culti-
vars/varieties, represented in the collections of these facilities, 
enhance the values of the collected genetic resources. Botanical 
gardens in New Zealand cities provided some of the earliest 
plantings of trees imported into the country, including Monterey 
pine (Pinus radiata) and Monterey cypress (Cupressus macro-
carpa), the two most commercially important timber species in 
New Zealand to this day. These species are found naturally only 
in a few locations in California and on Guadalupe Island, where 
they face a number of threats. Specimens of Monterey pine within 
Wellington Botanic Garden are more than 130 years old and are 
of international signifi cance as a genetic resource and reservoir 
(Brockerhoff et al. 2004). New Zealand cities also host some 
introduced animal species, such as the common house sparrow 
and fi nches that are declining in their homelands, and so poten-
tially act as a gene bank for non-indigenous animals as well.

Remnant native vegetation and populations of native fauna are 
also found within urban boundaries and can be valuable genetic 
resources (Auckland Council Biodiversity Strategy 2012). For 
example, skink populations are found in degraded roadside envi-
ronments including highly weedy sites, while McGowan (2000) 
documents the rongoā (traditional Māori medicinal) plants found 
in river gullies within Hamilton City gullies (see later sections for 
further details).

Physical support for structures
These are important in any urban, built-on surfaces, especially 

for high-rise buildings that depend on deep, fi rm foundations. 
More is known now about natural hazards – fl ooding, storms, 
earthquakes, volcanism, fi re (see below) – and how these may 
affect stability of building platforms. The 2010-11 Christchurch 
earthquakes have dramatically revealed hazards associated with 
liquefaction of unconsolidated alluvial, estuarine and land-fi ll 
sediments.

Provision of natural habitat and species niches
New Zealand has a history of disregarding the importance of 
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urban biodiversity values, yet, internationally, cities are often 
regarded as biodiversity hotspots (Given and Meurk 2000; Meurk 
2003, 2005)1 and centres of biodiversity protection and recovery. 
This is because they frequently sit astride convergences of several 
biomes (terrestrial–marine–riverine–hills–plains), and there is an 
educated and well-resourced population interested in conser-
vation. Although the land and vegetation are highly disturbed, 
there are often remnants of forest in gullies of hilly cities, coasts 
of coastal cities, fl oodplains of riverine cities and uncultivated 
drylands in aquifer protection zones.

Biodiversity is especially marked in Mediterranean environ-
ments, which are not only climatically supportive of species 
diversity, but are also pleasant places for people to live and grow 
crops. Some of the best examples outside the Mediterranean 
region itself are Adelaide and Perth, Australia, which contain 
much of their respective state’s biodiversity (Hopper and Gioia 
2004; Daniels and Tate 2005), and Cape Town/Table Mountain 
in South Africa, with its famous Fynbos vegetation. Certainly 
the areas of similar climates in New Zealand (Port Hills of 
Christchurch and north-facing rocky slopes in other parts of the 
country) show the propensity for such diversity, but have been 
seriously invaded by ‘Mediterranean’ species from other parts of 
the world.

Signifi cant remnant habitats remain in many urban areas. In 
some cases these are especially valued because of their rarity – 
for example Riccarton Bush and McLeans Island in Christchurch; 
Claudelands Bush (Whaley et al. 1997) and river gullies in 
Hamilton City (Clarkson and Downs 2000; Morris 2000); 
Waitakere Ranges in Auckland). Gardens and vegetated areas 
provide a habitat matrix for biota throughout cities. However, 
wildlife tend not to discriminate between food sources according 
to their origin. Native birds such as kererū eat and disperse weed 
species, including holly, but a seminal work by Williams and 
Karl (1996) demonstrated preferences of native frugivorous birds 
for native plants and vice versa. With higher reproductive rates, 
and faster growth, many exotic species that can provide (bird-
dispersed) berries or nectar are becoming selected for – in nature 
as well as by people. This contributes to the spread and presence 
of invasive exotic species, especially bird-dispersed, evergreen, 
shade-tolerant trees, and shrubs such as holly, ivy, monkey 
apple, cotoneaster, and privet. However, recent examples of kākā 
nesting in poplar trees in Wellington City and tūī becoming rela-
tively common there show increasing habitat suitability within 
residential areas outside of Zealandia, a predator-proof-fenced 
inner-city ecological sanctuary (Campbell-Hunt 2002).

Within Auckland City (new Auckland Council areas), it is esti-
mated that of the original indigenous ecosystems in the Auckland 
Conservancy of the Department of Conservation (closely 
approximating the boundaries of Auckland Council), approxi-
mately 25% remains (Lindsay et al. 2009; Auckland Council 
2010). All the eight original vegetation classes believed to have 
occurred in pre-human Auckland are still represented within the 
city, with 0.5–20% (according to type) still remaining in 2009. 
Approximately half of these remaining indigenous ecosystems 
are in protected areas, but this fi gure is distorted by the protec-
tion of two large tracts of podocarp–broadleaved forest in the 
Waitakere and Hunua Ranges. Only a few percent of some of 
the more specialised ecosystems, such as dune vegetation, coastal 
forest, and volcanic boulder-fi elds, survive. Many ecosystem 
types and species are under threat from the loss and fragmen-
tation of native habitats, and the impacts of invasive species, 
particularly mammals and weeds (exacerbated by release of pets 

and garden waste dumping). A large number of nationally crit-
ical, endangered, vulnerable, and declining species occur within 
the city. Despite its relatively small size, the Auckland Region 
contains a large portion of New Zealand’s threatened species, 
including 20% of its terrestrial vertebrate fauna and 19% of its 
threatened plant species. It also includes several endemic species 
that are found only in the region. Conservation of these threat-
ened ecosystems and species is vital not only to the maintenance 
of ecosystem services within Auckland City, but also to protec-
tion of threatened biodiversity nationally.

A similar situation exists in Christchurch. Here the fl at arable 
terrain leaves no place for natural habitat to hide from develop-
ment, but relict populations of grasslands and woodlands occur 
in aquifer protection areas. Nevertheless the city is a biodiversity 
hotspot relative to its surrounding area because the hinterland 
is even more intensively and uniformly developed. There is a 
similar number of indigenous plant species growing wild, in albeit 
precarious locations, as in our national parks, and Christchurch is 
a centre for bird diversity because of the large area of wetland and 
aquatic habitat (Given and Meurk 2000). Even in Canterbury’s 
Low Plains Ecological District, one of the most transformed in 
the country, all original habitats are represented, although deci-
mated, and threatened by fragmentation, pest invasion and other 
human activity – such as unknowingly eliminating precarious 
species populations by ‘tidying’ up rough spots.

New Zealand trees and shrubs are primarily evergreen and 
mostly without fl ammable compounds like many fi re-adapted 
species from arid climates; the fl eshy evergreen foliage then does 
afford some fi re-suppressive capability – a service to some city 
margins.

Climate regulation 
The infl uence of urban vegetation on high temperature amelio-

ration is well known internationally, moderating cities’ heat 
island effect. Directly, vegetation provides shade through scat-
tering of sunlight and exposing the boundary layer to elevated air 
movement. Tree foliage reduces ambient air temperature through 
evaporative cooling from transpiration (Gill et al. 2006; Douglas 
and Ravetz 2011). One estimate of the effect of this service is that 
if a city’s tree canopy is increased by 5% in area, street tempera-
tures will drop by 2–4ºF (Garvin 2010).

There is a signifi cant amount of carbon sequestered in urban 
soils that potentially moderates human-induced global warming. 
Much of this stored carbon is however squandered (through accel-
erated oxidation) during subdivision land clearance, stockpiling 
of topsoil and respreading it onto new sections. The build-up 
of carbon may then increase by, often excessive, application of 
fertiliser and irrigation, but decrease by continual short- and long-
cycle turnover – for example on changes in property ownership 
with desire to stamp one’s own personality onto newly acquired 
property – often by using heavy machinery to clear a site of its pre-
existing vegetation, with attached carbon-rich topsoil, and send it 
to landfi ll, then starting afresh. The embodied carbon is further 
being removed from storage through infi lling and densifi cation 
of urban environments, with greater use of smaller, short-lived 
trees (Peters and Burns 2013), which end up in landfi ll or perhaps 
municipal composting or wood chips for mulch.

Runoff and stormwater regulation 
Changes in land cover associated with urbanisation have a 

very signifi cant infl uence on the timing and magnitude of runoff, 
fl ooding, and the rate of aquifer recharge, and the aggregate water 
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storage potential of the system. This effect is particularly marked 
in near-coastal areas, for example through loss of coastal wetlands, 
estuaries etc. Ecosystem enhancements will affect stormwater 
fl ows and can also improve water quality (Suren and Elliot 2004). 
Areas that may be important for stormwater regulation include 
natural and constructed wetlands, vegetated waterways, swales 
and fl ow paths, and detention or retention ponds. Some of these 
features serve also as wildlife refuges (Figure 4).

Within the Auckland Metropolitan Urban Limit, the amount 
of impervious area increased from 39% in 2000 to 42% in 2008 
(Auckland Council 2010). Each year, an average of 8.9 kilome-
tres of streams is subject to stream bed disturbance (on a scale that 
requires consent). Some information from New Zealand’s 2007 
State of the Environment report (Ministry for the Environment 
2007, p. 229) suggests a national increase of 2.5% of impervious 
surfaces between 1997 and 2002, almost all in urban areas.

Water purifi cation, waste water and solid waste treatment 
One of the strongest physical themes coming out of the 

Low Impact Urban Design and Development research project, 
conducted by Landcare Research during the early 2000s (see 
Landcare Research’s Discovery newsletter Issue 29), was the 
concept of treatment trains for accommodating and processing 
stormwater. These are series of connected devices or installa-
tions in urban environments that slow down or fi lter water as it 
proceeds from its source to the receiving environment, whether a 
drain, river or ocean outfall (Figure 5).

Among the signifi cant ecosystem services provided by 
functioning ecosystems in the Auckland coastal environment 
(Townsend and Thrush 2010), removal of wastes in estuaries was 
found to be particularly signifi cant. Many of the species found in 
coastal and estuarine soft-sediments, around the Auckland coast, 
play important roles in the cycling and fi ltration of sediments 
and consequently removal of organic and inorganic contami-
nants. For example the common cockle Austrovenus stutchburyi, 
when in suffi cient density, will accelerate sediment deposi-
tion and contaminant accumulation in the sediment (rather than 
them remaining in suspension) through fi ltration from the water 
column (Gadd and Coco 2010).

FIGURE 4 Wigram Retention Basin, Christchurch, at commencement of 
duck-shooting season – demonstrating the multi-purposes of fl ood attenua-
tion and water fi ltration (raupō beds) from the Sockburn industrial estate with 
wildlife refuges (paradise shelducks and grey teal).

 Human disease and health regulation
All inhabited ecosystems infl uence the incidence and abun-

dance of human pathogens and vectors of communicable diseases. 
Drinking water quality is one of the main factors in these disease 
pathways, and in New Zealand, town water supplies are required 

to be treated to meet high public health standards (Ministry of 
Health 2005). However, in some suburbs, overcrowding, poor 
sanitation, hygiene and nutrition, cold damp houses, and lack of 
outdoor activity contribute to increasing levels of some commu-
nicable diseases (Jaine et al. 2008; Baker et al. 2012). Most of 
these suburbs are in areas of high socio-economic deprivation – 
especially in South Auckland, eastern Porirua and some smaller 
North Island centres.

Healthy ecosystems, including soils, perform a critical role 
in naturally regulating pests and diseases, as well as human 
disease (see below). Soils can, however, also harbour pathogenic 
contamination or inorganic poisons, especially in urban brown-
fi elds (Alloway 2004). Overall, at present, however, the trend in 
disease regulation is probably neutral or downwards.

Pest regulation
Urban as well as rural ecosystems, especially soils, perform 

a critical role in naturally regulating pests and diseases in the 
ecosystem (as well as human disease, above). It is possible that 
there are urban habitats such as urban gardens where pests are 
less likely to occur than in commercial agricultural settings. In 
general, however, urban environments are likely to have high 
invertebrate diversity because of the plant and habitat diversity 
at small (insect size) scales. High invertebrate diversity increases 
the likelihood of populations of benefi cial insects, provided they 
are not inhibited by high rates of pesticide application reported 
in some home gardens (Alloway 2004). The provision of ‘beetle 
banks’ (Macleod et al. 2004) to support benefi cial insects in farm-
land may apply equally to urban environments.

FIGURE 5 The Wynyard Quarter, Auckland City waterfront, demonstrating 
good urban design with rain gardens and wetland treatment for recreation, 
biodiversity and stormwater purifi cation before water enters the harbour.
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Pollination
As for natural pest regulation, excessive use of pesticides will 

be detrimental to pollinators. There is a developing rural crisis 
regarding honey bees, one of our most prolifi c clover pollina-
tors (http://nba.org.nz/about-bees/benefi cial-plants-for-bees/
urban-trees-for-bees). Urban environments can provide a refuge 
for benefi cial insects and birds, including pollinators, if encour-
aged and publicised. Cities could indeed function as ‘beetle 
banks’ (Macleod et al. 2004) on a regional scale. Many garden 
plants – especially fruiting species – require external pollinators, 
making this is a wider concern. A recent initiative in Christchurch 
to address this is ‘Plan-Bee’ (http://www.stuff.co.nz/the-press/
news/8524441/Plan-Bee-citys-sweet-ambition).

Air quality enhancement
Internationally, large urban areas have been associated with 

poor air quality, at least in the past. Causes have principally 
included transport and industry, both generating emissions 
of chemical pollutants and particulates of various kinds. In 
New Zealand, poorly designed coal or wood burning home 
heating has been a major source of smog in places prone to 
atmospheric inversions. Urban vegetation mitigates the effects of 
pollution (research summarised in UK NEA (2011) and Fisher 
et al. (2007) for New Zealand). Cavanagh et al. (2008) meas-
ured a 30% winter attenuation of PM10 particulates from edge to 
interior of indigenous Riccarton Bush, Christchurch – a distance 
of less than 200 metres. Cavanagh and Clemons (2006) and 
Cavanagh (2008) have calculated that urban trees of Christchurch 
and Auckland remove between 300 and 2000 tonnes of various 
pollutants from the atmosphere, worth tens of millions of dollars, 
but representing only a few percent of total emissions. In winter, 
evergreen trees are more effective, although some (mainly exotic 
species) are also net emitters of volatile organic compounds. 
In addition, air quality is ameliorated by urban trees through 
reducing summer heat stress, especially in continental climates. 
Before lead in petrol was banned, air in the vicinity of roads was 
higher in lead from car exhausts, typically with an exponential 
drop off in concentration with distance from the road. Dense 
vegetation (Figure 6) absorbs particulates and causes a similar 
decay curve to steepen at this barrier.

Trees contribute to the aerosol mostly positively (absorbing 
CO2 and emitting oxygen), but can also release greenhouse 
gases(http://news.discovery.com/earth/global-warming/trees-
as-a-source-of-greenhouse-gases.htm). Vesely (2007) showed 
that enhancement of air quality is an important perceived benefi t 
of urban trees in New Zealand, more than 80% of respondents 
ranking ‘fresh air’ as very important or important. Despite relaxa-
tion of ‘clean air’ regulations in the aftermath of Christchurch’s 
earthquakes and greater numbers of diesel rigs on the roads, 
apparent air quality is improving in New Zealand cities, both at 
source and from greening especially along highways. However, 
there remains concern that levels of the PM10 fraction crucial to 
human health remain too high.

Natural hazard and erosion regulation 
New Zealand’s dynamic natural environment means that many 

urban inhabitants are potentially vulnerable to a range of natural 
hazards such as fl oods, earthquakes, and landslides. About a 
hundred New Zealand towns and cities are located on fl oodplains, 
and, although fl ooding occurred naturally on these areas before 
settlement, the nature of these fl oods has been changed signifi -
cantly by the pattern of European settlement and upstream land 
management, especially intensive land clearance (Ministry for the 
Environment 2010). Places are generally only hazardous if land 
use and development patterns ignore the evidence from geomor-
phology and history. On fl ood plains, natural levees, wetlands 
and buffer zones can offer some protection from fl ood hazards, 
which may to some extent reduce the need for conventional stop 
banks (Kundzewicz and Menzel 2005). Gravel reserves within or 
adjacent to urban areas on city doorsteps can provide materials 
for stop banks, roads and buildings.

Landslides also affect New Zealand cities. Wellington City 
is susceptible to landslides from the combination of steep slopes 
and high intensity rainstorms (McConchie 1980, 2000; Crozier 
and Aggett 2000). Earthquakes may also initiate slope failures. 
During high intensity rainstorms, damage can be expected even 
on slopes where there is woody vegetation cover, and if channels 
designed for storm runoff are inadequate for transporting land-
slide debris considerable destruction and downstream fl ooding 
occurs, as has happened many times during European settlement 
of Wellington and the Hutt Valley.

INDIRECT SERVICES
Spiritual and religious values

Many religions attach spiritual and religious values to ecosys-
tems or their component parts (MEA 2005) and to the extent that 
valued ecosystems occur within urban areas, these can heighten 
spiritual and religious experience. Many New Zealanders 
hold either spiritual, religious, or pantheistic values for which 
the natural world provides inspiration (Donovan 1990). Two 
New Zealand studies of participants in community gardening 
(Cleghorn et al. 2011; Earle 2011) found that this activity was 
a way of connecting with nature and the environment in a ‘spir-
itual’ way.

Aesthetic and amenity values
Many people fi nd beauty or aesthetic value in ecosystems, as 

refl ected in support for parks, ‘scenic drives,’ and the selection of 
housing locations (MEA 2005) which in turn infl uences market 
value. The range of amenity and aesthetic values that add to 
people’s enjoyment of living, working and recreating in particular 
urban locations becomes extremely important to people’s quality 

FIGURE 6 Noise and air pollution buffer separating residential property and 
Queen Elizabeth II Expressway, Northwest Christchurch with high biodiver-
sity corridor values. This is a combination of a 3m high earth embankment 
(main noise barrier) planted with forest species to muffl e the noise: 
Plagianthus (lowland ribbonwood/mānatu), pittosporums (kōhūhū and 
lemonwood/tarata), coprosmas (karamū and mikimiki), Griselinia (broadleaf/
kāpuka), Cordyline (cabbage tree/tī kōuka), Dodonaea (akeake), Sophora 
(kōwhai), Phormium (NZ fl ax/harakeke), Pseudopanax (fi ve-fi nger/whau-
whaupaku), olearias and Hebe (koromiko) and Anemanthele (wind grass).
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of life, regardless of the socio-economic status of the neighbour-
hood. Green spaces and other kinds of nature in the city are an 
important component of aesthetic and amenity values. Trees in 
urban areas have values that include but go beyond amenity. 
Dan Burden2 itemised 22 benefi ts of urban street trees in North 
America, a number of which were multiple in terms of the cate-
gories discussed here. They relate to physical service delivery, 
biodiversity provision and health effects as well as amenity. 
Vesely (2007) documented important perceived benefi ts of urban 
trees in New Zealand, including aesthetic benefi ts.

There appears to be consensus in Europe as to the impor-
tance of urban green space and there are guidelines for minimum 
amounts and accessibility of green space and wilderness (Box 
and Harrison 1993; Harrison et al. 1995). However, whereas in 
most other parts of the (continental) world, green space equates 
to indigenous nature, this is not often the case in urban and rural 
New Zealand, and poses dilemmas for planners trying to accom-
modate amenity, human aesthetics (or enculturation) and national 
biodiversity goals. Overall, there has been a burgeoning of vege-
tative structure in cities although, as has been mentioned, average 
tree sizes in domestic gardens are probably diminishing in stature 
and many species with potential for biosecurity risk are still being 
planted in New Zealand cities.

Cultural diversity and heritage values, including sense of place 
and social capital

The diversity of culture in any society is infl uenced by the 
diversity of ecosystems and landscapes, including cultural and 
historical heritage. This diversity also provides inspiration for 
art, folklore, national symbols, architecture, etc. Associated 
with cultural diversity is the sense of belonging to a place that 
has recognised features in the environment. All these values 
can be found in urban ecosystems and landscapes.  Prominent 
urban landscape features can be and often are now century-old 
exotic trees, which make up the bulk of registered ‘notable’ or 
‘protected’ trees in New Zealand. This contributes to extinction 
of experience and the loss of familiarity and identifi cation with 
specifi cally indigenous heritage (Meurk and Swaffi eld 2000; 
Miller 2005).

In turn, ecosystems infl uence the types of social relationships 
that are established in particular cultures and this has a bearing on 
the nature and amount of social capital developed, in particular 
the value of social networks. The impact on social capital is one 
of the main mechanisms by which contact with nature enhances 
human health and well-being (Blaschke in press).

Van Heezik et al. (2012) and Freeman et al. (2012) docu-
mented the health and recreation benefi ts of gardens in Dunedin, 
largely through stress reduction. Social connections and capital 
were also enhanced through gardening, as was a sense of envi-
ronmental stewardship. Greater knowledge and more sensitive 
gardening practices are normative and can be perpetuated across 
neighbourhoods.

Health and well-being
The ‘biophilia hypothesis’ (Kellert and Wilson 1993) suggests 

there is an instinctive bond between human beings and other 
living systems, and that this bond has been critical, one might 
say inevitable or causative, in the development and management 
of open spaces and other types of ‘natural’ areas. The health and 
well-being benefi ts (including recreational benefi ts) associated 
with green areas have been widely documented internationally 
(Sadler et al. 2010) but most of these studies have not carefully 

distinguished between different kinds of green or natural settings 
(Blaschke in press). Consequently it is diffi cult to generalise about 
the benefi ts of urban green areas for health and well-being. To 
the extent that people take into account the characteristics of the 
natural or cultivated landscapes in a particular area (MEA 2005) 
when choosing where to spend their leisure time, the nature of the 
area contributes to other amenity and aesthetic benefi ts discussed 
above. Recreational benefi ts are, however, only one kind of 
health and well-being benefi t. Blaschke (in press) has reviewed 
the relationship between contact with nature and health and well-
being, in all types of environments. Looking specifi cally at urban 
environments internationally, greener urban neighbourhoods are 
associated with higher socio-economic status, but accessibility to 
green space, specifi cally for residents ‘trapped’ in poorer areas, is 
correlated with reduced rates of mortality (Mitchell and Popham 
2008; Kuo 2010).

The characteristics of neighbourhoods that exert an infl u-
ence on the health outcomes and behaviours of local residents in 
New Zealand have been reviewed by Stevenson et al. (2009). Two 
large cross-sectional spatial analysis studies have been recently 
conducted, examining the relationship between neighbourhood 
access to green space and health. In contrast to the above inter-
national results, neither of these studies found evidence of an 
association between greenness and selected health indicators at 
the neighbourhood level. Using health data from the nationally-
representative New Zealand Health Survey, and land use data from 
Land Information New Zealand and Department of Conservation, 
Witten et al. (2008), looking at all types of inhabited environ-
ments, found no association between green space and body 
mass index (BMI), sedentary behaviour and physical activity. 
Richardson and colleagues (2010), using New Zealand-wide 
mortality data and looking specifi cally at urban environments, 
also found no association between the amount of green space in 
the area in which people live (either useable space or total space) 
and mortality from either cardiovascular disease (e.g. heart 
attacks or strokes) or lung cancer. The lack of association is likely 
related to the fact that New Zealanders tend generally to have 
good access to green or blue areas, even when living in poorer 
neighbourhoods (Witten et al. 2008; Richardson et al. 2010) in 
contrast to the results reported from older, populous and more 
socio-economically segregated cities. However, the most recent 
New Zealand study in this area confi rmed that neighbourhood 
green space was related to some health outcomes but showed that 
although physical activity was higher in greener neighbourhoods, 
it did not fully explain the green space and health relationship 
(Richardson et al. 2013).

Christchurch Public Hospital has for some time engaged in 
‘duck therapy’3, as an example of the known therapeutic value 
of people interacting with other animals, especially in urban 
settings (Maller et al. 2008) – in this case wheeling recuperating 
traumatised patients into the gardens and riverside and helping 
feed ducks.

A recent Waitangi Tribunal report, on how New Zealand 
law and policy have affected Māori culture, documents the 
fundamental importance of taonga (treasured) plant and animal 
species to modern Māori in terms of their identity and kaitiaki-
tanga (guardianship) (Waitangi Tribunal 2011). This particularly 
applies to plant species used in rongoā (traditional healing) and 
thus accessibility to these resources plays an important role in 
fulfi lling Māori concepts of health and well-being (McGowan 
2000).
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Tourism
The health and well-being benefi ts from tourism are similar 

to those from recreation, but available to a wider group of people 
than just those living in a particular neighbourhood. The main 
distinction between recreation and tourism is the commercial 
nature of the latter, so many of the ecosystem services benefi ts 
arising from tourism are economic and are discussed further 
below. These green services are a vital part of the “clean green” 
brand that underpins tourist marketing of New Zealand. 

Education
Ecosystems and their components and processes provide the 

basis for education in many societies (MEA 2005). Naturally, 
educational opportunities arise in urban areas frequently, not 
just from remaining natural areas but from a range of formal 
and informal settings. Not only do many zoos, botanic gardens, 
and urban parks offer a wide range of unstructured learning 
opportunities for adults and children, but some also provide 
formal teaching programmes. Auckland Council funds ‘learning 
through experience’ education and ‘Enviroschools’ programmes 
throughout Auckland, teaching primary school children a range 
of horticultural, farming, and environmental skills. More than 
12 000 children participate annually, with many courses held at 
the Auckland Botanic Gardens and regional parks such as Ambury 
Farm that have facilities dedicated to education. Nationally, some 
880 schools participate in the programmes coordinated by the 
Enviroschools Foundation 4.

Worldwide, citizen science initiatives are fl ourishing, as in 
New Zealand. For example NatureWatch New Zealand (http://
naturewatch.org.nz/), and its complementary programme Nature 
Space (www.naturespace.org.nz/), coordinate and service 
environmental volunteer projects. All these activities, which 
enhance awareness of ecosystem functions and their values for 
human society, are increasingly used in an urban context and are 
self-reinforcing.

In the Dunedin garden study, Van Heezik et al. (2012) showed 
how gardening enhanced environmental awareness. They also 
showed that greater knowledge and more sensitive gardening 
practices are normative so can be perpetuated across neighbour-
hoods. However, the knowledge needs to be accessible before 
uptake can occur. People are often keen to learn about their envi-
ronment, but won’t necessarily go out of their way to obtain such 
information (Meurk et al. 2009; Doody et al. 2010).

Supporting services
These include the following:

Soil formation and maintenance: Processes by which rock is 
decomposed to form soil, and maintained;
Nutrient cycling: Processes by which nutrients – such as phos-
phorus, sulphur, and nitrogen – are extracted from their mineral, 
aquatic, or atmospheric sources or recycled from their organic 
forms and ultimately return to the atmosphere, water or soil;
Primary production: Formation of biological material through 
assimilation or accumulation of energy and nutrients by 
organisms;
Photosynthesis: Process by which carbon dioxide, water, and 
sunlight combine to form carbohydrate and oxygen;
Water cycling: Flow of water through ecosystems in its solid, 
liquid or gaseous forms;
Provision of natural habitat free of weeds and pests: Habitat 
supported by robust ecosystems that maintain life free of weeds, 
pests and diseases.

These are all essential functions that underpin healthy ecosys-
tems and provide ecosystem services. Most of the ecosystem 
services presented in Table 2 and discussed above are directly 
dependent on these supporting services. For example, the ability 
of ecosystems to provide crops for human or animal consump-
tion is dependent on all the above support functions/services. 
However, the impact on people of supporting services may be 
less direct and on a longer timescale than those of provisioning or 
regulating services.

Option values
Option values are the retention of opportunities for future 

development through conscious deferment of use. Retention 
of ecosystem services from the undeveloped state of the land 
or water resource is a ‘co-benefi t’ of the retained options. An 
example of option values in urban areas is seen in policies for 
green belts around city edges that are designed to physically 
constrain outward urban growth, but provide future growth or use 
options. In the meantime ecosystem services such as biodiver-
sity or recreation values of retained natural habitats or stormwater 
peak reductions from retention of pervious surfaces can be main-
tained. It is a holding pattern giving time (breathing space) for 
other solutions to be developed.

Existence values
The value of knowing that a natural ecosystem exists, even if 

not used or visited (its intrinsic value), applies to urban natural 
spaces and ecosystems as well as to iconic wilderness. Wilderness 
is a relative concept and there are many places within urban limits 
that are perceived as relatively wild, as in the phrase ‘urban wild’ 5. 
For example, the Waitakere Ranges in west Auckland were origi-
nally preserved for water supply purposes by the Auckland City 
Council as long ago as 1895, when they were far removed from 
urban Auckland. One hundred and thirty years later, and although 
fringed and encroached on by residential and other development, 
they still retain a feel of relative wilderness. They are highly 
valued for their passive existence values as well as their active 
recreation, biodiversity services and very important water supply. 
‘Urban wild’ is generally on a much smaller scale and may be 
quite subtle – even an abandoned vacant lot that temporarily 
supports some spontaneous vegetation and wildlife.  The pres-
ence of such places can be a factor in reducing the “nature defi cit 
disorder” syndrome described by Louv (2005). A generalised 
desire for nature was demonstrated in a 2003 Christchurch City 
Council residents’ survey, where 58% of respondents wanted 
more native plants in their neighbourhoods and 72% wanted more 
native birds. Other surveys show that people may not necessarily 
want to visit a natural or wild area in a city, or know details about 
it, but they like to know it is there (Colin Meurk, unpublished).

Indeed, familiar places are often valued disproportionately 
compared to less familiar places, so urban natural areas are often 
seen to have very high existence values. New Zealanders have 
good access to and very highly value ‘blue space’ (lake, river and 
coastal reaches) and survey results confi rm very high values for 
coastal ecosystems in Auckland (Batstone and Sinner 2010).

Bequest values
These are the values that are specifi cally associated with future 

generations. Elements of these values are seen in all planned 
urban natural areas (e.g. municipal botanic gardens), in which 
values are known to only accrue slowly – trees planted for many 
decades into the future, etc. To illustrate all these passive values, 
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the Wellington Town Belt (Figure 7) serves as a useful example. It 
was originally set aside, right from the birth of planned European 
settlement in 1840, as ‘ “forever hereafter” to be used and appro-
priated as a public recreation Ground’ and also to be used ‘for the 
purposes of public utility to the City of Wellington’ (Wellington 
Town Belt Deed, quoted in Boffa Miskell Ltd 2001). The Town 
Belt has continuously provided for option values through the 
constraint of growth and provision of space for public ameni-
ties, existence values as a now iconic green area surrounding 
the city and one of the most valued components of Wellington’s 
heritage, and bequest values by its continued existence as guar-
anteed through its Deed. It has also provided for many other 
provisioning, regulating, and cultural ecosystem services. In the 
most recent draft Town Belt Management Plan (October 2012) 
ecosystem services are not mentioned specifi cally, but objectives 
cover many aspects discussed in this chapter, such as ‘biodi-
versity of the Town Belt …function[ing] as a well-connected 
system’, ‘stormwater [being] managed and sedimentation mini-
mised’, ‘citywide ecological connectivity [being] improved and 
existing ecosystems enhanced’; and ‘the ecological resilience of 
the city [being] improved’. Management of Town Belt forests for 
carbon storage is also addressed.

MONETARY VALUES OF URBAN ECOSYSTEM SERVICES
While much has been done to quantify non-market values, 

valuation remains problematic, and effectively developing the 
concept to be operational may come to depend signifi cantly on 
adopting international conventions and typologies (Mace and 
Bateman 2011). Several studies of monetary values associated 
with the existence of native biodiversity have been undertaken 
(Bell et al. 2008; Kerr and Sharp 2008; Clough 2010). Little 
information in these studies is specifi cally relevant to ecosystem 
services or urban environments. Vesely (2007) studied the value 
of urban trees, through contingent valuation techniques. Her 
results showed quite high willingness-to-pay values (average 
$184 per year to avoid 20% loss of urban trees, split fairly evenly 
among gender, income, etc., in a survey of 15 large and small 
New Zealand cities). A half of the respondents also indicated 
willingness to do volunteer work to maintain urban trees.

Economic values associated with the ecosystem services 
protected by Te Papanui Conservation Park near Dunedin were 
investigated by Butcher Partners (2006). Their report estimated 
a total net present economic value of $136 million (using a 7.5% 

discount rate) from drinking water, hydroelectric power genera-
tion, and irrigation. The largest component of this was avoided 
capital cost of water supply infrastructure ($80 million). A study 
by Mitchell and Popham (2008) demonstrated real health benefi ts 
associated with urban green space in otherwise impoverished 
areas and this can yield very tangible economic benefi ts to a 
society over time.

Marketing efforts for most well-known New Zealand tourism 
destinations and routes, including those in urban areas, rely 
heavily on the beauty and integrity of their natural settings, which 
consequently has a clear economic value. Indeed, the whole of 
New Zealand tourism marketing relies very heavily on the ‘clean 
green, 100% pure’ image portrayed through our natural environ-
ment (Blaschke et al. 2006). Most urban centres where tourism is 
signifi cant have well-known destinations that are either natural 
areas (e.g. Zealandia sanctuary in Wellington, North Head in 
Auckland, Otago Harbour and Taiaroa Albatross Colony in 
Dunedin, Port Hills of Christchurch), surrounded by natural areas 
(Auckland Domain surrounding Auckland Museum), or show-
case natural areas and biodiversity (Te Papa national museum 
in Wellington, Kelly Tarlton marine experience in Auckland). 
Rescued blue penguins are a major drawcard for the Christchurch 
Antarctic Centre. 

As a fi nal example, Patterson et al. (2011) calculated a 
total value of direct and indirect use ecosystem services to the 
Auckland Region (i.e. ‘appropriated by the Auckland regional 
economy’) through a thorough and novel input-output analysis 
of the System of National Accounts for Auckland in the 1998 
fi nancial year. These were applied to a simple classifi cation of 
ecosystem services and an analysis of ecosystem types derived 
from land cover imagery. Their results showed a total economic 
value of the region’s ecosystem services for 1998 of NZ$2.32 
billion, compared to an estimate of the regional gross domestic 
product for the same period of NZ$33.2 billion. The ecosystem 
types providing more than 10% of total ecosystem services value 
were agricultural land, lakes, estuaries, mines, and forests in 
that order, while the ecosystem services contributing more than 
10% of the total were water supply, erosion control, raw mate-
rials, nutrient cycling and food production, in order. Patterson 
et al. (2011) went on to assess ecosystem services appropriation 
by specifi c industries. The two industries chosen as examples 
of this approach, air transport and business services, drew only 
very small amounts on direct ecosystem services, but much more 
heavily on indirect services. The authors commented that ‘seem-
ingly benign industries, far removed from localities of intensive 
ecological–economic interactions, may still have a large although 
indirect dependence on ecosystem services’.

URBAN DESIGN TO OPTIMISE ECOSYSTEM SERVICES
Urban environments are complex, spatially and temporally. 

This arises from the diversity of natural environments, multiple 
human uses, and the associated wide variety of imposed distur-
bances and stresses. The challenge for city planners and managers 
is to deliver design that maximises ecosystem services while 
balancing competing demands and values (Rydin et al., 2012; 
Sanderson and Redford 2003). Notwithstanding the efforts to 
build model towns, such as the softly wooded ‘New Towns’ of 
England or China’s Tianjin (techno) eco-city 6, it is generally 
not possible to create the ideal city, even supposing agreement 
could be reached on what that might entail. Opportunities do 
arise, however, when a disaster has destroyed the existing built 
infrastructure, and the city’s enormous material investment and 

FIGURE 7 Wellington Town Belt. As with other urban forests, this area 
provides multiple ecosystem services including temperature moderation, 
improvements in water and air quality, carbon sequestration, biodiversity, 
human health and wellbeing, amenity and amelioration of noise nuisance. 
(Photo courtesy of Wellington City Council)
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commitment to the status quo no longer exists. Thus it would 
seem that an opportunity exists for New Zealand to use the occa-
sion of the destruction of Christchurch by the earthquakes in 
2010–2012 to create a new, ‘state of the art’ city, avoiding the 
need for future retrofi tting and incremental renewal. Building 
such a city may involve, in the short term, costs not incurred in 
cheaper, business-as-usual rebuild alternatives. Nevertheless, 
design that follows ecological principles, with appropriate long-
term planning horizons, has the potential to provide a foundation 
for a city that is much more resilient. It is clear that continuing 
environmental injustices (Pearce et al. 2006; Pearce and Kingham 
2008) will inevitably perpetuate cumulative economic and social 
burdens on our society.

One approach is that of the international movement of 
Transition Towns (http://www.transitiontowns.org.nz/), which 
lays out the case for and steps towards achieving urban sustain-
ability. A key requirement is to design for integration, multiple 
benefi ts, and synergies that minimise costs. This involves 
rethinking approaches to stormwater management, waste 
management and sanitation, energy (transport), climate change 
mitigation and carbon sequestration, eliminating smog, food 
production, connecting people with nature (urban gardening, 
livestock, forestry and environmental restoration), and inte-
grating strategies for amenity and biodiversity. Understanding the 
current environment and having a vision for an aspirational future 
environment is one thing, but more research and effort is needed 
to defi ne non-disruptive or traumatic transitions between the two 
states. Land is scarce in urban environments and economic benefi t 
has to be demonstrated for desirable but space-hungry, ecological 
approaches such as using constructed wetlands to remove pollut-
ants from stormwater.

In New Zealand there is growing awareness that intro-
ducing green landscape elements to provide more effective 
management of stormwater involves using indigenous species 
that avoid biosecurity risks (http://resources.ccc.govt.nz/fi les/
StreamsidePlantingGuide-streamsideplanting.pdf). Private lots 
also need to be smaller or shared, to provide for the desired, 
increased public green space. Devices need to be designed to 
ensure natural water features have appropriate water residence 
times. Insuffi cient time can hinder pollutant removal, whereas 
excessive time can lead to dirty, sluggish water bodies unat-
tractive to residents. Sustainability requires towns to be compact 
with public green space freely accessible to all residents within 
maximum distance limits (Ignatieva et al. 2008b; Witten et al. 
2008), effective use of stormwater ‘treatment trains’, maximum 
use of on-site stormwater management, and a strong reuse and 
recycling ethos.

Introducing these innovations requires a mix of policies, some 
rules-based, and others which are more light-handed and partici-
patory. Experience has shown that successful innovation can be 
facilitated through use of inclusive approaches such as a brains 
trust that is open to all, and maximises benefi t from reserves of 
knowledge, experience, and creativity, and enthusiasm within 
the professional and wider communities. In turn, this requires 
a careful and deliberative approach that recognises that ‘good 
things take time’. Such approaches can be expected to become 
more feasible as awareness builds of the social and environmental 
costs of decision-making driven by short-term economic and 
business imperatives.

Structure planning
Increasingly, local authorities in New Zealand are using 

formal structure plans to guide sustainable urban development. 
This follows conceptual, aspirational and visioning phases and 
provides a mechanism for applying knowledge of natural land-
scape processes (Meurk and Swaffi eld 2007), using spatial data 
on soils, geology, natural hazards, drainage, wetlands, landfi lls, 
remnant habitat and linkages, and sites of cultural signifi cance 
and special character. The generalised pattern of proposed 
development integrates these factors with demographic trends, 
requirements for green infrastructure such as green transport 
arteries (Figure 6), walkways and cycleways, and recycling/
re-using or waste-minimising facilities. The fi nal confi guration 
of built areas and public green space, determined collaboratively 
with stakeholders, is designed to provide an optimal balance 
between social and economic factors and the desire to maximise 
benefi t from ecosystem services (Sanderson and Redford, 2003; 
Rydin et al. 2012). The plans typically build on experience gained 
from local demonstration projects that show how ecological prin-
ciples are implemented in the local environment. Information 
to aid planners  in local greening is now widely available, with 
useful treatments provided by Ignatieva et al. (2008a, 2011), and 
Stewart et al. (2007, 2009). Wider landscape considerations and 
design of optimum forest patch confi gurations in cultural land-
scapes are detailed in Meurk and Hall (2006) 7. 

Built environment design
Jenkin and Pedersen Zari (2009) explore concepts of 

sustainability, eco-effectiveness and regenerative design to the 
New Zealand built environment. The authors describe current 
rapid changes in built environments and conclude that, while 
aiming for neutral or reduced environmental impacts in terms 
of energy, carbon, waste or water are worthwhile targets, it is 
becoming clear that the built environment must go beyond this. 
For example, solar or wind power generation can be incorporated 
that supports the grid during times of plenty and takes from the 
grid in times of need. These new-generation urban buildings aim 
for a net positive environmental impact on the living world. One 
of the most signifi cant reductions that can be made is in reducing 
the city’s energy footprint through improved effi ciency and insu-
lation (Wald 2013) and moving from non-renewable (concrete) 
to renewable materials (e.g. hi-tech timber construction). Jenkin 
and Pedersen Zari explore four main development approaches: 

eco-effi cient development; regenerative, restorative (reuse rather 
than recycle) and cradle-to-cradle development; perceiving the 
built environment as an integrated system; and changing imple-
mentation responses over time. Pedersen Zari (2012) enlarges on 
this approach in her thesis, which is framed in urban-built-envi-
ronment responses to climate change and the loss of biodiversity. 
The study focuses on regenerative design (mimicking organisms 
or ecosystems) that increases the health of ecosystems and resil-
ience to change by utilising the mutually reinforcing aspects of 
mitigation, adaptation, and restoration strategies.

Water supply, stormwater management and waste treatment
Supply of clean water, stormwater management, and sewage/

wastewater treatment are all vital links between ecosystem 
services and urban sustainability. Vegetated surfaces underpin 
the treatment trains that attenuate peaks and enhance water 
quality. They can be accommodated within urban built environ-
ments by lengthening pathways, or incorporating fi lter beds or 
other devices. They can also be combined with enhancement of 
amenity values (Ignatieva et al. 2008a) from detention ponds and 
green roofs at the top of the urban catchment, down the treatment 
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chain to living walls, rain barrels, rain gardens, pervious or 
porous paving, swales and wetland fi lters (Voyde et al. 2012; 
Fassman-Beck et al. 2013), in all parts of the downstream catch-
ment (Figure 8). Treatment devices, utilising recycled or waste 
materials as fi lters, can be installed especially around runoff areas 
with high levels of toxic production like car parks. If predomi-
nantly indigenous species are used, then multi-use benefi ts 
arise, and ponds, for example, may provide refuges for wildlife 
(Figure 4). Sustainable management also involves protecting and 
managing domestic water supply catchments (e.g. conservative 
tussocks versus trees) or aquifers; avoiding the need for treatment 
(e.g. by making effi cient use of groundwater before using surface 
water); reducing or eliminating profl igate watering for amenity; 
use of xeric landscaping (St Hilaire et al. 2008); greater use of 
grey water for irrigation; and land disposal of organic waste. 
Interestingly, despite the pressure of fashion and trend in gardens, 
home owners will take on more sustainable and locally sourced 
gardening styles when they are informed and have been resident 
in an area longer and identify with its character and constraints 
(St Hilaire et al. 2010).

Solid waste treatment
Sustainable approaches involve reducing the problem at 

source by reusing or recycling materials, designing for longer 
life, reducing the volume of throwaway items in society, having 
innovative ways of reusing materials close to site rather than trans-
porting long distances, and having an effi cient recovery process 
accessible for all people. Inert materials can be used as aggre-
gate or wearable surfaces. However, landfi lls and soils/substrates 
have a fi nite capacity to absorb polluted waste, a factor that is also 
important for low impact stormwater treatment devices. Ongoing 
use and management of these devices provides data that can 
underpin more cost-effective management in the long term and 
specifi cally factoring in the cost of the rejuvenation cycle.

Natural hazards planning and fl ood control
The December 2012 Hurricane Sandy that severely damaged 

coastal New York demonstrated, among other things, the 
ecosystem services provided to cities by natural coastal vege-
tation and trees. Specifi cally, coastal vegetation, whether 
mangroves or sea grass, can provide protection. Street trees 
and other trees reduced windspeeds and damage to vehicles. 
However, where possible, an approach based on hazard avoid-
ance is always preferred to one based on mitigation, whether it is 
coastal development in the path of sea level rise and increasingly 
chaotic weather patterns, fl oodplain hazards, hazards arising from 
liquefaction-prone sediments or land fi ll, or hazards arising from 
slope instability.

Air quality enhancement
Leafy trees and shrubs can have signifi cant benefi cial effects 

on removing airborne particulates, including the highly injurious 
PM10 fraction. Wide banks of large leafy evergreen species are 
likely to have the greatest benefi t (Cavanagh 2008; Cavanagh 
et al. 2008) as there is increasing entrapment the longer the 
distance from source (Figure 6). On the downside, some species 
– for example eucalyptus, oak, liquidambar, and plane trees – are
net emitters of volatile organic compounds.

Enhancing biodiversity
This chapter is concerned primarily with the use of vegetated, 

and where possible, indigenous planted surfaces to enhance 

FIGURE 8 (Top) Green roof, (middle) porous paving (Ellerslie International 
Flower Show Exhibit), and (bottom) living wall (Auckland) – aesthetically 
calming water attenuation devices for urban environments.
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multiple benefi ts from ecosystem services. Species options and 
methods for all urban niches are well documented and discussed 
in Ignatieva et al. (2008a). Practically, this needs to be inte-
grated at a range of scales – the matrix (Meurk and Swaffi eld 
2007), patches or stepping stones (Meurk and Hall 2006), and 
connecting corridors. Hostetler et al. (2011) particularly highlight 
the importance of engaging the whole wider community before 
during and after green developments to ensure long term success 
and Hostetler (2013) emphasises spatial and temporal continuity 
in green commitment during subdivision processes – during plan-
ning, construction and importantly post-construction. Satisfying 
biodiversity and cultural objectives (overcoming extinction of 
experience – Meurk and Swaffi eld 2000; Miller 2005), requires, 
in general terms, at least a 50:50 mix of large or dominant native 
and exotic species (i.e. biomass and visual equivalence). Green 
belts and green space provision are important mechanisms both 
for enhancing biodiversity, maximising other ecosystem services, 
and reducing transport, aerosol, and noise impacts. Cities such 
as Dunedin and Wellington with a green belt ‘tradition’ (also a 
feature of some British planning systems) have signifi cant natural 
assets that provide a foundation for planning systematic optimisa-
tion of ecosystem services.

Many ecosystem services may be provided equally or better 
by introduced species, rather than New Zealand natives, and in 
theory a planner has the entire temperate biota to choose from. 
New Zealand indigenous species often have slower growth rates, 
and are unlikely to match the best from the rest of the world for 
any service that relates to growth and performance. However, 
only New Zealand’s biodiversity underpins our sense of place 
(silver fern), cultural values (harakeke),  tourism and interna-
tional obligations (indigenous forest and birds, not to mention the 
often forgotten ecosystem components of invertebrates, reptiles, 
fungi and other microbes). Some cities are now ringed with fl am-
mable species such as gums, gorse, and broom. There is a role for 
encouraging fi re-retardant species – in particular evergreen trees 
and shrubs (that don’t produce fi re-accelerant chemicals), and 
New Zealand has an abundance of these (broadleaf - Griselinia, 
ngaio – Myoporum, karaka - Corynocarpus, pittosporums, 
karamū - Coprosma, fi ve-fi nger – Pseudopanax, etc.).

There is an opportunity for local-government-led restora-
tion efforts to consider the ecosystem services dimensions more 
explicitly. Wellington City Council and Greater Wellington 
Regional Council, as well as some other councils nationally, 
explicitly recognise the goal of carbon enhancement through 
registration of suitable forest areas within the Permanent Forest 
Sink Initiative. In general, planting with a focus on restoring 
ecosystem function is not just a matter of inserting species, and 
can benefi cially target maintaining if not enhancing ecosystem 
services, engendering a holistic and multi-purpose underpinning 
and awareness. In many respects ecosystems infl uence the types 
of social relationships that are established in particular cultures 
(Bhatti and Church 2001). Restoration of habitat and biodiver-
sity by community volunteers provides health and other benefi ts 
from a sense of making a difference or contributing to the greater 
good (Blaschke (in press). Ecological restoration indeed is often 
as much about restoring communities and spirit as it is about 
ecology.

Carbon storage
The largest living carbon stores are big, old trees – or noble 

trees as they are known in Europe. They are tall with big trunks 
and root systems, have dense wood, and are long-lived. With 

urban infi lling and the trend towards much larger house fl oor 
areas, there is a tendency towards smaller trees, and new owners 
commonly replace existing small trees with those of their own 
preference. Provision of large urban trees (or encouragement of 
trees to remain long enough to become large), in public areas 
– streets, woodlots, green belts, and urban spaces of all kinds
including ‘wasteland’ – can maximise ecosystem services, as
well as other (wildlife) values (Wunder 2008).

Soil carbon is also a signifi cant carbon pool, which should 
always be preserved as far as possible, not just for soil health 
reasons. Especially important is avoiding land surface stripping 
and respreading of topsoil during green-fi elds development, a 
practice that is still prevalent in New Zealand.

Parks and open space management
Providing urban green spaces is at the centre of maximising 

benefi ts from urban ecosystem services, as well as for their other 
values discussed here (Douglas and Revetz 2011). To illus-
trate the open space requirements of a group of urban residents 
we cite some results from a survey of central city apartment 
dwellers undertaken by the Wellington City Council in 2008 
(City Planning 2009). These residents represent a signifi cant 
portion of Wellington City’s overall recent population growth. 
More than 12 000 people now live within Wellington’s CBD. 
Over a third of survey respondents previously lived in a house 
in the suburbs, refl ecting a growing trend for people to choose 
inner-city living and perhaps also a trend for ‘empty-nesters’ to 
downsize. Three-quarters of apartment residents, who work in 
the central city, walk to work (73%). Three-quarters of survey 
respondents also do their grocery shopping in the central area. 
The survey authors suggested that this pointed to a preference, 
among these residents, for a sustainable lifestyle. Ninety percent 
of respondents lived within 10 minutes’ walk of a public park and 
nearly half regularly used a public park. Lack of outdoor space 
was cited as the second most disliked aspect of living in an apart-
ment. Nevertheless a large majority of respondents were satisfi ed 
with the current public facilities and services provided. Box and 
Harrison (1993) have quantifi ed minimum guidelines for citizen 
access to open and green space in England, as has China in its 
open space policies (Chen, 2013). Meurk and Hall (2006) have 
provided coincidentally converging proximity metrics for New 
Zealand, although originating from landscape ecology analysis 
rather than social considerations, and these have been picked up 
by open space planners in Auckland and Christchurch (Renard 
and Meurk 2004).

Pocket parks and ecological parks were pioneered in Europe 
only a few decades ago, but offer the important additional value of 
diversity of habitat and species, and interest within small spaces. 
This was demonstrated in an exhibit at the 2012 Christchurch 
Ellerslie International Flower Show (Figure 8; http://www.ourfu-
ture.net.nz/Stories/192).

Other biodiversity enhancement (gardens etc.)
Lawns are one of the largest urban biotopes (20–35% in 

New Zealand cities); it became convention and a matter of pride 
to have uniform, monocultural lawns in suburbia, with garden 
supply chains specifi cally marketing herbicides to target hydro-
cotyle, often the only native species in our lawns. However, this 
has come at a high cost in terms of use of resources and envi-
ronmental impacts. Revealing statistics concerning lawns in the 
United States are presented at http://ezinearticles.com/?The-
Environmental-Cost-of-US-Lawns&id=1118004. Especially if 
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indigenous mat and turf species are employed, a mixed, biodi-
verse lawn (Ignatieva et al. 2008a) requires less water, fertiliser, 
herbicides, and mowing (Figure 8). A mixed-species meadow 
provides similar benefi ts, including food for benefi cial insects, 
not to mention variety and interest.

Efforts to conserve rare or threatened species need not always 
involve restoration of native ecosystems. Even highly artifi cial 
and contrived urban habitats may provide this benefi t: traffi c 
islands in Wellington were planted with the local Muehlenbeckia 
astonii (Sawyer 2005), a genus that is an important food source 
for native butterfl ies. The reality is that all cultural landscapes are 
occupied by ‘recombinant ecosystems’ (mixes of indigenous and 
exotic species) and always will (Meurk 2011).

Transport planning
Highways have both positive and negative effects on 

ecosystem services, the environment, and traveller experience 
(Meurk et al. 2012). Although lead has been removed from petrol, 
other contaminants are delivered to the environment through 
fumes, tyre wear and engine oil. Highways are also a signifi cant 
source of urban noise. More sensitive design of roads and buffers 
can greatly diminish impacts on the surrounding land, water, and 
people, including reducing noise levels.

Public transport routes provide an opportunity for incorpo-
rating sometimes rare biodiversity. Coarse-textured substrates 
on north-facing batters provide habitat for dryland species 
(Figure 9), traffi c islands provide havens for micro-fauna, and 
again a range of Muehlenbeckia species are well suited to rail 
corridors of coarse stones. These can provide excellent habitat for 
butterfl ies and lizards, especially if the design incorporates provi-
sion for safe ‘lizard lounges’.

Planning for active transport – encouraging walking and 
cycling as a regular form of personal transport for commuting, 
leisure, and health, often using green spaces – is essential to 
maximising ecosystem services (Chapman et al. 2012), provided 
safety issues are addressed.

Enhanced urban food production
Encouraging urban gardening – both within individual sections 

or allotments and in shared spaces – contributes not only to food 
production, but also to a number of indirect ecosystem services 
such as health, recreation and amenity, as has been demonstrated 
by the Dunedin Garden Study. Provided biodiversity-friendly 
fertiliser and pest control techniques are used, increased gardening 

can also contribute to biodiversity. Bhatti and Church (2001) note 
that modernistic interpretations of home gardening tends to be 
utilitarian and consumerist, but they also refl ect more complex or 
ambiguous social and environmental relationships that we would 
suggest can be nurtured for positive outcomes. Constraining use 
of pesticides, and providing habitat diversity, facilitate natural 
pest regulation; in the same way as beetle banks operate in agri-
cultural settings (MacLeod et al. 2004). Beekeeping underpins 
food production from crops: Plan-bee has been described earlier. 
Besides providing honey, urban beekeeping can contribute, 
through bees foraging across the country, to pollination of agri-
cultural crops in peri-urban areas. Potentially, urban areas can 
provide refuges for bees. For urban beekeeping to be successful, 
however, use of pesticides must be carefully controlled.

In terms of animal production, eggs and meat from poultry 
continue to have potential, especially in peri-urban and residen-
tial areas with larger sections. It is less practical in multi-unit and 
inner city, denser living areas unless enclosed roof gardens can be 
appropriated for the purpose.

Loss of peri-urban Class I soils and land to urbanisation repre-
sents a substantial loss of potential urban ecosystem services at 
the same time as it diminishes the commercial food producing 
capacity. Retaining farming in these areas can support commer-
cial food production, and contribute to achieving planning 
objectives for urban form. However, land valuation and property 
rights are a signifi cant barrier to reconfi guring these land uses.

On a regional scale, urban gardens can help reduce the environ-
mental footprint of cities. As reported by Vitiello (2008), ‘local 
organic food production has a role to play in diminishing energy 
consumption in virtually all parts of the food system. It reduces 
the use of fossil fuel-based pesticides and fertilisers, limits the 
need for long-distance transportation and typically requires a low 
level of processing, packaging and refrigeration.’

In summary, increasing urban food production is not neces-
sarily incompatible with effi cient land use and intensifi cation, 
whether at the local or regional scale. However, fully realising 
the benefi ts requires effective resource- and nutrient-conserving 
methods, such as organics, biodynamics or permaculture, and 
sound multi-objective planning.

CONCLUDING REMARKS
The notion of urban ecosystem services is often confl ated with 

‘green cities’. Birch and Wachter (2008) asked ‘What is a green 
city?’ They observe that ‘it is an ideal, yet to be attained by any 
urban place in the world, but certainly achievable in the twenty-
fi rst century. In its most perfect form, a green city is carbon 
neutral and fully sustainable … a healthy place that has clean 
air and water, pleasant streets and parks … It is resilient in the 
face of natural disasters and faces little risk of infectious disease. 
Its residents have strong, green behavioural habits, like taking 
public transport, practising recycling and water conservation, and 
using renewable energy.’ To understand the extent that maxim-
ising ecosystem services can contribute to attaining this ideal, 
some refl ection on the purpose and function of a city is required. 
Historically, cities have concentrated and provided services to a 
wider hinterland, and this is still largely true in New Zealand. It is 
therefore unrealistic for New Zealand cities to be carbon neutral 
and ‘fully sustainable’ if that is taken to mean self-suffi ciency. 
The footprint of a city cannot be judged in isolation from its 
hinterland. Nevertheless, if New Zealanders wish to minimise 
their national or local environmental footprints, city inhabitants 
need to play their part and balance, as far as possible, inputs with 

FIGURE 9 Establishing locally rare dryland species (e.g. Dichelachne, 
Lachnagrostis, Geranium, Leptinella, Muehlenbeckia) in a specially prepared 
stressed niche (very-free-draining, north-facing substrate) on the Christchurch 
Southern Motorway extension.
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outputs, avoid cumulative poisons, and fulfi l their needs through 
judicious management of abundant and sustainable ecosystem 
services.

Most of the ecosystem services described in other chapters 
of this book are also provided, to varying degrees, by cities. 
Although often provided at smaller spatial scales, and being  more 
fragmented or disrupted than in rural or wild environments, urban 
ecosystem services affect and benefi t all levels of New Zealand’s 
urban population, as in other urbanised countries. They are not 
confi ned to green spaces or places with indigenous or any one kind 
of biodiversity. They are of especial signifi cance in cities, mainly 
through regulating and cultural services such as water quality, 
stormwater regulation, fl ood and erosion control, waste disposal, 
air quality, recreation, health and well-being, and contributing to 
a sense of place. The three last (cultural) services are particularly 
diffi cult to value economically, but are clearly valued very highly 
by most urban residents and contribute signifi cantly to quality 
of life and social capital in cities, with consequences for mental 
well-being, innovation, and economic activity. Provision of these 
ecosystem services should therefore rank very highly in any cred-
ible well-being indicator (e.g. a ‘genuine progress indicator’), and 
is notably absent from narrow measures such as gross domestic 
product.

A key source of urban ecosystem services, not commonly 
associated with urban areas, is the forest. Urban forests deliver an 
extraordinarily wide range of the ecosystem services, including 
temperature moderation, improvements in water and air quality, 
carbon sequestration and amelioration of noise levels, as well 
as biodiversity values. Human health and well-being, and the 
amenity values of most cities worldwide, except those in the 
highest latitudes, are strongly related to the quantity and quality 
of urban forests, which can be established on land of all types and 
quality, and do not need to compromise desires for higher popula-
tion densities. Imaginative targeting and criteria for urban forestry 
projects may provide benefi ts even for the most marginalised 
urban dweller (Wunder 2008). In New Zealand, urban forestry 
projects would be given signifi cant impetus from a realistic price 
on carbon so that carbon sequestration can provide a basis for 
the monetary valuation of ecosystem services. Dispersed urban 
woodlands (the cumulative biomass of scattered trees) should 
also be part of a more sophisticated formula for carbon banking.

It is reasonable to argue that focusing on known high-produc-
tivity ecosystems, such as wetlands, estuaries and areas of high 
quality soil, can boost urban ecosystem services most effectively. 
Protecting high quality soils in peri-urban areas is important for 
future option values involving food production or contributing 
to biodiversity through remnants or green belts. Flourishing 
peri-urban agriculture, using short, environmentally sensitive 
transport links, can not only supply food effi ciently, but also 
help shape an agri-food system in which people have equitable 
access to fresh, nutritious food. On the other hand, water regu-
lation and fl ood control need to use a city-wide approach or at 
least a catchment-wide approach in key catchments. For urban 
and peri-urban agriculture to be sustainable and healthy, it is of 
course necessary that air-borne and water-borne toxins must be 
ameliorated. Otherwise urban vegetables and fruits may become 
a health hazard.

There is a signifi cant potential for urban design, including 
building design, to increase benefi ts from ecosystem services, 
and simultaneously enhance other urban characteristics valued 
by New Zealanders – amenity of both public and private areas 
including domestic houses and gardens, access to green and blue 

spaces, recreation opportunities, clean water, quality of envi-
ronment generally and biodiversity. Every city has potential to 
become an eco-city or a transition town on a path to becoming 
an eco-city. This can effectively lower New Zealand’s ecological 
footprint and progressively lead to improved quality of life.

As we remarked in our introduction, urban ecosystem services 
are provided by a wide range of highly specialised urban habitat 
types. These can be viewed simply as extensions of the major 
natural ecosystems of the world. The fundamental difference is 
that because of the contraction, degradation and fragmentation 
of habitat or natural populations, and the intensity or frequency 
of disturbance, many urban ecosystems are vulnerable to being 
overwhelmed by fl ood waters, sediment, detritus, toxins, air 
pollution, physical impact, defoliation or pests. Accordingly the 
ecosystem services they provide frequently operate at a very low 
ebb. But because, globally, most of world’s population now lives 
in urban environments, a democratic concern for justice has the 
capacity to drive equitable access to a fulfi lling life that can be 
provided by ecosystem services. In times when climate change 
is leading to more erratic and dangerous weather patterns, we 
may need reminding that Nature can indeed ‘be our friend’. If 
we learn about natural processes and their role in sustaining 
ecosystems – especially in the urban ones we inhabit – and if we 
look after them and enhance them, we can derive both economic 
benefi t, pleasure, and the full range of ecosystem services from 
nature in the city. The unfolding story of ecosystem services will 
revolve around how we sum our human experience and enrich it 
by making sustainable use of natural processes, and develop an 
inclusive governance that services that ideal.
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