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���,QWURGXFWLRQ7KH�DEDWHPHQW�RI�1LOH�SROOXWLRQ�LV�RI�VHULRXV�FRQFHUQ�WR�(J\SW
V�GHYHORSPHQW�ú'HWHULRUDWHG�ZDWHU�TXDOLW\�XQGHUOLHV�PDQ\�PDMRU�KHDOWK�SUREOHPV�LQ�(J\SW�WRGD\��:LWK�D�OLPLWHG�ZDWHU�VXSSO\��(J\SW�KDV�EHHQ�UHF\FOLQJ�ZDWHU�UHWXUQLQJ�WR�WKH�1LOH�WR�FORVH�WKH�JURZLQJ�ZDWHU�JDS��8QOHVV�WKH�TXDOLW\ RI�UHWXUQLQJ�ZDWHU�LV�LPSURYHG��WKH�FRXQWU\�ZLOO�FRQWLQXH�WR�IDFH�LQFUHDVLQJO\�VHYHUH�SUREOHPV�RI�ULVLQJ�ZDWHU�GHPDQG�DQG�GHWHULRUDWLQJ�ZDWHU�TXDOLW\��'HPDQG�DOUHDG\�H[FHHGV�DYDLODEOH�IUHVK�ZDWHU��DQG�RSSRUWXQLWLHV�WR�LQFUHDVH�WKH�ZDWHU�VXSSO\�DUH�OLPLWHG��5HXVH�RI�UHWXUQLQJ�ZDWHU�LV�D�YLDEOH�RSWLRQ�WKDW�GHVHUYHV�PRUH�VHULRXV�FRQVLGHUDWLRQ�7KH�JRYHUQPHQW�KDV�PDGH�VRPH�HIIRUW�WR�LPSURYH�ZDWHU�TXDOLW\�DQG�WR�UHGXFH�HQYLURQPHQWDO�GDPDJH��%XW�UHFHQW�VWXGLHV�LQGLFDWH�WKDW�HIIRUWV�PDGH�VR�IDU�KDYH�QRW�DFKLHYHG WKH�GHVLUHG�HIIHFW�û 7KH�KD]DUGV�DVVRFLDWHG�ZLWK�WKH�GHJUDGHG�TXDOLW\�RI�UHWXUQLQJ�ZDWHU�QHFHVVLWDWH�WKH�VHDUFK�IRU�SROLF\�LQVWUXPHQWV�WR�ERRVW�ZDWHU�TXDOLW\��7KLV�SDSHU�LV�D�FRQWULEXWLRQ�WR�WKDW�VHDUFK��,W�DWWHPSWV�WR�GHPRQVWUDWH�WKH�QHHG�WR�LPSURYH�WKHTXDOLW\�RI�UHWXUQLQJ�ZDWHU��DQG�UHFRPPHQGV�WKH�XVH�RI�SRVLWLYH�HFRQRPLF�LQFHQWLYHV�LQ�WKH�GHVLJQ�RI�ZDWHU�PDQDJHPHQW�SROLF\��7KH�UHFRPPHQGDWLRQV�UHO\�RQ�PRWLYDWLQJ�ILUPV�WR�YROXQWDULO\�DGRSW�WKH�SURSRVHG�PRGLILFDWLRQV��ZKLOH�OHDYLQJ�SROLF\�H[HFXWLRQ�DQG�LQIRUPDWLRQ�GLVVHPLQDWLRQ�WR�WKH�JRYHUQPHQW��,PSURYHPHQW�RI�ZDWHU�TXDOLW\�ZRXOG�EH�DFKLHYHG�YLD�PRGLI\LQJ�H[LVWLQJ�SURGXFWLRQ�WHFKQLTXHV�WR�HOLPLQDWH�RU�DW�OHDVW�UHGXFH�SROOXWLQJ�LQSXWV�DQG�SURFHVVHV��DQG�WR�ILQG�HFRQRPLF�XVHV�IRU�HPLWWHG�SROOXWDQWV�7KUHH VRXUFHV�DUH�LGHQWLILHG�DV�PDMRU�ZDWHU�SROOXWHUV��PXQLFLSDO�ZDVWH��DJULFXOWXUDO�GUDLQDJH�DQG�LQGXVWULDO�HIIOXHQW��0XQLFLSDO�ZDVWH��ZKLFK�LV�GLVSRVHG�RI�DW�FRPPXQLW\�H[SHQVH��LV�UHFRPPHQGHG�IRU�WKH�PDQXIDFWXUH�RI�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW��7KH�EHQHILWV�RI�SURFHVVLQJ�PXQLFLSDO�ZDVWH�DUH�PXOWLSOLHG�PDQ\�WLPHV�ZKHQ�WKH�SURGXFWV�DUH�XVHG�DV�VXEVWLWXWHV�IRU�FKHPLFDO�IHUWLOL]HUV��,Q�WKH�DJULFXOWXUH�VHFWRU��QRQSRLQW�SROOXWLRQ�FDQ�EH�DEDWHG�E\�UHSODFLQJ�FKHPLFDO�IHUWLOL]HUV�ZLWK�RUJDQLF�DQG�ELRIHUWLOL]HUV��,Q�WKLV�SDSHU��WKHVH�IHUWLOL]DWLRQ�WHFKQLTXHV�DUH�PRGHOHG�DQG�WHVWHG�XVLQJ�D�UHJLRQDO�OLQHDU�SURJUDPPLQJ�PRGHO��7KH�HIIHFW�RI�LQGXVWULDO�HPLVVLRQV�FDQ�EH�PLWLJDWHG�E\�DGRSWLQJ�WKH��SROOXWLRQ�SUHYHQWLRQ��SULQFLSOH�DV�XVHG�E\�WKH�(&(3�(3��SURMHFW�
ú The word "Nile" in this text denotes the Nile, all its branches, the drainage network, and terminal lakes.û Actually, the pollution of one medium (water, soil or air) might lead to the pollution of another; acid rain is a good 
example. However, this paper is confined to direct pollution of the water medium.
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7KLV�UHVHDUFK�GLVFXVVHV�PHDVXUHV�WR�LQFUHDVH�SURILW�ZKLOH�UHGXFLQJ�SROOXWLRQ��7KHVH�PHDVXUHV�KDYH�VHYHUDO�GHVLUDEOH�SROLF\�FKDUDFWHULVWLFV��WKH\�DUH�VXVWDLQDEOH��WKH\�PHHW�WKH�³ZLQ�ZLQ´�FULWHULD���WKH\�GR�QRW�UHTXLUH�WHGLRXV²VRPHWLPHV�LPSRVVLEOH²GHILQLWLRQ�RI�ULJKWV�DQG�OLDELOLWLHV��DQG�DUH�LPPXQH�WR�ORRSKROHV�DQG�OREE\LQJ�7KH�UHPDLQGHU�RI�WKLV�SDSHU�FRPSULVHV�WKUHH�VHFWLRQV��7KH�ILUVW�GLVFXVVHV�ZDWHU�SROOXWLRQ�DV�D�SXEOLF�KHDOWK�KD]DUG�WKDW�DJJUDYDWHV�WKH�ZDWHU�VKRUWDJH��7KH�UROH�SOD\HG�E\�UHWXUQLQJ�ZDWHU�LV�H[SORUHG��DV�ZHOO�DV�LWV�GDPDJLQJ�HIIHFWV��7KH�UHODWLYH�LPSRUWDQFH�RI�UHXVLQJ�UHWXUQLQJ�ZDWHU�DQG�HIIRUWV�WR�FRQVHUYH�LWV�TXDOLW\�DUH�GLVFXVVHG��DQG�WKH�IDLOXUH�RI�WKRVH�HIIRUWV�LV�GHPRQVWUDWHG��7KH�VHFRQG�VHFWLRQ�OD\V�WKH�JURXQGZRUN�IRU�D�QHZ�SROLF\�E\�H[SORULQJ WKH�IDFWRUV�XQGHUPLQLQJ�WKH�H[LVWLQJ�SROLF\��7KH�DSSOLFDWLRQ�RI�D�QHZ�DSSURDFK�WR�HPLVVLRQV�IURP�PXQLFLSDO��DJULFXOWXUDO�DQG�LQGXVWULDO�DFWLYLWLHV�LV�WKHQ�GLVFXVVHG��,Q�WKH�ILQDO�VHFWLRQ��VXPPDU\�DQG�UHFRPPHQGDWLRQV�DUH�SUHVHQWHG����:DWHU�6KRUWDJH�DQG�3R OOXWLRQ(J\SW�LV�DOPRVW�WRWDOO\�GHSHQGHQW�RQ�1LOH�ZDWHU��ZKLFK�YDULHV�LQ�TXDQWLW\�DFFRUGLQJ�WR�ZHDWKHU�FRQGLWLRQV�LQ�WKH�1LOH�EDVLQ�ü 1RUPDOO\��(J\SW¶V�DQQXDO�VKDUH�LV������EFP��DFFRUGLQJ�WR�WKH������DJUHHPHQW�ZLWK�WKH�6XGDQ��7KLV�LV�EDUHO\�HQRXJK�WR�PHHW WKH�H[LVWLQJ�QHHG��,Q������WKH�TXDQWLW\�XVHG�H[FHHGHG�WKH�DYDLODEOH�IUHVK�ZDWHU�E\�DERXW���EFP��7DEOH�����7KLV�GHILFLW�ZDV�PHW�E\�UHXVLQJ�GUDLQDJH�ZDWHU��SXPSLQJ�RXW�VHHSDJH�IURP�WKH�LUULJDWLRQ±GUDLQDJH�QHWZRUN��JURXQGZDWHU���DQG�UHF\FOLQJ�VHZDJH�ZDWHU�7KH�ZDWHU�JDS�LV�JURZLQJ�DV�D�UHVXOW�RI�ULVLQJ�GHPDQG�DQG�OLPLWHG�RSSRUWXQLWLHV�WR�LQFUHDVH�WKH�IUHVK�ZDWHU�VXSSO\��(J\SW
V�ZDWHU�QHHGV�DUH�JURZLQJ�EHFDXVH�RI�DQ�DPELWLRXV�ODQG�UHFODPDWLRQ�SURJUDP��LQFUHDVLQJ�SRSXODWLRQ��DQ�H[SDQGLQJ�LQGXVWULDO�VHFWRU��UXUDO�GHYHORSPHQW��DQG�XUEDQL]DWLRQ��,Q�ODQG�UHFODPDWLRQ������PLOOLRQ�IHGGDQV�ZHUH�LGHQWLILHG�DV�UHFODLPDEOH��/DQG�0DVWHU�3ODQ��������$ERXW���PLOOLRQ�IHGGDQV�KDG�

ü Left aside is a gloomy hypothesis that a climatological change is shifting rainfall in the upper Nile region further to 
the south (Hulme 1990:59). This proposition is supported by a number of observations: (a) data of the annual river 
yield over 116 years suggests a generally decreasing trend over time (Khouzam 1994), (b) another study using the 
same time series took the percentage of long-term mean as a reference point; it shows that the river flow was high 
during the period 1871-1905, less than the long-term mean during 1905-1965, and significantly lower during the 
post 1970 period (Abu-Zeid and Rady 1991). An alternative proposition suggests that river flows during the post 
1970 period is just a reoccurrence of dry conditions which prevailed in the 19th century (Biswas 1991:70,72). In any 
case, refuting or confirming such hypothesis requires applying more sophisticated techniques to longer time series 
data.
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EHHQ�UHFODLPHG�E\�������0$/5��������WKH�UHPDLQGHU��DERXW�����PLOOLRQ�IHGGDQV��QHHGV����EFP�RI�ZDWHU�IRU�LUULJDWLRQ�WR�EH�VXFFHVVIXOO\�UHFODLPHG�ý0XQLFLSDO�ZDWHU�XVH��D�PDMRU�FRPSRQHQW�RI�LQFUHDVLQJ�ZDWHU�GHPDQG��ULVHV�DV�D�UHVXOW�RI�SRSXODWLRQ�JURZWK��JUHDWHU�QDWLRQDO�LQFRPH��ZKLFK�HQDEOHV�JRYHUQPHQW�WR�SURYLGH�XQVHUYHG�DUHDV�ZLWK�WUHDWHG�ZDWHU���DQG�LQFUHDVHG�K\JLHQLF�DZDUHQHVV��0XQLFLSDO�VXSSO\�LQ�����������EFP��UHSUHVHQWHG�RQO\�DERXW����SHUFHQW�RI�WKH�QDWLRQDO�WDUJHW�RI�����OFG��7KH�FXUUHQW�JRYHUQPHQW�SODQ�LV�WR�UDLVH�SHU�FDSLWD�PXQLFLSDO�ZDWHU�XVH�WR�����OFG��ZKLOH�H[WHQGLQJ�WUHDWHG�ZDWHU�WR����SHUFHQW�RI�WKH�SRSXODWLRQ�E\����������0LQLVWU\�2I�3ODQQLQJ��������,I�E\�WKH�\HDU������WKH�SRSXODWLRQ�UHFHLYHV�����OFG��DQQXDO�PXQLFLSDO�ZDWHU�XVH�ZLOO�UHDFK�����EFP�þ 7KLV�LPSOLHV�WKDW�����EFP��RYHU�DQG�DERYH�WKH�DPRXQW�VXSSOLHG�LQ�������PXVW�EH�DOORFDWHG�WR�PHHW�\HDUO\�PXQLFLSDO�GHPDQG�LQ�WKH�QH[W�FHQWXU\��7KH�YROXPH�RI�ZDWHU�UHTXLUHG�IRU�LQGXVWU\�GHSHQGV�RQ�WKH�UDWH�RI�JURZWK�RI�WKH�VHFWRU��WKH�FKDQJH�LQ�FRPSRVLWLRQ�RI�WKH�LQGXVWULDO�EDVH��WKH�SUHYDLOLQJ�WHFKQRORJ\��DQG�WKH�SULFH�RI�ZDWHU��,QGXVWULDO�ZDWHU�XVH�LV�H[SHFWHG�WR�UHDFK�����EFP�E\�WKH�\HDU�������:03������E���WKXV�DQ�DGGLWLRQDO���EFP�ZLOO�EH�QHHGHG�WR�FRYHU�WKH�H[SHFWHG�LQFUHDVH�,Q�VXP��DERXW����EFP�PXVW�EH�PDGH�DYDLODEOH�E\�WKH�EHJLQQLQJ�RI�WKH�QH[W�FHQWXU\�WR�VDWLVI\�WKH�SURMHFWHG�LQFUHDVH�LQ�ZDWHU�GHPDQG��7DEOH�����+HQFH��GHPDQG�IRU�UHWXUQLQJZDWHU�LV�H[SHFWHG�WR�ULVH��8QIRUWXQDWHO\²DV�WKH�QH[W�VHFWLRQ�ZLOO�VKRZ²LWV�SRRU�TXDOLW\�IRUPV�D�PDMRU�REVWDFOH�WR�VXVWDLQDEOH�XVH�'HDOLQJ�ZLWK�:DWHU�6KRUWDJH(J\SW� KDV� RQO\� WKUHH� RSWLRQV� WR� LQFUHDVH� LWV� ZDWHU� VXSSO\�� XSSHU� 1LOH� SURMHFWV�� ZDWHU�FRQVHUYDWLRQ�DQG�ZDWHU�UHXVH�8SSHU�1LOH�SURMHFWV� 6XFK�SURMHFWV�FDQ�SURYLGH�(J\SW�ZLWK�XS�WR���EFP�DQQXDOO\�ÿ+RZHYHU��WKHVH�SURMHFWV�DUH�VXEMHFW�WR�SROLWLFDO�DQG�HQYLURQPHQWDO�FRQVWUDLQWV��DQG�WKHLU�FRVWV�DUH�KLJK�UHODWLYH�WR�WKH�WZR�RWKHU�RSWLRQV��HVWLPDWHG�DW�/(����±����PLOOLRQ�EFP��$EX�=HLG��������7KHLU�FRPSOHWLRQ�GHSHQGV�RQ�UHJLRQDO�SROLWLFDO�VWDELOLW\��IRU�H[DPSOH��
ý The estimation of per-feddan water requirement is a complex issue because it depends on a myriad of factors. 
Estimates range from as low as 5000 to as high as 11200 m3/feddan of new land (WMP 1980:8 and LMP 1986:26; 
respectively). Provided that only modern methods of irrigation are allowed in the new lands, a conservative 
requirement of 5000 m3/feddan is adopted.þ The population forecasts for 1996 and 2001 are 60.6 million and 67.9 million (CAPMAS 1994:32).ÿ Water increments generated by upper Nile projects consist of 4 bcm from Jonglei Canal I, 3 from Jonglei II, 4 from 
Mashar Marches, 7 from Bahr El-Ghazal; that adds up to 18 bcm at Aswan to be shared equally with the Sudan (Abu 
Zeid 1992-b:4).
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WKH�ILUVW�SKDVH�RI�WKH�-RQJOHL�SURMHFW�ZDV�QHYHU�FRPSOHWHG��7KH�SUXGHQW�SODQQHU�ZLOO�FKRRVH�WKH�PRUH�UHOLDEOH�DOWHUQDWLYHV�RI�FRQVHUYDWLRQ�DQG�UHXVH�
7DEOH���������:DWHU�%XGJHW,WHP 4XDQWLW\��EFP�������������$YDLODEOH��)UHVK1LOH ����$TXLIHU ���6XEWRWDO ����$YDLODEOH��5HF\FOHG*URXQGZDWHU ���'UDLQDJH ���6HZDJH ���6XEWRWDO ���7RWDO ����8VHV,UULJDWLRQ ����0XQLFLSDO ���,QGXVWULDO ���1DYLJDWLRQ ���+\GURSRZHU �(YDSRUDWLRQ �7RWDO ����6XUSOXV ���6RXUFH��$EX�=HLG�DQG�5DG\�������������7DEOHV��������)LJXUH����������7DEOH������+\GURSRZHU�LV�DGGHG�IURP�$EX�=HLG�� ����

7DEOH����(J\SW¶V�:DWHU�1HHGV�E\�WKH�<HDU�����,WHP 4XDQWLW\��EFP�1HZ�/DQGV ��0XQLFLSDO�XVH �,QGXVWU\ �7RWDO ��6RXUFH��VXPPDUL]HG�IURP�WKH�WH[W

:DWHU�FRQVHUYDWLRQ� 7KH�0LQLVWU\�RI�3XEOLF�:RUNV�DQG�:DWHU�5HVRXUFHV��03::5��HPSKDVL]HV�FRQVHUYDWLRQ�DW�DOO�OHYHOV�RI�WKH�LUULJDWLRQ�KLHUDUFK\��$W�WKH�QDWLRQDO�OHYHO��LW�KDV�DGRSWHG�D�WLJKW�ZDWHU�SROLF\�WKDW�FRPSULVHV���L��WKH�HOLPLQDWLRQ�RI�VSHFLDO�ZDWHU�UHOHDVHV�IRU�JHQHUDWLQJ�K\GURHOHFWULF�SRZHU���LL��FRQVWUXFWLRQ�RI�WKH�,VQD�%DUUDJH�WR�SUHYHQW ZDWHU�UHOHDVHV�XVHG�WR�UHGXFH�WKH�KHDG�LQFUHDVH�UHVXOWLQJ�IURP�ULYHUEHG�HURVLRQ���LLL��SURORQJDWLRQ�RI�WKH�ZLQWHU�FORVXUH�SHULRG���LY��PLQLPL]LQJ�ZDWHU�UHOHDVHV�WKURXJK�WKH�5RVHWWD�%UDQFK���Y��PRGLILFDWLRQ�RI�FURSSLQJ�SDWWHUQV�WR�UHGXFH�LUULJDWLRQ�
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UHTXLUHPHQWV��$EX�=HLG�DQG�5DG\������DQG�$EX�=HLG��������DQG��YL��FRQVWUXFWLRQ�RI�FLYLO�ZRUNV�WR�UHGXFH�UDLQZDWHU�ORVVHV�LQ�WKH�6LQDL�DQG�WKH�QRUWKZHVWHUQ�FRDVW��(($$���$W�WKH�IDUP�OHYHO��HIIRUWV�DUH�EHLQJ�PDGH�WR�LPSURYH�RYHUDOO�LUULJDWLRQ�HIILFLHQF\��ZKLFK�LV�FXUUHQWO\�LQ�WKH�YLFLQLW\�RI�������SHUFHQW��03::5�KDV�LPSOHPHQWHG�D�ODUJH�86$,'�IXQGHG�VFKHPH��NQRZQ�DV�WKH�,UULJDWLRQ�0DQDJHPHQW�6\VWHPV�3URMHFW���WR�UHKDELOLWDWH�WKH�LUULJDWLRQ±GUDLQDJH�V\VWHP�DQG�HQKDQFH�PDQDJHPHQW�SUDFWLFHV��,PSURYHPHQW�LQ�LUULJDWLRQ�HIILFLHQF\�E\����SHUFHQW�LV�H[SHFWHG�WR�UHGXFH�WKH�2OG�/DQGV�LUULJDWLRQ�UHTXLUHPHQW�E\�DERXW���EFP�DQQXDOO\�� $QRWKHU�DUHD�RI�FRQVHUYDWLRQ�LV�UHGXFLQJ�WKH�DPRXQW�RI�ZDWHU�ZDVWHG�LQ�WKH�PXQLFLSDO�QHWZRUN��HVWLPDWHG�DW�D�VWDJJHULQJ����SHUFHQW��&KHPRQLFV������F���:DWHU�UHXVH� 7KHUH�DUH�WKUHH�VRXUFHV�RI�ZDWHU�IRU�UHXVH��VHZDJH�GLVFKDUJH��VHHSDJH�IURP�WKH�LUULJDWLRQ±GUDLQDJH�QHWZRUN��JURXQGZDWHU���DQG�GUDLQDJH�ZDWHU�$Q�HVWLPDWHG����EFP�RI�1LOH�ZDWHU�LV�UHWXUQHG�DQQXDOO\��,Q�����������EFP�ZDV�UHF\FOHG��ZLWK�WKH UHPDLQLQJ������EFP�GLVFKDUJHG�LQWR�WKH�VHD��$EX�=HLG��������$Q�DGGLWLRQDO�����EFP�FRXOG�EH�UHF\FOHG��UDLVLQJ�UHXVH�RI�GUDLQDJH�ZDWHU�WR�DSSUR[LPDWHO\�����EFP�DQG�UHGXFLQJ�WKH�UHOHDVH�WR�WKH�VHD�WR�DERXW����EFP�LQ�RUGHU�WR����L��JHW�ULG�RI�ZDWHU�ZLWK�VDOLQLW\�JUHDWHU�WKDQ������SSP���LL��VXVWDLQ�WKH�'HOWD�VDOW�EDODQFH��DQG��LLL��SUHYHQW�VHD�ZDWHU�LQWUXVLRQ�EHQHDWK�WKH�1RUWK�'HOWD�VRLO��$PHU�������,Q�������WKH�DPRXQW�RI�H[WUDFWHG�JURXQGZDWHU�ZDV�HVWLPDWHG�DW�����EFP��7KLV�FRXOG�EH�LQFUHDVHG�WR�����EFP��ZKLFK�LV�EHOLHYHG�WR�EH�WKH�UDWH�RI�UHFKDUJH��%LVZDV��������2QH�LQWHUHVWLQJ�IHDWXUH�RI�JURXQGZDWHU�H[WUDFWLRQ�LV�LWV�SRVLWLYH�LPSDFW�RQ�DJULFXOWXUH�DV�D�UHVXOW�RI�D�ORZHUHG�ZDWHU�WDEOH��03::5�)RUG�)RXQGDWLRQ������DQG�%LVZDV�������7KH�UHXVH�RI�WUHDWHG�VHZDJH�ZDWHU�IRU�DJULFXOWXUH�KDV�EHHQ�SUDFWLFHG�LQ�(J\SW�VLQFH������LQ�$O�*DEDO�$O�$VVIDU��3HQGLQJ�FRPSOHWLRQ�RI�VHZDJH�SODQWV�QDWLRQZLGH��DERXW����SHUFHQW�RI�WKH�ZDWHU�ZLWKGUDZQ�IRU�PXQLFLSDO�XVH�FDQ�EH�UHFRYHUHG�� 7UHDWHG�VHZDJH�ZDWHU�LV�QXWULWLRQDOO\�ULFKHU�IRU�LUULJDWLRQ�WKDQ�IUHVK�ZDWHU��0RUHRYHU��GULHG�VOXGJH�FDQ�EH�VROG�DV�RUJDQLF�IHUWLOL]HU��3ODQV�H[LVW�WR�XVH���EFP�RI�WUHDWHG�ZDVWHZDWHU�DQQXDOO\�IRU�DJULFXOWXUH�DQG�IRUHVWDWLRQ��(($$��
� It is worth mentioning that the saved amount is one third the total water increment to be obtained from all upper 
Nile projects. Keeping in mind the high cost of upper Nile projects, conservation seems financially more attractive.� The efficiency of the municipal network is targeted to reach 80 percent. Assuming an equal efficiency rate for the 
sewage network, then recovery of the water allocated for municipal use will be 80%*80%*6.7 bcm = 4.3 bcm.
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$V�PHQWLRQHG�DERYH��E\�WKH�\HDU������LQGXVWULDO�ZDWHU�GHPDQG�LV�H[SHFWHG�WR�UHDFK�����EFP��:03������E���ZLWK���SHUFHQW�FRQVXPSWLYH�XVH��FDOFXODWHG�IURP�:03��������)URP�WKH�UHVW������EFP���ZKLFK�ZLOO�EH�UHWXUQHG�WR�WKH�1LOH�V\VWHP��DSSUR[LPDWHO\�����EFP�FDQ�EH�FROOHFWHG�IRU�UHXVH��DOORZLQJ�IRU����SHUFHQW�ZDVWH�LQ�WKH�QHWZRUN��7R�VXP�XS��WKH�VXSSO\�RI�IUHVK�ZDWHU�LQ�(J\SW�LV�IL[HG��7KH�RSWLRQV�DYDLODEOH�WR�LQFUHDVH�LW�DW�ORZ�FRVW�DQG�ZLWK�D�UHDVRQDEOH�GHJUHH�RI�FHUWDLQW\�DUH�FRQVHUYDWLRQ�DQG�UHXVH��7KH�ILUVW�LV�EH\RQG�WKH�SXUYLHZ�RI�WKLV�SDSHU��ZKLFK�IRFXVHV�RQ�WKH�VLJQLILFDQW�UROH�ZDWHU�UHXVH�FDQ�SOD\�LQ�FORVLQJ�WKH�ZDWHU�JDS��7DEOH����
7DEOH����6XPPDU\�RI�3RWHQWLDO�:DWHU�$YDLODEOH�IRU�5HXVH,WHP 4XDQWLW\��EFP�'UDLQDJH�ZDWHU ���*URXQGZDWHU ���6HZDJH�GLVFKDUJH ���,QGXVWULDO�HIIOXHQW ���6RXUFH � � W H[ W � VXPPDU\

&XUUHQW�(QYLURQPHQWDO�3ROLF\7KH�(J\SWLDQ�JRYHUQPHQW�KDV�IROORZHG�D�QXPEHU�RI�SDWKV�WR�DGGUHVV�WKH�FULWLFDO�VLWXDWLRQ�RI�WKH�HQYLURQPHQW��HQDFWLQJ�ODZV��HVWDEOLVKLQJ�VSHFLDOL]HG�LQVWLWXWHV��LPSOHPHQWLQJ�WHFKQLFDO�SURMHFWV�ZLWK�IRUHLJQ�SDUWQHUV��DQG�HQFRXUDJLQJ�WKH�SXEOLF�VHFWRU�WR�SDUWLFLSDWH�WKURXJK�1*2V��2YHU�WKH�SDVW�IRXU�GHFDGHV�WKH�JRYHUQPHQW�KDV�HQDFWHG�D�VHW�RI�ODZV�WKDW�DGGUHVVHV�HQYLURQPHQWDO�LVVXHV�LQFOXGLQJ��/DZ���������WR�UHJXODWH�WKH�GLVFKDUJH�RI�HIIOXHQWV�DQG�WKH�VHZHU�V\VWHP��/DZ���������WR�UHJXODWH�VZDPSV�DQG�FRQFRPLWDQW�SROOXWLRQ�LVVXHV��/DZ���������FRQFHUQLQJ�ZDWHU�VXUIDFHV��DQG�/DZ��������DQG�LWV�H[HFXWLYH�UHJXODWLRQV�7KH�JRYHUQPHQW�KDV�HVWDEOLVKHG�WZR�VSHFLDOL]HG�LQVWLWXWHV�WR�VDIHJXDUG�WKH�HQYLURQPHQW��WKH�(($$��DQG�WKH�(QYLURQPHQW�3URWHFWLRQ�)XQG��ERWK�RI�ZKLFK�ZHUH�HVWDEOLVKHG�E\�/DZ���������7KH�(($$�SUHSDUHG�DQ�HQYLURQPHQW�SURWHFWLRQ�SODQ�IRU�WKH�SHULRG�����±������ZLWK�D�EXGJHW�RI�/(�����ELOOLRQ��HVWLPDWHG�LQ������/(���7KH�SODQ�DLPV�WR�SURWHFW�(J\SW
V�ZDWHU��DLU��DQG�VRLO�HQYLURQPHQW�DJDLQVW�IXUWKHU�GHJUDGDWLRQ��DV�ZHOO�DV�LPSURYLQJ�WKH�SUHVHQW�VLWXDWLRQ��DQG�LV�WR�EH�FDUULHG�RXW�LQ�WZR�SKDVHV������±���DQG�����±�������2I�LQWHUHVW�WR�WKLV�SDSHU�DUH�PHDVXUHV�VWLSXODWHG�WR�SURWHFW�ZDWHU�
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x ,QGXVWULDO�ZDVWHZDWHU�WUHDWPHQW�SURMHFWV�IRU�DSSUR[LPDWHO\�����IDFWRULHV�ZLOO�EH�LPSOHPHQWHG�DW�FRPSDQ\�H[SHQVH�x 5LYHU�FUXLVH�VKLS�ZDVWH�ZLOO�EH�WUHDWHG�EHIRUH�GLVFKDUJH�x 3LORW�DQG�WULDO�SURMHFWV�WR�FUHDWH�DQG�WHVW�LQH[SHQVLYH�WHFKQLTXHV�IRU�ZDVWHZDWHU�WUHDWPHQW�ZLOO�EH�GHYHORSHG�x $GPLQLVWUDWLYH�DQG�WHFKQLFDO�VWDII�ZLOO�EH�WUDLQHG�WR�UXQ�DQG�PDLQWDLQ�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV�x :KHQHYHU�SRVVLEOH��FKHPLFDO�IHUWLOL]HUV�ZLOO�EH�UHSODFHG�ZLWK�RUJDQLF�ZDVWH�
$QRWKHU�(($$�DFWLYLW\�LV�WKH�RQJRLQJ�SUHSDUDWLRQ�RI��$Q�,QGXVWULDO�3ROOXWLRQ�$EDWHPHQW�3URMHFW���ZLWK�:RUOG %DQN�DVVLVWDQFH�� 7KH�SURMHFW��ZKLFK�ZLOO�ODVW�WKUHH�\HDUV��WKH�JUDFH�SHULRG�SURYLGHG�E\�/DZ����������LV�GHVLJQHG�WR�KHOS�WKH�(($$�EXLOG�DQ�HIIHFWLYH�LQVWLWXWLRQDO�FDSDFLW\�WR�PRQLWRU�SROOXWLRQ�DQG�HQIRUFH�HQYLURQPHQWDO�ODZV��7KH�SURMHFW�VKRXOG�DOVR�KHOS�ILUPV�DGMXVW�WKHLU�SURFHVVHV�WR�FRPSO\�ZLWK�/DZ��������$Q�DGGLWLRQDO�MRLQW�SURMHFW��WLWOHG��5LYHU�1LOH�3URWHFWLRQ�DQG�'HYHORSPHQW�3URMHFW���LV�EHLQJ�LPSOHPHQWHG�E\�03::5�DQG�&,'$��7KH�VHFRQG�SKDVH�RI�WKH�SURMHFW�ZDV�LQLWLDWHG�LQ�������DQG�ZLOO�HQG�LQ�������,WV�SXUSRVH�LV�WR��SURWHFW�DQG�GHYHORS�WKH�5LYHU�1LOH�V\VWHP�DQG�WR�FRQVROLGDWH�HIIRUWV�WRZDUGV�VWUHQJWKHQLQJ�LVVXHV�UHODWHG�WR�VWUDWHJLF�UHVHDUFK�DQG�SODQQLQJ��VRLO�DQG�ZDWHU�TXDOLW\�PRQLWRULQJ��EDUUDJH�VDIHW\�DQG�PRQLWRULQJ��DQG�K\GURJUDSKLF�VXUYH\��GDWD�PDQDJHPHQW�DQG�PDSSLQJ���513'��,Q�VSLWH�RI�WKH�DERYH�OHJLVODWLRQ�DQG�SURMHFWV��UHFHQW�UHSRUWV�LQGLFDWH�WKDW�WKH�REMHFWLYHV�KDYH�QRW�EHHQ�DFKLHYHG��DV�LOOXVWUDWHG�EHORZ�

:DWHU�3ROOXWLRQ7KH�JRYHUQPHQW�UHFRJQL]HV�WKDW�ZDWHU�SROOXWLRQ�KDV�D�VHYHUH�LPSDFW�XSRQ�HFRQRPLF�GHYHORSPHQW�EHFDXVH�LW�DIIHFWV�SHRSOH¶V�KHDOWK��OLIH�H[SHFWDQF\��DQG�SURGXFWLYLW\��DV�ZHOO�DV�DJULFXOWXUDO�DQG�LQGXVWULDO�RXWSXW�DQG�FRPSHWLWLYHQHVV�LQ�LQWHUQDWLRQDO�PDUNHWV��:+2�HVWLPDWHV�WKDW��������(J\SWLDQV�GLH�HYHU\�\HDU�IURP�ZDWHUERUQH�GLVHDVHV��5HVLGHQWV�QHDU�/DNH�0DQ]DOOD�KDYH�D�OLIH�H[SHFWDQF\�RI����\HDUV��FRPSDUHG�WR����LQ�WKH�UHVW�RI�WKH�FRXQWU\��LQ�DGGLWLRQ��WKH�VWDQGDUG�RI�OLYLQJ�IRU�ILVKHUPHQ�KDV�GURSSHG�GXH�WR�D����SHUFHQW�GHFOLQH�LQ�WKH�ILVK�WDNH�RYHU�WKH�SDVW����\HDUV��,Q�/DNH�0DU\XW��PHUFXU\�OHYHOV�
� Extracted from a hand-out titled "An Invitation to Industrial Enterprises and Interested Banks" which was 
distributed at the conference on "The Role of Cleaner Production in Meeting the Challenges of a Changing World 
Economy," Taba, Egypt, July, 24-27, 1995.
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LQ�VRPH�ILVK�H[FHHG�������SSP��FRPSDUHG�WR�WKH�:+2�VWDQGDUG�RI���SSP��,Q�&DLUR��PLFURELRORJLFDO�GLVHDVHV�VXFK�DV�GLDUUKHD��LQIHFWLRXV�KHSDWLWLV��W\SKRLG�IHYHU�DQG�VFKLVWRVRPLDVLV�DUH�FRPPRQ��7KHVH�GLVHDVHV�FDXVH�XS�WR����SHUFHQW�RI�GHDWKV�DPRQJ�WKH�JHQHUDO�SRSXODWLRQ�DQG����SHUFHQW�RI�GHDWKV�DPRQJ�FKLOGUHQ��35,'(�������,UULJDWLRQ�ZLWK�GHJUDGHG�ZDWHU�XQGHUPLQHV�DJULFXOWXUH�SURGXFWLRQ�IRU�WKH�IROORZLQJ�UHDVRQV���L��LW�KDV�D�GLUHFW�DGYHUVH�HIIHFW�RQ�FURS�\LHOG���LL��LW�ORZHUV�SURGXFW�TXDOLW\��WKXV�GDPSHQLQJ�LWV�SULFH��DQG��LLL��LI�UHSHDWHGO\�DSSOLHG��SROOXWHG�ZDWHU�ZLOO�GHVWUR\�VRLO�IHUWLOLW\�WKURXJK�VDOW�EXLOGXS�DQG�RU�FRQJORPHUDWLRQ�RI�VRLO�SDUWLFOHV�GXH�WR�RLO�FRQVWLWXHQWV��,Q�LQGXVWU\��WKH�XVH�RI�GHJUDGHG�ZDWHU�UDLVHV�PDLQWHQDQFH FRVWV�EHFDXVH�RI�LQFUHDVHG�HTXLSPHQW�FRUURVLRQ��(J\SW
V�FRPSHWLWLYHQHVV�LQ�LQWHUQDWLRQDO�FRPPRGLW\�DQG�WRXULVP�PDUNHWV�PD\�EH�GDPDJHG�E\�D�SRRU�UHSXWDWLRQ�RQ�HQYLURQPHQWDO�LVVXHV��&RQVXPHU�UHMHFWLRQ�RI�DGXOWHUDWHG�SURGXFWV�LV�VXUJLQJ��DQG�WRXULVWV�IHDU�ZDWHUERUQH�GLVHDVH��8QOHVV�JRRG�ZDWHU�TXDOLW\�LV�SUHVHUYHG��(J\SW
V�H[SRUWV�DQG�WRXULVP�ZLOO�VXIIHU��'HVSLWH�UHFRJQLWLRQ�RI�WKHLU�DGYHUVH�HIIHFWV��LW�LV�QRZ�D�GHFDGH�VLQFH�WKH�LVVXLQJ�RI�/DZ����������\HW�LQGXVWULDO�HIIOXHQW��VHZDJH��DQG�DJULFXOWXUDO�GUDLQDJH�DUH�VWLOO�GXPSHG�LQWR�WKH�1LOH��6HYHUDO�VWXGLHV�KDYH�VKHG�OLJKW�RQ�WKH�FULWLFDO�VLWXDWLRQ�RI�ZDWHU�TXDOLW\��2QH�FRPSDUDWLYHO\�RSWLPLVWLF�UHSRUW�DVVHUWV�WKDW�WKH�ULYHU
V�DVVLPLODWLYH�FDSDFLW\�H[FHHGV�WKH�SUHVHQW�GLVFKDUJH�RI�RUJDQLF�QXWULHQWV�DQG�ELRGHJUDGDEOH�PDWWHU��+RZHYHU��LQRUJDQLF�VDOWV��QXWULHQWV��SHVWLFLGH�UHVLGXHV��DQG�RLOV�KDYH�EHHQ�VWHDGLO\�LQFUHDVLQJ�LQ�WKH�1LOH�ZDWHU²DQG�LWV�ILVK²VLQFH�WKH�FRQVWUXFWLRQ�RI�WKH�$VZDQ�+LJK�'DP��(O�*RKDU\��������7KH�1DWLRQDO�6SHFLDOL]HG�&RXQFLO�HVWLPDWHV�LQGXVWULDO�SROOXWDQWV�GXPSHG�LQWR�WKH�1LOH�DV������WRQ�GD\��W�G��RI�GLVVROYHG�VROLGV������W�G�RI�VXVSHQGHG�VROLGV������W�G�RI�RLOV��DQG������W�G�RI�KHDY\�PHWDOV��7KH�IROORZLQJ�LV�D�VXUYH\�RI�LQGXVWULDO�SROOXWDQWV��16&�������x 7KH�ILUVW�1LOH�UHDFK��IURP�$VZDQ�WR ,VQD��UHFHLYHV�HIIOXHQW�IURP�.LPD�IHUWLOL]HU�IDFWRU\��.RP�2PER�VXJDU�IDFWRU\��D�SDSHU�IDFWRU\��DQG�6HEDLDD�3KRVSKDWH�3RUW�x 7KH�VHFRQG�UHDFK��,VQD�WR�1DJ�+DPPDGL��UHFHLYHV�GLVFKDUJHV�IURP�VXJDU�IDFWRULHV�LQ�$UPDQW��4XRV��'HVKQD��DQG�1DJ�+DPDGL��DQG�IURP�DQ DOXPLQXP�IDFWRU\�x 7KH�WKLUG�UHDFK��1DJ�+DPDGL�WR�$VVLXW��UHFHLYHV�WKH�HIIOXHQW�RI�6RKDJ�IDFWRULHV��RQLRQ�GHK\GUDWLRQ��&RFD�&ROD��RLO��DQG�VRDS��
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x 7KH�IRXUWK�UHDFK��$VVLXW�WR�.RXULPDW��UHFHLYHV�FKHPLFDO�ZDVWH�RI�KLJKO\�FRQFHQWUDWHG�VROXEOH�PDWHULDO�IURP�IHUWLOL]HU�DQG�SKRVSKDWH�IDFWRULHV��DQG�WKH�0LQ\D�RLO�DQG�VRXS�IDFWRULHV�x 7KH�ILIWK�UHDFK��.RXULPDW�WR�WKH�'HOWD��UHFHLYHV�WKH�PRVW�KD]DUGRXV�SROOXWDQWV��IURP�IDFWRULHV�LQ�+DZDPGLD��7HEHHQ��+HOZDQ��7RUDK��DQG�6KRXEUD�(O�.KLPD��7KLV�UHDFK��ZKLFK�LV�WKH�VRXUFH�IRU�&DLUR
V�PXQLFLSDO�ZDWHU��LV�DOVR�SROOXWHG�E\�1LOH�FUXLVH�VKLSV�x 7KH�VL[WK�UHDFK��5DVKLG�%UDQFK��KDV�WZR�PDLQ�VRXUFHV�RI�SROOXWLRQ��5DKDZ\�VHZDJH�DQG�GUDLQDJH�GLVFKDUJH��DQG�HIIOXHQW�IURP�.DIU�(O�=D\DW�LQGXVWULDO�UHJLRQ�x 7KH�VHYHQWK�UHDFK��'DPLHWWD�%UDQFK��LV�SROOXWHG�PDLQO\�E\�7DONKD�)HUWLOL]HU�)DFWRU\��WKRXJK�D�XQLW�WR�SXULI\�GLVFKDUJH�ZDV�LQVWDOOHG�DW�WKH�IDFWRU\�DW�D�FRVW�RI�/(��PLOOLRQ�2XW�RI����FLWLHV�DQG�WRZQV�HTXLSSHG�ZLWK�ZDWHU�WUHDWPHQW�SODQWV��RQO\�QLQH�KDYH�UHOLDEOH�VHZDJH�WUHDWPHQW�V\VWHPV��5XUDO�YLOODJHV�KDYH�QR�VHZDJH�V\VWHPV��6HZDJH�VHUYLFHV�FRYHU����SHUFHQW�RI�WKH�SRSXODWLRQ�LQ�XUEDQ�DUHDV�DQG�RQO\���SHUFHQW�LQ�UXUDO�DUHDV��35,'(��������6HZDJH�RI�WKH�PDMRU�DUHDV�LQ�(J\SW�H[FHHGV�FXUUHQW�WUHDWPHQW�FDSDFLW\��7KH�����1LOH�FUXLVH�VKLSV�GLVFKDUJH�WKHLU�XQWUHDWHG�ZDVWH�GLUHFWO\�LQWR�WKH�ULYHU��6HZDJH�IURP�WKHVH�VKLSV�LV�ORDGHG�ZLWK�QLWURJHQ��DV�ZHOO�DV�PLFURELDO�DQG�YLUDO�LQIHFWLRQV�$JULFXOWXUDO�GUDLQDJH�LV�FRPSULVHG�RI�UHVLGXH�RI�WR[LF�FKHPLFDOV�XVHG�WR�ILJKW�LQVHFWV�DQG�SODQW�GLVHDVH��FKHPLFDO�QXWULHQWV�DGGHG�WR�HQKDQFH�SODQW�JURZWK��DQG�VRLO�SDUWLFOHV��7KH�QHJDWLYH�LPSDFW�RQ�SXEOLF�KHDOWK�RI�FRQWDPLQDWLRQ�ZLWK�WR[LF�FKHPLFDOV�UHTXLUHV�QR�HODERUDWLRQ��(XWURSKLFDWLRQ�FDXVHG�E\�QLWURJHQ��SRWDVVLXP��DQG�SKRVSKDWH�VWLPXODWHV�UDSLG�JURZWK�RI�DTXDWLF�PLFUR� DQG�PDFURSK\WHV�DQG�HQFRXUDJHV�DOJDO�EORRP��6HGLPHQWDWLRQ�FDXVHV�FORJJLQJ�RI�ZDWHU�FRQYH\DQFH�IDFLOLWLHV��7RJHWKHU�WKH\�UDLVH�WXUELGLW\��ERRVW�PDLQWHQDQFH�FRVWV�RI�ZDWHUZD\V�DQG�HVWDEOLVKPHQWV��DQG�DOWHU�WKH�ZDWHU�KDELWDW��5HVLGXHV�UHDFK�WKH�1LOH�LWVHOI�YLD����GUDLQV�EHWZHHQ�$VZDQ�DQG�WKH�'HOWD�%DUUDJH��16&��������7KLV�GRHV�QRW�LQFOXGH�GUDLQDJH�QRUWK�RI�WKH�'HOWD�%DUUDJH�úù7KH�DERYH�UHYLHZ�SRVHV�LPSRUWDQW�TXHVWLRQV��:K\�KDYH�UHVXOWV�EHHQ�VR�OLPLWHG"�:KDW�FDQ�EH�GRQH�WR�UHYHUVH�WKLV�WUHQG"
úù In addition to pollution from economic sectors at large, the individual man abuses water courses in her/his day-to-
day practices: villagers use canals passing throughout or close to their villages for a variety of household and other 
uses such as drinking, cooking, washing dishes, clothes, animals, and equipment, and disposal of garbage and dead 
animals (DRI 1989:17,30-33).



ECES-WP 4/Khouzam/1996

10

:K\�WKH�&XUUHQW�3ROLF\�+DV�1RW�6XFFHHGHG7KH�IDLOXUH�WR�LPSURYH�ZDWHU�TXDOLW\�FDQ�EH�DWWULEXWHG�WR�D�QXPEHU�RI�IDFWRUV��x /DZV��������DQG���������DVVXPH�WKDW�SROOXWLQJ�ILUPV�SRVVHVV�LGHQWLFDO�PDUJLQDO�DEDWHPHQW�FRVWV��DQG�ZLOO�UHVSRQG�VLPLODUO\�WR�D�SROLF\�WRRO²ZKLFK�LV�QRW�QHFHVVDULO\�WUXH��5HDFWLRQ�RI�ILUPV�YDULHV�ZLGHO\�GHSHQGLQJ�RQ�SURGXFWLRQ�WHFKQLTXH��VFDOH��HWF�x 7KH�SURFHGXUHV�QHFHVVDU\�WR�OHJDOO\�IRUPDOL]H�D�SROLF\�DUH�OHQJWK\�DQG�FRPSOH[��WKLV�PDNHV�WKH�SROLF\�UDWKHU�ULJLG�ZKHQ�DGMXVWPHQW�LV�QHFHVVDU\�LQ UHVSRQVH�WR�HFRQRPLF�YDULDEOHV��:KDW�PD\�EH�D�SURKLELWLYH�SHQDOW\�RQH�GD\�FRXOG�EH�UHQGHUHG�REVROHWH�E\�HFRQRPLF�FKDQJH��)RU�H[DPSOH��WKH�PD[LPXP�SHQDOW\�LPSRVHG�E\�/DZ���������LV�RQH�\HDU�LPSULVRQPHQW�SOXV�D�ILQH�RI�QRW�OHVV�WKDQ�/(������ZKLFK�WKH�OHJLVODWRUV�FRQVLGHUHG�D�VHYHUH�SXQLVKPHQW�DW�WKH�WLPH��+RZHYHU��WKH�UHDO�SURKLELWLYH�SRZHU�RI�WKLV�SHQDOW\�KDV�GLPLQLVKHG�RYHU�WLPH�DQG�UHQGHUHG�LW�LQHIIHFWLYH��HVSHFLDOO\�ZKHQ�ZHLJKHG�DJDLQVW�WKH�SUREDELOLW\�RI�EHLQJ�FDXJKW��x ,Q�PDQ\�FDVHV��SROOXWHUV�DUH�SHUVXDGHG�WR�PDLQWDLQ�WKH�VWDWXV�TXR�EHFDXVH�WKH�FRVW�RI�LQYHVWLQJ�LQ�QHZ�HQYLURQPHQWDOO\�FRQVHUYDWLYH�WHFKQLTXHV�RU�LQ�PRUH�H[SHQVLYH�FOHDQLQJ�LQSXWV�WR�UHGXFH�HPLVVLRQ�GHFUHDVHV�SURILW�VXEVWDQWLDOO\��x 7KH�GLIILFXOWLHV�LQYROYHG�LQ�GHILQLQJ�ULJKWV�DQG�OLDELOLWLHV�OHDYH�URRP�IRU�OREE\LQJ�DQG�H[SORLWLQJ�ORRSKROHV��WKXV�XQGHUPLQLQJ�WKH�VWULFW�DSSOLFDWLRQ�RI�ODZV�DQG�UHJXODWLRQV�x *RYHUQPHQWDO�EXGJHW�FRQVWUDLQWV�PD\�OLPLW�WKH�DELOLW\�RI�HQYLURQPHQWDO�DXWKRULWLHV�WR�VXVWDLQ�FRQWLQXRXV�DOHUW�PRQLWRULQJ�RI�WKH�H[WHQVLYH 1LOH�QHWZRUN��DFWLYH�SROLFH�VXSSRUW��DQG�SURKLELWLYH�MXGLFLDO�SHQDOWLHV��x /DZ�HQIRUFHPHQW�EHFRPHV�OHQLHQW�LI�WKH�DSSOLFDWLRQ�RI�D�SROLF\�UHVXOWV�LQ�FORVLQJ�GRZQ�D�ILUP�DQG�OHDYLQJ�WKH�ZRUNHUV�XQHPSOR\HG�x 5HVSRQVLELOLW\�IRU�HQYLURQPHQWDO�VXSHUYLVLRQ�LV�GLOXWHG�DPRQJ�ILYH�JRYHUQPHQW�RUJDQL]DWLRQV�UHVSRQVLEOH�IRU�VDPSOLQJ�LQGXVWULDO�HIIOXHQW��WKH�*26'��WKH�0LQLVWU\�RI�+HDOWK��02+���WKH�*HQHUDO�2UJDQL]DWLRQ�IRU�,QGXVWULDOL]DWLRQ��WKH�*HQHUDO�2UJDQL]DWLRQ�IRU�*UHDWHU�&DLUR�:DWHU�6XSSO\��DQG�WKH�03::5��(O�*RKDU\ �������7KH�LQHIILFLHQF\�RI�JRYHUQPHQW�DFWLRQ�LQ�DGGUHVVLQJ�HQYLURQPHQWDO�LVVXHV�KDV�EHHQ�H[SODLQHG�WKXV��:&('�������
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�7KH�QDWLRQ�VWDWH�LV�LQVXIILFLHQW�WR�GHDO�ZLWK�WKUHDWV�WR�VKDUHG�HFRV\VWHPV��7KUHDWV�WR�HQYLURQPHQWDO�VHFXULW\�FDQ�RQO\�EH�GHDOW�ZLWK�E\�MRLQW�PDQDJHPHQW�DQG�PXOWLODWHUDO�SURFHGXUHV�DQG�PHFKDQLVPV��7KXV�WKH�DEVHQFH�RI�FROODERUDWLRQ�EHWZHHQ�WKH�VWDWH�DQG�RWKHU�FRQFHUQHG�SDUWLHV�XQGHUOLHV�WKH�JRYHUQPHQW¶V�IDLOXUH�WR�HQKDQFH�HQYLURQPHQWDO�FRQVHUYDWLRQ��7KH�LVVXH�ERLOV�GRZQ�WR�KRZ�WR�QHXWUDOL]H�WKH�IDFWRUV�XQGHUPLQLQJ�WKH�HIILFDF\�RI�ZDWHU�PDQDJHPHQW�SROLFLHV�VR�DV�WR�LPSURYH�WKH�TXDOLW\�RI�UHWXUQLQJ�ZDWHU�LQ�D�ZD\�WKDW�VHFXUHV�VDIH�XWLOL]DWLRQ��7KLV�PLVVLRQ�LV�WKH�VXEMHFW�RI�WKH�IROORZLQJ�VHFWLRQ��ZKHUHLQ�D�SROLF\�PRGHO�JURXQGHG�RQ�WKH�XWLOL]DWLRQ�RI�SRVLWLYH�HFRQRPLF�LQFHQWLYHV�LV�SUHVHQWHG����7RZDUGV�D�0RUH�(IIHFWLYH�3ROLF\$�ZHOO�FUDIWHG�SROLF\��VXSSRUWHG�E\�JRYHUQPHQW�DQG�QRQJRYHUQPHQW�DJHQFLHV��LV�RQH�ZKLFK�LQGXFHV�SROOXWHUV�WR�PLQLPL]H�SROOXWLRQ�ZLWK�OLWWOH�RU�QR�FRHUFLRQ�7KH�FRQYHQWLRQDO�IUDPHZRUN�IRU�GLVFXVVLQJ�ZDWHU�SROOXWLRQ�KDV�IRXU�HOHPHQWV��WKH�1LOH
V�DVVLPLODWLYH�FDSDFLW\��H[LVWLQJ�SROOXWLRQ�OHYHOV�EH\RQG�DVVLPLODWLYH�FDSDFLW\��DVVRFLDWHG�PDUJLQDO�VRFLDO�GDPDJH��DQG�PDUJLQDO�VRFLDO�QHW�EHQHILW�IURP�SROOXWLRQ�DEDWHPHQW��7KH�LQWHUVHFWLRQ�EHWZHHQ�PDUJLQDO�VRFLDO�GDPDJH�DQG�QHW�EHQHILW�GHWHUPLQHV�WROHUDEOH�SROOXWLRQ��$FFRUGLQJO\��SHUPLWV��WUDGDEOH�RU�QRW���WD[HV��DQG�RWKHU�SURKLELWLYH�WRROV�FDQ�EH�GHVLJQHG��VHH�3HDUFH�DQG�7XUQHU�������%DXPRO�DQG�2DWHV�������DQG�-XVW�HW�DO���������,QWHUQDWLRQDO�H[SHULHQFH�ZLWK�VRPH�RI�WKHVH�WRROV�LV�UHYLHZHG�LQ�%R[����,Q�SUDFWLFH��XQDYDLODELOLW\�RI�LQIRUPDWLRQ�LV�D�PDMRU�REVWDFOH�WR�HQOLJKWHQHG�DSSOLFDWLRQ�RI�WKHVH�WRROV��,I�RQH�RI�WKH�IRXU�HVVHQWLDO�SLHFHV�RI�LQIRUPDWLRQ�LV�QRW�DYDLODEOH��WKHQ�HFRQRPLF�WRROV�FDQQRW�EH�SURSHUO\�GHVLJQHG��4XDQWLILFDWLRQ�RI�DVVLPLODWLYH�FDSDFLW\�DQG�HVWLPDWLRQ�RI�IXQFWLRQV�UHTXLUH�FRQVLGHUDEOH�LQYHVWPHQW�LQ�GDWD�FROOHFWLRQ��SURFHVVLQJ��PRGHOLQJ��DQG�VSHFLDOL]HG�PDQSRZHU��ZKLFK�DUH�QRW�JHQHUDOO\�DYDLODEOH�LQ�GHYHORSLQJ�FRXQWULHV��,Q�IDFW��WKLV�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�IRU�WKH�1LOH��7KHVH�GLIILFXOWLHV�H[SODLQ�ZK\�HFRQRPLF�WRROV�KDYH�EHHQ�QHJOHFWHG�LQ�IRUPLQJ�PDQDJHPHQW�SROLF\��+RZHYHU��WKH�DYDLODELOLW\�RI�DQ�DUUD\�RI�WHFKQLTXHV�WR�SURYLGH�VXEVWLWXWHV�IRU�SROOXWLQJ�LQSXWV�PDNHV�LW�SRVVLEOH�WR�FLUFXPYHQW�WKLV�REVWDFOH��DQG�LQGXFH�SROOXWHUV�WR�UHGXFH�HPLVVLRQV�YROXQWDULO\�
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%R[����6RPH�,QWHUQDWLRQDO�&DVHV�RI�3ROOXWLRQ�$EDWHPHQW5LYHU�6WDWH 0HDVXUHV
&RORUDGR�5LYHU��86$ 3ROOXWLRQ� FRQWURO� LV� GLUHFWO\� UHODWHG� WR� ZDWHU� ULJKWV� YLD� WUDGDEOH�ZDWHU�ULJKWV�DQG�GLVFKDUJH�SHUPLWV��7KH�ODWWHU�WDNHV�LQWR�DFFRXQW�WKH�HIIHFW� RI� UHWXUQLQJ� HIIOXHQW� RQ� ZDWHU� TXDOLW\� �7HHULQN� DQG�1DNDVKLPD�������
7KH�$QGHDQ�%DVLQ��3HUX $� QHZ� ODZ� SURSRVHV� WKDW� H[LVWLQJ� XVHUV� EH� JUDQWHG� WUDGDEOH� IUHH�ZDWHU� ULJKWV�� WR� EH� UHFRUGHG� LQ� D� SXEOLF�ZDWHU� ULJKWV� UHJLVWU\� WKDW�LQGLFDWHV� WKH�TXDOLW\�DQG�SRLQW�RI�UHWXUQLQJ�IORZ��1RQ�DOORFDWHG�RU�DGGLWLRQDO� ZDWHU� LV� GLVWULEXWHG� E\� SXEOLF� DXFWLRQ�� :DWHU� WUDGH� LV�VXEMHFW� WR� D� PLQLPXP� HFRORJLFDO� ZDWHU� UHTXLUHPHQW� �7KREDQL�������
0DOD\VLD )LUPV� DUH� UHTXLUHG� WR� WUHDW� WKHLU�ZDVWH� WKURXJK� D� FRQVRUWLXP�RU� D�SULYDWH� FRQWUDFWRU�� WD[� UHOLHI� DQG� LQGXVWULDO� ]RQLQJ� DUH� DOVR�SURYLGHG�
-DSDQ )LQDQFLDO� VXSSRUW� DQG� WD[� H[HPSWLRQV� DUH� SURYLGHG� IRU�HQYLURQPHQW�UHODWHG� LQYHVWPHQW� )LUPV�DUH�H[SHFWHG� WR�SD\�IRU�WKH�WUHDWPHQW�RI� WKHLU�ZDVWH�E\�SULYDWH�FRQWUDFWRUV��:DWHU�XVH�SHUPLWV�DUH�LVVXHG�DIWHU�SURYLQJ�WKDW�WKH�XVH�ZLOO�QRW�KDYH�DGYHUVH�HIIHFWV�RQ�ZDWHU�TXDOLW\��ILUPV�PXVW�DGYHUWLVH�WKHLU�LQWHQWLRQV�WR�DOORZ�SDUWLHV�WKDW�PLJKW�EH KXUW�WR�FRPSODLQ��7HHULQN�DQG�1DNDVKLPD�������
<HOORZ�5LYHU��&KLQD )LQDQFLDOO\�DXWRQRPRXV�ZDWHU�LQVWLWXWLRQV�KDYH�EHHQ�HVWDEOLVKHG�WR�FROOHFW�ZDWHU�IHHV��*XQDUDWQDP�HW�DO���������/DQG�XVH�DQG�LQGXVWULDO�]RQLQJ� DUH� HPSOR\HG�� )LQDQFLDO� LQFHQWLYHV� DUH� XVHG� WR� VXSSRUW�LQYHVWPHQW�LQ�FROOHFWLYH�WUHDWPHQW�SODQWV��%UDQGRQ�DQG�5DPDQNXWW\�������6RXUFH��7RKDP\������

7KH�WKUHH�PRVW�QRWRULRXV�ZDWHU�SROOXWLQJ�ZDVWHV²PXQLFLSDO�ZDVWH��DJULFXOWXUDO�GUDLQDJH��DQG�LQGXVWULDO�HIIOXHQW²DUH�FRQVLGHUHG�EHORZ��'XH�WR�LQQDWH�GLIIHUHQFHV��HDFK�VRXUFH�LV�VWXGLHG�XVLQJ�D�GLIIHUHQW�IUDPHZRUN��7KH�PXQLFLSDO�ZDVWH�VHFWRU�LV�IXQGHG�PDLQO\�E\�WKH�JRYHUQPHQW��DQG�ODUJHO\�FRPSULVHV�VLPLODU�ILUPV�ZLWK�LGHQWLFDO�ZDVWHV�7KH�DJULFXOWXUDO�VHFWRU�FRQVLVWV�RI�KXQGUHGV�RI�WKRXVDQGV�RI�IDUPV�SURGXFLQJ�VFRUHV�RI�DJULFXOWXUDO�FRPPRGLWLHV��XVLQJ��WR�D�ODUJH�H[WHQW��VLPLODU�WHFKQRORJLHV��+HQFH��WKH�VHFWRU�EHDUV�FRQVLGHUDEOH�KRPRJHQHLW\�WKDW�DOORZV�IDUPV�WR�EH�JURXSHG�IRU�PRGHOLQJ��)DUPV�FRQWULEXWH�WR�WKH�QRQSRLQW�SROOXWLRQ�RI�WKH�1LOH�ZLWK�FKHPLFDO�IHUWLOL]HUV�DQG�SHVWLFLGHV��$OOHYLDWLQJ�WKH�SROOXWLRQ�UHTXLUHV�PRGLI\LQJ�UHODWHG�WHFKQLTXHV��7KH�ILQDQFLDO�DWWUDFWLYHQHVV�RI�WKH�SURSRVHG�DGMXVWPHQWV�LV�DVVHVVHG�XVLQJ�D�OLQHDU�SURJUDPPLQJ�PRGHO��VHH�$SSHQGL[���8QOLNH�WKH�ILUVW�WZR��WKH�WKLUG�VHFWRU��LQGXVWU\��LV�FKDUDFWHUL]HG�E\�D�KLJK�GHJUHH�RI�KHWHURJHQHLW\��HYHQ�ZKHQ�EURNHQ�GRZQ�LQWR�VXE�LQGXVWULHV��$V�KHWHURJHQHLW\�GRHV�QRW�DOORZ�SURSHU�DJJUHJDWLRQ��FDVH�VWXGLHV�IURP�WKH�(&(3�(3��SURMHFW�DUH�XVHG�
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0XQLFLSDO�:DVWH0XQLFLSDO�ZDVWH�LQ�WKLV�FRQWH[W�LQFOXGHV�VHZDJH��WRZQ�DQG�UXUDO�JDUEDJH��DQG�IDUP�ZDVWH��7KH�WRWDO�TXDQWLW\�LV�HVWLPDWHG�DW����PLOOLRQ�WRQV�\HDU��$ZDGDOODK��������7KLV�UHSUHVHQWV�D�ILQDQFLDO�EXUGHQ�DQG�DQ�HQYLURQPHQWDO�KD]DUG��7KH�ILQDQFLDO�EXUGHQ�LV�FUHDWHG�E\�WKH�FRVW�RI�FROOHFWLQJ��WUDQVSRUWLQJ��DQG�WUHDWLQJ�WKLV�KXJH�DPRXQW�RI�VROLG�DQG�OLTXLG�ZDVWH��(QYLURQPHQWDO�SUREOHPV�DUH�DVVRFLDWHG�ZLWK�WKH�GLIIHUHQW�SKDVHV�RI�KDQGOLQJ�ZDVWH��7LPH�ODJV�LQ�WKH�SURFHVV�RI�JDUEDJH�FROOHFWLRQ�DQG�GLVSRVDO�SURYLGH�LQVHFWV��PLFUREHV��HWF��ZLWK�DQ�HQYLURQPHQW�LQ�ZKLFK�WR�PXOWLSO\�DQG�VSUHDG��6RPH�JDUEDJH�FRPSRQHQWV�DUH�UHF\FOHG��DQG�PXFK�RI�WKH�UHVW�DUH�EXUQHG��HLWKHU�GHOLEHUDWHO\�RU�E\�VHOI�LJQLWLRQ��LQ�HLWKHU�FDVH�UHVXOWLQJ�LQ�WKH�HPLVVLRQ�RI�KDUPIXO�JDVHV��6HZDJH�PD\�QRW�EH�IXOO\�WUHDWHG²RU�QRW�WUHDWHG�DW�DOO²EHIRUH�EHLQJ�GXPSHG�LQWR�WKH�1LOH�$�YHU\�VLPSOH�\HW�HIIHFWLYH�DSSURDFK�LV�QHHGHG�WR�UHGXFH�WKH�FRVW�RI�ZDVWH�GLVSRVDO�ZKLOH�SURWHFWLQJ�WKH�HQYLURQPHQW��9DULRXV�W\SHV�RI�ZDVWH��H[FOXGLQJ�JODVV�DQG�PHWDOV��ZKLFK�DUH�DOUHDG\�UHF\FOHG��FDQ�EH�SURFHVVHG�LQWR�LQH[SHQVLYH�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW�WKDW�DUH�ULFK�LQ�QXWULHQWV��DV�GHPRQVWUDWHG�E\�WKH�DQDO\VLV�RI�WKH�SURGXFWV�RI�(O�0RTDWWXP�:DVWH�6WDWLRQ��$ZDGDOODK��������5HYHQXHV�WR�EH�JHQHUDWHG�IURP�VHOOLQJ�ZDVWHV�DUH�H[SHFWHG�WR�EH�WKH�SULPH�PRWLYH�IRU�ILUPV�WR�DGRSW�WKLV�DSSURDFK��ZKLFK�RIIHUV�VHYHUDO�EHQHILWV��)LUVW��FUHDWLQJ�D�GHPDQG�IRU�ZDVWH�WUDQVIRUPV�LW�IURP�D��EDG��WKDW�RQH�PXVW�JHW�ULG�RI��WR�D�³JRRG´�WKDW�FDQ�EH�VROG��+HQFH��WKHUH�ZRXOG�EH�DJHQWV�LQWHUHVWHG�LQ�FROOHFWLQJ�DQG�VHOOLQJ�ZDVWH�úú ,QYHVWPHQW�DQG�HPSOR\PHQW�RSSRUWXQLWLHV�ZRXOG�EH�FUHDWHG��(QYLURQPHQWDO�KD]DUGV�IURP�EXUQLQJ�DQG�GXPSLQJ�ZDVWH�ZRXOG�EH�DOOHYLDWHG��DQG�HQYLURQPHQWDOO\�FOHDQ�LQSXWV�ZRXOG�EH�DYDLODEOH�DV�VXEVWLWXWHV�IRU�FKHPLFDO�IHUWLOL]HUV�ZKRVH�UHVLGXHV�DUH�FDUULHG�ZLWK�GUDLQDJH�ZDWHU�LQWR�WKH�1LOH��7KH�GHPDQG�IRU�WKLV�SURGXFW�ZLOO�EH�LQ�WKH�DJULFXOWXUH�VHFWRU�$JULFXOWXUDO�3ROOXWLRQ7KH�SRVLWLYH�FRQWULEXWLRQ�RI�WKH�DJULFXOWXUH�VHFWRU�LV�DFFRPSDQLHG�E\�QHJDWLYH�H[WHUQDO�GLVHFRQRPLHV�LQ�WKH�IRUP�RI�WR[LF�FKHPLFDO�UHVLGXHV�HQWHULQJ�WKH�KXPDQ�IRRG�FKDLQ��7KH�KDUPIXO�LPSDFW�RI�WR[LF�FKHPLFDOV�RQ�SXEOLF�KHDOWK�UHTXLUHV�QR�HODERUDWLRQ��7KH�WZR�VRXUFHV�RI�FKHPLFDO�UHVLGXH�LQ�GUDLQDJH�ZDWHU�DUH�SHVWLFLGHV�DQG�FKHPLFDO�IHUWLOL]HUV��7KH�VHFRQG�VRXUFH�LV�GLVFXVVHG�KHUH�
úú This kind of business is already practiced in Egypt for the purpose of recycling certain garbage elements. 
Similarly, in the sewage sector some firms sell the sludge to farmers.
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(J\SWLDQ�IDUPHUV�ZLOO�EH�PRUH�ZLOOLQJ�WR�DGRSW�QHZ�SURGXFWLRQ�WHFKQLTXHV�LI�WKRVH�WHFKQLTXHV�KDYH�EHHQ�WHVWHG�LQ�(J\SW�E\�VSHFLDOL]HG�UHVHDUFK�LQVWLWXWHV��DQG�KDYH�SURYHQ�VXLWDEOH�IRU�(J\SWLDQ�FRQGLWLRQV��WKLV�LV�D�NH\�FRPSRQHQW�WR�VXFFHVV��7KHVH�WHFKQLTXHV�ZLOO�OHDG�WR�UHGXFHG�XVH�RI�FKHPLFDO�IHUWLOL]HUV�DQG�UHSODFLQJ�WKHP�ZLWK�ELRIHUWLOL]HUV�RU�RUJDQLF�VXEVWLWXWHV��7KLUW\�WHFKQLTXHV�DUH�UHFRPPHQGHG�E\�$ZDGDOODK��������DQG�6LDP���������$ZDGDOOD�IRFXVHV�RQ�WHVWLQJ�WKH�WHFKQLFDO�YLDELOLW\�RI�UHF\FOLQJ�PXQLFLSDO�ZDVWH�WR�SURGXFH�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW��DQG�WKH�LPSDFW�RI�VXFK�WHFKQLTXHV�RQ�IDUP�LQFRPH��'HPDQG�IRU�FKHPLFDO�IHUWLOL]HU�WHQGV�WR�EH�LQHODVWLF��7KLV�SRVLWLRQ�LV�VXSSRUWHG�E\�WZR�VWXGLHV�FDUULHG�RXW�LQ�WKH�(LJKWLHV��DQG�ZDV�DOVR�REVHUYHG�DIWHU�WKH�UHFHQW�OLIWLQJ�RI�IHUWLOL]HU�VXEVLGLHV��$OWKRXJK�IHUWLOL]HU�SULFHV�URVH�E\�����SHUFHQW�EHWZHHQ�����±����XVH�GURSSHG�E\�RQO\����SHUFHQW��6LDP��������7KH�ZHDN�UHVSRQVLYHQHVV�RI�GHPDQG�WR�SULFH�LQFUHDVH�LV�DWWULEXWHG�WR�IDUPHUV¶�LJQRUDQFH�RI�DYDLODEOH�VXEVWLWXWHV��/DFN�RI�LQIRUPDWLRQ�DQG�DUWLILFLDOO\�ORZ�SULFHV�RI�FKHPLFDO�IHUWLOL]HUV�GXH�WR�VXEVLGL]DWLRQ�FRPELQH�WR�HOLPLQDWH�LQFHQWLYHV�IRU�IDUPHUV�WR�ORRN�IRU�DOWHUQDWLYHV��%LRIHUWLOL]DWLRQ�LV�DQRWKHU�WRSLF�FRYHUHG�E\�6LDP��6LJQLILFDQW�VDYLQJV�LQ�FRVW�DQG�DSSOLFDWLRQ�UDWH�IRU�FKHPLFDO�IHUWLOL]HUV�FDQ�EH�REWDLQHG�E\�LQRFXODWLRQ�ZLWK�QLWURJHQ�IL[LQJ�EDFWHULD�RU�WKH�LQWURGXFWLRQ�RI�PLFURRUJDQLVPV�WR�PRGLI\�VRLO�S+��WKXV�WUDQVIRUPLQJ�SKRVSKRURXV�LQ�WKH�URRW�]RQH�WR�D�IRUP�WKDW�FDQ�EH�WDNHQ�XS�E\�WKH�SODQW�%RWK�VWXGLHV�FRYHUHG�VHYHQ�FURSV��ZKHDW��EURDG�EHDQV��PDL]H��EDUOH\��EHUVHHP��ULFH�DQG�VXJDU�FDQH��7KH�FRQYHQWLRQDO�IHUWLOL]DWLRQ�WHFKQLTXH��GHULYHG�IURP�WKH�0$/5�(FRQRPLF�%XOOHWLQ���SOXV�WKH����QRQFRQYHQWLRQDO�WHFKQLTXHV�UHFRPPHQGHG�E\�$ZDGDOODK�DQG�6LDP��PDNH XS�WKH����WHFKQLTXHV�XVHG�LQ�WKH�PRGHO��:LOOLQJQHVV�WR�DGRSW�WKHVH�WHFKQLTXHV�ZDV�DVVHVVHG�XVLQJ�D�*$06�OLQHDU�SURJUDPPLQJ�PRGHO��7KH�PRGHO�VLPXODWHG�IRXU�VFHQDULRV��RI�ZKLFK�RQH�SDLU�UHSUHVHQWHG�WKH�FRQYHQWLRQDO�IHUWLOL]DWLRQ�WHFKQLTXH��ZKLFK�UHOLHV�KHDYLO\�RQ�FKHPLFDO�IHUWLOL]HUV��DQG�WKH�RWKHU�LQWURGXFHG�WKH�WKLUW\�QRQFRQYHQWLRQDO�WHFKQLTXHV��)RU�HDFK�SDLU��RQH�VFHQDULR�DOORFDWHG�ODQG�ZLWKRXW�UHVWULFWLRQ�RQ�DQ\�RI�WKH�FURSV��ZKLOH�WKH�RWKHU�UHVWULFWHG�FURS�DUHD�WR�����SHUFHQW�RI�LWV�UHJLRQDO�DUHD�LQ�������)RXU�LQGLFDWRUV�ZHUH�DGRSWHG�WR�DVVHVV�WKH�YLDELOLW\�RI�WKH�SURSRVHG�WHFKQLTXHV��QHW�UHYHQXH��YDOXH�DGGHG��VKDGRZ�ODQG�SULFH��DQG�FKDQJH�LQ�FURSSLQJ�SDWWHUQ��7DEOH���VXPPDUL]HV�WKH�ILUVW�WKUHH�LQGLFDWRUV��VKRZLQJ�WKDW�FOHDQ�DJULFXOWXUH�VFHQDULRV�DUH�VXSHULRU�WR�FRQYHQWLRQDO�PHWKRGV��DQG�DFKLHYH�JUHDWHU�YDOXHV��
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$V�IRU�WKH�FURSSLQJ�SDWWHUQ��WKH�DUHD�FXOWLYDWHG�XVLQJ�QHZ�WHFKQLTXHV�H[FHHGHG���PLOOLRQ�IHGGDQV�ZLWK�DUHD�UHVWULFWLRQ�DQG�����PLOOLRQ�IHGGDQV�ZLWKRXW�
7DEOH����6XPPDU\�RI�WKH�5HVXOWV�RI�WKH�)RXU6FHQDULRV&URS�$UHD )UHH 5HVWULFWHG7HFKQLTXH &RQYHQWLRQDO &OHDQ &RQYHQWLRQDO &OHDQ1HW�UHYHQXH��ELOOLRQ�/(� �� �� � ��9DOXH�DGGHG��ELOOLRQ�/(� �� �� �� ��6KDGRZ�/DQG�3ULFH8SSHU�(J\SW��/(�0LGGOH�(J\SW��/(�/RZHU�(J\SW��/(�

���������������
���������������

�������������
�������������6RXUFH � �6XPPDU L ]HG � I URP� WKH �RX WSX W � RI � W KH � O L QHD U �S URJUDPPLQJ�PRGHO �

,QGXVWULDO �(IIOXHQW7KH�LQGXVWULDO�VHFWRU�LV�D�SRLQW�VRXUFH�SROOXWHU��WKXV�LW�LV�HDV\�WR�LGHQWLI\�DQG�PHDVXUH�HPLVVLRQ�SHU�XQLW�RI�WLPH��2QH�VWUDWHJ\�WR�DEDWH�LQGXVWULDO�SROOXWLRQ�WKDW�LV�JDLQLQJ�ZRUOGZLGH�DFFHSWDQFH�LV�SROOXWLRQ�SUHYHQWLRQ��7KLV�VWUDWHJ\�FDQ�EH�WKRXJKW�RI�DV�D�S\UDPLG�RI�DFWLRQV�DUUDQJHG�LQ�GHVFHQGLQJ�RUGHU��ZLWK�WKH�PRVW�HQYLURQPHQWDOO\�SUHIHUDEOH�DW�WKH�WRS��DQG�WKH�OHDVW SUHIHUDEOH�DW�WKH�ERWWRP��$Q�DFWLRQ�LV�VHOHFWHG�RQO\�ZKHQ�WKRVH�DERYH�LW�DUH�QRW�YLDEOH��7KH�S\UDPLG�LV�VXPPDUL]HG�IURP�WKH�WRS�GRZQ�DV���L��IXOO�SUHYHQWLRQ�RI�SROOXWLRQ�E\�FKDQJLQJ�D�SURFHVV�RU�DQ�LQSXW���LL��UHGXFWLRQ�RI�SROOXWLQJ�VRXUFH���LLL��LQWHUQDO UHF\FOLQJ�RI�ZDVWH�HLWKHU�DV�D�SURGXFW�RU�D�PDWHULDO���LY��H[WHUQDO�UHF\FOLQJ�RI�ZDVWH��HLWKHU�DV�D�SURGXFW�RU�D�PDWHULDO���Y��ZDVWH�WUHDWPHQW�E\�S\URO\VLV���YL��LQFLQHUDWLQJ�ZDVWH�ZLWK�HQHUJ\�UHFRYHU\���YLL��LQFLQHUDWLQJ�ZDVWH�ZLWKRXW�HQHUJ\�UHFRYHU\��DQG��LI�WKH�DERYH�IDLO��YLLL��ODQG�ILOO�GLVSRVDO���L[��DLU�HPLVVLRQ��DQG��[��GLVFKDUJH�LQWR�ZDWHU��DGRSWHG�IURP�%XVK������DQG�'H�1HYH�������0DQ\�IDFWRULHV�DURXQG�WKH�ZRUOG�KDYH�H[SHULHQFH�ZLWK�SROOXWLRQ�SUHYHQWLRQ��7KH�6PLWK�	�:HVVRQ�FRPSDQ\��86$��GRFXPHQWV�D�QXPEHU�RI�H[DPSOHV��2QH�SUREOHP�LQYROYHG�DJLQJ�HTXLSPHQW��DQ�LQHIILFLHQW�FRROLQJ�V\VWHP�ZLWK�UHJDUG�WR�KHDW�WUHDWPHQW��DQG�WKH�XWLOL]DWLRQ�RI�KLJK�YROXPHV�RI�ZDWHU��$�VROXWLRQ�ZDV�IRXQG�WKDW�XVHG�FORVHG�ORRS�FRROLQJ��D�FRROLQJ�WRZHU�WR�FRQWLQXDOO\�UHF\FOH�WKH�ZDWHU�ZDV�LQVWDOOHG�DW�D�FRVW�RI����������ZKLFK�ZDV�UHFRYHUHG�ZLWKLQ����PRQWKV��7KLV�DFKLHYHG�VDYLQJV�LQ�ZDWHU�XVDJH�RI����SHUFHQW��$XWRULQR��������$QRWKHU�GUDPDWLF�H[DPSOH�LV�JLYHQ�E\��0��ZKHUH�RYHU�D�
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SHULRG�RI����\HDUV�RI�SROOXWLRQ�SUHYHQWLRQ������±�����WKH�FRPSDQ\�DFKLHYHG�VDYLQJV�RI������PLOOLRQ�ZRUOGZLGH��'H�1HYH�������,Q�(J\SW��SROOXWLRQ�SUHYHQWLRQ�EHJDQ�UHFHQWO\�ZLWK�D�SURMHFW�IXQGHG�E\�86$,'�&DLUR�DQG�LPSOHPHQWHG²LQ�FRRSHUDWLRQ�ZLWK�D�QXPEHU�RI�IDFWRULHV²E\�IRXU�LQVWLWXWHV��WKH�(QYLURQPHQW�3ROOXWLRQ�3UHYHQWLRQ�3URMHFW�EDVHG�LQ�:DVKLQJWRQ�'&��WKH�'HYHORSPHQW�5HVHDUFK�DQG�7HFKQRORJ\�3ODQQLQJ�&HQWHU�&DLUR�8QLYHUVLW\��ZKLFK�LV�ZRUNLQJ�ZLWK�D�QXPEHU�RI�SULYDWH�VHFWRU�IDFWRULHV��WKH�7LEELQ�,QVWLWXWH�IRU�0HWDOOXUJLFDO�6WXGLHV��ZKLFK�LV�KHOSLQJ�VRPH�SXEOLF�VHFWRU�IDFWRULHV��DQG�WKH�)HGHUDWLRQ�RI�(J\SWLDQ�,QGXVWULHV��ZKLFK�LV�LQ�FKDUJH�RI�LQIRUPDWLRQ�GLVVHPLQDWLRQ�DQG�WUDLQLQJ��$SDUW�IURP�LWV�IDYRUDEOH�HQYLURQPHQWDO�LPSDFW��WKLV�SURMHFW�LV�GLVWLQJXLVKHG�E\�D�QXPEHU�RI�LQWHUHVWLQJ�FKDUDFWHULVWLFV��LW RSHUDWHV�ZLWKLQ�WKH�ORZ�FRVW�QR�FRVW�UDQJH��LW�LPSOHPHQWV�SROOXWLRQ�SUHYHQWLRQ�VFKHPHV�DW�WKH�IDFWRU\�OHYHO�LQ�IXOO�FRRSHUDWLRQ�ZLWK�IDFWRU\�VWDII��LW�LV�SURFHVV�VSHFLILF��DQG�VHULRXV�DWWHQWLRQ�LV�SDLG�WR�LQIRUPDWLRQ�GLVVHPLQDWLRQ�7HQWDWLYH�UHVXOWV�IURP WKH�VKRUW�OLYHG�SURMHFW�DUH�SURPLVLQJ�DQG�LQ�DJUHHPHQW�ZLWK�LQWHUQDWLRQDO�H[SHULHQFH��ZDWHU�VDYLQJV�RI�����WKRXVDQG�FXELF�PHWHUV�ZHUH�PDGH�LQ�ILYH�RI�WKH�IDFWRULHV�SDUWLFLSDWLQJ�LQ�WKH�SURMHFW��7KH�FRVW�RI�RQH�FXELF�PHWHU�UDQJHG�IURP�/(������WR�/(������SHU�FXELF�PHWHU�IRU�WUHDWHG�ZDWHU��:DWHU�VDYLQJV�ZHUH�DVVRFLDWHG�ZLWK�HIIOXHQW�UHGXFWLRQ�DQG�PDWHULDO�FRQVHUYDWLRQ�RI�DERXW�/(�����PLOOLRQ��3ROOXWLRQ�SUHYHQWLRQ�LQ�IRXU�IDFWRULHV�UHGXFHG�92&�HPLVVLRQV�DQG�DFKLHYHG�VDYLQJV�RI�/(�����PLOOLRQ��DV�ZHOO�DV�LPSURYLQJ�SURGXFW�TXDOLW\��6LPLODUO\��WKH�EXUQLQJ�RI�PD]RXW LQ�WKUHH�IDFWRULHV�KDV�EHHQ�UHGXFHG�E\�������WRQV�DQQXDOO\��7KHUH�KDV�DOVR�EHHQ�D�SRVLWLYH�LPSDFW�RQ�KHDOWK�DQG�ILUH�KD]DUGV��7KH�WHFKQLTXHV�XVHG�ZLWK�WKH�IDFWRULHV�XQGHU�VWXG\�ZHUH�SUHYHQWLRQ��VRXUFHUHGXFWLRQ��LQWHUQDO�UHF\FOLQJ��DQG�H[WHUQDO�UHF\FOLQJ��EULQJLQJ�DERXW�FRVW�VDYLQJV�WKDW�WUDQVODWHG�LQWR�JUHDWHU�SURILW�DQG�YDOXH�DGGHG��7KHVH�WHFKQLTXHV�ZHUH�HPSOR\PHQW�QHXWUDO�H[FHSW�LQ�WZR�FDVHV��GLUHFWLQJ�ZDVWH�WR�H[WHUQDO�UHF\FOLQJ��DQG�UHSODFLQJ�H[WHUQDO�UHF\FOLQJ�ZLWK�LQWHUQDO�UHF\FOLQJ��'LUHFWLQJ�ZDVWH�WR�H[WHUQDO�UHF\FOLQJ�FUHDWHV�MRE�RSSRUWXQLWLHV��+RZHYHU��UHSODFLQJ�H[LVWLQJ�H[WHUQDO�UHF\FOLQJ�ZLWK�LQWHUQDO�UHF\FOLQJ�UHVXOWV�LQ�XQHPSOR\PHQW��7KH�ODWWHU�FDVH�ZDV�REVHUYHG�LQ�RQH�IDFWRU\��ZKHUH�KDUG ]LQF��]LQF�DVK�DQG�GXVW�ZHUH�SUHYLRXVO\�ERXJKW�E\�DQ�H[WHUQDO�FRQWUDFWRU�IRU�UHPDQXIDFWXUH��3ROOXWLRQ�SUHYHQWLRQ�UHFRPPHQGHG�LQWHUQDO�UHF\FOLQJ��$V�D�UHVXOW��VRPH�MREV�FRQFHUQHG�ZLWK�WKH�UHPDQXIDFWXUH�RI�]LQF�ZHUH�ORVW��7KH�RQO\�DGYDQWDJH�ZDV�WKDW�WKH�UHPDQXIDFWXULQJ�VXEFRQWUDFWRU�ZDV�RSHUDWLQJ�LQ�D�KHDYLO\�SRSXODWHG�DUHD�LQ�WKH�VOXPV�RI�
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&DLUR��VR�WKH�DFWLRQ�ZDV�HQYLURQPHQWDOO\�IDYRUDEOH��%XW�WKH�QHJDWLYH�VRFLDO�LPSDFW�PXVW�EH�GHDOW�ZLWK�E\�DUUDQJLQJ�DOWHUQDWLYH�WUDLQLQJ�DQG�HPSOR\PHQW�RSSRUWXQLWLHV��
6XPPDU\�DQG�5HFRPPHQGDWLRQV(J\SW�UHOLHV�RQ�UHXVLQJ�UHWXUQLQJ�ZDWHU�WR�DOOHYLDWH�LWV�ZDWHU�VKRUWDJH��7KH�YLDELOLW\�RI�WKLV�RSWLRQ�LV�XQGHUPLQHG�E\�WKH�GHJUDGHG�TXDOLW\�RI�UHWXUQLQJ�ZDWHU��7KH�JRYHUQPHQW�KDV�DWWHPSWHG�WR�HQKDQFH�ZDWHU�TXDOLW\�E\�OHJLVODWLQJ�HQYLURQPHQWDO�ODZV��HVWDEOLVKLQJ�VSHFLDOL]HG�DJHQFLHV��GHVLJQLQJ�HQYLURQPHQWDO�SODQV��DQG�ODXQFKLQJ�PHGLD�FDPSDLJQV��(YLGHQWO\��WKRVH�HIIRUWV�KDYH�QRW�EHHQ�VXFFHVVIXO�LQ�DFKLHYLQJ�WKHLU�JRDOV�7KH�GHILFLHQF\�LQ�WKH�FXUUHQW�HQYLURQPHQWDO�SROLF\�OLHV�LQ�LWV�FRQFHQWUDWLQJ�RQ�LPSRVLQJ�FRQVWUDLQWV�DQG�SHQDOWLHV�RQ�SROOXWLRQ�HPLVVLRQ�ZLWK�OLWWOH�RU�QR�UHJDUG�IRU�WKH�QHJDWLYH�LPSDFW�WKLV�ZLOO�KDYH�RQ�SROOXWLQJ�ILUPV��&RQVHTXHQWO\��D�ZHGJH�KDV�EHHQ�SODFHG�EHWZHHQ�WKH�REMHFWLYH�RI�VXVWDLQLQJ�FOHDQ�HQYLURQPHQW�DQG�WKH�SROOXWHUV¶�LQWHUHVW�LQ�NHHSLQJ�WKH�FRVW�RI�SURGXFWLRQ�ORZ�VR�DV�WR�FRPSHWH�LQ�ORFDO�DQG�LQWHUQDWLRQDO�PDUNHWV²DQ�LQWHUHVW�ZKLFK�LV�VRFLDOO\�IDYRUDEOH��,Q�RWKHU�ZRUGV��WKH�G\VIXQFWLRQ�RI�WKH�FXUUHQW�HQYLURQPHQWDO�SROLF\�LV�GXH�WR�IRUFLQJ�HVWDEOLVKHG�SROOXWLQJ�ILUPV�WR�LQFXU�WKH�FRVW�RI�FOHDQLQJ�WKH�HQYLURQPHQW�ZKLOH�WKH�JRYHUQPHQW�SD\V�WKH�FRVW�RI�HQIRUFHPHQW�7KLV�SDSHU�GHDOV�ZLWK�WKH�GHILFLHQF\�RI�WKH�FXUUHQW�HQYLURQPHQWDO�SROLF\�E\�GHPRQVWUDWLQJ�DGYDQWDJHV�VRFLHW\�FDQ�JDLQ�LI�SRVLWLYH�HFRQRPLF�LQFHQWLYHV DUH�H[SORLWHG�LQ�RUGHU�WR������FXUE�SROOXWLRQ�DQG��PHDQZKLOH������VXSSO\�D�EXLOW�LQ�IRUFH�WKDW�JHQHUDWHV�WKH�PRPHQWXP�QHFHVVDU\�WR�DVVXUH�FRQWLQXLW\�RI�WKH�FRQVHUYDWLRQ�RI�WKH�HQYLURQPHQW�DQG��XOWLPDWHO\��VHFXUH�VDIH�UHXVH�RI�UHWXUQLQJ�ZDWHU��7KLV�IRUFH�WDNHV�WKH�IRUP�RI�LQFUHPHQW�LQ�UHWXUQV�DVVRFLDWHG�ZLWK�WKH�DGDSWDWLRQ�RI�HQYLURQPHQWDOO\�FRQVHUYDWLYH�DGMXVWPHQWV�LQ�WKH�SROOXWLQJ�SURGXFWLRQ�SURFHVVHV��7KLV�SROLF\�KDV�EHHQ�FRQVLGHUHG�IRU�WKH�WKUHH�PRVW�QRWRULRXV�ZDWHU�SROOXWLQJ�VRXUFHV��QDPHO\��PXQLFLSDO� DJULFXOWXUDO�DQG�LQGXVWULDO�DFWLYLWLHV��7KH�IROORZLQJ�VHFWLRQV�VXPPDUL]H�WKH�DSSURSULDWH�SROLF\�WRROV�0XQLFLSDO�ZDVWHV�DUH�QRW�WKRURXJKO\�FROOHFWHG�QRU�SURSHUO\�GLVSRVHG�RI��DQG�WKXV�SUHVHQW�VHULRXV�HQYLURQPHQWDO�KD]DUGV��3XEOLF�ILUPV�HQJDJHG�LQ�ZDVWH�KDQGOLQJ�VXIIHU�WKH�ODFN�RI�IXQGV�IURP�DQ�DOUHDG\�EXUGHQHG�JRYHUQPHQW�EXGJHW��$V�IRU�SULYDWH�ILUPV��WKH�ORZ�UHWXUQV��OLPLWHG�LQIRUPDWLRQ�DQG�VRFLDO�DWWLWXGH�WRZDUGV�WKDW�W\SH�RI�EXVLQHVV�KDYH�FRQILQHG�LWV�HQWUHSUHQHXUV�DQG�ZRUNIRUFH�WR�XQVNLOOHG�ZRUNHUV�RSHUDWLQJ�ZLWK�PHDJHU�LQYHVWPHQWV�DQG��VXEVHTXHQWO\��SULPLWLYH�WHFKQRORJ\�
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6LQFH�WKLV�W\SH�RI�EXVLQHVV�DFWLYLW\�LV�QRW�ZHOO�NQRZQ�WR�HQWUHSUHQHXUV�LQ�(J\SW��DQ�DFWLRQ�SODQ�LV�QHHGHG�WR�HQFRXUDJH�WKH�SULYDWH�VHFWRU�WR�JHW�LQYROYHG��E\��D� LQLWLDWLQJ�D�SURPRWLRQ FDPSDLJQ�WR�ERRVW�EXVLQHVV¶�DZDUHQHVV�RI�SRWHQWLDO�JDLQV�DVVRFLDWHG�ZLWK�WUHDWLQJ�DQG�UHF\FOLQJ�ZDVWHV��7KLV�FDQ�EH�DFKLHYHG�E\�FRPSLOLQJ�LQIRUPDWLRQ�DERXW�UHOHYDQW�ORFDO�DQG�IRUHLJQ�H[SHULHQFHV��6HYHUDO�FRXQWULHV�KDYH�VXFFHVVIXO�SURMHFWV�LQ�WKDW�DUHD��)RU�H[DPSOH��-DSDQHVH�ILUPV�FRQWUDFW�VSHFLDOL]HG�SULYDWH�SODQWV�WR�KDQGOH�DQG�GLVSRVH�RI�WKHLU�ZDVWHV��7HHULQN�DQG�1DNDVKLPD�������E� SURYLGLQJ�VRIW�ORDQV�DQG�WD[�UHOLHI�WR�KHOS�UHGXFH�WKH�ULVN�DQG�XQFHUWDLQW\�IDFWRUV�DVVRFLDWHG�ZLWK�WKLV�W\SH�RI�QHZ�SURMHFW��6RPH�FRXQWULHV�FRQWLQXH�WR�VXSSRUW�VXFK�SURMHFWV�EH\RQG�WKH�LQLWLDO�SKDVH�DV�D�FRQWULEXWLRQ�IURP�WKH�VRFLHW\�WR�HQYLURQPHQW�FRQVHUYDWLRQ��6XSSRUW�LV�MXVWLILHG�RQ�WKH�JURXQG�WKDW�D�FOHDQHU�HQYLURQPHQW�EHQHILWV�WKH�ZKROH�VRFLHW\�DQG�WKDW�DQ�HFRQRPLF�FRQWUDFWLRQ�DVVRFLDWHG�ZLWK�VWULFW�HQIRUFHPHQW�RI�HQYLURQPHQWDO�UHJXODWLRQ�ZLOO�KXUW�WKH�ZKROH�VRFLHW\��WKHUHIRUH��VRFLHW\�VKRXOG�KHOS�HVWDEOLVKHG�ILUPV�WR�FRSH�ZLWK�WKH�FRVW�RI�NHHSLQJ�WKH�HQYLURQPHQW�FOHDQ��WKLV�LV�EHLQJ�GRQH�LQ�0DOD\VLD�DQG�&KLQD��7RKDP\������DQG�5DPDQNXWW\�������%HQHILFLDO�XWLOL]DWLRQ�RI�PXQLFLSDO�ZDVWHV�ZLOO�PDNH�WKHP�D�VRXUFH�RI�UHYHQXH�IRU�ILUPV��$�PDMRU�XVH�RI�PXQLFLSDO�ZDVWHV�LV�LQ�PDQXIDFWXULQJ�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW��0DQXIDFWXULQJ�ZDVWHV�LQWR�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW�LV EHQHILFLDO�DW�ERWK�WKH�VRFLDO�DQG�SULYDWH�OHYHOV��7KH�SROOXWLRQ�DVVRFLDWHG�ZLWK�ZDVWH�JDWKHULQJ��KDQGOLQJ�DQG�GLVSRVDO�ZLOO�EH�HOLPLQDWHG��VLQFH�VODFN�FROOHFWLRQ�DQG�QHJOHFWIXO�SURFHVVLQJ�ZLOO�FRVW�WKH�ILUPV�UHYHQXHV�IURP�VHOOLQJ�ZDVWH��$V�VXFK��D�ILUP�LV PRWLYDWHG�WR�GR�D�EHWWHU�MRE�LQ�FROOHFWLQJ�DQG�KDQGOLQJ�ZDVWHV�ZKLFK�ZLOO��LQ�DGGLWLRQ��OHDG�WR�D�FOHDQHU�HQYLURQPHQW�0XQLFLSDO�ILUPV�ZLOO��DV�LQ�DQ\�RWKHU�LQGXVWU\��KDYH�DFFHVV�WR�WKH�ILQDQFLDO�PDUNHWV�WR�VHFXUH�IXQGV�WR�PRGHUQL]H�WKHLU�WHFKQRORJ\�DQG�H[SDQG�WKHLU�FDSDFLWLHV�WR�WUHDW�ZDVWHV��7KH�FUHDWLRQ�RI�D�QHZ�LQGXVWU\�VSHFLDOL]HG�LQ�PDQXIDFWXULQJ�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW�RSHQV�LQYHVWPHQW�RSSRUWXQLWLHV�DQG�FUHDWHV�MREV��ZLWK�SRVLWLYH�EHDULQJV�RQ�HFRQRPLF�JURZWK�7KH�DJULFXOWXUH�VHFWRU�SURGXFHV�QRQSRLQW�SROOXWLRQ�DV�D�UHVXOW�RI�KHDY\�XVH�RI�FKHPLFDO�IHUWLOL]HUV��7KH�UHGXFWLRQ�LQ�WKH�XVH�RI�FKHPLFDO�IHUWLOL]HUV�ZRXOG�HYHQWXDOO\�UHGXFH�IDUP�\LHOG�DQG�UHYHQXHV��1DWXUDOO\��IDUPHUV�ZLOO�WDNH�D�QHJDWLYH�DWWLWXGH�WRZDUGV�XVLQJ�OHVV�FKHPLFDO�IHUWLOL]HUV��1HYHUWKHOHVV��WKLV�VWDQFH�FDQ�EH�UHYHUVHG�LI�D�PRUH�
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SURILWDEOH�VXEVWLWXWH�LV�LQWURGXFHG��)LHOG�H[SHULPHQWV�SHUIRUPHG�E\�VSHFLDOL]HG�(J\SWLDQ�LQVWLWXWLRQV�LQGLFDWH�WKDW�RUJDQLF�IHUWLOL]HUV�PDQXIDFWXUHG�IURP�PXQLFLSDO�ZDVWHV�DUH�FKHDSHU�DQG QXWULWLRQDOO\�ULFKHU�WKDQ�FKHPLFDO�IHUWLOL]HUV���)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�VXSSRUW�WKDW�WKLV�ILQGLQJ�KROGV�XQGHU�YDU\LQJ�FLUFXPVWDQFHV���$QRWKHU�RSWLRQ�LV�WKH�XVH�RI�ELRIHUWLOL]DWLRQ��ZKLFK�FDQ�VXEVWLWXWH�IRU�VRPH�FRQYHQWLRQDOO\�DSSOLHG�FKHPLFDO�IHUWLOL]HUV��+HQFH��IDUPHUV�ZKR�UHSODFH�FKHPLFDO�IHUWLOL]HUV�JHW�JUHDWHU�QHW�LQFRPH�EHFDXVH�RI���L��WKH�ORZHU�FRVW�RI�RUJDQLF�IHUWLOL]HUV��DQG��LL��WKH�JUHDWHU�UHYHQXHV�JHQHUDWHG�E\�KLJKHU�\LHOG��,Q�RUGHU�WR�GLVVHPLQDWH�WKLV�HQYLURQPHQWDOO\�FRQVHUYDWLYH�WHFKQLTXH��D�QDWLRQZLGH�RQ�IDUP�GHPRQVWUDWLRQ�SURJUDP�FDQ�EH�HVWDEOLVKHG�WR�SURYLGH�ILUVWKDQG�H[SHULHQFH�WR�IDUPHUV��VKRZLQJ�WKH�DSSURSULDWH�ZD\V�DQG�VFKHGXOHV�RI�DSSO\LQJ�RUJDQLF�IHUWLOL]HUV�DQG�GHPRQVWUDWLQJ�JDLQV�7KH�VLJQLILFDQFH�RI�WKH�HFRQRPLF�FRPSOHPHQWDULW\��RU�YHUWLFDO�LQWHJUDWLRQ��EHWZHHQ�WKH�VFKHPH�GHVLJQHG�IRU�WKH�PXQLFLSDO�ZDVWH�VHFWRU�DQG�WKDW�UHFRPPHQGHG�IRU�WKH�DJULFXOWXUH�VHFWRU�PXVW�EH�KLJKOLJKWHG��7KH�SURSRVHG�SODQ�FRPSULVHV�WKUHH�VHFWRUV��WKH�PXQLFLSDO�ZDVWH�VHFWRU��WKH�RUJDQLF�IHUWLOL]HU�DQG�FRPSRVW�LQGXVWU\��DQG�WKH�DJULFXOWXUH�VHFWRU��7KH�PXQLFLSDO�ZDVWH�VHFWRU��ZKLFK�LV�D�VHUYLFH�VHFWRU��ZRXOG�EH�WUDQVIRUPHG�LQWR�D�UHDO�VHFWRU�SURGXFLQJ�DQ�HVVHQWLDO�LQSXW��ZDVWHV��IRU�WKH�RUJDQLF�IHUWLOL]HU�DQG�FRPSRVW�LQGXVWU\��7KH�ODWWHU�LQGXVWU\�ZRXOG�DGG�WR�(J\SW¶V�LQGXVWULDO�EDVH��DQG�ZRXOG�EH�WKH�GHPDQGHU�RI�ZDVWHV�DQG��PHDQZKLOH��WKH�SURGXFHU�RI�RUJDQLF�IHUWLOL]HUV�DQG�FRPSRVW��7KHVH�SURGXFWV�DUH�GHPDQGHG�E\�WKH�DJULFXOWXUH�VHFWRU�DV�D�VXEVWLWXWH�IRU�FKHPLFDO�IHUWLOL]HUV��&OHDUO\��ZLWK�WKH�IDYRUDEOH�HQYLURQPHQWDO�LPSDFW�RI�WKLV�SROLF\��D�VL]DEOH�LQFUHPHQW�LQ�YDOXH�DGGHG�LV�H[SHFWHG�8QOLNH�WKH�PXQLFLSDO�ZDVWH�DQG�WKH�DJULFXOWXUH�VHFWRUV��LQGXVWU\�LV�KLJKO\�KHWHURJHQHRXV��7KLV�FKDUDFWHULVWLF�GRHV�QRW�DOORZ�GHDOLQJ�ZLWK�WKH�ZKROH�VHFWRU�DV�RQH�XQLW�IRU�SROOXWDQWV�YDU\ IURP�DQ�LQGXVWU\�WR�DQRWKHU�DQG�HYHQ�IURP�D�SURFHVV�WR�DQRWKHU�ZLWKLQ�WKH�VDPH�LQGXVWU\��$�ZD\�DURXQG�WKLV�FRPSOH[LW\�LV�WR�IRFXV�RQ�SURFHVVHV�ZKLFK�DUH�VLPLODU�DFURVV�GLIIHUHQW�LQGXVWULHV��H�J��PHWDO�ILQLVKLQJ�SURFHVV���$FWXDOO\��WKLV�LV�H[DFWO\�WKH�DSSURDFK�EHLQJ�IROORZHG�E\�WKH�³(QYLURQPHQWDO�3ROOXWLRQ�3UHYHQWLRQ�3URMHFW��(3��´��7KH�(3��SURMHFW�LV�EHLQJ�DSSOLHG�LQ�(J\SW�DQG�LV�SURYLGLQJ�YDOXDEOH�FDVH�VWXGLHV�ZKLFK�VXSSRUW�WKH�SRVLWLYH�LQFHQWLYHV�WKHVLV�DGYRFDWHG�LQ�WKLV�UHVHDUFK��$�GLVWLQFWLYH�IHDWXUH�RI�WKLV�DSSURDFK�LV�WKDW�LW�XWLOL]HV�WKH�ORZ�FRVW�QR�FRVW�PHWKRGV�WR�WUHDW�VHYHUDO�W\SHV�RI�SROOXWDQWV�ZKLFK�KDUP�PRUH�WKDQ�RQH�HQYLURQPHQWDO�PHGLD��0RUHRYHU��LW�LQWURGXFHV�UHVRXUFH�FRQVHUYDWLRQ��DOO�LQ�RQH�SDFNDJH�
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%HLQJ�LQ�DQ�HDUO\�SKDVH�RI�LPSOHPHQWDWLRQ�LQ�(J\SW��RQO\�D�IHZ�FDVHV�DUH�DYDLODEOH�IRU�WKLV�VWXG\�ZLWK�OLPLWHG�HFRQRPLF�GDWD��'UDZLQJ�XSRQ�WKRVH�VWXGLHV��LW�LV�UHFRPPHQGHG�WKDW�ORZ�FRVW�QR�FRVW�SROOXWLRQ�SUHYHQWLRQ�DSSURDFKHV�EH�H[KDXVWHG�EHIRUH�UHVRUWLQJ�WR�RWKHU�PRUH�H[SHQVLYH�PHWKRGV��WKLV�ZD\�WKH�SULYDWH�DV�ZHOO�DV�WKH�VRFLDO�FRVWV�RI�FOHDQLQJ�WKH�HQYLURQPHQW�FDQ�EH�PLQLPL]HG��7KH�)HGHUDWLRQ�RI�(J\SWLDQ�,QGXVWULHV�LV�DOUHDG\�LQYROYHG�LQ�GLVVHPLQDWLQJ�SHUWLQHQW�LQIRUPDWLRQ��DQG�WKH�LQGXVWULDO�VHFWRU�LV�UHODWLYHO\�DKHDG�RI�WKH�RWKHU�WZR�VHFWRUV LQ�WHUPV�RI�SROOXWLRQ�PLWLJDWLRQ�7KH�ILQGLQJV�RI�WKLV�SDSHU�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�SRVLWLYH�HFRQRPLF�LQFHQWLYHV�LQ�DFKLHYLQJ�(J\SW¶V�DVSLUDWLRQ�IRU�D�FOHDQ�1LOH��7KH�SRZHU�RI�WKHVH�WRROV�OLHV�LQ�DOOHYLDWLQJ�WKH�ILQDQFLDO�EXUGHQ�RI�FOHDQLQJ�WKH HQYLURQPHQW��XQGHU�WKH�FXUUHQW�SROLF\�WKLV�EXUGHQ�LV�WKH�UHVSRQVLELOLW\�RI�WKH�SROOXWLQJ�ILUPV��)XUWKHUPRUH��LW�UHGXFHV�WKH�FRVWV�RI�ODZ�HQIRUFHPHQW�DORQJ�ZLWK�FRQFRPLWDQW�WHQVLRQ�2WKHU�WRROV�FDQ�DOVR�EH�LQWHJUDWHG�WR�PLWLJDWH�ZDWHU�SROOXWLRQ��2QH�LV�WR UDWLRQDOL]H�WKH�XVH�RI�IHUWLOL]HUV��(YLGHQWO\��WKHUH�LV�QR�DJUHHG�XSRQ�UDWHV�RI�DSSOLFDWLRQ��0$/5�SURYLGHV�DSSOLFDWLRQ�UDWHV�DV�D�QDWLRQDO�DYHUDJH��)DUPHUV�DUH�DOORZHG�WR�EX\�IHUWLOL]HUV�IURP�WKH�FRRSHUDWLYHV�DFFRUGLQJ�WR�WKRVH�UDWHV��DOWKRXJK�WKH\�DFWXDOO\�DGRSW�GLIIHUHQW�RQHV��In 1991/92 the application of phosphorus (P) was above that of MALR by up to 

150, 160, and 200 percent in maize, wheat, and rice respectively; the nitrogen (N) rate 

was as low as 70 and 80 percent for wheat and maize respectively (calculated from Siam 

1995). $QRWKHU�WRRO�LV�UDLVLQJ�WKH�SULFH�RI�WKH�SROOXWLQJ�LQSXW�VR�DV�WR�UHGXFH�LWV�GHPDQG��7KLV�KDV�EHHQ�LPSOHPHQWHG�ZKHQ�VXEVLGLHV�RQ�FKHPLFDO�IHUWLOL]HUV�ZHUH�OLIWHG�DV�D�SDUW�RI�WKH�HFRQRPLF�UHIRUP�SURFHVV��,QLWLDO�REVHUYDWLRQ�LQGLFDWH�WKDW�WKLV�DSSURDFK�KDV�D�OLPLWHG�LPSDFW�RQ�UHGXFLQJ�WKH�FRQVXPSWLRQ�RI�FKHPLFDO�IHUWLOL]HUV��6KRDOV�������������úû ,QGXVWULDO�]RQLQJ�LV�D�WKLUG�WRRO�ZKHUH�LQGXVWULHV�ZLWK�VDIHU�SROOXWDQWV�DUH�ORFDWHG�UHODWLYHO\�XSVWUHDP�DQG�WKRVH�ZLWK�UHODWLYHO\�OHVV�VDIH�SROOXWDQWV�GRZQVWUHDP��=RQLQJ�DOVR�KHOSV�LQ�LGHQWLI\LQJ�LQGXVWULHV�ZLWK�VLPLODU�SROOXWDQWV�VR�DV�WR�IDFLOLWDWH�FRQVWUXFWLRQ�RI�VSHFLDOL]HG�WUHDWPHQW�SODQWV��=RQLQJ�VFKHPHV�DUH�HIIHFWLYHO\�XVHG�LQ�&KLQD�
úû In 1989/90-1990/91, the overall nutrient price (N+P+K) was raised by about 23 percent; this resulted 
in a 16-percent decline in aggregate nutrient consumption (Shoals 1993:19-22).  This suggests that 
demand for chemical fertilizers tends to be inelastic. Inelasticiy is attributed to: (a) lack of substitutes for 
chemical fertilizers (such substitute is proposed in this study), (b) the small ratio of the fertilizers cost to 
the value of crop yield (about 5-9% in main crops such as wheat, short berseem, long berseem, cotton, 
maize and rice; calculated from Siam 1995) has enabled farmers to absorb the increment in the cost of 
fertilizers without having to reduce consumption significantly, and (c) farmers replaced the nutrients with
severe price hikes (P increased by 54 percent and K by 409 percent) by ones with limited price increases 
(N increased by 14 percent).
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,Q�OLJKW�RI�WKH�ILQGLQJV�RI�WKLV�VWXG\��(J\SWLDQ�LQVWLWXWLRQV�FRQFHUQHG�ZLWK�HQYLURQPHQW�FRQVHUYDWLRQ�LQ�JHQHUDO�DQG�ZDWHU�SODQQLQJ�LQ�SDUWLFXODU�DUH�XUJHG�WR�WDNH�WKH�QHFHVVDU\�PHDVXUHV�WR�LQFRUSRUDWH�SRVLWLYH�HFRQRPLF�WRROV�LQ�WKH�QDWLRQDO�HQYLURQPHQW�SROLF\��$GRSWLRQ�RI�WKHVH�SROLF\�WRROV�FDQ�DYDLO�(J\SW�RI�VDIH�UHXVH�RI�UHWXUQLQJ�ZDWHU�WR�VDWLVI\�WKH�JURZLQJ�ZDWHU�GHPDQG�
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$SSHQGL[����7KH�$JUR �HFRQRPLF�/3�0RGHO
'DWD�6RXUFHV$W�WKH�WLPH�RI�UHVHDUFK�������GDWD�ZDV�WKH�PRVW�UHFHQW�VHW�LVVXHG�E\�WKH��$JULFXOWXUDO�(FRQRP\�%XOOHWLQ�´�SXEOLVKHG�LQ�PLG�������7KH�EXOOHWLQ�LV�SXEOLVKHG�DQQXDOO\�E\�WKH�&HQWUDO�'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��WKH�(FRQRPLF�$IIDLUV�6HFWRU�RI�0$/5��,Q�DGGLWLRQ�WR�GLUHFW�ILHOG�VXUYH\V��WKLV�GHSDUWPHQW�LV�WKH�IRUPDO�GDWD�VRXUFH�IRU�SODQW��DQLPDO�DQG�ILVK�SURGXFWLRQ�LQ�(J\SW��,WV�GDWD�DUH�XVHG�DQG�SXEOLVKHG�E\�RWKHU�JRYHUQPHQW�DXWKRULWLHV�DV�ZHOO�DV�LQWHUQDWLRQDO�DJHQFLHV��7KH�EXOOHWLQ�SURYLGHV�GHPRJUDSKLF�GDWD��QDWLRQDO�DJJUHJDWHV��DQG�JRYHUQRUDWH�OHYHO�SODQW�SURGXFWLRQ�GDWD��ZLWK�FURSV�EURNHQ�GRZQ�LQWR�YDULHWLHV��,W�OLVWV�DUHDV SODQWHG�XQGHU�HDFK�YDULHW\��WRWDO�SURGXFWLRQ��\LHOG��FRVW��UHYHQXH��DQG�IDUP�JDWH�SULFHV�'DWD�PDQLSXODWLRQ�LQFOXGHG�HQWHULQJ�GDWD�RQ�DQ�([FHO���ZRUNVKHHW��FKHFNLQJ�DQG�HYDOXDWLQJ�WKHP�PDQXDOO\��$V�D�FURVV�FKHFN��WKH�QHW�UHYHQXHV�FDOFXODWHG�E\�WKH�*$06�SURJUDP�ZHUH�FRPSDUHG�ZLWK�SXEOLVKHG�ILJXUHV��,Q�DGGLWLRQ��VRPH�ILHOG�RSHUDWLRQ�GDWD�VXFK�DV�SODQWLQJ�GDWHV��ODERU�DQG�ZDWHU�UHTXLUHPHQWV��ZHUH�REWDLQHG�IURP�D�UHFHQW�VWXG\�SUHSDUHG�E\�WKH�,)35,�WHDP��7KH�'HFLVLRQ�9DULDEOH7R�RSHUDWH�KLV�RU�KHU�IDUP��D�IDUPHU�PDNHV�PDQ\�GHFLVLRQV�HYHU\�GD\��%URDGO\��WKHVH�GHFLVLRQV�FDQ�EH�FODVVLILHG�DV�ORQJ�WHUP��VHDVRQDO�DQG�VKRUW�WHUP��/RQJ�WHUP�GHFLVLRQV�LQYROYH�LQYHVWPHQW�LQ�PDFKLQHU\��IDUP�EXLOGLQJV��RUFKDUGV�DQG�WKH�OLNH��7KLV�W\SH�RI�GHFLVLRQ�LV�JRYHUQHG�E\�WKH�IDUPHU
V�H[SHFWDWLRQV�DERXW�WKH�WLPH�SURILOH�RI�WKH�FRVW�DQG�EHQHILW�VWUHDPV�FRPSDUHG�WR�DOWHUQDWLYH�RSWLRQV��$W�WKH�RWKHU�H[WUHPH��GD\�WR�GD\�GHFLVLRQV�LQYROYH�WKH�XWLOL]DWLRQ�RI�ODERU��ZDWHU�DQG�RWKHU�LQSXWV��DQG�DUH�GRPLQDWHG�E\�VHDVRQDO�GHFLVLRQV�*LYHQ�WKH�SURGXFWLRQ�HQYLURQPHQW�DQG�FRQVWUDLQWV��D�IDUPHU�PDNHV�WZR�VHDVRQDO�GHFLVLRQV��FURS�FKRLFH�DQG�DUHD�SODQWHG��7KHVH�DUH�WKH�WZR�PRVW�LPSRUWDQW�IDUP�GHFLVLRQV��)DUP�LQFRPH�GHSHQGV�RQ�KRZ�VXFFHVVIXO�D�IDUPHU�LV�LQ�VHOHFWLQJ�WKH�PRVW�SURILWDEOH�FURSV�DQG�LQ�DOORFDWLQJ�KLV�ODQG�DPRQJ�WKHP��7KH�ZHOIDUH�RI�KLV�IDPLO\�GXULQJ�WKH�IROORZLQJ�VHDVRQ�GHSHQGV�RQ�WKDW�IDUP�LQFRPH��5HWXUQ�WR�UHVRXUFHV��ZKHWKHU�ODQG��ODERU�RU�FDSLWDO��LV�GHWHUPLQHG�E\�WKH�RXWFRPH�RI�WKRVH�GHFLVLRQV��7KH�IDUPHU
V�GHFLVLRQV�
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DOVR�DIIHFW��RQ�DJJUHJDWH��WKH�UHWXUQV�WR�WZR�RI�WKH�PRVW�LPSRUWDQW�QDWXUDO�UHVRXUFHV�LQ�(J\SW��ODQG�DQG�ZDWHU�'XH�WR�WKH�LPSRUWDQFH�RI�WKH�IDUPHU
V�GHFLVLRQV�RQ�WKH�DOORFDWLRQ�RI�ODQG��WKLV�SDUDPHWHU�ZDV�DGRSWHG�DV�WKH�GHFLVLRQ�YDULDEOH�LQ�WKLV�PRGHO��7KLV�GHFLVLRQ�LV�DVVXPHG�WR�EH�JXLGHG�E\�QHW�UHYHQXH��+HQFH��D�IDUPHU�PD[LPL]HV�WRWDO�QHW�UHYHQXH�GXULQJ�WKH�DJULFXOWXUDO�\HDU��ZKLFK�EHJLQV�LQ�2FWREHU��*HRJUDSKLFDO�$JJUHJDWLRQ$JULFXOWXUDO�ODQG�LQ������ZDV�HVWLPDWHG�DW�����PLOOLRQ�IHGGDQV��PRVW�RI�ZKLFK������PLOOLRQ�IHGGDQV��ZDV�LQ�WKH�1LOH�9DOOH\�DQG�'HOWD��0$/5��������$V�WKLV�DUHD�LV�VSUHDG�DFURVV�WKH����JRYHUQRUDWHV�ZLWK�YDU\LQJ�GHJUHHV�RI�LQWHQVLW\��LW�ZDV�DJJUHJDWHG�LQWR�UHJLRQV�IRU�PRGHOLQJ��2QH�OHYHO�RI�DJJUHJDWLRQ�GLYLGHV�WKH�DJULFXOWXUDO�ODQG�LQ�(J\SW�LQWR�2OG DQG�1HZ�/DQGV��7KLV�SUDFWLFH�LV�ZLGHO\�XVHG�LQ�WKH�OLWHUDWXUH�RQ�(J\SWLDQ�DJULFXOWXUH��,WV�PDLQ�FRQFHUQ�LV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�ODQG�EURXJKW�XQGHU�SURGXFWLRQ�EHIRUH�DJJUHVVLYH�ODQG�UHFODPDWLRQ�VWDUWHG�LQ�WKH�HDUO\�6L[WLHV��DQG�WKH�ODQGV�UHFODLPHG�DIWHUZDUGV��6XFK�DJJUHJDWLRQ�LV�PLVOHDGLQJ��&RQIXVLRQ�DULVHV�IURP�WKH�IDFW�WKDW�VRPH�QHZO\�UHFODLPHG�ODQG�SHQHWUDWHV�WKH�1LOH�9DOOH\�DQG�'HOWD�JRYHUQRUDWHV��7KH�QHZO\�UHFODLPHG�ODQG�LQ������ZDV�HVWLPDWHG�DW���������IHGGDQV��RI�ZKLFK����SHUFHQW�OLHV�LQ�WKH�GHVHUW�JRYHUQRUDWHV�úü 7KH�UHVW����������IHGGDQV��LV�VFDWWHUHG�WKURXJKRXW�WKH�1LOH�9DOOH\�DQG�'HOWD��
7DEOH����2OG�DQG�1HZ�/DQGV�LQ�����/RFDWLRQ $UHD��WKRXVDQG�IHG��'HVHUW�JRYHUQRUDWHV �����1HZ�/DQGV�LQ�WKH�9DOOH\�DQG�'HOWD �����7RWDO�1HZ�/DQGV ���2OG�/DQGV�LQ�WKH�9DOOH\�DQG�'HOWD �������7RWDO�DJULFXOWXUDO�DUHD �������6RXUFH��0$/5����������7DEOH�����DUHDV�RI�1HZ�DQG�2OG�/DQGV�LQ�WKH�9DOOH\�DQG�'HOWD�DUH�FDOFXODWHG�

$QRWKHU�DJJUHJDWLRQ�ZDV�UHFHQWO\�DGRSWHG�LQ�D�VWXG\�SUHSDUHG�E\�WKH�,)35,�WHDP��+D]HOO�HW�DO���������7KH�WHDP�GLYLGHG�WKH�FRXQWU\�LQWR�HLJKW�UHJLRQV��ILYH�2OG�/DQGV�UHJLRQV�DQG�WKUHH�1HZ�/DQGV�UHJLRQV��7KH�2OG�/DQGV�UHJLRQV�ZHUH�GLYLGHG��DFFRUGLQJ�WR�
úü Desert governorates are the New Valley, Mattroh, North Sinai, South Sinai, and the Red Sea.
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JHRJUDSKLFDO�FRQVLGHUDWLRQV��LQWR�8SSHU�(J\SW��0LGGOH�(J\SW��(DVW�'HOWD��0LGGOH�'HOWD��DQG�:HVW�'HOWD��7KH�GLYLVLRQ�RI�WKH�1HZ�/DQGV�FRQWDLQV�D�JHRJUDSKLFDO�GLPHQVLRQ�RQO\�LQ�WKH�VHQVH�WKDW�LW�LV�PRVWO\�ORFDWHG�RXWVLGH�WKH�1LOH�9DOOH\�DQG�'HOWD��2WKHU�WKDQ�WKDW��WZR�PDLQ�FULWHULD�ZHUH�XVHG�LQ�WKH�FODVVLILFDWLRQ��VRLO�W\SH�DQG�VRXUFH�RI�LUULJDWLRQ��2OG�/DQGV�GHSHQG�PDLQO\�RQ�VXUIDFH�LUULJDWLRQ���$FFRUGLQJO\��WKH�1HZ�/DQGV�ZHUH�GLYLGHG�LQWR�VDQG\�VRLO�ZLWK�FDQDO�LUULJDWLRQ��FOD\�FDOFDUHRXV�VRLO�ZLWK�FDQDO�LUULJDWLRQ��VDQG\�VRLO�ZLWK�JURXQGZDWHU�LUULJDWLRQ��DQG�D�JHQHULF�UHJLRQ�WKDW�HQFRPSDVVHV�RWKHU�VRLO�W\SHV��2EYLRXVO\��WKH�,)35,�WHDP�IRFXVHG�RQ�VRLO�KRPRJHQHLW\�DQG�ZDWHU�VRXUFH�LQ�RUGHU�WR�UHGXFH�GLVFUHSDQFLHV�LQ�WKH�1HZ�/DQGV�VXE�PRGHO�0DQ\�RI�WKH�VWXGLHV�RQ�1LOH�SROOXWLRQ�GLYLGH�WKH�ULYHU�LQWR�VHYHQ�UHDFKHV��DV�PHQWLRQHG�DERYH��16&��������7KH�PDLQ�DGYDQWDJH�RI�WKLV�GLYLVLRQ�LV�WKDW�LW�DOORZV�HQYLURQPHQWDO�PRQLWRULQJ�RI�ZDWHU�TXDOLW\�DQG�DVVLPLODWLRQ�FDSDFLW\�LQ�HDFK�RI�WKH�1LOH�UHDFKHV��5HJDUGOHVV�RI�WKH�GLYLVLRQ��WKHUH�DUH�SUREOHPV�DVVRFLDWHG�ZLWK�ZDWHU�UHODWHG�VWXGLHV��7KHVH�SUREOHPV�DUH�FDXVHG�E\�LQFRQVLVWHQFLHV�DPRQJ�WKH�WKUHH�VRUWV�RI�RIILFLDO�GLYLVLRQV�SUHYDLOLQJ�LQ�WKH�(J\SWLDQ�DJULFXOWXUH�V\VWHP��WKH�DGPLQLVWUDWLYH�XQLW��WKH�LUULJDWLRQ�FRPPDQG��DQG�WKH�GUDLQDJH�FRPPDQG��7KH�:03�WHDP�ZURWH�D�FRPSXWHU�SURJUDP�WKDW�VZLWFKHV�IURP�RQH�GLYLVLRQ�WR�DQRWKHU��+RZHYHU��VSHFLDO�DJULFXOWXUDO�GDWD�KDYH�WR�EH�FROOHFWHG�DW�WKH�YLOODJH�OHYHO�LQ�RUGHU�WR�XVH�WKH�SURJUDP�HIIHFWLYHO\�*LYHQ�WKH�DERYH��WKH�VFKHPH�PRVW�VXLWDEOH�IRU�WKLV�VWXG\�ZDV�WR�GLYLGH�(J\SW�LQWR�WKUHH�UHJLRQV��8SSHU�(J\SW��0LGGOH�(J\SW��DQG�/RZHU�(J\SW��'HOWD��7KLV�OHDYHV�RXW�GHVHUW�UHJLRQV���7KH�8SSHU�DQG�0LGGOH�(J\SW�JRYHUQRUDWHV�GR�QRW�KDYH�H[WHQVLYH�GUDLQDJH�V\VWHPV��H[FHSW�IRU�)D\RXP�*RYHUQRUDWH���7KXV��GUDLQDJH�ZDWHU�LV�GLVFKDUJHG�LQWR�WKH�1LOH�QHWZRUN�DQG�XVHG�LQ�/RZHU�(J\SW��,Q�/RZHU�(J\SW��QRQSRLQW�VRXUFH�SROOXWLRQ�OHDGV�WR�SROOXWLRQ�RI�WKH�QRUWKHUQ�ODNHV�DQG�WKH�0HGLWHUUDQHDQ��)XUWKHUPRUH��WKLV�LV�FRQVLVWHQW�ZLWK�WKH�DJULFXOWXUDO�GDWD�VHW�XS��7KH�GLVWLQFWLRQ�EHWZHHQ�WKH�QHZO\�UHFODLPHG�ODQG�LQ�WKH�1LOH�9DOOH\�DQG�'HOWD DQG�WKH�2OG�/DQGV�LV�RYHUORRNHG��7KLV�VLPSOLILFDWLRQ�LV�QRW�H[SHFWHG�WR�LPSDLU�WKH�DQDO\VLV�IRU�VHYHUDO�UHDVRQV�x 1HZ�/DQGV�LQ�WKH�GHVHUW�JRYHUQRUDWHV�DUH�PDLQO\�LUULJDWHG�IURP�VRXUFHV�RWKHU�WKDQ�1LOH�ZDWHU��0$/5�������úý
úý A reservation on this statement may rise in the future with respect to El-Salam Canal which water will be used to 
irrigate about 400 thousand feddans in Sinai. Water of this canal is a mix of the Nile and drainage water.
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x ([FHSW�IRU�WKH�1HZ�9DOOH\��ZKLFK�UHSUHVHQWV�����SHUFHQW�RI�WKH�DJULFXOWXUDO�DUHD�RI�(J\SW���GHVHUW�JRYHUQRUDWHV�GR�QRW�KDYH�D�GUDLQDJH�QHWZRUN��0$/5��������KHQFH�WKH\�GR�QRW�FRQWULEXWH�WR�1LOH�ZDWHU�SROOXWLRQ�x 7KH�WRWDO�DUHD�RI�GHVHUW�1HZ�/DQGV�LV�UHODWLYHO\�VPDOO��DERXW���SHUFHQW��5HJLRQDO�GLVWULEXWLRQ�RI�DJULFXOWXUDO�ODQG�LV�VXPPDUL]HG�LQ�7DEOH����8SSHU�(J\SW�FRQVLVWV�RI�IRXU�JRYHUQRUDWHV��$VZDQ��4HQD��6RKDJ��DQG�$VVLXW��7KHUH�DUH�DSSUR[LPDWHO\�����PLOOLRQ�IHGGDQV�RI�DJULFXOWXUH�ODQG�LQ�8SSHU�(J\SW��DSSUR[LPDWHO\����SHUFHQW�RI�WKH�DJULFXOWXUH�DUHD�RI�WKH�1LOH�9DOOH\�DQG�'HOWD��2I�WKHVH�JRYHUQRUDWHV��$VZDQ�KDV�WKH�VPDOOHVW�VKDUH�RI�DJULFXOWXUDO�ODQG����SHUFHQW���0LGGOH�(J\SW�FRPSULVHV�IRXU�JRYHUQRUDWHV��0LQ\D��)D\RXP��%HQL�6XHLI��DQG�*L]D��ZLWK�D�WRWDO�DJULFXOWXUDO�DUHD�RI�����PLOOLRQ�IHGGDQV�
7DEOH����5HJLRQDO�/DQG�'LVWULEXWLRQ�LQ�������WKRXVDQG�IHGGDQV�5HJLRQ $UHD 3HUFHQWDJH8SSHU�(J\SW ������� ���0LGGOH�(J\SW ������� ���/RZHU�(J\SW ������� ���7RWDO ������� ����6RXUFH��0$/5����������7DEOH�����3HUFHQWDJHV�DUH FDOFXODWHG�

7KH�DJULFXOWXUH�DUHD�RI�WKH�'HOWD�UHSUHVHQWV����SHUFHQW�RI�WKH�1LOH�9DOOH\�DQG�'HOWD��DERXW�����PLOOLRQ�IHGGDQV���,W�LV�GLYLGHG�LQWR����JRYHUQRUDWHV��RI�ZKLFK�VHYHQ�DUH�EDVLFDOO\�XUEDQ�RU�LQGXVWULDO�FHQWHUV����SHUFHQW��úþ $JULFXOWXUDO�ODQG�LV FRQFHQWUDWHG�LQ�WKH�RWKHU�VL[�JRYHUQRUDWHV�����SHUFHQW���0HQRXILD����SHUFHQW���6KDUNLD�����SHUFHQW���'DNDKOLD�����SHUFHQW���.DIU�(O�6KHLNK����SHUFHQW���*KDUELD����SHUFHQW���DQG�%HKHLUD�����SHUFHQW��&URSSLQJ�3DWWHUQ)RXU�FDWHJRULHV�RI�FURSV�DUH�FXOWLYDWHG LQ�(J\SW��ZLQWHU��VXPPHU��QLOL��DQG�SHUHQQLDO��$V�VKRZQ� LQ�7DEOH� ��� DERXW� ��� SHUFHQW� RI� WKH� FURSSHG� DUHD� LV� XQGHU�ZLQWHU� DQG� VXPPHU�FURSV�
úþ Urban centers are Cairo (includes 0.08 percent of the valley and Delta agriculture area), Suez (0.17 percent), Port 
Said (0.09 percent), and Alexandria (1.8 percent). Minor agriculture governorates are: Qaliobia (industrial and urban 
center 3 percent), Ismailia (2 percent), and Damietta (1.8 percent).
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7DEOH����/DQG�$OORFDWLRQ�E\�6HDVRQ�������6HDVRQ $UHD��WKRXVDQG�IHG� 3HUFHQWDJH:LQWHU ����� ��6XPPHU ����� ��1LOL ��� �3HUHQQLDO ��� �&URSSHG�DUHD ������ ���6RXUFH��&DOFXODWHG�IURP�0$/5����������7DEOH����
,Q�RUGHU�WR�NHHS�WKH�PRGHO�PDQDJHDEOH��DQG�DW�WKH�VDPH�WLPH�REVHUYH�UHJLRQDO�VSHFLDOL]DWLRQ��RQO\�NH\�FURSV�ZHUH�LQFOXGHG��7KH�UHODWLYH�LPSRUWDQFH�RI�FURSV�LQ�HDFK�VHDVRQ�ZDV�HYDOXDWHG�DFFRUGLQJ�WR�SHUFHQWDJH�RI�WRWDO�DUHD�DOORFDWHG�WR�HDFK�FURS�0RUHRYHU��FURSV�WKDW�RFFXS\�QR�OHVV�WKDQ����SHUFHQW�RI�WKH�UHJLRQDO�DJULFXOWXUDO�DUHD�DUH�QRW�LQFOXGHG��7ZHQW\�WZR�FURSV�PHW�WKHVH�FULWHULD���7HQ�ZLQWHU�FURSV��RFFXS\LQJ����SHUFHQW�RI�WKH�QDWLRQDO�DUHD�XQGHU�ZLQWHU�FURSV�LQ���������������VXPPHU�FURSV��FXOWLYDWHG�RQ����SHUFHQW�RI�VXPPHU�ODQG��DQG�RQH�SHUHQQLDO�FURS��VXJDU�FDQH��ZHUH�VHOHFWHG�IRU�VWXG\�úÿ $OO�WRJHWKHU��WKH�DUHD�RI�WKHVH�FURSV�UHSUHVHQWV����SHUFHQW�RI�WKH�FURSSHG�DUHD�LQ�(J\SW�

)OH[LEOH�)DUPLQJ�2SWLRQV ú�
7R�DSSUR[LPDWH�UHDOLW\�DV�PXFK�DV�SRVVLEOH��IDUPHUV�ZHUH�JLYHQ�VL[�RSWLRQV��WKUHH�SODQWLQJ�GDWHV�DQG�WKUHH�LUULJDWLRQ�OHYHOV��7KH\�FRXOG�FXOWLYDWH�RQH�FURS�DW�D�WLPH��RQH�PRQWK�HDUO\�RU�RQH�PRQWK�ODWH� 'HOD\LQJ�VRPH�VXPPHU�FURSV�RQH�PRQWK�ZDV�WKH�VDPH�DV�FXOWLYDWLQJ�WKHP�DV�QLOL�FURSV��+RZHYHU��WKH\�ZHUH�WUHDWHG�DV�VXPPHU�FURSV�LQ�WHUPV�RI�LQSXW�RXWSXW�FRHIILFLHQWV��(DUO\�FXOWLYDWLRQ�ZDV�DVVXPHG�WR�UHGXFH�\LHOG�E\���SHUFHQW��DQG�D�RQH�PRQWK�GHOD\�GHFUHDVHG�LW�E\����SHUFHQW��7KLV�DVVXPHV�WKDW�WKH�PRVW�VXLWDEOH�ZHDWKHU�LV�DOZD\V�IRXQG�DURXQG�WKH�QRUPDO�SODQWLQJ�GDWH��,Q�UHDOLW\��HUUDWLF�ZHDWKHU�FKDQJHV�PD\�LQFUHDVH�WKH�\LHOG�RI�ODWH�FXOWLYDWLRQ��+RZHYHU��DV�WKLV�LV�D�GHWHUPLQLVWLF�PRGHO��VXFK�VWRFKDVWLF�EHKDYLRU�LV�EH\RQG�LWV�VFRSH�
7DEOH����<LHOG�5HVSRQVH�WR�)DUPLQJ�2SWLRQV3ODQWLQJ�'DWH +LJK�,UULJDWLRQ 0HGLXP�,UULJDWLRQ /RZ�,UULJDWLRQ(DUO\ �� ��� ���1RUPDO �� �� ���/DWH ��� ��� ���
úÿ That leaves less than 0.6 million feddans under orchids and palm trees.ú� These options are adopted from Hazell et al. 1994.
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,UULJDWLRQ�RSWLRQV�ZHUH�WR�DSSO\�����SHUFHQW�����SHUFHQW�RU����SHUFHQW�RI�D�FURS¶V�VHDVRQDO�FRQVXPSWLYH�XVH��7KH�LPSDFW�RI�WKH�YDULDWLRQ�LQ�LUULJDWLRQ�OHYHO�ZDV�HVWLPDWHG�XVLQJ�DQ�)$2�PRGHO��&523:$7���<LHOG�UHVSRQVH�WR�WKH�OHYHO�RI�ZDWHU�DSSOLFDWLRQ�ZDV�H[SHFWHG�WR�EH�������DQG�����SHUFHQW��UHVSHFWLYHO\��+D]HOO�HW�DO���������7KH�FRPELQHG�HIIHFW�RI�WKH�WZR�VHWV�RI�RSWLRQV�ZDV�DVVXPHG�WR�EH�DGGLWLYH��7DEOH����5HYHQXH3XEOLVKHG�SHU�IHGGDQ�\LHOG�IRU�HDFK�UHJLRQ�ZDV�DVVXPHG�WR�EH�WKH�EHQFKPDUN�XQGHU�SUHYDLOLQJ�FRQGLWLRQV�LQ�������:KHQ�D�UHJLRQDO�DYHUDJH�ZDV�QRW�DYDLODEOH��DQ�DUHD�ZHLJKWHG�DYHUDJH�ZDV�FDOFXODWHG��)RU�HDFK�\LHOG��HLJKW�DGGLWLRQDO�YDOXHV�ZHUH�FDOFXODWHG�WR�DGMXVW�IRU�SODQWLQJ�GDWHV�DQG�LUULJDWLRQ�RSWLRQV�XVLQJ�WKH�YDULDWLRQ�VKRZQ�LQ�7DEOH����7KH�VDPH�SURFHGXUH�ZDV�DSSOLHG�WR�E\�SURGXFW�\LHOG��<LHOGV�RI�WKH�QLQH DOWHUQDWLYHV�ZHUH�PXOWLSOLHG�E\�FRUUHVSRQGLQJ�DYHUDJH�VHDVRQDO�SULFHV��7KXV��SULFH�DGYDQWDJH�RI�HDUO\�KDUYHVW�ZDV�QRW�DFFRPPRGDWHG��<LHOG�UHODWHG�FRVW�LWHPV�ZHUH�VXEVHTXHQWO\�DGMXVWHG��,QSXW�&RVW&RVW�RI�SURGXFWLRQ�ZDV�GLYLGHG�LQWR�HOHYHQ�LWHPV��ODQG�SUHSDUDWLRQ��VHHG�DQG�FXOWLYDWLRQ��LUULJDWLRQ��PDQXUH��FKHPLFDO�IHUWLOL]HUV��DJULFXOWXUDO�RSHUDWLRQV��SHVWLFLGHV�DQG�WKH�OLNH��KDUYHVW��RQ�IDUP�SURGXFW�WUDQVSRUWDWLRQ��PLVFHOODQHRXV��DQG�UHQW��5HQW�LV�D�SUREOHPDWLF�LVVXH��2Q�WKH�RQH�KDQG��LW�LV�D�IL[HG�FRVW LWHP�VLQFH�LW�KDV�WR�EH�SDLG�ZKHWKHU�WKH�ODQG�LV�FXOWLYDWHG�RU�QRW��2Q�WKH�RWKHU�KDQG��LW�LV�FURS�VSHFLILF��,WV�YDOXH�LV�PDLQO\�GHWHUPLQHG�E\�WKH�FURS�WKDW�ZLOO�EH�FXOWLYDWHG��VXLWDELOLW\�RI�ODQG�WR�WKDW�FURS��FURS�GXUDWLRQ��DQG�RWKHU�IDFWRUV�VXFK�DV�SUR[LPLW\�WR�PDUNHW��LUULJDWLRQ�VRXUFH��HWF��7KXV��UHQW�LV�FRQVLGHUHG�D�YDULDEOH�FRVW�LWHP�LQ�WKLV�PRGHO��0DUNHW�UHQW��QRW�WKH�RIILFLDO�UHQW��ZDV�XVHG��7KH�LPSRUWDQFH�RI�WKH�GLVWLQFWLRQ�EHWZHHQ�UHQW�DV�D�YDULDEOH�RU�IL[HG�FRVW�LV�LQ�WKH�GLVWLQFWLRQ�EHWZHHQ��JURVV�PDUJLQ��DQG��SURILW���7KH�ILUVW�LV��JURVV�UHYHQXH��OHVV��YDULDEOH�FRVW���7KH�ODWWHU�QHWV�RXW�RWKHU�SDLG�IL[HG�FRVW�LWHPV��,UULJDWLRQ�KDV�EHHQ�DGMXVWHG�DFFRUGLQJ�WR�WKH�LUULJDWLRQ�RSWLRQV��2WKHU�LQSXWV�DGMXVWHG�WR�\LHOG�FKDQJHV�DUH�KDUYHVW�DQG�WUDQVSRUWDWLRQ�FRVWV�5HVRXUFH�&RQVWUDLQWV0RQWKO\�FRQVWUDLQWV�DW�WKH�UHJLRQDO�OHYHO�ZHUH�LPSRVHG�RQ�WKH�DUHD�XQGHU�VHOHFWHG�FURSV�DQG�RQ�WKH�ODERU�UHTXLUHPHQW��$�VLQJOH�FRQVWUDLQW�ZDV�LPSRVHG�RQ�WKH�QDWLRQDO�LUULJDWLRQ�UHTXLUHPHQW��
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$SSHQGL[����0DWKHPDWLFDO�3UHVHQWDWLRQ�RI�WKH�$JUR�HFRQRPLF�/3�0RGHOú�
)LJXUH����7KH�³)UHH´�&RQYHQWLRQDO�$JULFXOWXUH�0RGHO��&219$*��0$;¦¦¦¦15(9(18&' * 5 $5($ & ' * 5$ 5 ( $ � & � ' � * � 56 � 7 �¦¦¦/$%250& ' * 5 $5($ & ' * 5d7/$%25 � � � � � � � � � � ��5 �0& � ' � *¦¦¦/$1'00&' * 5 $5($ & ' * 5d7$5($ � � � � � � � � � � � ��5 �0& � ' � *¦¦¦¦ , 5 ,5(4&' * 5 $5($ & ' * 5d7:$7(5& � ' � * � 5$5($ & ' * 5t� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �& �' �* �5

)LJXUH����7KH�³5HVWULFWHG´�&RQYHQWLRQDO�$JULFXOWXUH�0RGHO��&219$*;�0$;¦¦¦¦15(9(18&' * 5 $5($; & ' * 5$5($; & � ' � * � 56 � 7 �¦¦¦/$%250& ' * 5 $5($; & ' * 5d7/$%25 � � � � � � � ��5 �0& � ' � *¦¦¦/$1'00&' * 5 $5($; & ' * 5d7$5($; � � � � � � � ��5 �0& � ' � *¦¦¦¦ , 5 ,5(4&' * 5 $5($; & ' * 5d7:$7(5& � ' � * � 5¦¦$5($;& ' * 5d7$5($6 & 5 �& �0' � *$5($; & ' * 5t� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �& �' �* �5

ú� Notation follows that used in the GAMS program as closely as possible.
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)LJXUH����7KH�³)UHH´�&OHDQ�$JULFXOWXUH�0RGHO��&/(1$*�0$;¦¦¦¦¦15(9(18&' * < 5 $5($ & ' * < 5$ 5 ( $ � & � ' � * � < � 56 � 7 �¦¦¦¦/$%250& ' * < 5 $5($ & ' * < 5d7/$%25 � � � � � � ��5 �0& � ' � * � <¦¦¦¦/$1'00&' * < 5 $5($ & ' * < 5d7$5($ � � � � � � � � ��5 �0& � ' � * � <¦¦¦¦¦ , 5 ,5(4&' < * 5 $5($ & ' * < 5d7:$7(5& � ' � * � < � 5$5($ & ' * < 5t� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �& �' �* �5

)LJXUH����7KH�³5HVWULFWHG´�&OHDQ�$JULFXOWXUH�0RGHO��&/(1$*;�0$;¦¦¦¦¦15(9(18&' * < 5 $5($; & ' * < 5$5($; & � ' � * � < � 56 � 7 �¦¦¦¦/$%250& ' * < 5 $5($; & ' * < 5d7/$%25 � � � � ��5 �0& � ' � * � <¦¦¦¦/$1'00&' * < 5 $5($; & ' * < 5d7$5($; � � � ��5 �0& � ' � * � <¦¦¦¦¦ , 5 ,5(4&' * < 5 $5($; & ' * < 5d7:$7(5& � ' � * � < � 5¦¦¦$5($;& ' * < 5d7$5($; & 5 �& �5' � * � <$5($; & ' * < 5t� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �& �' �* �< �5
1RWHV���& �FURS��' �SODQWLQJ�GDWH� * �LUULJDWLRQ�OHYHO��5 �UHJLRQ��0 �PRQWK��15(9(18 �SHU�IHGGDQ�QHW�UHYHQXHRI�FURS�&��$5($ �DUHD�XQGHU�FURS�&��/$%25 �SHU� IHGGDQ� ODERU�UHTXLUHPHQW�RI�FURS�&�LQ�PRQWK�0��7/$%25 �WRWDO�ODERU�LQ�PRQWK�0�LQ�UHJLRQ�5��/DQG0 �ODQG�UHTXLUHPHQW�RI�FURS�&�LQ�PRQWK�0��7$5($ �WRWDO�DJULFXOWXUH�DUHD�LQ�UHJLRQ�5�LQ�PRQWK�0��,5,5(4� �SHU�IHGGDQ�UHTXLUHPHQW�RI�FURS�&�LQ�UHJLRQ�5��7:$7(5 �WRWDO�QDWLRQDO�ZDWHU���$5($; �UHJLRQDO�DUHD�XQGHU�FURS�&��7$5($6 �����UHJLRQDO�DUHD�XQGHU�FURS�&�PXOWLSOLHG�E\������< �IHUWLOL]DWLRQ�WHFKQLTXH�
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5HIHUHQFHV
$EX�=HLG��0��$����������0DMRU�,VVXHV�LQ�(J\SW
V�:DWHU� 5HVRXUFHV�DQG�,UULJDWLRQ�3ROLF\��7R�WKH1H[W�&HQWXU\���.H\�1RWH��5RXQGWDEOH�RQ�(J\SWLDQ�:DWHU�3ROLF\��3URFHHGLQJV�RI�D�6HPLQDU�RQ�(J\SWLDQ�:DWHU�3ROLF\��VSRQVRUHG�E\�WKH�:DWHU�5HVHDUFK�&HQWHU��WKH�)RUG�)RXQGDWLRQ��DQG�:LQURFN�,QWHUQDWLRQDO��$OH[DQGUL D��(J\SW��$SULO��������SS�������
$EX�=HLG��0��$��DQG�0��$��5DG\���������(J\SW
V�:DWHU�5HVRXUFHV�0DQDJHPHQW�DQG�3ROLFLHV���&RPSUHKHQVLYH�:DWHU�0DQDJHPHQW��3ROLF\�:RUNVKRS��WKH�:RUOG�%DQN��:DVKLQJWRQ�'��&��-XQH�������
$EX�=HLG�� 0�� $��� ������ �&RQVHUYDWLRQ� 	� 0DQDJHPHQW� RI� :DWHU� 5HVRXUFHV� IRU� 6XVWDLQDEOH�'HYHORSPHQW���'HVHUW�'HYHORSPHQW�'LJHVW��9RO�������ZLQWHU��� ���
$PHU��+DVVDQ�0RKDPHG���������5HXVH�RI�'UDLQDJH�:DWHU�3URMHFW�IRU�,UULJDWLRQ�3XUSRVHV��7KH�&XUUHQW� 6LWXDWLRQ�� DQG� )XWXUH�8VH� 6WUDWHJ\��� SUHVH QWHG� WR� WKH�&RQIHUHQFH� RQ�$JULFXOWXUDO�6WUDWHJLHV�IRU�WKH�����V��)HE���� �����&DLUR��0$/5���LQ�$UDELF��
$�5�(����������/DZ�1XPEHU���IRU�WKH�<HDU������WR�,VVXH�D�/DZ�&RQFHUQLQJ�WKH�(QYLURQPHQW����QG�SULQW��WKH�*HQHUDO�$XWKRULW\�IRU�2IILFLDO�3ULQWVKRS�$IIDLU V��&DLUR���LQ�$UDELF��
$�5�(����������/HJLVODWLRQ�&ROOHFWLRQ��3URWHFWLQJ�WKH�(QYLURQPHQW�IURP�3ROOXWLRQ����QG�SULQW��3DUW����WKH�*HQHUDO�$XWKRULW\�IRU�2IILFLDO�3ULQWVKRS�$IIDLUV��&DLUR���LQ�$UDELF��
$ZDGDOODK�� 6��� ������ ³5HF\FOLQJ� 0XQLFLSDO� DQG� )DUP� :DVW HV� IRU� %LRDJULFXOWXUH� LQ� (J\SW´��PLPHRJUDSK��
$XOG�� %�$��� .�0��0HQ]�� &�$�� 7LVGHOO�� ������:HHG� &RQWURO� (FRQRPLFV�� /RQGRQ�� $FDGHPLF�3UHVV��
$XWRULQR��$�$��� ������ �6PLWK�	�:HVVRQ�� (QYLURQPHQWDOO\� 6DIH� 3URGXFWLRQ���$� SUHVHQWDWLRQ�DQG�D�KDQGRXW�GLVWULEXWHG�DW D�FRQIHUHQFH�RQ��7KH�5ROH�RI�&OHDQHU�3URGXFWLRQ� LQ�0HHWLQJ�WKH�&KDOOHQJHV�RI�D�&KDQJLQJ�:RUOG�(FRQRP\���7DED��(J\SW��-XO\���� ����
%DXPRO��:LOOLDP�-���������(FRQRPLF�7KHRU\�DQG�2SHUDWLRQV�$QDO\VLV���WK�HG��/RQGRQ��3UHQWLFH�+DOO�,QWHUQDWLRQDO�
%LVZDV�� $VLW� .��� ������ �/DQG� DQG� :DWHU� 0DQDJHPHQW� IRU� 6XVWDLQDEOH� $JULFXOWXUDO�'HYHORSPHQW� LQ�(J\SW��2SSRUWXQLWLHV�DQG�&RQVWUDLQWV���5HSRUW�6XEPLWWHG� WR� WKH�)RRG�DQG�$JULFXOWXUDO�2UJDQL]DWLRQ��3URMHFW�7&3�(*<�������5RPH��,WDO\�
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%UDQGRQ�� &DUWHU� DQG� 5DPHVK� 5DPHQNXWW\�� ������ �7RZDUG� DQ� (QYLURQPHQWDO� 6WUDWHJ\� IRU�$VLD���7KH�:RUOG�%DQN��:DVKLQJWRQ�'�&�
%XVK��%DUEDUD���������+RZ�&OHDQHU�3URGXFWLRQ�&DQ�+HOS�,QGXVWULHV��/HVVRQV�/HDUQHG�IURP�86�(QYLURQPHQWDO�3ROLF\���$�SUHVHQWDWLRQ�PDGH�DQG�D�KDQGRXW�GLVWULEXWHG�DW�WKH�FRQIHU HQFH�RQ��7KH� 5ROH� RI� &OHDQHU� 3URGXFWLRQ� LQ� 0HHWLQJ� WKH� &KDOOHQJHV� RI� D� &KDQJLQJ� :RUOG�(FRQRP\���7DED��(J\SW��-XO\���� ����
&$30$6��������6WDWLVWLFDO�<HDU�%RRN����� �������&DLUR��(J\SW��
&KHPRQLFV�� �����F��8QDFFRXQWHG�IRU�:DWHU� LQ�5XUDO�:DWHU�6\VWHPV��$�&DV H�6WXG\��86$,'�&RQWUDFW�1R�����������&�������������3URMHFW�1R������������3:6������(��
'5,� O����� (QYLURQPHQWDO� DQG� +HDOWK� ,PSDFW� RI� ,UULJDWLRQ� DQG� 'UDLQDJH� 6\VWHP� LQ� (J\SW��$GYLVRU\�3DQHO�IRU�/DQG�'UDLQDJH�LQ�(J\SW��(6*�
(($$���7KH�)LIWHHQ�<HDU�3ODQ�IRU�(QYLURQPHQWDO�3URWHFWLRQ�������������
(&(3�'573&�7,06�(3����������3ROOXWLRQ�3UHYHQWLRQ�$VVHVVPHQW�´�YDULRXV�LVVXHV�
(O� *RKDU\�� )DWPD�� ������ �&RPSDUDWLYH� (QYLURQPHQWDO� 5LVNV� LQ� &DLUR�� :DWHU� 3ROOXWLRQ�3UREOHP��� ,Q� 35,'(� �3URMHFW� LQ� 'HYHORSPHQW� DQG� WKH� (QYLU RQPHQW��� ������ �&RPSDULQJ�(QYLURQPHQWDO� +HDOWK� 5LVNV� LQ� &DLUR�� (J\SW��� 9RO�� ��� 7HFKQLFDO� $QQH[HV�� 5HSRUWV� E\�(J\SWLDQ�&RQVXOWDQWV��86$,'�&RQWUDFW�1XPEHU��$1( ������4�������������
*UHQ��,QJ�0DULH���������$OWHUQDWLYH�1LWURJHQ�5HGXFWLRQ�3ROLFLHV�LQ�WKH�0DODU� 5HJLRQ��6ZHGHQ��%HLMHU� 5HSULQW� 6HULHV�� 1R�� ���� %HLMHU� ,QWHUQDWLRQDO� ,QVWLWXWH� RI� (FRORJLFDO� (FRQRPLFV�� WKH�5R\DO�6ZHGLVK�$FDGHP\�RI�6FLHQFHV�
*XQDUDWQDP�� 'DQLHO� -��� *DU\� 3�� .XWFKHU�� DQG� 6WHSKHQ� -�� 0F*XUN�� ������ �$SSOLFDWLRQ� RI� D�%DVLQ�OHYHO�0RGHO�WR�WKH�<HOORZ�5LYHU��:DWHU�3ROLF\�DQG�:DWHU�0DUNHWV��*X\�/H\�0RLJQH�HW�DO���HGV��7KH�:RUOG�%DQN��:DVKLQJWRQ��'�&�
+D]HOO��3HWHU��1LFRVWUDWR�3HUH]��*DPDO�6LDP��DQG�,EUDKLP�6ROLPDQ���(IIHFWV�RI�'HUHJXODWLRQ�RI�WKH� $JULFXOWXUDO� 3URGXFWLRQ� 6HFWRU� RQ� )RRG�$YDLODELOLW\ DQG� 5HVRXUFH� 8VH� LQ� (J\SW��� ,Q�0$/5�,)35,�������³0DLQWDLQLQJ�)RRG�6HFXULW\�LQ�(J\SW�GXULQJ�DQG�DIWHU�$JULFXOWXUDO�DQG�)RRG�3ROLF\�5HIRUP���SW��,,,���PDQXVFULSW��
+XOPH�� 0LFKDHO�� ������ �*OREDO� &OLPDWH� &KDQJH� DQG� WKH� 1LOH� %DVLQ��� LQ� WKH� 1LOH� 5HVRXUFH�(YDOXDWLRQ�� 5HVRXUFH� 0DQDJHPHQW�� +\GURSROLWLFV� DQG� /HJDO� ,VVXHV�� 3�3�� +RZHOODXG� DQG�
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-�$��$OODQ��HGV���&HQWUH�RI�1HDU�DQG�0LGGOH�(DVWHUQ�6WXGLHV��8QLYHUVLW\�RI�/RQGRQ��SS���� ����
-XVW��5LFKDUG�(���'DUUHOO�/��+XHWK��DQG�$QGUHZ�6FKPLW]��������$SSOLHG�:HOIDUH�(FRQ RPLFV�DQG�3XEOLF�3ROLF\��1HZ�-HUVH\��3UHQWLFH�+DOO�
.KRX]DP�� 5DRXI� )��� ������ �&ROOHFWLYH� $FWLRQ� LQ� ,UULJDWLRQ��� LQ� 5HVROXWLRQ� RI� :DWHU�4XDQWLW\�4XDOLW\� &RQIOLFWV�� $ULHO� 'LQDU� DQG� (GQD� /RHKPDQ�� HGV��� *UHHQZRRG� 3XEOLVKLQJ�*URXS�
/LEE\��/DZUHQFH�:��DQG�:LOO LDP�*��%RJJHVV�������� �$JULFXOWXUH�DQG�:DWHU�4XDOLW\��:KHUH�$UH�:H�DQG�:K\"���LQ�$JULFXOWXUH�DQG�:DWHU�4XDOLW\��,QWHUQDWLRQDO�3HUVSHFWLYHV��%RXOGHU��-RKQ�%��%UDGHQ�DQG�6WHSKHQ�%��/RYHMR\��HGV����/\QQH�5LHQQHU�3XEOLVKHUV��SS��� ����
/DQG� 0DVWHU� 3ODQ� ������� )LQDO� 5HSRUW�� 0DLQ� 5HSRUW�� SUHSDUHG� E\� (XURFRQVXOW�3$&(5�&RQVXOWDQWV��&RGH�����������&DLUR��(J\SW�/XQGTYLVW�� -DQ� DQG� 7RUNLO� -RQFK�&ODXVHQ�� HGV��� ������ 3XWWLQJ� 'XEOLQ�$JHQGD� LQWR� 3UDFWLFH��/HVVRQV� DQG�1HZ�$SURDFKHV� LQ�:DWHU� DQG�/DQG�0DQDJHPHQW�� 6SHFLDO� 6HV VLRQ� DW� WKH��WK�,:5$�:RUOG�&RQJUHVV��&DLUR��(J\SW��1RYHPEHU��� ����
0HDGRZV��'RQHOOD�+��'HQQLV�/��0HDGRZV��-RUJHQ�5DQGHUV��:LOOLDP�:��%HKUHQV�,,,��������7KH�/LPLWV�WR�*URZWK��8QLYHUVH�%RRNV��1HZ�<RUN��
03::5�)RUG�)RXQGDWLRQ����������*URXQGZDWHU�([WUDFWLRQ DQG�8VH�LQ�,UULJDWLQJ�2OG�/DQGV�LQ�WKH�1LOH�9DOOH\�´�)LQDO�5HSRUW��0DLQ�5HSRUW��&DLUR��(J\SW�
0$/5��������$JULFXOWXUDO�6WDWLVWLFV�%ULHI��1R�����&DLUR��(J\SW��LQ�$UDELF��
0LQLVWU\�2I�3ODQQLQJ���������7KH�7KLUG�)LYH�<HDU�3ODQ�IRU�(FRQRPLF�DQG�6RFLDO�'HYHO RSPHQW������������������� DQG� LWV� )LUVW� <HDU� ��������� 6HFRQG�9ROXPH�� 7KH� 6HFWRUDO� 3LFWXUH�� �LQ�$UDELF��
16&���������7KH�3ROLF\�RI�3URWHFWLQJ� WKH�1LOH�5LYHU�IURP�3ROOXWLRQ��� LQ�(QF\FORSHGLD�RI�WKH�1DWLRQDO�6SHFLDOL]HG�&RXQFLOV������ �������9RO������SS�����������LQ�$UDELF��
'H�1HYH��)UDQV���0���������D�SUHVHQWDWLRQ�PDGH�DQG�D�KDQGRXW�GLVWULEXWHG�DW�WKH�FRQIHUHQFH�RQ��7KH� 5ROH� RI� &OHDQHU� 3URGXFWLRQ� LQ� 0HHWLQJ� WKH� &KDOOHQJHV� RI� D� &KDQJLQJ� :RUOG�(FRQRP\���7DED��(J\SW��-XO\���� ����
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3HDUFH�� 'DYLG� :�� DQG� 5�� .HUU\� 7XUQHU�� ������ (FRQRPLFV� RI� 1DWXUDO� 5HVRXUFHV� DQG� WKH�(QYLURQPHQW��%DOWLPRUH��-RKQ�+RSNLQV�8QLYHUVLW\�3UHVV��
513'���5LYHU�1LOH�3URWHFWLRQ�DQG�'HYHORSPHQW�3URMHFW²3KDVH�,,��������������PLPHRJUDSK��
35,'(���������(QYLURQPHQWDO�$VVLVWDQFH�WR�(J\SW���6WDWXV� 5HSRUW�
6LDP�� *��� ������ $SSURDFKHV� IRU� (QYLURQPHQWDOO\ �&RQVHUYDWLYH� $JULFXOWXUH� LQ� (J\SW��PLPHRJUDSK��
6KRDOV��0XVFKOH�������³)HUWLOL]HU�3ROLF\�,PSDFW�6WXG\�´�)LQDO�5HSRUW��SUHSDUHG�IRU�WKH�*RYHUQPHQW�RI�WKH�$UDE�5HSXEOLF�RI�(J\SW�DQG�86$,'�&DLUR�
7HHULQN��-RKQ�5��DQG�0DVDKLUR�1DNDVKLPD���������:DWHU�$OORFDWLRQ��5LJKWV��DQG�3ULFLQJ��([DPSOHV�IURP�-DSDQ�DQG�WKH�8QLWHG�6WDWHV���7KH�:RUOG�%DQN��:DVKLQJWRQ�'�&�
7KREDQL��0DWHHQ���������3HUX��$�8VHU �%DVHG�$SSURDFK�WR�:DWHU�0DQDJHPHQW�DQG�,UULJDWLRQ�'HYHORSPHQW���7KH�:RUOG�%DQN��:DVKLQJWRQ��'�&�
7RKDP\��6���������,QWHUQDWLRQDO�([SHULHQFH�LQ�&RQWUROOLQJ�5LYHU�:DWHU�3ROOXWLRQ�DQG�3ROLF\�5HFRPPHQGDWLRQV�IRU�(J\SW��PLPHRJUDSK��
:&('��7KH�:RUOG�&RPPLVVLRQ�RQ�(QYLURQPHQW�DQG�'HYHORSPHQW����2XU�&RPPRQ�)XWXUH���FRQGHQVHG��<YRQQH�.XSVFK��HG��
:03���������'UDIW�)LQDO�5HSRUW�RQ�WKH�)LUVW�3KDVH�RI�WKH�0DVWHU�:DWHU�3ODQ�3URMHFW��
:03�������E���,QGXVWULDO�:DWHU�8VH�DQG�:DVWHZDWHU�3URGXFWLRQ���7HFKQLFDO�5HSRUW������81'3�(*<��������
:RUOG�%DQN�������D��:RUOG�'HYHORSPHQW�5HSRUW�������,QYHVWLJDWLRQV�LQ�+HDOWK��:RUOG�%DQN������E��³:DWHU�5HVRXUFHV�0DQDJHPHQW��D�:%�3ROLF\�3DSHU�´�:DVKLQJWRQ��'�&�


	Abstract
	ãáÎÜÜÜÕ
	Abbreviations
	1. Introduction
	2. Water Shortage and Pollution
	Dealing with Water Shortage
	Source: text summary
	Current Environmental Policy
	Why the Current Policy Has Not Succeeded

	3. Towards a More Effective Policy
	Municipal Waste
	Agricultural Pollution
	Source: Summarized from the output of the linear programming model.
	Industrial Effluent

	Appendix 1: The Agro-economic LP Model
	Data Sources
	The Decision Variable
	Geographical Aggregation
	Cropping Pattern
	Flexible Farming Options
	Revenue
	Input Cost
	Resource Constraints

	Appendix 2: Mathematical Presentation of
	the Agro-economic LP Model
	References

