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Social pressure on alluvial plains and deltas is large, both 
from an economic point of view and from a nature conser-
vation point of view. Gradually, flood risks increase with 
economic development, because the expected damage 
increases, and with higher dikes, because the flooding 
depth increases. Global change, changing social desires, 
but also changing views, require a revision of flood-risk 
management strategies for the long term. These should be 
based on resilience as opposed to the resistence strategy 
of heightening dikes. Resilience strategies for flood-risk 
management imply that the river is allowed to temporarily 
flood large areas, whereas the flood damage is minimized 
by adapting land use. Such strategies are thus based on 
risk management and ʻ‘living with floodsʼ’ instead of on haz-
ard control. For The Netherlands, one of the most densely 
populated deltas in the world, alternative resilience strate-
gies have been elaborated and assessed for their hydrau-
lic functioning and ʻ‘sustainability criteriaʼ’.

INTRODUCTION
,Q������DQG�������7KH�1HWKHUODQGV�H[SHULHQFHG�SHULRGV�RI�XQ�
FHUWDLQW\�ZKHQ�WKH�5KLQH�DQG�0HXVH�5LYHUV�UHDFKHG�YHU\�KLJK�
OHYHOV��,Q�WKH�5KLQH�5LYHU��RQO\�LQ������KDG�D�KLJKHU�GLVFKDUJH�
��������P��V����EHHQ�UHFRUGHG��2YHU���������SHRSOH�ZHUH�HYDFX�
DWHG�IURP�D�QXPEHU�RI�SROGHUV�ZKHQ� WKH�VWDELOLW\�RI� WKH�GLNHV�
VHHPHG�QR�ORQJHU�JXDUDQWHHG�
� :KHQ�WKH�ÀRRG�FHDVHG��WKH�GLVFXVVLRQV�RQ�7KH�1HWKHUODQGV¶�
ÀRRG�FRQWURO�VWUDWHJ\�ZHUH�LQWHQVL¿HG�DQG�H[WHQGHG�WR�LQFOXGH�
FOLPDWLF�FKDQJH�DV�DQ�DGGLWLRQDO�UHOHYDQW�IDFWRU�IRU�WKH�ORQJ�WHUP��
5HFHQW�HVWLPDWHV�RI� WKH�FKDQJH� LQ� WKH�GLVFKDUJH�UHJLPH�RI� WKH�
5KLQH�5LYHU��������IRUHFDVW�DQ�LQFUHDVH�LQ�WKH�VR�FDOOHG�GHVLJQ�
GLVFKDUJH��D�SHDN�GLVFKDUJH�ZLWK�D�SUREDELOLW\�RI��������\HDUV��
IURP��������P��V���LQ�WKH�����V�WRZDUGV���������PLQLPXP�VFH�
QDULR��WR��������P��V����PD[LPXP�VFHQDULR��E\�������$GGLWLRQ�
DOO\��LQ�D�GRZQVWUHDP�GHOWDLF�DUHD��VHD�OHYHO�ULVH�PD\�KDPSHU�WKH�
GLVFKDUJH��)RU�7KH�1HWKHUODQGV��VHD�OHYHO�ULVH�LV�FXUUHQWO\�HVWL�
PDWHG�DV�EHWZHHQ�����DQG�����P�DERYH�SUHVHQW��)LQDOO\��LQ�GHOWDV�
DQG� DOOXYLDO� SODLQV� ERWK� VKULQNDJH� DQG� R[LGDWLRQ� RI� H[WHQVLYH�
SHDW�OD\HUV�FDXVH�WKH�VXEVLGHQFH�RI�ODUJH�DUHDV��D�SURFHVV�ZKLFK�
LQ�7KH�1HWKHUODQGV�LV�HQKDQFHG�DQG�PDLQWDLQHG�E\�D�KLVWRU\�RI�
RYHU������\HDUV�RI�GUDLQDJH��)LJ�����
� $SDUW�IURP�WKHVH�HQYLURQPHQWDO�FKDQJHV��VRFLDO�
FKDQJHV� DUH� DOVR� UHOHYDQW�� 7KH� GHPRJUDSKLF� DQG�
HFRQRPLF�GHYHORSPHQW�RI�7KH�1HWKHUODQGV�LV�VXFK�
WKDW� WKH�QXPEHU�RI�SHRSOH�SRVVLEO\�DIIHFWHG�E\�D�
ULYHU�ÀRRG�KDV�LQFUHDVHG��%\������WKH�SRSXODWLRQ�
RI�7KH�1HWKHUODQGV�DPRXQWHG�WR���PLOOLRQ�LQKDELW�
DQWV��ZKHUHDV�LQ������WKH�¿JXUH�ZDV�RYHU����PLO�
OLRQ�� ,Q� ������ SHRSOH� OLYHG� YHU\� FRQFHQWUDWHG� LQ�
UHODWLYHO\� IHZ�FLWLHV� KRZHYHU��ZKHUHDV�QRZDGD\V�
FKDQJLQJ�GHVLUHV�FRQFHUQLQJ�WKH�DYDLODEOH�URRP�IRU�
KRXVLQJ��HFRQRPLF�DFWLYLW\��OHLVXUH��LQIUDVWUXFWXUH��
HWF��KDYH�UHVXOWHG�LQ�D�VSUHDG�RYHU�YDVW�DUHDV��DQG�
FRQWLQXRXVO\� KLJK� SUHVVXUH� RQ� ODQG�VXUIDFH� DUHD��

7KXV��WKH�SUHVVXUH�RQ�SURWHFWHG�DOOXYLDO�SODLQV�LV�EHFRPLQJ�PRUH�
LQWHQVLYH��)LJ����������7KH�HVWLPDWHG�¿QDQFLDO�ORVV�WKURXJK�ÀRRG�
LQJ�RI�WKH�ODUJHVW�GLNH�ULQJ�DORQJ�WKH�ULYHUV�ZDV�HVWLPDWHG�DW�OHVV�
WKDQ�¼���PLOOLRQ�LQ�������EXW�KDV�ULVHQ�WR�RYHU����PLOOLRQ�¼�ZLWKLQ�
���\HDUV�PHUHO\�DV�D�FRQVHTXHQFH�RI�HFRQRPLF�GHYHORSPHQW������
7KH�FXUUHQW�PHDQ�HFRQRPLF�JURZWK�UDWH�RI��±�����ZLOO�LPSO\�D�
VWHDG\�GRXEOLQJ�RI�WKH�SRWHQWLDO�ÀRRG�GDPDJH�HDFK���±���\HDUV��
,Q�D�FHQWXU\��WKLV�PHDQV�DQ�LQFUHDVH�E\�D�IDFWRU���
6XPPDUL]LQJ��WKH�GHVLJQ��ZDWHU�OHYHOV�LQ�WKH�ULYHUV�ZLOO�SUREDEO\�
ULVH�EHFDXVH�RI�KLJKHU�SHDN�GLVFKDUJHV�DQG�D�KLJKHU�VHD� OHYHO��
ZKHUHDV� WKH� YXOQHUDELOLW\� RI� WKH� SURWHFWHG� DUHDV�ZLOO� LQFUHDVH�
WKURXJK�SRSXODWLRQ�JURZWK�DQG�HFRQRPLF�GHYHORSPHQW��DJJUD�
YDWHG�E\�ODQG�VXEVLGHQFH��7KLV�FDOOV�IRU�D�FKDQJH�RI�VWUDWHJ\�LQ�
WKH�SROLF\�¿HOGV�RI�ERWK�LQWHJUDWHG�ULYHU�PDQDJHPHQW�DQG�SK\VL�
FDO�SODQQLQJ��6R�IDU����GLVWLQFW²EXW�UHODWHG²VWUDWHJLHV�FDQ�EH�
GLVWLQJXLVKHG�
±� µURRP�IRU�ULYHUV¶��D�VWUDWHJ\�IRFXVLQJ�RQ�PHDVXUHV�WR�ORZHU�

WKH�ZDWHU�OHYHOV�GHVSLWH�D�ULVH�LQ�WKH�GHVLJQ�GLVFKDUJH��H�J��E\�
HQODUJLQJ�WKH�GLVFKDUJH�FDSDFLW\�RI�WKH�FKDQQHO�LWVHOI�DQG�RU�
WKURXJK�ORZHULQJ�WKH�ÀRRGSODLQV�����

±� D� UHVLOLHQFH� VWUDWHJ\� IRU� WKH�SURWHFWHG�DUHDV�EDVHG�RQ�PLQL�
PL]LQJ�ÀRRG�ULVNV�E\�FRQWUROOHG�ÀRRGLQJ�DQG�E\�OLPLWLQJ�WKH�
ÀRRG�GDPDJH� WKURXJK� GHGLFDWHG� SK\VLFDO� SODQQLQJ� LQ� WXQH�
ZLWK�ÀRRG�IUHTXHQFLHV�����

$OWKRXJK�ERWK�VWUDWHJLHV�KDYH�WR�DGGUHVV�VLPLODU�LVVXHV�VXFK�DV�
WKH�GLVWULEXWLRQ�RI�GLVFKDUJH�IURP�WKH�5KLQH�5LYHU�RYHU�WKH�YDUL�
RXV�ULYHU�EUDQFKHV�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�ULYHU�PDQDJH�

Figure 1. The land level sinks whereas the sea level rises, ham-
pering the discharge of rivers in deltaic areas and increasing the 
vulnerability of the protected areas.

Figure 2. Floodplain area and land-use intensity around Arnhem around (a) 1830 
and (b) 2000.
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PHQW�DQG�SK\VLFDO�SODQQLQJ�� WKH�¿UVW�VWUDWHJ\�LV�VWLOO� UHODWLYHO\�
WHFKQLFDO�LQ�FKDUDFWHU�DQG�OLPLWHG�WR�WKH�SUHVHQW�ÀRRGSODLQ�DUHD��
,W� GRHV�QRW� TXHVWLRQ� WKH� ORQJ�WHUP� VSDWLDO� SODQQLQJ�ZLWKLQ� WKH�
SURWHFWHG� DUHDV�� ,Q� WKLV� SDSHU��ZH�GLVFXVV� WKH� VHFRQG� VWUDWHJ\��
ZKLFK� SXWV� SULRULW\� RQ� LQÀXHQFLQJ� ORQJ�WHUP� VSDWLDO� GHYHORS�
PHQWV�DQG�KHQFH�VXVWDLQDELOLW\��:H�JR�LQWR�WKH�DGYDQWDJHV�EXW�
DOVR� WKH� IDU�UHDFKLQJ� LPSOLFDWLRQV�� +RZHYHU�� ZH� ¿UVW� EULHÀ\�
LQWURGXFH� WKH� SUHVHQW� VLWXDWLRQ� DORQJ� 7KH� 1HWKHUODQGV¶� 5KLQH�
5LYHU�EUDQFKHV�

BRIEF HISTORY AND PRESENT SITUATION
%HIRUH������$'�LQKDELWDQWV�RI�WKH�GHOWD�DQG�DOOXYLDO�SODLQV�OLYHG�
RQ�QDWXUDO� OHYHHV��RWKHU�QDWXUDO�KHLJKWV��RU� WKH\�EXLOW�PRXQGV��
6LQFH� WKHQ�� WKH�'XWFK�VWDUWHG� WR�FRQVWUXFW�GLNHV�� UHVXOWLQJ� LQ�D�
FORVHG�SDWWHUQ� RI� GLNHV� IURP�DERXW� �����$'�RQZDUGV��7RGD\��
WKLV�SDWWHUQ�RI�GLNHV�LV�ODUJHO\�XQFKDQJHG��,W�FRQVLVWV�RI����VR�
FDOOHG�GLNH�ULQJV�IRU�WKH�ZKROH�FRXQWU\�����RI�ZKLFK�DGMRLQ�WKH�
5KLQH�5LYHU�EUDQFKHV��)LJ�����

� 7KH�KHLJKW�RI�WKH�GLNHV�DORQJ�WKH�5KLQH�5LYHU�KDV��KRZHYHU��
VWHDGLO\�LQFUHDVHG�RYHU�WKH�FRXUVH�RI�KLVWRU\��,QLWLDOO\��WKLV�PHDQW�
DGDSWLQJ�WR�WKH�ODVW�H[SHULHQFHG�ÀRRG�OHYHO��)URP�WKH�����V�RQ�
ZDUGV��D�PRUH�VFLHQWL¿F�DSSURDFK�KDV�EHHQ�IROORZHG��EDVHG�RQ�
K\GUDXOLF�PRGHOOLQJ�IRU�D�µGHVLJQ�GLVFKDUJH¶�ZLWK�D�UHFXUUHQFH�
LQWHUYDO�RI��������\HDUV��7KLV�GHVLJQ�GLVFKDUJH�LV�GHWHUPLQHG�E\�
D�VWDWLVWLFDO�DQDO\VLV�RI�DOO�ÀRRGV�UHFRUGHG�LQ�WKH�ODVW�����\HDUV��
7KH������DQG������ÀRRGV�KDYH�FDXVHG�WKH�GHVLJQ�GLVFKDUJH�WR�
ULVH�IURP��������WR��������P��V����UHVXOWLQJ�LQ�WKH�DSSOLHG�OLQHDU�
UHJUHVVLRQ�EHFRPLQJ�VOLJKWO\�WLOWHG��7KLV�HPSKDVL]HV�WKH�VXVFHS�
WLELOLW\�RI�WKLV�VWDWLVWLFDO�PHWKRG�WR�FOLPDWLF�ÀXFWXDWLRQV��ZKHWKHU�
QRUPDO�RU�UHVXOWLQJ�IURP�JOREDO�FKDQJH������,W�DOVR�HPSKDVL]HV�
WKH�XQFHUWDLQW\�RI�IRUHFDVWV�RI�UDUH�HYHQWV���������\HDUV���ZKHQ�
EDVHG�RQ�RQO\�D�����\HDUV�RI�UHFRUGV��7KH��������\HDUV�GLVFKDUJH�
FDQ�RQO\²ZLWK�����FHUWDLQW\²EH�HVWLPDWHG�WR�OLH�EHWZHHQ����
����DQG��������P��V����������
� 7KH�¿[DWLRQ�RI�WKH�ULYHU�EHWZHHQ�WKH�GLNHV�VLQFH�DERXW������
$'�LQ�FRPELQDWLRQ�ZLWK�WKH�VWHDG\�KHLJKWHQLQJ�RI�WKH�GLNHV�KDV�

LQFXUUHG�VHGLPHQWDWLRQ�LQ�WKH�ÀRRGSODLQV���������ZKHUHDV�VXEVLG�
HQFH�KDV�FDXVHG�WKH�SURWHFWHG�DUHDV�WR�VLQN��7KH�UHVXOWLQJ�GLIIHU�
HQFHV�EHWZHHQ�WKH�ÀRRGSODLQ�OHYHO�DQG�WKH�ODQG�OHYHO�ZLWKLQ�WKH�
GLNH�ULQJV�KDV�LQFUHDVHG��)LJ������DQG�VR�KDV�WKH�KHLJKW�RI�D�ÀRRG�
DERYH� WKH� OHYHO�RI� WKH�SURWHFWHG� ODQG��&RQVHTXHQWO\�� WKH�ÀRRG�
KD]DUG�KDV�VXEVWDQWLDOO\�LQFUHDVHG�
� 7KH� DERYH�PHQWLRQHG� GLNH�ULQJV� FRQVLVW� RI� HLWKHU� HQWLUH�
O\� FORVHG� ULQJV� RI� GLNHV� RU� RI� GLNHV� ZKLFK� FRQQHFW� WR� KLJKHU�
JURXQGV�� 7KHLU� VXUIDFH� DUHD� UDQJHV� IURP� OHVV� WKDQ� ��� NP�� WR�
DERXW�����NP��IRU�WKH�ODUJHVW��WKH�%HWXZH��7KLV�DOUHDG\�LPSOLHV�
ODUJH�GLIIHUHQFHV�LQ�SRWHQWLDO�ÀRRG�GDPDJH�WKURXJK�VKHHU�PDJQL�
WXGH��$OVR�WKH�SRWHQWLDO�ÀRRGLQJ�GHSWKV�GLIIHU�VXEVWDQWLDOO\��IURP�
PXFK�OHVV�WKDQ���P�IRU�GLNH�ULQJV�DGMDFHQW�WR�KLJK�JURXQGV�WR�
PRUH�WKDQ���P�LQ�WKH�ORZHU�SDUWV�RI�WKH�HQFORVHG�%HWXZH��7KHVH�
GLIIHUHQFHV�EHFRPH�HYHQ�PRUH�DFFHQWXDWHG�ZKHQ�WKH�HFRQRPLF�
VWDWXV�DQG�GHYHORSPHQW�UDWH�DUH�WDNHQ�LQWR�DFFRXQW��,W�LV�LQ�WKH�
ODUJHVW�GLNH�ULQJ�ZLWK�WKH�ODUJHVW�SRWHQWLDO�GHSWKV��WKDW�WKH�PRVW�
YXOQHUDEOH�ODQG�XVH�W\SHV�DUH�QRZ�EHLQJ�GHYHORSHG��L�H��KRXVLQJ��
LQGXVWU\��DQG��LQWHU�QDWLRQDO�WUDQVSRUW�
� $OWKRXJK�RQ�WKH�RQH�KDQG�ÀRRG�SURWHFWLRQ�KDV�QHYHU�EHHQ�VR�
VRXQG��D�IXUWKHU�KHLJKWHQLQJ�RI�WKH�GLNHV�PHHWV�YDVW�RSSRVLWLRQ��
7KLV�SDUWO\�IROORZV�IURP�WKH�QRWLRQ��³WKH�KLJKHU�WKH�GLNHV�� WKH�
ELJJHU�WKH�GLVDVWHU´��EXW�DOVR�EHFDXVH�RI�WKH�QHJDWLYH�HIIHFWV�RI�
SURWHFWLYH�VWUXFWXUHV�RQ�QDWXUDO��FXOWXUDO��DQG�VFHQLF� ODQGVFDSH�
YDOXHV�� (YHQ� PRUH� LPSRUWDQWO\�� WKH� LPSURYHG� SURWHFWLRQ� VXV�
WDLQV�WKH�QHJDWLYH�VSLUDO�RI�IXUWKHU�HFRQRPLF�LQYHVWPHQWV�LQ�WKH�
SURWHFWHG� DUHDV��7KH� HQKDQFHG� µQRWLRQ� RI� VDIHW\¶� WULJJHUV� QHZ�
HFRQRPLF�LQYHVWPHQWV�LQ�WKH�SURWHFWHG�DUHDV��ZKLFK�DJDLQ�UDLVHV�
D�VRFLDO�FDOO�IRU�GLNH�UHLQIRUFHPHQWV��HWF��7KH�RSSRVLWLRQ�WR�GLNH�
UHLQIRUFHPHQW�WKHUHIRUH�FDOOV�IRU�D�FKDQJH�RI�VWUDWHJ\�LQ�RUGHU�WR�
HVFDSH�WKLV�QHJDWLYH�VSLUDO��
� $�VXPPDU\�RI�WKH�FXUUHQW�VLWXDWLRQ�ZRXOG�UHDG��D�GLNH�ULQJ�
VWUXFWXUH�IURP������$'��HTXDO�VDIHW\�VWDQGDUGV�DORQJ�PRVW�RI�
WKH� ULYHU��DQG�D�VWHDGLO\� LQFUHDVLQJ�ÀRRG�GDPDJH�SRWHQWLDO�EH�
FDXVH�RI�D�VWLOO�ODUJHO\�XQEULGOHG���VW�FHQWXU\�ODQG�XVH�DQG�HFR�
QRPLF�GHYHORSPHQW�UDWH��7KH�XUJHQF\�RI�FKDQJLQJ�WKH�GLUHFWLRQ�
RI�IXWXUH�GHYHORSPHQWV�LV�DFNQRZOHGJHG�DQG�LQFUHDVLQJ��DV�LOOXV�
WUDWHG�E\�WKH�PDQ\�UHSRUWV�DQG�WKH�DGYLFH�WR�WKH�JRYHUQPHQW�E\�
UHVHDUFK�LQVWLWXWLRQV����������GHGLFDWHG�FRPPLWWHHV����������DQG�
ZDWHU�PDQDJHPHQW�DXWKRULWLHV�

LIMITING THE RISKS OF FLOODING
$�UHVLOLHQFH�VWUDWHJ\�IRU�ÀRRG�ULVN�PDQDJHPHQW�UHOLHV�RQ�D�QXP�
EHU�RI�SULQFLSOHV�DQG�UHODWHG�PHDVXUHV��)LUVWO\��ZH�VKRXOG�HP�
SKDVL]H�WKDW�ÀRRG�ULVN�PDQDJHPHQW�LV�QRW�WKH�VDPH�DV�ÀRRG�FRQ�
WURO��)ORRGLQJ�ULVNV�UHVXOW�IURP�D�ÀRRG�KD]DUG�LQ�DQ�DUHD�ZKLFK�
LV�YXOQHUDEOH��:LWKRXW�D�YXOQHUDEOH�VRFLHW\�RU�HFRV\VWHP��D�ÀRRG�
PD\�EH�UHJDUGHG�DV�D�QDWXUDO�SKHQRPHQRQ�ZKLFK�FDQQRW�EH�TXDO�
L¿HG�LQ�D�QRUPDWLYH�ZD\�DV�SRVLQJ�µD�ULVN¶��7KLV�DOVR�LPSOLHV�WKDW�
WKH�FRQFHSW�RI�ÀRRG�ULVN�HPEUDFHV�WKH�FRQFHSWV�RI�ÀRRG�KD]DUG�
DQG�YXOQHUDELOLW\��RIWHQ��LW�LV�H[SUHVVHG�DV�D�IXQFWLRQ�RI�WKH����WKH�
SURGXFW��WR�EH�SUHFLVH���,Q�7KH�1HWKHUODQGV��KRZHYHU��LW�LV�FRP�
PRQ�SUDFWLFH������WR�GH¿QH�ÀRRG�ULVN�DV�ÀRRG�SUREDELOLW\�[�ÀRRG�
GDPDJH��2EYLRXVO\��WKH�DSSURDFK�LV�WKH�VDPH��RQO\�WKH�ZD\�RI�
TXDQWL¿FDWLRQ�GLIIHUV��7KH�GLIIHUHQFH�OLHV�SULPDULO\�LQ�ZKHUH�WKH�
ÀRRGLQJ�GHSWK�LV�LQFOXGHG�

5I� �+I�[�9� �3I�[�'I
5I� �ÀRRG�ULVN��+I� �ÀRRG�KD]DUG��9� �YXOQHUDELOLW\��3I �ÀRRG�
SUREDELOLW\��'I� �ÀRRG�GDPDJH��ZLWK�ERWK�+I�DQG�'I�GHSHQGLQJ�
RQ�ÀRRGLQJ�GHSWK�

� 7KH�YXOQHUDELOLW\�RI�DQ�DUHD�GHSHQGV�RQ�WKH�QXPEHU�RI�SHR�
SOH�� WKH� HFRQRPLF� YDOXH� �LQYHVWHG� FDSLWDO� DQG� HDUQLQJ� SRZHU��
DQG�RU�HFRORJLFDO�YDOXHV��,Q�WKH�GRZQVWUHDP�SDUWV�RI�WKH�5KLQH�
5LYHU�EDVLQ��DQ�DGHTXDWH�)ORRG�(DUO\�:DUQLQJ�6\VWHP��)(:6��
LV�RSHUDWLRQDO��3UHVHQWO\��WKH�ZDWHU�OHYHOV�FDQ�EH�SUHGLFWHG�ZLWK�

Figure 3. Dike-rings (numbered, referring to Tables 1 and 2) and 
safety levels along the lower Rhine River in The Netherlands.
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VXI¿FLHQW�DFFXUDF\���GD\V�DKHDG�RI�D�ÀRRG��DQG�LW� LV�H[SHFWHG�
WKDW�WKLV�SHULRG�FDQ�VRRQ�EH�OHQJWKHQHG�WR���RU�HYHQ���GD\V��7KLV�
PHDQV�WKDW�SHRSOH��FDWWOH�DQG�RWKHU�OLYHVWRFN�FDQ�EH�HYDFXDWHG�
LQ� GXH� WLPH� DQG� WKDW� FDVXDOWLHV� QHHG�QRW� EH� WDNHQ� LQWR� IXUWKHU�
DFFRXQW� LQ� WKH�ULVN�DVVHVVPHQW��:KHQ�WKH�HFRORJLFDO�YDOXHV�RI�
WKH�ÀRRGSODLQV�DQG�DOOXYLDO�SODLQV�DUH�VXSSRVHG�WR�EH�DGDSWHG�WR�
D�QDWXUDO�ÀRRGLQJ�UHJLPH��WKH�TXHVWLRQ�RI�ÀRRGLQJ�ULVN�FDQ�EH�
OLPLWHG�WR�DQ�HFRQRPLF�DQDO\VLV��7KDW�LV��ZKHQ�ZH��IRU�SUDFWLFDO�
UHDVRQV�RQO\��IRUJHW�DERXW�WKH�SV\FKRORJLFDO�LPSDFW�RI�HYDFXD�
WLRQ�DQG�ORVV�RI�JRRGV�
� 7KXV�� WKH� IRUPXOD� IRU�ÀRRG�ULVN�DVVHVVPHQW� FDQ�EH�XVHG� WR�
LGHQWLI\�SRVVLEOH�GLUHFWLRQV�WRZDUGV�D�UHGXFWLRQ�RI�ÀRRGLQJ�ULVNV��
HLWKHU�E\�ORZHULQJ�WKH�SUREDELOLW\��ZKLFK�PHDQV�WKH�WUDGLWLRQDO�
ÀRRG� FRQWURO�� DQG�RU� E\� UHGXFLQJ� WKH�GDPDJH��ZKLFK� UHTXLUHV�
L��VSDWLDO�SODQQLQJ��RU�LL��DGDSWDWLRQ�RI�WKH�ODQG�XVH�WR�ORZHU�WKH�
ÀRRG�GDPDJH�SRWHQWLDO��RU�LLL��ORZHULQJ�WKH�ÀRRG�OHYHO�LQ�RUGHU�
WR�FXUWDLO�WKH�ÀRRGLQJ�GHSWK��7KH�ODWWHU�LV��RI�FRXUVH��DJDLQ�VRPH�
NLQG� RI� ÀRRG� FRQWURO²RU� UDWKHU� ÀRRGLQJ� FRQWURO²EXW� PXFK�
PRUH�VRSKLVWLFDWHG�WKDQ�E\�WKH�WUDGLWLRQDO�PHUH�GLNH�UHLQIRUFH�
PHQWV�
� (YHQ�ZLWK� WKH�PDLQ�FRXUVH�QRZ�EHLQJ�NQRZQ��D�QXPEHU�RI�
TXHVWLRQV�UHPDLQ��H�J�
±� :KDW�GR�WKHVH�SULQFLSOHV�PHDQ"
±� :KDW�FRQFUHWH�PHDVXUHV�PXVW�EH�WDNHQ"
±� :KDW�DUH�WKH�LPSOLFDWLRQV�RI�WKHVH�PHDVXUHV"�
� 7KH�VHFRQG�DQG�WKLUG�TXHVWLRQV�DUH�EHLQJ�DGGUHVVHG�LQ�D�GHVLJQ�
VWXG\�IROORZHG�E\�DQ�HYDOXDWLRQ��7KH�¿UVW�TXHVWLRQ�LV�DQVZHUHG�DV�
±� :H�VKRXOG�DEDQGRQ�WKH�FRQFHSW�RI�µGHVLJQ�GLVFKDUJH¶�EHFDXVH�

LW� LV� XQFHUWDLQ�� EHFDXVH� LWV� YDOXH� �������� \HDU�� LV� DUELWUDU\�
DQG�EHFDXVH�LW�LV�LQVXI¿FLHQWO\�SK\VLFDOO\�EDVHG��LQVWHDG��WKH�
ZKROH�GLVFKDUJH�UHJLPH�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZLWK�DOO�
WKHRUHWLFDOO\�SRVVLEOH�SHDNV��KRZHYHU��XQOLNHO\�

±� :H�VKRXOG�PRGLI\�WKH�SUHVHQW�GLNH�ULQJ�VWUXFWXUH��EHFDXVH�LW�
DOORZV�WKH�ZDWHU�WR�ÀRRG�YHU\�ODUJH�DUHDV��EHFDXVH�LW�SURWHFWV�
FLWLHV��LQGXVWULHV��DJULFXOWXUDO�DUHDV��DQG�QDWXUH�FRQVHUYDWLRQ�
DUHDV�HTXDOO\�ZHOO��DQG�EHFDXVH�LW�GHQRXQFHV�K\GUDXOLF�SULQ�
FLSOHV�RI�HLWKHU�D�GHWHQWLRQ�IXQFWLRQ�RU�D�GLVFKDUJH�IXQFWLRQ��
7KHVH�GLVWLQFW�K\GUDXOLF�IXQFWLRQV�ZLOO�EH�HODERUDWHG�EHORZ�

TWO SPATIAL CONCEPTS
,Q�WKH�GHVLJQ�VWXG\����VSDWLDO�FRQFHSWV�KDYH�EHHQ�HODERUDWHG�ZLWK�
YDU\LQJ�HPSKDVLV�RQ� WKH�FRQWURO�RI� WKH�ÀRRGLQJ�DQG�WKH�PLQL�
PL]DWLRQ�RI�WKH�GDPDJH�E\�DGDSWLQJ�WKH�ODQG�XVH��UHVSHFWLYHO\��
%RWK�GHVLJQV�UHO\�RQ�FRPSDUWPHQWDOL]DWLRQ��7KH�UDWLRQDOH�EHKLQG�
FRPSDUWPHQWDOL]DWLRQ�IROORZV�IURP�VLPXODWLRQV�RI�D�QXPEHU�RI�
GLVDVWHU� VFHQDULRV� ����� LQFXUUHG�E\�SHDN�GLVFKDUJHV� H[FHHGLQJ�
WKH�GHVLJQ�GLVFKDUJH��,W�DSSHDUHG�WKDW�ODUJH�SROGHUV�EHKLQG�RQH�
VLQJOH�GHIHQFH�RI�D�GLNH�ULQJ�EHFRPH�HQWLUHO\�ÀRRGHG��ZKLOH�DW�
WKH�VDPH�WLPH�FDXVLQJ�WKH�ZDWHU�OHYHOV�LQ�WKH�ULYHU�WR�EH�ORZHUHG�
VXEVWDQWLDOO\�WR�ZHOO�EHORZ�WKH�GHVLJQ�ZDWHU�OHYHO��&RPSDUWPHQ�
WDOL]DWLRQ�PHDQV�VSOLWWLQJ�XS�D�GLNH�ULQJ�LQWR�D�QXPEHU�RI�VPDOO�
HU� GLNH�ULQJV��ZKLFK�PD\�EH�ÀRRGHG� LQ� D� FRQWUROOHG� VHTXHQFH�
GH¿QHG�E\�WKH�FRPELQDWLRQ�RI�H[SHFWHG�K\GUDXOLF�HI¿FDF\�DQG�
PLQLPXP� GDPDJH��7KXV�� WKH�ZKROH� LGHD� LV� WR� HIIHFWXDWH� FRQ�
WUROOHG�ÀRRGLQJ��EXW�DLPHG�DW�GHOLPLWLQJ� WKH�DIIHFWHG�DUHD�DQG�
PLQLPL]LQJ�WKH�ÀRRG�GDPDJH�
� 'HSHQGLQJ�RQ�WKH�VSDWLDO�OD\RXW�RI�WKH�FRPSDUWPHQWV��FRP�
SDUWPHQWDOL]DWLRQ�PD\�KDYH�HLWKHU�RQH�RI�WKH�IROORZLQJ�K\GUDX�
OLF�HIIHFWV�����
±� GHWHQWLRQ��L�H��SHDN�VKDYLQJ�
±� DGGLQJ�GLVFKDUJH�FDSDFLW\� �VRPHWLPHV�ZLWK�DGGLWLRQDO�SHDN�

DWWHQXDWLRQ��
±� DGGLQJ� VWRUDJH� FDSDFLW\� �LQ� WKH� IXUWKHVW� GRZQVWUHDP� DUHDV�

DQG�FRDVWDO�]RQH��
:LWK� WKLV� NQRZOHGJH� DOWHUQDWLYH� VSDWLDO� GHVLJQV� ZHUH� GUDZQ�
XS��,Q�WKH�¿UVW�DOWHUQDWLYH��GHWHQWLRQ�LQ�FRPSDUWPHQWV���WKH�¿UVW�

K\GUDXOLF�IXQFWLRQLQJ�LV�JLYHQ�SULRULW\��ZKHUHDV�WKH�LQFUHDVH�RI�
GLVFKDUJH�FDSDFLW\�LV� WKH�DLP�RI�D�VHFRQG�DQG�WKLUG�DOWHUQDWLYH�
�µJUHHQ�ULYHUV���DQG��¶��

'HWHQWLRQ�LQ�&RPSDUWPHQWV

7KH� EDVLF� SKLORVRSK\� RI� GHWHQWLRQ� LQ� FRPSDUWPHQWV� LV� WR� GH�
VLJQ�D�FDVFDGH�RI�GHWHQWLRQ�DUHDV�ZKLFK�HQVXUHV�WKDW�DOO�SRVVLEOH�
ÀRRG�SHDNV��RI�ZKDWHYHU�SUREDELOLW\��FDQ�EH�WHPSRUDULO\�VWRUHG�
LQ� VXFK�D�ZD\� WKDW�RYHUDOO�ÀRRG�ULVN� LV�PLQLPL]HG� �)LJ�� ���� ,W�
LQFOXGHV�GHWHQWLRQ�DUHDV�DORQJ�DOO���EUDQFKHV�RI�WKH�5KLQH��7KH�
SUHFLVH�K\GUDXOLF�IXQFWLRQLQJ�RI� WKHVH�DUHDV�GLIIHUV��DV�ZHOO�DV�
WKH�IUHTXHQF\�RI�RSHUDWLRQ��3URYLGHG�WKH�K\GUDXOLF�GHVLJQ�IXQF�
WLRQV�ZHOO�� WKH� UHPDLQLQJ�GLNH�ULQJV�DQG�RU�FRPSDUWPHQWV�ZLOO�
KDYH�D�ÀRRGLQJ�SUREDELOLW\�RI������������\HDUV��\LHOGLQJ�WKHP�
PXFK�VDIHU�WKDQ�WKH\�DUH�DW�SUHVHQW�
� )RU� D� VRXQG� K\GUDXOLF� IXQFWLRQLQJ� WKH� RUGHU� RI� LQXQGDWLRQ�
VKRXOG�EH�IURP�XSVWUHDP�WR�GRZQVWUHDP��DV�LW� LV�K\GUDXOLFDOO\�
SUDFWLFDOO\� LPSRVVLEOH� WR�SURWHFW�XSVWUHDP�GLNH�ULQJV�E\� LQXQ�
GDWLQJ� DUHDV� IXUWKHU� GRZQVWUHDP�� 7KHUHIRUH�� SURWHFWLRQ� OHYHOV�
XVXDOO\� LQFUHDVH�GRZQVWUHDP�������� LQ�VRXWKHUQ�*HUPDQ\�� YLD�
������ LQ� 1RUGUKHLQ�:HVWIDOHQ�� ������� LQ� WKH� HDVWHUQ� 1HWKHU�
ODQGV�WR��������DQG�HYHQWXDOO\����������DORQJ�WKH�FRDVW��EHFDXVH�
RI�WKH�LQ¿QLWH�DPRXQW�RI�ZDWHU�LQ�WKH�VHD�DQG�WKH�H[WUD�GDPDJH�
FDXVHG�E\�VDOLQH�ZDWHU���+RZHYHU��WKHUH�LV�RQH�H[FHSWLRQ�WR�WKLV�
UXOH��YL]��LQ�WKH�PRVW�GRZQVWUHDP�DUHDV�ZKHUH�WKH�ZDWHU�OHYHOV�
DUH�DOPRVW�OHYHO�DQG�DUH�SULPDULO\�GHWHUPLQHG�E\�WKH�VHD�OHYHO�
DQG�RU�WKH�FORVXUH�RI�VWRUP�VXUJHV��,Q�WKHVH�DUHDV��DQ\�H[WUD�VWRU�
DJH�FDSDFLW\�PD\�KHOS�WR�NHHS�WKH�ZDWHU�OHYHOV�WROHUDEOH��ZKLFK�
PD\�EH�DFKLHYHG�E\�¿UVW�FRQQHFWLQJ�WR�WKH�ODUJH�VXUIDFHV�RI�WKH�
GHWDFKHG� HVWXDULHV� DQG� LQOHWV� LQ� WKH� VRXWKZHVW� RI�7KH�1HWKHU�
ODQGV�DQG��VHFRQGO\��E\�LQXQGDWLQJ�µFDODPLW\�SROGHUV¶�����
� ,Q�PLQLPL]LQJ� WKH� RYHUDOO� ÀRRG� GDPDJH�� D�*,6�DQDO\VLV� RI�
WKH�SRWHQWLDO�GDPDJH�RI�ÀRRGLQJ�FDQ�EH�XVHG� WR�GHOLPLW� FRP�
SDUWPHQWV��,Q�WKLV�FRQWH[W��WKH�VSDWLDO�GHVLJQ�IROORZV�WKH�DGDJH��
ODQG�XVH�IROORZV�K\GUDXOLF�IXQFWLRQV�LQ�WKH�VHQVH�RI�SULRULW\��EXW�

QRW�LQ�WKH�VHQVH�RI�SULPDF\��WKH�H[LVWLQJ�ODQG�XVH�LV�ODUJHO\�UH�

JDUGHG� DV� D� GHWHUPLQDQW� IRU� WKH� GHVLJQ� RI� WKH� GLNH�ULQJV� DQG�

FRPSDUWPHQWV�� &RQVHTXHQWO\�� SUHVHQW� ODQG� XVH� LV� IXOO\� WDNHQ�
LQWR� DFFRXQW²SDUWO\�EHFDXVH�RI� WKH� OLNHO\�RSSRVLWLRQ� WRZDUGV�
WKH� SXUSRVHIXO� LQXQGDWLRQ� RI� EXLOW�XS� DUHDV²DQG� WKH� ORFDWLRQ�
RI� GU\� LQIUDVWUXFWXUH� RI� QDWLRQDO� VLJQL¿FDQFH� �KLJKZD\V�� UDLO�
URDGV��LV�UHJDUGHG�D�SRVVLEOH�FRQVWUDLQW�WR�IUHTXHQW�LQXQGDWLRQ��

Figure 4. Compartmentalization for detention implies that large 
dike-rings are subdivided in parts which may flood more fre-
quently and parts that are better protected (in dark blue the com-
partments that are flooded successively from upstream to down-
stream during a peak river discharge, in light blue the 
compartments that are flooded successively when the storm 
surge barriers must be kept closed, beginning downstream).
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,Q�RUGHU�WR�FXW�GRZQ�RQ�FRVWV��H[LVWLQJ�GLNH�VWUXFWXUHV�DUH�EHLQJ�
XVHG�ZKHUHYHU�SRVVLEOH�RU� ORJLFDO� FRPELQDWLRQV�ZLWK� URDGV�RU�
UDLOURDGV�DUH�VRXJKW�IRU��7KXV��WKH�ÀRRGLQJ�SUREDELOLW\�LQFUHDVHV�
RQO\�IRU�VRPH�FRPSDUWPHQWV��ZKHUHDV�WKH�RYHUDOO�ÀRRG�ULVN�GH�
FUHDVHV�VXEVWDQWLDOO\�
� 7DEOH� �� VKRZV� WKDW� PRVW� RI� WKH� GDPDJH� RFFXUV� LQ� D� VPDOO�
SDUW� RI� DQ� H[LVWLQJ� GLNH�ULQJ� RQO\�� H�J�� IRU�/DQG�YDQ�0DDV� HQ�
:DDO�KDOI�WKH�DUHD�VXIIHUV�����RI�WKH�GDPDJH��WKH�UHVW�VXIIHULQJ�
RQO\����RI�WKH�GDPDJH��7KH�7DEOH�DOVR�VKRZV�WKDW�WKH�FRPSDUW�
PHQWV� WKDW� DUH� UHTXLUHG� IRU� SHDN� VDYLQJ�� H�J�5LMQVWUDQJHQ� DQG�
WKH�FRPSDUWPHQWV���IRU�2RLMSROGHU�DQG�������DQG���IRU�%HWXZH��
DUH�DPRQJVW�WKH�SDUWV�ZLWK�WKH�OHDVW�UHODWLYH�GDPDJH�SHU�KD��7KH�
UHPDLQGHU��KRZHYHU��ZLWK�KLJK�UHODWLYH�GDPDJH�YDOXHV��DUH�WKH�
EHVW�SURWHFWHG�������������\HDUV�ÀRRGLQJ�SUREDELOLW\��
� 7KH�GHWHQWLRQ�FRPSDUWPHQWV�PD\�EH�¿OOHG�UDSLGO\�WR�VHYHUDO�
PHWHUV�GHSWK��WKRXJK�WKH�VWUHDP�YHORFLWLHV�ZLWKLQ�WKH�SROGHU�ZLOO�
SUREDEO\�EH�OLPLWHG������P�V�����$IWHU�VRPH�KRXUV�RU�GD\V��GH�
SHQGLQJ�RQ�FDSDFLW\�DQG�¿OOLQJ�UDWH��WKH�ZDWHU�LV�DOPRVW�VWDJQDQW��
7KH�HPSW\LQJ�RI� WKH�GHWHQWLRQ�DUHDV�FDQ�EHJLQ�DIWHU� WKH�ÀRRG�
SHDN�KDV�SDVVHG�DQG�PD\�WDNH�VHYHUDO�ZHHNV��WKRXJK�PXFK�OHVV�
LQ�VPDOOHU�SROGHUV�
� )XWXUH�ODQG�XVH�VKRXOG�DGDSW�WR�WKH�QHZ�ÀRRGLQJ�SUREDELOLW\��
+RZHYHU��LQ�WKLV�DOWHUQDWLYH�VWUDWHJ\��HFRQRP\�LV�JLYHQ�SULRULW\�
RYHU�HFRORJ\��LPSO\LQJ�WKDW�WKH�FXUUHQWO\�SURWHFWHG�DUHDV��ZKLFK�
ZLOO�EH�JLYHQ�D�IXWXUH�K\GUDXOLF�IXQFWLRQ��ZLOO�UHPDLQ�DYDLODEOH�
IRU� SULPDULO\� HFRQRPLF� ODQG�XVH� W\SHV�� 7KLV� LV� LQ� FRQWUDVW� WR�
WKH� DOWHUQDWLYH� RI� WKH� µJUHHQ� ULYHUV¶��ZKHUH� HFRORJ\�KDV� SULRU�
LW\��5HODWHG� WR� WKH�ÀRRGLQJ�SUREDELOLW\�� VSDWLDO�SODQQLQJ�PLJKW�
VXVWDLQ�FHUWDLQ�FRPELQDWLRQV�RI�HFRQRPLF�ODQG�XVH��IRU�H[DPSOH�
H[WHQVLYH�DJULFXOWXUH��UHFUHDWLRQ�DQG�QDWXUH�LQ�IUHTXHQWO\�ÀRRG�
HG�DUHDV� �!�������\HDUV���YLD� LQWHQVLYH� DJULFXOWXUH� DQG� UHODWHG�
µJUHHQ¶� ODQG�XVH� IXQFWLRQV� ������±�������� KRUWLFXOWXUH�� VPDOO�
VFDOH�KRXVLQJ�DQG��DJUR��LQGXVWULHV�������±�������� WR�KRXVLQJ�
DQG�LQGXVWULHV��µUHG¶�ODQG�XVH�IXQFWLRQV��LQ�WKH�EHVW�SURWHFWHG�DUHDV�
����������\HDUV��

*UHHQ�5LYHUV

7KH�UDWLRQDOH�EHKLQG�WKLV�DOWHUQDWLYH�VWUDWHJ\�LV�VOLJKWO\�GLIIHUHQW�
IURP�WKH� IRUPHU��DOWKRXJK� LW�DOVR� UHOLHV�RQ�FRQWUROOHG�ÀRRGLQJ�
DQG�GHFUHDVLQJ� WKH� VL]H��DQG�KHQFH�GDPDJH�SRWHQWLDO��RI�GLNH�

ULQJV�ZKLFK�PD\�DFFLGHQWDOO\�EH�ÀRRGHG��
+RZHYHU��UHVLOLHQFH�LV�DOVR�DFKLHYHG�E\�
ORZHULQJ� WKH� ZDWHU� OHYHOV� LQ� WKH� ULYHU�
DW�DOO� WLPHV�DQG� WKXV� WKH� OLNHOLKRRG�WKDW�
GDQJHURXV� OHYHOV� ZLOO� EH� DFKLHYHG�� 7R�
WKLV� HQG��GLVFKDUJH�FDSDFLW\� LV� HQODUJHG�
ZLWK� DV� PXFK� VXUIDFH� DUHD� DV� VHHPV�
SUDFWLFDOO\� IHDVLEOH�� 7KLV� VKRXOG� DOVR�
UHVXOW� LQ� D� VXEVWDQWLDO� SHDN� DWWHQXDWLRQ��
7KH�EDVLF� SKLORVRSK\�RI� WKH� DOWHUQDWLYH�
FDQ�EH�VXPPDUL]HG�DV�HQKDQFLQJ�WKH�ULY�
HU¶V�GLVFKDUJH�FDSDFLW\�E\�HQODUJLQJ�WKH�
ÀRRGSODLQ�DUHD�E\�GLNH�UHORFDWLRQ�DQG�RU�
E\� µJUHHQ� ULYHUV¶� �E\SDVVHV� LQ� WKH� IRUP�
RI� DGGLWLRQDO� ÀRRGSODLQ� DUHD� EHWZHHQ�
GLNHV��� ZKLFK� HQVXUHV� WKDW� DOO� SRVVLEOH�
ÀRRG�SHDNV��RI�ZKDWHYHU�SUREDELOLW\��FDQ�
VDIHO\�EH�GLVFKDUJHG�
� ([WUD�GLVFKDUJH�FDSDFLW\�FDQ�EH�IRXQG�
DORQJ���GLIIHUHQW�EUDQFKHV�RI�WKH�5KLQH��
SUHVXPLQJ�WKDW�WKH�GLVFKDUJH�GLVWULEXWLRQ�
RYHU�WKH�EUDQFKHV�FDQ�EH�DGDSWHG�WR�UH�
TXLUHPHQWV��%DDQ�DQG�.OLMQ������DOUHDG\�
H[SORUHG�YDULRXV�URXWHV��7KH�PRVW�SURP�
LVLQJ� YDULDQW� RI� GLVFKDUJH� WR� WKH� QRUWK�
WKURXJK�WKH�,-VVHO�9DOOH\�ZDV�HODERUDWHG�
LQ�WKH�VWXG\�µ7KH�5KLQH�5LYHU�LQ�D�ORQJ�

Figure 5. Compartmentalization for discharge implies that the 
water levels are lowered substantially by providing much more 
room to the river; here a spatial alternative for green rivers lead-
ing the excess discharge to the north.

Figure 6. As Figure 5, but a spatial alternative, which discharges 
the floods through the backswamps in the central alluvial plain.

Table 1. Surface area and maximum flood damage in various ʻ‘detention compartmentsʼ’ 
and in the remainder of the present dike-rings (numbers of the dike-rings refer to Fig. 3).
Dike ring Compartment Surface area Maximum damage Index

ha % € * 109 % € * 103 ha-1

Rijn and IJssel (48)

Ooij en Millingen (42)

Betuwe (43)

Land van Maas en Waal (41)

Bommelerwaard (38)

Land van Altena (24)

Biesbosch (23)

IJssel     (52)

IJsseldelta (11)

Mastenbroek (10)

Rijnstrangen
Boven-IJssel
remainder
compartment 1
remainder
compartment 1
compartment 2
compartment 3
compartment 4
compartment 5
remainder
compartment 1
remainder
compartment 1
remainder
compartment 1
compartment 2
remainder
compartment 1
remainder
compartment 1
remainder
compartment  1
compartment 2
remainder
compartment 1
remainder

   2800
   4950
20 959
   2650
     725
   2675
   5200
   4950
   8325
32 725
   8697
13 050
14 852
   7875
   2971
10 125
   3475
   2829
   2575
         0
13 900
17 025
   1275
     725
13 125
   8050
   1325

 10
 17
 73
 79
 21
   4
   8
   8
 13
 52
 14
 47
 53
 73
 27
 62
 21
 17
100
    0
  45
  55
    8
    5
  87
  86
  14

   0.2
   1.8
 17.6
   0.1
   0.9
   0.6
   0.6
   0.7
   2.2
 14.7
 14.0
   1.4
 26.3
   1.5
   4.4
   1.2
   0.7
   4.5
   0.1
   0.0
   1.3
   9.6
   0.1
   0.0
   5.5
   0.8
   3.1

    1
    9
  90
  15
  85
    2
    2
    2
    7
  45
  43
    5
  95
  25
  75
  18
  10
  71
100
    0
  12
  88
    1
    0
  98
  20
  80

     65
   365
  838
    55
1172
  236
  117
  133
  262
  449
1605
  110
1771
  189
1488
  115
  187
1608
    57

    96
  564
    60
    36
  418
    95 
2370
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WHUP�SHUVSHFWLYH¶� ���� �����:KHQ� WKH� GHVLJQ� LV� H[WHQGHG� WR� LQ�
FOXGH�WKH�0HXVH�5LYHU������LW�LPSOLHV�WKDW�DQ\�H[FHVV�GLVFKDUJH�
RI� WKH�5KLQH�5LYHU�� L�H��DERYH� WKH�SUHVHQW�GHVLJQ�GLVFKDUJH�� LV�
VHQW�QRUWK�WKURXJK�WKH�,-VVHO�9DOOH\��ZKHUHDV�URRP�IRU�WKH�0HXVH�
LV�IRXQG�DORQJ�LWV�VRXWKHUQ�EDQN��)LJ�����
� $� YDULDQW�ZLWK� HQKDQFHG� GLVFKDUJH� FDSDFLW\� LQ� WKH�ZHVWHUQ�
GLUHFWLRQ�LV�VKRZQ�LQ�)LJXUH����WKLV�LPSOLHV�WKDW�DOO�H[FHVV�GLV�
FKDUJH�LQ�ERWK�WKH�ULYHUV�5KLQH�DQG�0HXVH�LV�VOXLFHG�WKURXJK�WKH�
EDFNVZDPSV�LQ�WKH�FHQWUDO�DOOXYLDO�SODLQ��7KH�VSDWLDO�GHVLJQ�RI�
WKLV�YDULDQW�ZDV�YHU\�GLI¿FXOW��DV�H[LVWLQJ�EXLOW�XS�DUHDV�DQG�RU�
KLJKZD\V�DQG�UDLOURDGV�QHFHVVLWDWH�WKDW�YHU\�OHQJWK\��DQG�KHQFH�
H[SHQVLYH��GLNHV�EH�EXLOW��)RU�UHDVRQV�RI�K\GUDXOLF�IXQFWLRQLQJ�
DQG�HFRORJLFDO�FRQQHFWLYLW\��D�URXWLQJ�EHWZHHQ�WKH�ULYHUV�:DDO�
DQG�0HXVH� KDV� EHHQ� FKRVHQ��7KLV� IDFLOLWDWHV� WKH� GLVFKDUJH� RI�
ERWK�ULYHUV�DQG�FDQ�EHVW�EH�FRPELQHG�ZLWK�WKH�SUHVHUYDWLRQ�RI�
WKH� FXUUHQW� ODQG� XVH� DQG� ODQGVFDSH� TXDOLWLHV� �VFHQLF�� FXOWXUDO�
DQG�QDWXUDO��
� $V�LQ�WKH�FRPSDUWPHQWDOL]DWLRQ�DOWHUQDWLYH�� WKH�JUHHQ�ULYHUV�
DOWHUQDWLYHV�DUH� OLPLWHG� WR�DUHDV�ZLWK� UHODWLYHO\� ORZ�PD[LPXP�
H[SHFWHG�ÀRRGLQJ�GDPDJH��,Q�7DEOH����WKH�¿JXUHV�DUH�JLYHQ�IRU�
WKH� VHFRQG�YDULDQW�RI� WKH� µJUHHQ� ULYHUV� DOWHUQDWLYH¶��7KH�7DEOH�
VKRZV�WKDW�WKH�JUHHQ�ULYHUV�DUH�ORFDWHG�LQ�VXFK�D�ZD\�DV�WR�FDXVH�
WKH�OHDVW�GDPDJH�WR�WKH�H[LVWLQJ�ODQG�XVH��,Q�WKH�%HWXZH������RI�
WKH�DUHD�LV�FODLPHG�EXW�����RI�WKH�HFRQRPLF�YDOXH�LV�SURWHFWHG��
7KLV�LV�WKH�PRVW�GLI¿FXOW�DQG�KHQFH�QDUURZHVW�VWUHWFK��DV�WKH�ZD�
WHU�PXVW�SDVV�EHWZHHQ�WKH�FLWLHV�RI�1LMPHJHQ�DQG�$UQKHP��ZKLFK�
KDYH�H[SDQGHG�LQWR�WKH�DOOXYLDO�SODLQ�E\�MXPSLQJ�DFURVV�WKH�ULY�
HUV� IURP� WKHLU�SUHYLRXVO\�HQWLUHO\�ÀRRG�IUHH�SRVLWLRQV��)XUWKHU�
GRZQVWUHDP� LQ�/DQG�YDQ�0DDV�HQ�:DDO��%RPPHOHUZDDUG�DQG�
/DQG�YDQ�$OWHQD�PXFK�ODUJHU�DUHDV�DUH�JLYHQ�D�K\GUDXOLF�IXQF�
WLRQ����������DQG������UHVSHFWLYHO\��RI�WKH�GLNH�ULQJV��ZKHUHDV�
���������DQG�DJDLQ�����RI� WKH�HFRQRPLF�YDOXH�ZLWKLQ� WKHVH�
GLNH�ULQJV�ZLOO�EH�SURWHFWHG�
� $ORQJ�WKH�,-VVHO�DQG�0HXVH��H[LVWLQJ�GLNHV�FDQ�EH�PRYHG�LQ�
ODQG�DZD\�IURP�WKH�ULYHU�DQG�EH�NHSW�UHODWLYHO\�ORZ�EHFDXVH�RI�
WKH� IDYRUDEOH� QDWXUDO� UHOLHI�� ,Q� WKH� YDULDQW� WKURXJK� WKH� FHQWUDO�
DOOXYLDO�SODLQ��GLNHV�PXVW�EH�EXLOW�DOO�DORQJ�WKH�JUHHQ�ULYHUV��%H�
FDXVH�WKH�JUHHQ�ULYHUV�KDYH�EHHQ�GHVLJQHG�DV�ZLGH�DV�SRVVLEOH��
WKH�ZDWHU�OHYHOV�ZLOO�UHPDLQ�UHODWLYHO\�ORZ��DQG�VR�ZLOO�WKH�ZD�
WHU�OHYHO�ULVH�ZLWK�LQFUHDVLQJ�GLVFKDUJH��%HFDXVH�RI�WKH�UHVXOWDQW�
VKDOORZ�ZDWHU� GHSWKV�� ÀRZ� YHORFLWLHV�ZLOO� EH� OLPLWHG� DV�ZHOO��
FDXVLQJ�VXEVWDQWLDO�SHDN�DWWHQXDWLRQ�
� ,Q� WKH� JUHHQ�ULYHUV� DOWHUQDWLYH� HFRORJ\� KDV� SULRULW\� RYHU�
HFRQRP\��7KLV�FDQ�EH�UHJDUGHG�DV�D�GHFLVLRQ�LQGHSHQGHQW�RI�WKH�
K\GUDXOLF�SULQFLSOH��+RZHYHU��DV�HFRORJ\�LV�JLYHQ�SULRULW\��WKLV�
DXWRPDWLFDOO\�H[SODLQV�WKH�RYHUVL]LQJ�RI�WKH�ZLGWK�RI�WKH�JUHHQ�
ULYHUV��ZKLFK� VKRXOG�KDYH�DV�QDWXUDO� D�K\GURORJLFDO� UHJLPH�DV�
SRVVLEOH��ZKLOVW�LW�DOVR�µGHWHUPLQHV¶�WKH�ODQG�XVH�ZLWKLQ�WKH�XQ�
SURWHFWHG� DUHD��$V� WKH�JUHHQ� ULYHUV� IROORZ� WKH�EDFNVZDPSV� LQ�
WKH�DOOXYLDO�SODLQ��ODUJH�DUHDV�ZLOO�EHFRPH�SHUPDQHQW�PDUVKODQG��
ZKHUHDV�WKH�PRUH�HOHYDWHG�SDUWV�VXFK�DV�SRLQWEDUV�RU�QDWXUDO�OH�
YHHV�ZLOO�UHPDLQ�GU\�IRU�PRVW�RI�WKH�\HDU�RU�HYHQ�IRU�PDQ\�\HDUV�

LQ�VXFFHVVLRQ��:LWKLQ�WKH�XQSURWHFWHG�DUHD��QDWXUH�GHYHORSPHQW�
LV�SURPRWHG� LQ�DFFRUGDQFH�ZLWK� WKH�QHZO\� IRUPHG�DELRWLF� VLWH�
FRQGLWLRQV�� ,Q�VRPH�SDUWV�� UHFUHDWLRQDO�EXLOGLQJV�RU�SHUPDQHQW�
KRXVLQJ�PD\�EH�DOORZHG��DV�ORQJ�DV�WKH\�GR�QRW�FRQÀLFW�ZLWK�K\�
GUDXOLF�DQG�QDWXUH�FRQVHUYDWLRQ�JRDOV��7KH�SUHVHQW�ODQG�XVH�ZLOO�
KDYH�WR�EH�DEDQGRQHG�DQG�EXLOGLQJV�ZLOO�KDYH�WR�EH�GHPROLVKHG�
RU�DGDSWHG��H�J��SODFHG�RQ�SROHV�RU�PRXQGV�ZKHQ�HFRQRPLFDOO\�
IHDVLEOH�
� ,Q� WKH�SURWHFWHG�DUHDV� WKH�SURWHFWLRQ�DJDLQVW�ÀRRGLQJ�PLJKW�
EH�LPSURYHG��EXW�WKH�DUHD�UHPDLQV�SDUW�RI�WKH�DOOXYLDO�SODLQ��)RU�
PD[LPXP�ÀH[LELOLW\�� LW�PLJKW�EH�ZLVHU� WR�DLP�DW�YHU\�SUXGHQW�
HFRQRPLFDO� GHYHORSPHQW� WKURXJKRXW� WKH� HQWLUH� DOOXYLDO� SODLQ��
EXW�VWDNHKROGHUV�PLJKW�SOHD�IRU�LQWHQVL¿FDWLRQ�RI�WKH�ODQG�XVH�DV�
FRPSHQVDWLRQ�IRU�WKH�µORVVHV¶�RI�HFRQRPLF�RSSRUWXQLWLHV�LQ�WKH�
WKHQ�HQODUJHG�ÀRRGSODLQ�DUHD�LQFOXGLQJ�WKH�JUHHQ�ULYHUV��+RZ�
HYHU��ZKDW�GLUHFWLRQ�WKH�GLVFXVVLRQ�ZLOO�WDNH�FDQ�EH�DQWLFLSDWHG�
RQO\�ZLWK�JUHDW�GLI¿FXOW\�DQG�XQFHUWDLQW\�

EVALUATION
7KH���DOWHUQDWLYH�UHVLOLHQFH�VWUDWHJLHV�KDYH�EHHQ�HYDOXDWHG�DJDLQVW�
D�]HUR�DOWHUQDWLYH��ZKLFK�LV�DXWRQRPRXV�GHYHORSPHQW�WKURXJK�
RXW�D�FHQWXU\��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�HVWLPDWHG�WLPH�IUDPH�
WR�IXOO\�HVWDEOLVK�DQ�DOWHUQDWLYH�VWUDWHJ\�LV�DSSUR[LPDWHO\�D�FHQ�
WXU\��ZKHUHDV�TXHVWLRQV�RI�VXVWDLQDELOLW\�DOVR�UHTXLUH�D�SURORQJHG�
WLPH�IUDPH�
7KH�HYDOXDWLRQ�FRPSULVHG�DQ�DVVHVVPHQW�RI�UHOHYDQW�FULWHULD�IRU�
VXVWDLQDEOH� GHYHORSPHQW�� FRPSULVLQJ�� FRVWV� �LQYHVWPHQW� DQG�
PDLQWHQDQFH���ÀH[LELOLW\��RSSRUWXQLW\�WR�DGDSW�WR�FKDQJHV�LQ�H[�
WHUQDO�DQG�RU�LQWHUQDO�FLUFXPVWDQFHV��ERXQGDU\�FRQGLWLRQV��QRU�
PDWLYH�YLHZV��HWF����UHVXOWLQJ�ÀRRG�ULVNV��D�R��H[SHFWHG�RYHUDOO�
GDPDJH�� FDOFXODWHG�ZLWK�'HOIW�)/6� �)ORRG�6LPXODWLRQ�0RGHO��
DQG�+,6�'DPDJH�0RGHO���HFRQRPLF�HIIHFWV�RSSRUWXQLWLHV��HFR�
ORJLFDO� HIIHFWV�RSSRUWXQLWLHV�� ODQGVFDSH� TXDOLWLHV� �VFHQHU\� DQG�
FXOWXUDO�KHULWDJH��
:H�SUHVHQW�VRPH�RI�WKH�PRVW�UREXVW�¿QGLQJV��DV�WKH�HYDOXDWLRQ�
LV�YHU\�VXVFHSWLEOH�WR�WKH�FRQWLQXRXV�FKDQJHV�ZKLFK�UHVXOW�IURP�
WKH�VXFFHVVLYH�DSSUR[LPDWLRQ�RI�HLWKHU�WKH�GHVLJQ��RSWLPL]DWLRQ��
DQG�WKH�RSHUDWLRQDOL]DWLRQ�RI�WKH�FULWHULD�
� )RU�WKH�FRVWV�RI�WKH�YDULRXV�VWUDWHJLHV��LV�ZDV�IRXQG�WKDW�WKH�
]HUR�DOWHUQDWLYH�RI� VXFFHVVLYHO\�KHLJKWHQLQJ�DQG�VWUHQJWKHQLQJ�
GLNHV� LV� WKH�FKHDSHVW��'HSHQGLQJ�RQ�WKH�QXPEHU�RI�VXFFHVVLYH�
VWDJHV��D�JUDGXDO�KHLJKWHQLQJ�RI� WKH�GLNHV�ZLOO� FRVW�DERXW��±��
WKRXVDQG�PLOOLRQ�¼����WR���VWDJHV�RI�KHLJKWHQLQJ���%RWK�WKH�UHVLO�
LHQFH�VWUDWHJLHV�DUH�PRUH�H[SHQVLYH��DV�WKH\�UHTXLUH�WKH�FRQVWUXF�
WLRQ�RI�ODUJH�OHQJWKV�RI�QHZ�GLNHV��WKH�DGDSWDWLRQ�RI�KLJKZD\V�
DQG�UDLOURDGV�DW�HDFK�FURVVLQJ��DQG�¿QDQFLDO�FRPSHQVDWLRQ�IRU�
WKH�RZQHUV�DQG� LQKDELWDQWV�RI�DUHDV�ZKHUH�HFRQRPLF�GHYHORS�
PHQW�LV�IUXVWUDWHG�DQG�RU�HDUOLHU�LQYHVWPHQWV�GHYDOXH�EHFDXVH�WKH�
ÀRRGLQJ�IUHTXHQF\�LV�DOORZHG�WR�LQFUHDVH��3DUWLDO�FRPSDUWPHQ�
WDOL]DWLRQ�PD\�EH�UHDOL]HG�IRU�DERXW�¼��±��WKRXVDQG�PLOOLRQ��
EXW�WKH�FRVWV�RI�ERWK�FRPSUHKHQVLYH�FRPSDUWPHQWDOL]DWLRQ�DQG�

WKH�JUHHQ�ULYHUV�DOWHUQDWLYH�WR�WKH�ZHVW�
DUH� HVWLPDWHG� WR� DPRXQW� EHWZHHQ� ¼� ��
DQG���WKRXVDQG�PLOOLRQ��+RZHYHU��WKLV�
ODUJH�GLIIHUHQFH�LQ�FRVWV�LV�SDUWO\�GXH�WR�
WKH�IDFW�WKDW�D�FKDQJH�RI�VWUDWHJ\�LPSOLHV�
IXOO� LPSOHPHQWDWLRQ� FRVWV� DV� RSSRVHG�
WR� WKH� PDUJLQDO�� RU� LQFUHPHQWDO� FRVWV�
RI� KHLJKWHQLQJ� DOUHDG\� H[LVWLQJ� GLNHV��
ZLWKRXW� DQ\� XQUHFRYHUHG� LQYHVWPHQW�
FRVWV�
� 'LNH�VWUHQJWKHQLQJ�FDQ�RQO\�EH�GRQH�
LQ�D�ÀH[LEOH�ZD\�E\�GRLQJ�LW� LQ�PDQ\�
VXEVHTXHQW�VWDJHV��7KLV�PHDQV�WKDW�WKH�
FRVWV�ZLOO�ULVH�HQRUPRXVO\��WKDW�WKH�UDWH�
RI�FOLPDWLF�FKDQJH�LV�GLI¿FXOW�WR�GHWHU�

Table 2. Surface area and maximum damage in the ʻ‘green river compartmentsʼ’ and the 
remainder of the present dike-rings (numbers of the dike-rings refer to Fig. 3).
Dike ring Compartment Surface area Maximum damage Index

ha % € * 109 % € * 103 ha-1

Rijn & IJssel (48)

Betuwe (43)

Land van Maas en Waal (41)

Bommelerwaard (38)

Land van Altena (24)

green river
remainder
green river
remainder
green river
remainder
green river
remainder
green river
remainder

    2400
 26 309
    7350
 55 222
 11 275
 16 627
     7225
    3621
    3800
 12 629

   8
 92
 12
 88
 40
 60
 67
 33
 23
 77

  0.2
19.3
  0.9
31.9
  1.3
26.4
  1.2
  4.7
  0.3
  6.1

   1
 99
   3
 97
   5
 95
 20
 80
  5
95

     96
   734
   116
   577
   116
 1589
   167
 1298
     81
   480
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PLQH�DQG�WKDW�IXWXUH�UHJUHWV�PD\�EH�ODUJH��7KH�FRQVWUXFWLRQ�RI�
JUHHQ�ULYHUV�DQG�GLNH�UHORFDWLRQ�FDQ�KDUGO\�EH�SKDVHG�HLWKHU��DV�
WKH�ZDWHU�ZLOO�KDYH�WR�EH�GLVFKDUJHG�DORQJ�WKH�ZKROH�ULYHU��2QO\�
E\�FKDQJLQJ�WKH�GLVFKDUJH�GLVWULEXWLRQ�RYHU�WKH���EUDQFKHV�RI�WKH�
5KLQH�FDQ�VRPH�SKDVLQJ�EH�UHDOL]HG��,Q�FRQWUDVW�� WKH�FRPSDUW�
PHQWDOL]DWLRQ� DOWHUQDWLYH� SUR�
YLGHV� OLWWOH� FKDQFH� RI� UHJUHWV�
RWKHU�WKDQ�¿QDQFLDO��DV�LW�PD\�
WXUQ�RXW�WKDW�QRQH�RI�WKH�FRP�
SDUWPHQWV�ZLOO�HYHU�EH�ÀRRGHG��
+RZHYHU�� WKH�¿QDQFLDO�UHJUHWV�
PD\� EH� ODUJH� LI� WKH� FRPSDUW�
PHQWDOL]DWLRQ�DOWHUQDWLYH�ZHUH�
WR� EH� IXOO\� LPSOHPHQWHG� DW�
RQFH�
� 7KH�RYHUDOO�ÀRRG�ULVN�ZKLFK�
UHVXOWV� IURP� WKH�YDULRXV�DOWHU�
QDWLYH� VWUDWHJLHV� GLIIHUV� VXE�
VWDQWLDOO\�� ,Q� WKH� ]HUR�DOWHUQD�
WLYH�� WKH� ÀRRGLQJ� SUREDELOLW\�
LV�VXSSRVHG�WR�UHPDLQ�PRUH�RU�
OHVV� FRQVWDQW�� EXW� WKH� GDPDJH�
SRWHQWLDO� LQFUHDVHV� E\� D� IDF�
WRU��� LQ�RQH�FHQWXU\��$OVR� WKH�
H[SHFWHG� ÀRRGLQJ� GHSWKV�ZLOO�
ULVH�� ,Q� FRQWUDVW�� WKH� FRPSDUW�
PHQWDOL]DWLRQ� DOWHUQDWLYH� ZLOO�
LPSO\�D�PRUH�IUHTXHQW�ÀRRGLQJ�
RI�VPDOO�SDUWV�RI�WKH�SUHVHQW�GLNH�ULQJV��EXW�WKH�SRWHQWLDO�ÀRRG�
LQJ�GDPDJH� LQ� WKHVH�SROGHUV�ZLOO� EH� VPDOO��7KLV� LV� WKH� ORJLFDO�
FRQVHTXHQFH�RI�WUDQVIHUULQJ�HFRQRPLF�LQYHVWPHQWV�WR�WKH�EHWWHU�
SURWHFWHG�FRPSDUWPHQWV��ZKLFK�ZLOO�H[SHULHQFH�D�PXFK�VPDOOHU�
ÀRRGLQJ�SUREDELOLW\��7KH�RYHUDOO� ULVN�GLPLQLVKHV� VXEVWDQWLDOO\��
EXW��LQ�HFRQRPLF�WHUPV��LW�VHHPV�WKDW�WKH�FRVWV�IDU�RXWZHLJK�WKH�
HFRQRPLF�EHQH¿WV��7KH�JUHHQ�ULYHUV�DOWHUQDWLYH�ORZHUV�WKH�ZDWHU�
OHYHOV�DQG�WKXV�WKH�ÀRRGLQJ�GHSWKV��$W�WKH�VDPH�WLPH�LW�UHVXOWV�LQ�
WKH�VSOLWWLQJ�XS�RI�WKH�SUHVHQW�ODUJH�GLNH�ULQJV��0RVW�LPSRUWDQWO\��
KRZHYHU�� LV� WKH� UHORFDWLRQ� RI� YXOQHUDEOH� ODQG� XVH� WRZDUGV� WKH�
PXFK�EHWWHU�SURWHFWHG�FRPSDUWPHQWV��ZKLFK� LV� LQFOXGHG� LQ� WKH�
FRVW� HVWLPDWH��&RQVHTXHQWO\�� WKH� RYHUDOO� ÀRRG� ULVN� GLPLQLVKHV�
HYHQ�IXUWKHU�WKDQ�LQ�WKH�FRPSDUWPHQWDOL]DWLRQ�DOWHUQDWLYH�
� 7KH�FRQVHTXHQFHV�DQG�RSSRUWXQLWLHV�IRU�HFRQRPLF�GHYHORS�
PHQW� RI� WKH� YDULRXV� DOWHUQDWLYHV� GLIIHU�PDLQO\� RQ� WKH� SRLQW� RI�
ORFDWLRQ��,QYHVWPHQWV�FDQ�EH�VXSSRVHG�WR�EH�HLWKHU�VFDWWHUHG�DOO�
RYHU�WKH�DUHD²LQ�WKH�FDVH�RI�WKH�]HUR�DOWHUQDWLYH�²RU�ORFDWHG�LQ�
WKH�EHVW�SURWHFWHG�FRPSDUWPHQWV��LQ�WKH�RWKHU�DOWHUQDWLYHV��7KLV�
JRHV� IRU� LQGXVWULDO� GHYHORSPHQWV�� DJULFXOWXUH�� UHFUHDWLRQ�� HWF��
7KH�RYHUDOO�PDFURHFRQRPLF�HIIHFW�RQ�D�ODUJH�VSDWLDO�IUDPH�FDQ�
EH�MXGJHG�DV�YHU\�OLPLWHG�LQGHHG�
� )RU�HFRORJLFDO�GHYHORSPHQW�RQO\�JUHHQ�ULYHUV�FUHDWH�RSSRU�
WXQLWLHV�� HVSHFLDOO\�ZKHQ� WKH\�H[SHULHQFH� VLPLODU�ÀRRGLQJ� IUH�
TXHQFLHV� DV� WKH�SUHVHQW�ÀRRGSODLQV��+RZHYHU�� WKH�GHFLVLRQ�RQ�
ZKHWKHU�WR�RSW�IRU�QDWXUH�GHYHORSPHQW�RU�H[WHQVLYH�DJULFXOWXUH�
LQ�XQSURWHFWHG�DUHDV�FDQ�EH�UHJDUGHG�DV�EHLQJ�ZKROO\�LQGHSHQ�
GHQW�IURP�WKH�ÀRRG�ULVN�PDQDJHPHQW�VWUDWHJ\��
� )URP�D� ODQGVFDSH�TXDOLW\�SRLQW�RI�YLHZ� LW�ZRXOG� VHHP� WKDW�
GLNHV�ZRXOG�¿W� EHVW� LQ� µWKH�'XWFK� WUDGLWLRQ¶��+RZHYHU�� UHFHQW�
GLNH�UHLQIRUFHPHQW�SURJUDPV�KDYH�EHHQ�FULWLFL]HG�HVSHFLDOO\�IRU�
QHJOHFWLQJ�WKH�FXOWXUDO�KHULWDJH�RI�ROG�GLNHV�DQG�IRU�VSRLOLQJ�WKH�
VFHQLF� TXDOLWLHV� RI� WKH� W\SLFDO�'XWFK� ULYHU� ODQGVFDSH� ����� �����
7KLV�LV�SDUWO\�GXH�WR�WKH�GLVFUHSDQF\�LQ�GLPHQVLRQV�EHWZHHQ�WKH�
QHZ�WHFKQLFDO�GLNH�GHVLJQ�DQG�WKH�VPDOO�VFDOH�FRXQWU\VLGH��%RWK�
UHVLOLHQFH�DOWHUQDWLYHV�UHTXLUH� WKH�FRQVWUXFWLRQ�RI�KXJH�OHQJWKV�
RI�GLNHV�DV�ZHOO��EXW�WKHVH�FDQ�EH�ORFDWHG�LQ�WKH�UHODWLYHO\�ODUJH�
VFDOH� UDWLRQDO� ODQGVFDSH� RI� WKH� EDFNVZDPSV��ZKLFK�ZHUH� SDU�
FHOOHG�RXW�QR�HDUOLHU�WKDQ�WKH�����V��:KHWKHU�WKH\�FRQWULEXWH�WR�
RU�VSRLO�WKH�VFHQHU\�GHSHQGV�RQ�WKH�SUHFLVH�GHVLJQ��,W�VHHPV�WKDW�

WKH�JUHHQ�ULYHUV�DOWHUQDWLYH�PD\�DGG�WR�WKH�LGHQWLW\�RI�WKH�ULYHU�
ODQGVFDSH�E\�DQ�HQKDQFHG�VSDWLDO�FRQQHFWLYLW\�DQG�D�PRUH�DFXWH�
FRQWUDVW�EHWZHHQ�RSHQ�QDWXUDO�]RQHV�DQG�PRUH�LQWHQVLYHO\�XVHG�
FXOWXUDO�]RQHV�
�

� $OO� LQ� DOO� �)LJ�� ���� QRQH� RI� WKHVH� VWUDWHJLHV� LV� EHVW� RQ� DOO�
SRLQWV��:KHQ�D�PXOWLSOLHU�RI���LV�XVHG�IRU�WKH�ÀRRG�GDPDJH��WR�
DFFRXQW�IRU�WKH�HPRWLRQDO�YDOXDWLRQ�RI�ÀRRGLQJ��D�UDWKHU�OLNHO\�
PLQLPXP�YDOXH���WKH�VXP�RI�FRVWV�DQG�ÀRRG�GDPDJH�IRU�WKH�]HUR�
VWUDWHJ\�DQG�WKH�FRPSDUWPHQWDOL]DWLRQ�VWUDWHJ\�DUH�RI�WKH�VDPH�
RUGHU�RI�PDJQLWXGH��2Q�WKH�RWKHU�FULWHULD�WKH�FRPSDUWPHQWDOL]D�
WLRQ�VWUDWHJ\�JHQHUDOO\�SHUIRUPV�EHWWHU��7KH�JUHHQ�ULYHU�VWUDWHJ\�
VFRUHV�VLJQL¿FDQWO\�RU�VOLJKWO\�EHWWHU� WKDQ� WKH�]HUR�VWUDWHJ\�RQ�
DOO� FULWHULD�� H[FHSW� IRU� WKH� VXP�RI� FRVWV� DQG� UHPDLQLQJ�RYHUDOO�
ÀRRG�GDPDJH��7KRXJK�WKH�RYHUDOO�ÀRRG�GDPDJH�LV�YHU\�ORZ��WKH�
LPSOHPHQWDWLRQ�FRVWV�DUH�VR�KXJH�� WKDW� WKLV� VWUDWHJ\�FDQ�QHYHU�
EH�GHIHQGHG�IURP�D�QDUURZ�HFRQRPLF�SRLQW�RI�YLHZ�RQO\��,W� LV�
UDWKHU�D�TXHVWLRQ�RI�ZKHWKHU�WKH�HQKDQFHG�HFRORJLFDO�SRZHU�DQG�
ODQGVFDSH�TXDOLW\� DUH�ZRUWK� WKH� LQYHVWPHQWV��(YHQ� WKRXJK�ZH�
VWDUWHG�ZLWK�µVXVWDLQDEOH�GHYHORSPHQW¶�DV�WKH�RYHUDOO�REMHFWLYH��
ZH�DUH�VWLOO�VWXFN�ZLWK�D�WUXH�SROLF\�GLOHPPD�

DISCUSSION AND REFLECTION
7KH�¿QGLQJV�RI�RXU�UHVHDUFK�DUH�FRQVLGHUHG�YDOLG�IRU�DOOXYLDO�ULY�
HUV�ZLWK�ÀRRG�SURWHFWLRQ�E\�GLNHV�RXWVLGH�WKH�LQÀXHQFH�RI�WKH�VHD�
ZLWK�LWV�WLGHV��7KH�UHDVRQV�IRU�WKLV�DUH�DVVXPSWLRQV�DERXW�WKH�K\�
GUDXOLF�IXQFWLRQLQJ�RI�WKH�V\VWHP��WKH�ULYHU�ZLWK�LWV�ÀRRGSODLQV�
DQG�WKH�DGMDFHQW��SURWHFWHG��DOOXYLDO�SODLQV��,W�LV�SUHVXPHG�WKDW�
ORVV�RI�KXPDQ�RU�DQLPDO�OLYHV�FDQ�EH�SUHYHQWHG�E\�DGHTXDWH�HDU�
O\�ZDUQLQJ�V\VWHPV�DQG�HYDFXDWLRQ�SURFHGXUHV��7KLV�PHDQV�WKDW�
FRQVLGHUDWLRQV�RI�WKH�SUHIHUDEOH�ÀRRG�ULVN�PDQDJHPHQW�VWUDWHJ\�
UHIHU�SULPDULO\�WR�HFRQRPLF�GDPDJH��DOWKRXJK�HPRWLRQV�DV�ZHOO�
DV�QHZ�RSSRUWXQLWLHV�DUH�LPSRUWDQW�WR�WDNH�LQWR�DFFRXQW�DV�ZHOO�
� ,Q� WKH� ODVW�FHQWXU\��ÀRRG�SURQHQHVV�VHHPV� WR�KDYH�SOD\HG�D�
VWHDGLO\�GHFUHDVLQJ�UROH�LQ�WKH�VSDWLDO�SODQQLQJ�RI�SURWHFWHG�DUHDV�
LQ�7KH�1HWKHUODQGV��7KH�KLJK�VDIHW\�VWDQGDUGV�FUHDWH�WKH�LPSUHV�
VLRQ�WKDW�WKH�GLNH�ULQJV�DUH�VDIH�DUHDV�WR�OLYH�LQ��ZLWK�WKH�UHVXOW�
WKDW�WKHUH�LV�QR�LQFHQWLYH�WR�PLQLPL]H�WKH�YXOQHUDELOLW\�WR�ÀRRG�
LQJ�E\�DSSURSULDWH�ODQG�XVH�SODQQLQJ��&RQVHTXHQWO\��LW�LV�OLNHO\�
WKDW�WKH�HFRQRPLF�GDPDJH�SRWHQWLDO�RI�WKH�GLNH�ULQJV�PD\�FRQ�
WLQXH�WR�ULVH��ZKHUHDV�WKH�VSDFH�DYDLODEOH�IRU�D�FKDQJH�RI�VWUDW�
HJ\�LQ�WKH�GLUHFWLRQ�RI�FRPSDUWPHQWDOL]DWLRQ�IRU�UHWHQWLRQ�RU�IRU�
GLVFKDUJH�LV�UDSLGO\�EHLQJ�FRQVXPHG�E\�EXLOGLQJ�DFWLYLWLHV�DQG�
ODQG�XVH� LQWHQVL¿FDWLRQ� LQ� WKH� SURWHFWHG� DUHDV�� 7KLV� SUHFOXGHV�

Strategy
PV of costs
(€ billion)

PV of flood 
damage 

(€ billion) Flexibility
Economic 

power
Ecological 

power
Landscape 

quality
0. Autonomous development 0.9 0.5 4.1 5.0 3.5 4.4
1. Compartments
     a. up to 18,000 m3 s-1 1.0 0.6 6.9 5.3 4.0 5.2
     b. up to 20,000 m s s-1 1.6 0.3 6.7 4.7 4.1 5.3
2. Green river
     a. spontaneous development 8.0 0.0 4.8 3.3 7.7 6.6
     b. ecological development 8.0 0.0 4.8 3.4 8.0 6.6
     c. multifunctional development 3.0 0.1 4.7 5.7 6.7 6.7

1 Qualitative scores are assigned between 0 (utmost bad) and 10 (perfect).
2 Emotional values are not included. Emotional values may be accounted for by applying a weighting factor (greater than 1) for the score on flood damage.
3 When the compartmentalisation strategy is fully implemented more compartments must be constructed resulting in still higher costs.

Figure 7. Overall evaluation of the 2 resilience alternatives in several variants in comparison to 
Autonomous Development. Costs and economic damage expressed as Present Value (PV).
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WKH�QHFFHVVDU\�WUDQVLWLRQ"�0HDQZKLOH�� WKH�RQO\�WKLQJ�WKDW�PD\�
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EPILOG
7KH�VWUDWHJLHV�SUHVHQWHG�DERYH�DUH�WKH�UHVXOW�RI�OHQJWK\�GHEDWH�
DQG�\HDUV�RI�VWXG\�DQG��IRUWXQDWHO\��QRW�LQ�DQ�DFDGHPLF�YDFXXP��
7KH�H[SHULHQFHV�DQG�YLHZV�GHVFULEHG�LQ�WKLV�SDSHU�DUH�DOUHDG\�
LQÀXHQFLQJ�7KH�1HWKHUODQGV¶�ZDWHU�PDQDJHPHQW�SROLF\��*UHHQ�
ULYHUV��WKRXJK�VPDOO�LQ�VL]H��DUH�SUHVHQWO\�RIWHQ�FRQVLGHUHG�DV�D�
SRVVLEOH�PHDVXUH�WR�LQFUHDVH�WKH�GLVFKDUJH�FDSDFLW\�RI�WKH�ULYHUV��
ZKLFK�ZDV� LQFRQFHLYDEOH� VRPH� \HDUV� DJR�� /LNHZLVH�� WKH� FRQ�
WUROOHG�ÀRRGLQJ� RI� VRPH� FRPSDUWPHQWV� �VR�FDOOHG� µHPHUJHQF\�
SROGHUV¶�� LQ� RUGHU� WR� HQKDQFH� WKH� VDIHW\� RI� GRZQVWUHDP� GLNH�
ULQJV�LV�SUHVHQWO\�EHLQJ�VWXGLHG�E\�D�JRYHUQPHQW�FRPPLWWHH�
� 7KH�1HWKHUODQGV� LV� MXVW� RQH� H[DPSOH� RI� D� ODUJH� QXPEHU� RI�
GHQVHO\�SRSXODWHG� GHOWDLF� UHJLRQV��ZKHUH� FOLPDWLF� FKDQJH� DQG�
VRFLDO�GHYHORSPHQWV�LQWHUDFW�DQG�VRPHWLPHV�FRQÀLFW��+RZHYHU��
7KH�1HWKHUODQGV�LV�DOVR�ZHOO�NQRZQ�IRU�LWV�VRSKLVWLFDWHG�ZDWHU�
PDQDJHPHQW��7KH�IDFW�WKDW�WKH�VWUDWHJ\�RQ�KRZ�WR�GHDO�ZLWK�ULYHU�

ÀRRGV� LV�QRZ�VXEMHFW� WR�GHEDWH�PLJKW�EH� IRRG� IRU� WKRXJKW� IRU�
RWKHU�UHJLRQV��ZKLFK�PD\�VWLOO�DYRLG�PDNLQJ�WKH�VDPH�PLVWDNHV�
�����
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