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Abstract: Clayey soils are characterized by distinct physical 
properties that significantly affect agricultural productivity and 
soil management. Their fine texture, high water retention 
capacity, low permeability, and compact structure make them 
both challenging and beneficial for farming. This study examines 
the role of clayey soils in agriculture, incorporating both 
geological and agricultural perspectives. From a geological 
viewpoint, the mineral composition of clay, such as the presence 
of kaolinite, illite, and montmorillonite, influences how the soil 
behaves under various environmental conditions. These minerals 
impact water retention, nutrient availability, and the soil's 
response to tillage and compaction. In the context of agriculture, 
understanding these geological properties is essential for 
developing effective management strategies. For instance, while 
clayey soils can retain moisture, they can also become easily 
waterlogged or compacted, reducing root growth and limiting 
oxygen availability. Therefore, agricultural practices must be 
tailored to improve soil structure, enhance water infiltration, and 
prevent erosion. This research highlights the importance of 
integrating geological knowledge with agricultural strategies to 
address the specific challenges of clayey soils. By considering 
both the physical and mineralogical properties of clayey soils, 
farmers can adopt practices that optimize crop yield, minimize 
soil degradation, and promote sustainable farming. The study 
suggests that a combination of soil amendments, crop rotation, 
and careful irrigation practices can enhance the productivity and 
environmental sustainability of clayey soils. 

Keywords: Soil texture, Agricultural strategies, Clayey soil, Soil 
management, Water retention. 

I. INTRODUCTION 

Soil is a critical natural resource that sustains life on Earth, 
playing a vital role in agriculture, ecology, and the 

environment. It is the topmost layer of the Earth's surface, a 
complex mixture of mineral particles, organic matter, water, and 
air. Soil provides the foundation for plant growth, regulates water

and nutrient cycles, and serves as a habitat for countless 
organisms. It is also a significant player in global carbon and 
nitrogen cycles, making it crucial for sustaining biodiversity and 
supporting ecosystems (Tarbuck et al., 2016). Among the many 
types of soil, clayey soils, or clay-rich soils, stand out due to their 
unique characteristics and diverse implications in both geological 
and agricultural contexts (Firoozi et al., 2016). These soils 
contain a high proportion of fine particles, typically smaller than 
0.002 millimeters in diameter, which are primarily composed of 
clay minerals (Bergaya & Lagaly, 2006). The mineral 
composition of clay soils, including kaolinite, montmorillonite, 
and illite, determines their distinctive properties, such as high 
plasticity, water retention capacity, and low permeability (Do 
Nascimento, 2021). 

From a geological perspective, clay-rich soils are formed 
through the weathering and breakdown of rocks (Taser & 
Metinoglu, 2005). Over time, physical, chemical, and biological 
processes break down the parent material into smaller particles, 
eventually resulting in the formation of clay minerals (Anikwe, 
2000). The properties of these minerals, including their ability to 
hold moisture and nutrients, are crucial in shaping the soil's 
overall behavior (Phogat et al., 2015). Geologists study these 
properties to understand the processes involved in soil formation 
and to predict the long-term stability of clay soils in different 
environmental conditions (Lu et al., 2014). The importance of 
clayey soils in geology extends beyond soil formation (Adeyanju 
& Okeke, 2019). Clay minerals influence soil structure and its 
ability to retain water, which can impact erosion processes, land 
stability, and geological hazard management (Dhar & Hussain, 
2019). For instance, clayey soils are often prone to swelling and 
shrinking with changes in moisture content, leading to land 
instability in areas with high clay content (Karkush & Yassin, 
2020). These behaviors can have significant implications for 
construction, agriculture, and land management (Hassan et al., 
2021). 

In the context of agriculture, clay soils present both 
opportunities and challenges. Their ability to retain water makes 
them valuable for growing crops in regions with irregular rainfall 
patterns (Varghese & K, 2021). The fine texture of clayey soils
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KHOSV UHWDLQ QXWULHQWV VXFK DV SRWDVVLXP� FDOFLXP� DQG�
PDJQHVLXP�� ZKLFK� DUH� HVVHQWLDO� IRU� SODQW� JURZWK� �6KDUPD� 	�
6KDUPD�� ������� +RZHYHU�� WKHVH� VRLOV� DOVR� SRVH� FKDOOHQJHV� IRU�
IDUPHUV� GXH� WR� WKHLU� VORZ� GUDLQDJH� DQG� WHQGHQF\� WR� EHFRPH�
FRPSDFWHG�� OLPLWLQJ� URRW� JURZWK� DQG� UHGXFLQJ� WKH� R[\JHQ�
DYDLODEOH� WR� SODQWV� �%DKPHG� HW� DO��� ������� 7KH� DJULFXOWXUDO�
VLJQLILFDQFH� RI FOD\� VRLOV FDQ YDU\� GHSHQGLQJ� RQ� ORFDO�
HQYLURQPHQWDO FRQGLWLRQV DQG VRLO PDQDJHPHQW SUDFWLFHV�
�.DUNXVK� 	�$OL�� ������� ,Q� DUHDV� ZKHUH� FOD\� VRLOV� DUH� SURQH� WR�
ZDWHUORJJLQJ��HIIHFWLYH�GUDLQDJH�V\VWHPV�DUH�QHFHVVDU\�WR�HQVXUH�
WKH� SURSHU� IXQFWLRQLQJ� RI� WKH� VRLO� �5DKJR]DU� HW� DO��� �������
$GGLWLRQDOO\�� WLOODJH� SUDFWLFHV� PXVW� EH� FDUHIXOO\� PDQDJHG� WR�
SUHYHQW� VRLO� FRPSDFWLRQ� DQG� WR� HQKDQFH� VRLO� DHUDWLRQ�� ERWK� RI�
ZKLFK� DUH� HVVHQWLDO� IRU� PDLQWDLQLQJ� KHDOWK\� FURSV� �*XKD5D\� HW�
DO��� ������� )DUPHUV� PD\� DOVR� DSSO\� VRLO� DPHQGPHQWV�� VXFK� DV�
RUJDQLF�PDWWHU� RU� J\SVXP�� WR� LPSURYH� VRLO� VWUXFWXUH� DQG� UHGXFH�
WKH� QHJDWLYH� LPSDFWV� RI� FOD\H\� VRLOV� �3XVKSDNXPDUD�	�0HQGLV��
�������

)URP�D�SK\VLFDO�VRLO�VFLHQFH�SHUVSHFWLYH��FOD\�ULFK�VRLOV�DUH�RI�
SDUWLFXODU� LQWHUHVW� GXH� WR� WKHLU� XQLTXH�SK\VLFDO�SURSHUWLHV� �2MXUL�
HW� DO��� ������� 2QH� NH\� FKDUDFWHULVWLF� RI� FOD\� VRLOV� LV� WKHLU� KLJK�
EXON� GHQVLW\�� ZKLFK� LV� WKH� PDVV� RI� VRLO� SHU� XQLW� YROXPH�
�0RKDPPHG���������&OD\�VRLO�W\SLFDOO\�KDV�KLJKHU�EXON�GHQVLWLHV�
WKDQ� RWKHU� VRLO� W\SHV�� PDNLQJ� WKHP� PRUH� SURQH� WR� FRPSDFWLRQ�
DQG� UHGXFLQJ� WKHLU� DELOLW\� WR� VWRUH� ZDWHU� DQG� DLU� �$PUL� HW� DO���
�������7KLV�PDNHV�XQGHUVWDQGLQJ�WKH�SK\VLFDO�SURSHUWLHV�RI�FOD\�
VRLOV HVVHQWLDO IRU RSWLPL]LQJ DJULFXOWXUDO SUDFWLFHV DQG�
PDLQWDLQLQJ� VRLO� KHDOWK� �+DJKVKHQR�	�$UDEDQL�� �������$QRWKHU�
LPSRUWDQW� SK\VLFDO� SURSHUW\� RI� FOD\H\� VRLOV� LV� WKHLU� SRURVLW\�� RU�
WKH�SURSRUWLRQ�RI�WKH�VRLO�YROXPH�WKDW�LV�PDGH�XS�RI�SRUH�VSDFHV��
:KLOH�FOD\�VRLOV�KDYH�UHODWLYHO\�ORZ�SRURVLW\�FRPSDUHG�WR�VDQG\�
VRLOV�� WKH� VL]H� DQG� GLVWULEXWLRQ� RI� WKH� SRUHV� ZLWKLQ� WKH� VRLO� FDQ�
DIIHFW� ZDWHU� UHWHQWLRQ� DQG� GUDLQDJH� �1LNEDNKW� HW� DO��� �������
&OD\H\� VRLOV� KDYH� VPDOO�� ILQH� SRUHV� WKDW� FDQ� KROG� ZDWHU� IRU�
H[WHQGHG� SHULRGV�� PDNLQJ� WKHP� SURQH� WR� ZDWHUORJJLQJ� ZKHQ�
VDWXUDWHG�� 7KH� SHUPHDELOLW\� RI� FOD\� VRLOV�� RU� WKHLU� DELOLW\� WR�
WUDQVPLW� ZDWHU� DQG� DLU�� LV� W\SLFDOO\� ORZ�� ZKLFK� FDQ� IXUWKHU�
FRPSOLFDWH�IDUPLQJ�SUDFWLFHV�LQ�WKHVH�VRLOV��1RDPDQ�HW�DO����������
7KH�ZDWHU�UHWHQWLRQ�FDSDFLW\�RI�FOD\�VRLOV�LV�ERWK�D�EHQHILW�DQG�D�
FKDOOHQJH��=KX�HW�DO����������:KLOH�WKH\�FDQ�VWRUH�ODUJH�DPRXQWV�
RI� ZDWHU�� WKHLU� VORZ� GUDLQDJH� FDQ� OHDG� WR� VXUIDFH� UXQRII� DQG�
HURVLRQ� LQ� DUHDV� ZLWK� KHDY\� UDLQIDOO� �%DOGRYLQR� HW� DO��� �������
)DUPHUV�PXVW� DGRSW� LUULJDWLRQ�DQG�ZDWHU�PDQDJHPHQW� VWUDWHJLHV�
WR�HQVXUH�WKDW�FOD\�VRLO�UHPDLQV�SURGXFWLYH�ZKLOH�DYRLGLQJ�H[FHVV�
ZDWHU�DFFXPXODWLRQ��&KHULI�HW�DO����������7KH�XVH�RI�UDLVHG�EHGV��
LPSURYHG� LUULJDWLRQ� V\VWHPV�� DQG� HIILFLHQW� ZDWHU� PDQDJHPHQW�
SUDFWLFHV� FDQ� KHOS� PLWLJDWH� ZDWHU�UHODWHG� LVVXHV� LQ� FOD\H\� VRLOV�
�0RPHQL�HW�DO����������

7KH�VWUXFWXUDO�SURSHUWLHV�RI�FOD\�VRLO��LQFOXGLQJ�WKHLU�FRKHVLRQ�
DQG� FRPSDFWLRQ� UHVLVWDQFH�� DUH� DOVR� NH\� IDFWRUV� LQ� WKHLU�
DJULFXOWXUDO�VXLWDELOLW\��)LURR]L�HW�DO����������7KH�ILQH�SDUWLFOHV�LQ�
FOD\�VRLO�ELQG�WRJHWKHU�WLJKWO\��JLYLQJ�WKH�VRLO�LWV�GHQVH��FRPSDFW�
QDWXUH��7KLV�FRPSDFWQHVV�FDQ�LPSHGH�URRW�JURZWK�DQG�KLQGHU�WKH�
PRYHPHQW�RI�ZDWHU�DQG�QXWULHQWV��PDNLQJ�LW�GLIILFXOW�IRU�SODQWV�WR�
DFFHVV� HVVHQWLDO� UHVRXUFHV� �'R� 1DVFLPHQWR�� ������� 7R� DGGUHVV�
WKHVH� FKDOOHQJHV�� VRLO� PDQDJHPHQW� WHFKQLTXHV� VXFK� DV� GHHS�
WLOODJH� DQG� FURS� URWDWLRQ� DUH� RIWHQ� HPSOR\HG� WR� HQKDQFH� VRLO�
VWUXFWXUH� DQG� LPSURYH� SODQW� JURZWK�� 6RLO� HURVLRQ� LV� DQRWKHU�
LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQ�GHDOLQJ�ZLWK�FOD\H\�VRLOV� �+DVVDQ

HW� DO��� ������� :KLOH� FOD\� VRLOV� DUH� OHVV� SURQH� WR� ZLQG� HURVLRQ�
FRPSDUHG� WR� VDQG\� VRLOV�� WKH\� DUH� KLJKO\� VXVFHSWLEOH� WR� ZDWHU�
HURVLRQ�� HVSHFLDOO\� RQ� VORSHG� WHUUDLQV� �*KRVK� 	� &KDNUDERUW\��
�������+HDY\�UDLQIDOO�FDQ�FDXVH�WKH�VXUIDFH�OD\HUV�RI�FOD\�VRLO�WR�
EHFRPH� GLVORGJHG�� OHDGLQJ� WR� VHGLPHQWDWLRQ� DQG� WKH� ORVV� RI�
WRSVRLO��9HOGH���������7R�FRPEDW�HURVLRQ��FRQVHUYDWLRQ�SUDFWLFHV�
VXFK�DV�FRQWRXU�IDUPLQJ��WHUUDFLQJ��DQG�WKH�XVH�RI�FRYHU�FURSV�DUH�
HVVHQWLDO�IRU�SURWHFWLQJ�FOD\H\�VRLOV�DQG�PDLQWDLQLQJ�WKHLU�IHUWLOLW\�
�5DKJR]DU� HW� DO��� ������� %\� LQWHJUDWLQJ� JHRORJLFDO� NQRZOHGJH�
ZLWK�DJULFXOWXUDO�SUDFWLFHV��ZH�FDQ�FUHDWH�HIIHFWLYH�VWUDWHJLHV�WKDW�
DGGUHVV� WKH� FKDOOHQJHV� SRVHG� E\� FOD\� VRLO� DQG� KDUQHVV� WKHLU�
SRWHQWLDO� IRU� VXVWDLQDEOH� ODQG� XVH� �7DVHU� 	� 0HWLQRJOX�� �������
8QGHUVWDQGLQJ� WKH� IXQGDPHQWDO� SURSHUWLHV� RI� FOD\H\� VRLOV� DQG�
GHYHORSLQJ�WDLORUHG�DSSURDFKHV� WR� WKHLU�PDQDJHPHQW�ZLOO�HQVXUH�
WKDW� WKH\�FRQWLQXH� WR� VXSSRUW� DJULFXOWXUH�� HFRV\VWHP�KHDOWK�� DQG�
ODQG�VWDELOLW\�LQ�WKH�IXWXUH��0RKDPPHG���������

,,� &/$<(<�62,/�0,1(5$/2*<�

&OD\H\�VRLOV�DUH�D�YLWDO�FRPSRQHQW�RI�WKH�(DUWK
V�VXUIDFH�DQG�
SOD\� D� FUXFLDO� UROH� LQ� JHRORJ\�� JHRWHFKQLFDO� HQJLQHHULQJ��
DJULFXOWXUH�� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� �'R� 1DVFLPHQWR��
�������7KHVH� VRLOV� DUH� SULPDULO\�FRPSRVHG� RI� ILQH�JUDLQHG� FOD\�
PLQHUDOV�� ZKLFK� DUH� IRUPHG� WKURXJK� WKH� ZHDWKHULQJ� RI� VLOLFDWH�
URFNV� DQG� RWKHU� SDUHQW� PDWHULDOV� �=KRX�	�.HHOLQJ�� ������� 7KH�
XQLTXH�PLQHUDORJ\� RI� FOD\H\� VRLOV� VLJQLILFDQWO\� LQIOXHQFHV� WKHLU�
SK\VLFDO� FKHPLFDO� DQG PHFKDQLFDO SURSHUWLHV� DIIHFWLQJ�
HYHU\WKLQJ�IURP�VRLO�VWDELOLW\�WR�FURS�SURGXFWLYLW\��+DMGDUZLVK�HW�
DO��� ������� 8QGHUVWDQGLQJ� WKH� FRPSRVLWLRQ�� VWUXFWXUH�� DQG�
EHKDYLRU� RI� FOD\� PLQHUDOV� LV� HVVHQWLDO� IRU� GHVLJQLQJ� HIIHFWLYH�
HQJLQHHULQJ� VROXWLRQV�� LPSURYLQJ� DJULFXOWXUDO� VRLO� PDQDJHPHQW��
DQG�HQVXULQJ�VXVWDLQDEOH�ODQG�XVH��+DJKVKHQR�	�$UDEDQL���������
&OD\� PLQHUDOV� H[KLELW� KLJK� SODVWLFLW\�� ZDWHU� UHWHQWLRQ�� DQG�
VZHOOLQJ� SRWHQWLDO�� ZKLFK� PDNH� WKHP� ERWK� EHQHILFLDO� DQG�
SUREOHPDWLF�� GHSHQGLQJ� RQ� WKHLU� DSSOLFDWLRQ� �5DKJR]DU� HW� DO���
������ 7KLV SDSHU H[SORUHV WKH VWUXFWXUDO FKDUDFWHULVWLFV��
FODVVLILFDWLRQ� JHRWHFKQLFDO VLJQLILFDQFH� DQG VXVWDLQDELOLW\�
FRQVLGHUDWLRQV�RI�FOD\H\�VRLO�PLQHUDORJ\�LQ�GHWDLO��%DKPHG�HW�DO���
�������&OD\�PLQHUDOV�EHORQJ�WR�WKH�SK\OORVLOLFDWH�JURXS��PHDQLQJ�
WKH\� KDYH� D� OD\HUHG� FU\VWDO� VWUXFWXUH� FRPSRVHG� RI� DOWHUQDWLQJ�
WHWUDKHGUDO�DQG�RFWDKHGUDO� VKHHWV��/X�HW�DO����������7KHVH�VKHHWV�
DUH�IRUPHG�E\�WKH�DUUDQJHPHQW�RI�VLOLFRQ��DOXPLQXP��R[\JHQ��DQG�
K\GUR[\O� LRQV�� FUHDWLQJ� VWUXFWXUHV� WKDW� GHILQH� WKH� SK\VLFDO� DQG�
FKHPLFDO�EHKDYLRU�RI�FOD\�PLQHUDOV��0RKDPPHG���������)LJXUH���
SURYLGHV� D� VLPSOLILHG� H[DPSOH� RI� FOD\� PLQHUDO� VWUXFWXUH� ZHUH�
GHVFULEHG�DV��'R�1DVFLPHQWR���������

Tetrahedral and Octahedral Sheets of Clay�� 7HWUDKHGUDO�
VKHHWV�FRQVLVW�RI�VLOLFRQ��6Lၪၰ��DWRPV�VXUURXQGHG�E\�IRXU�R[\JHQ�
�2ðၱ��DWRPV�LQ�D�WHWUDKHGUDO�DUUDQJHPHQW��7KHVH�WHWUDKHGUD�VKDUH�
R[\JHQ DWRPV� IRUPLQJ D FRQWLQXRXV VKHHW� ,Q FRQWUDVW��
RFWDKHGUDO�VKHHWV�DUH�FRPSRVHG�RI�DOXPLQXP��$Oñၰ���PDJQHVLXP�
�0Jðၰ��� RU� LURQ� �)Hðၰ�)Hñၰ�� LRQV� FRRUGLQDWHG� ZLWK� R[\JHQ� RU�
K\GUR[\O�JURXSV�LQ�DQ�RFWDKHGUDO�VWUXFWXUH��7KH�ZD\�WKHVH�VKHHWV�
DUH� VWDFNHG� GHWHUPLQHV� WKH� IRUPDWLRQ� RI� GLIIHUHQW� FOD\� PLQHUDO�
JURXSV��HDFK�ZLWK�XQLTXH�SURSHUWLHV�DIIHFWLQJ�SODVWLFLW\��VZHOOLQJ�
EHKDYLRU��DQG�FDWLRQ�H[FKDQJH�FDSDFLW\��&(&���&OD\�PLQHUDOV�DUH�
FODVVLILHG�EDVHG�RQ�WKH�UDWLR�RI�WHWUDKHGUDO�WR�RFWDKHGUDO�VKHHWV�LQ�
WKHLU�VWUXFWXUH��7KH�WKUHH�SULPDU\�JURXSV�LQFOXGH�NDROLQLWH��LOOLWH��
DQG�VPHFWLWH�
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Fig. 1�6LPSOLILHG�VWUXFWXUHV�IRU�FOD\�PLQHUDOV��7RXUQDVVDW�HW�DO��������

7KH� NDROLQLWH� JURXS� KDV� D� ���� VWUXFWXUH�� FRQVLVWLQJ� RI� RQH�
WHWUDKHGUDO�VKHHW�DQG�RQH�RFWDKHGUDO�VKHHW��7KLV�VWDEOH�VWUXFWXUH�LV�
UHLQIRUFHG�E\�VWURQJ�K\GURJHQ�ERQGLQJ�EHWZHHQ�OD\HUV��PDNLQJ�LW�
QRQ�H[SDQVLYH�ZLWK�ORZ�&(&��DSSUR[LPDWHO\������FPRO�NJ���'XH�
WR� LWV� H[FHOOHQW� GUDLQDJH� SURSHUWLHV�� NDROLQLWH� LV� ZLGHO\� XVHG� LQ�
SDSHU� FRDWLQJ�� FHUDPLFV�� DQG� SKDUPDFHXWLFDOV�� ,W� LV� FRPPRQO\�
IRXQG� LQ� KLJKO\�ZHDWKHUHG� WURSLFDO� VRLOV�� VXFK� DV� ODWHULWLF� VRLOV��
7KH� LOOLWH� JURXS� IROORZV� D� ���� VWUXFWXUH�� ZKHUH� WZR� WHWUDKHGUDO�
VKHHWV� HQFORVH� RQH� RFWDKHGUDO� VKHHW�� ZLWK� SRWDVVLXP� �.ၰ�� LRQV�
KROGLQJ� WKH� OD\HUV� WRJHWKHU�� 7KLV� FRPSRVLWLRQ� JUDQWV� LOOLWH�
PRGHUDWH &(& �DURXQG ����� FPRO�NJ� DQG SDUWLDO�
H[SDQVLYHQHVV�� PDNLQJ� LW� PRUH� VWDEOH� WKDQ� VPHFWLWH� EXW� PRUH�
SODVWLF� WKDQ� NDROLQLWH�� ,W� LV� FRPPRQO\� XVHG� LQ� EULFN�PDNLQJ��
SHWUROHXP�GULOOLQJ��DQG�VRLO�DPHQGPHQWV�DQG�LV�W\SLFDOO\�IRXQG�LQ�
VHGLPHQWDU\�URFNV�LQ�WHPSHUDWH�UHJLRQV��%DKPHG�HW�DO���������

7KH� VPHFWLWH� JURXS�� ZKLFK� LQFOXGHV� PRQWPRULOORQLWH� DQG�
EHQWRQLWH��DOVR�KDV�D�����VWUXFWXUH�EXW�GLIIHUV�IURP�LOOLWH�GXH�WR�LWV�
ZHDN� LQWHUOD\HU� ERQGLQJ�� 7KLV� FKDUDFWHULVWLF� DOORZV� ZDWHU� DQG�
FDWLRQV� WR� HQWHU� WKH� VWUXFWXUH�� OHDGLQJ� WR� VLJQLILFDQW� VZHOOLQJ��
6PHFWLWH� PLQHUDOV� H[KLELW� KLJK� &(&� �DSSUR[LPDWHO\� �������
FPRO�NJ�� DQG� DUH� KLJKO\� H[SDQVLYH�� ZKLFK� FDQ� FDXVH� VRLO�
LQVWDELOLW\�DQG�GUDLQDJH� LVVXHV��'XH�WR� WKHVH�SURSHUWLHV��WKH\�DUH�
FRPPRQO\� XVHG� LQ� GULOOLQJ� PXGV�� JHRV\QWKHWLF� FOD\� OLQHUV�� DQG�
ODQGILOO� EDUULHUV�� 6PHFWLWH� PLQHUDOV� DUH� IUHTXHQWO\� IRXQG� LQ�
YROFDQLF� DVK� GHSRVLWV� DQG� PDULQH� VHGLPHQWV�� &KORULWH� VKDUHV�
VWUXFWXUDO� VLPLODULWLHV� ZLWK� LOOLWH� EXW� LQFOXGHV� DQ� DGGLWLRQDO�
K\GUR[LGH�OD\HU��ZKLFK�PLQLPL]HV�H[SDQVLRQ��9HUPLFXOLWH��RQ�WKH�
RWKHU� KDQG�� LV� KLJKO\� H[SDQGDEOH� DQG� H[FHOV� LQ�ZDWHU� UHWHQWLRQ��
PDNLQJ� LW� YDOXDEOH� IRU� DJULFXOWXUDO� DSSOLFDWLRQV� �%DKPHG� HW� DO���
������



&LYLO�DQG�*HRHQJLQHHULQJ�/HWWHUV��������������H������ �
KWWSV���GRL�RUJ����������&*(/�����H������

7KH�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�FOD\H\�VRLOV�SOD\V�D�FULWLFDO�
UROH� LQ� WKHLU�JHRWHFKQLFDO�EHKDYLRU�� VLJQLILFDQWO\� LQIOXHQFLQJ�WKH�
VWDELOLW\� RI� VWUXFWXUHV�� URDGV�� DQG� IRXQGDWLRQV� �)LURR]L� HW� DO���
�������8QGHUVWDQGLQJ�WKH�SURSHUWLHV�RI�GLIIHUHQW�FOD\�PLQHUDOV�LV�
HVVHQWLDO� IRU� HIIHFWLYH� VRLO� PDQDJHPHQW�� IRXQGDWLRQ� GHVLJQ�� DQG�
VORSH�VWDELOL]DWLRQ��%DKPHG�HW�DO����������

Shear Strength and Stability�� 7KH� VKHDU� VWUHQJWK� RI� FOD\H\�
VRLOV�LV�ODUJHO\�GHSHQGHQW�RQ�WKHLU�PLQHUDO�FRPSRVLWLRQ��6RLOV�ULFK�
LQ�PRQWPRULOORQLWH�H[KLELW�ORZ�VKHDU�VWUHQJWK�DQG�KLJK�SODVWLFLW\��
PDNLQJ�WKHP�KLJKO\�VXVFHSWLEOH�WR�ODQGVOLGHV��VORSH�IDLOXUHV��DQG�
GLIIHUHQWLDO� VHWWOHPHQW�� 6XFK� VRLOV� UHTXLUH� VSHFLDO� HQJLQHHULQJ�
FRQVLGHUDWLRQV� LQFOXGLQJ UHLQIRUFHPHQW DQG VWDELOL]DWLRQ�
WHFKQLTXHV�� WR� LPSURYH� WKHLU� ORDG�EHDULQJ� FDSDFLW\�� ,Q� FRQWUDVW��
NDROLQLWH�GRPLQDWHG� VRLOV� KDYH� ORZHU� SODVWLFLW\� DQG� D� QRQ��
H[SDQVLYH� QDWXUH�� SURYLGLQJ� D� PRUH� VWDEOH� IRXQGDWLRQ� PDWHULDO�
ZLWK�UHGXFHG�VXVFHSWLELOLW\�WR�GHIRUPDWLRQ��*KRVK���������

Swelling and Shrinkage Behavior��2QH�RI�WKH�PRVW�VLJQLILFDQW�
FKDOOHQJHV� DVVRFLDWHG� ZLWK� FOD\�ULFK� VRLOV� LV� WKHLU� VZHOOLQJ� DQG�
VKULQNDJH�EHKDYLRU��SDUWLFXODUO\�LQ�VRLOV�FRQWDLQLQJ�KLJK�DPRXQWV�
RI� VPHFWLWH�� VXFK� DV� PRQWPRULOORQLWH�� 7KHVH� H[SDQVLYH� VRLOV�
DEVRUE� ODUJH� DPRXQWV� RI� ZDWHU� GXULQJ� ZHW� FRQGLWLRQV�� FDXVLQJ�
VZHOOLQJ��DQG�VKULQN�VLJQLILFDQWO\�XSRQ�GU\LQJ��OHDGLQJ�WR�VHYHUH�
VWUXFWXUDO�GDPDJH� WR�EXLOGLQJV�� URDGV��DQG�SDYHPHQWV��&RPPRQ�
HQJLQHHULQJ� VROXWLRQV� WR� PLWLJDWH� WKHVH� LVVXHV� LQFOXGH� OLPH�
VWDELOL]DWLRQ��FKHPLFDO� WUHDWPHQWV�� VRLO� UHSODFHPHQW�� DQG� WKH�XVH�
RI�JHRV\QWKHWLF�UHLQIRUFHPHQWV�WR�FRQWURO�H[SDQVLRQ�SRWHQWLDO�DQG�
LPSURYH�VRLO�VWDELOLW\��6WROW]�HW�DO����������

Permeability and Drainage�� 7KH� SHUPHDELOLW\� RI� FOD\� VRLOV�
YDULHV� VLJQLILFDQWO\� EDVHG� RQ� WKHLU� PLQHUDORJLFDO� FRPSRVLWLRQ��
.DROLQLWH�ULFK�VRLOV�H[KLELW�UHODWLYHO\�KLJK�SHUPHDELOLW\��DOORZLQJ�
IRU� EHWWHU� GUDLQDJH� DQG� PDNLQJ� WKHP� VXLWDEOH� IRU� FRQVWUXFWLRQ�
SURMHFWV� WKDW� UHTXLUH� VWDEOH� VXEJUDGHV� ZLWK� HIILFLHQW� ZDWHU�
PRYHPHQW� �6RJD� HW� DO��� ������� ,Q� FRQWUDVW�� VPHFWLWH�ULFK� VRLOV��
GXH�WR�WKHLU�ILQH�JUDLQHG�QDWXUH�DQG�KLJK�VZHOOLQJ�FDSDFLW\��KDYH�
ORZ� SHUPHDELOLW\�� OHDGLQJ� WR� H[FHVVLYH� ZDWHU� UHWHQWLRQ�� SRRU�
GUDLQDJH�� DQG� LQFUHDVHG� ULVN� RI� ZDWHUORJJLQJ�� 3URSHU� GUDLQDJH�
V\VWHPV�DQG�VRLO�DPHQGPHQWV�DUH�RIWHQ�UHTXLUHG�WR�HQKDQFH�ZDWHU�
PRYHPHQW�LQ�VXFK�VRLOV��.OLPRY�	�.OLPRYD���������

&OD\� PLQHUDORJ\� SOD\V� D� IXQGDPHQWDO� UROH� LQ� DJULFXOWXUDO�
SURGXFWLYLW\� E\� LQIOXHQFLQJ� VRLO� IHUWLOLW\�� ZDWHU� UHWHQWLRQ�� DQG�
QXWULHQW�DYDLODELOLW\��6RLOV� ULFK� LQ�YHUPLFXOLWH� DQG� VPHFWLWH� KDYH�
KLJK�&(&��ZKLFK�DOORZV� WKHP� WR� UHWDLQ�HVVHQWLDO�SODQW�QXWULHQWV�
VXFK�DV�SRWDVVLXP��FDOFLXP��DQG�PDJQHVLXP��7KLV�HQKDQFHV�VRLO�
IHUWLOLW\� DQG� SURYLGHV� D� VXVWDLQDEOH� QXWULHQW� VXSSO\� IRU� FURSV��
$GGLWLRQDOO\��WKH�ZDWHU�KROGLQJ�FDSDFLW\�RI�FOD\�PLQHUDOV�DIIHFWV�
VRLO� PRLVWXUH� DYDLODELOLW\�� ZKLFK� LV� FULWLFDO� IRU� SODQW� JURZWK��
SDUWLFXODUO\� LQ� DULG� DQG� VHPL�DULG� UHJLRQV�� +RZHYHU�� H[FHVVLYH�
ZDWHU� UHWHQWLRQ� LQ� VPHFWLWH�ULFK� VRLOV� FDQ� OHDG� WR� SRRU� DHUDWLRQ�
DQG� URRW� VXIIRFDWLRQ�� QHFHVVLWDWLQJ� SURSHU� VRLO� PDQDJHPHQW�
SUDFWLFHV�VXFK�DV�DHUDWLRQ��RUJDQLF�PDWWHU�DGGLWLRQ��DQG�GUDLQDJH�
LPSURYHPHQW�WR�RSWLPL]H�SODQW�JURZWK�FRQGLWLRQV��8QGHUVWDQGLQJ�
WKH� PLQHUDORJLFDO� FRPSRVLWLRQ� RI� VRLOV� LV� HVVHQWLDO� IRU� ERWK�
JHRWHFKQLFDO�DQG�DJULFXOWXUDO� DSSOLFDWLRQV��DV� LW� KHOSV�HQJLQHHUV��
IDUPHUV�� DQG� ODQG�XVH� SODQQHUV� GHYHORS� HIIHFWLYH� VWUDWHJLHV� IRU�
VRLO� PDQDJHPHQW�� LQIUDVWUXFWXUH� GHYHORSPHQW�� DQG� VXVWDLQDEOH�
ODQG� XVH�� %\� LQWHJUDWLQJ� JHRWHFKQLFDO� HQJLQHHULQJ�� VRLO� VFLHQFH��
DQG� HQYLURQPHQWDO� PDQDJHPHQW�� ZH� FDQ�PD[LPL]H� WKH� EHQHILWV�
RI�FOD\�ULFK�VRLOV�ZKLOH�PLWLJDWLQJ�WKHLU�FKDOOHQJHV��HQVXULQJ�WKHLU�
VXVWDLQDELOLW\�IRU�IXWXUH�JHQHUDWLRQV�

,,,� (1*,1((5,1*�2)�,5$1,$1�&/$<6�
(QJLQHHULQJ� JHRORJ\� RI� FOD\V� LV� D� IXQGDPHQWDO� DVSHFW� RI�

JHRWHFKQLFDO� HQJLQHHULQJ� WKDW� SOD\V� D� FULWLFDO� UROH� LQ� WKH� GHVLJQ�
DQG� VWDELOLW\�RI� HQJLQHHULQJ�SURMHFWV��&OD\V�� GXH� WR� WKHLU� XQLTXH�
SURSHUWLHV�� LQIOXHQFH�WKH�SHUIRUPDQFH�RI�VWUXFWXUHV��IRXQGDWLRQV��
DQG� VORSHV�� UHTXLULQJ� HQJLQHHUV� WR� WKRURXJKO\� XQGHUVWDQG� WKHLU�
EHKDYLRU XQGHU GLIIHUHQW FRQGLWLRQV �*LOORWW� ������ 7KH�
PLQHUDORJLFDO� FRPSRVLWLRQ� RI� FOD\V� LV� FKDUDFWHUL]HG� E\� ILQH��
JUDLQHG� SDUWLFOHV�� ZKLFK� FDQ� EH� KLJKO\� YDULDEOH� LQ� WHUPV� RI�
SODVWLFLW\� DQG� FRKHVLRQ�� 7KLV� YDULDELOLW\� QHFHVVLWDWHV� GHWDLOHG�
ODERUDWRU\� WHVWLQJ� WR� GHWHUPLQH� NH\� SURSHUWLHV� WKDW� DIIHFW� WKH�
PHFKDQLFDO� SHUIRUPDQFH� RI� FOD\H\� VRLOV� �%O\WK� 	� 'H� )UHLWDV��
�������

2QH� RI� WKH� PRVW� LPSRUWDQW� SDUDPHWHUV� LQ� DVVHVVLQJ� FOD\�
EHKDYLRU� LV� WKH�$WWHUEHUJ� OLPLWV��7KHVH� OLPLWV�GHILQH� WKH� FULWLFDO�
ZDWHU�FRQWHQWV�DW�ZKLFK�D�FOD\�WUDQVLWLRQV�EHWZHHQ�VROLG��SODVWLF��
DQG� OLTXLG� VWDWHV�� SURYLGLQJ� HVVHQWLDO� LQIRUPDWLRQ� DERXW� LWV�
ZRUNDELOLW\� DQG� GHIRUPDWLRQ� SRWHQWLDO� �.DUSLĔVNL� 	� 6]NRGR��
�������7KH�$WWHUEHUJ� OLPLWV� �FRPSULVLQJ� WKH� OLTXLG� OLPLW�� SODVWLF�
OLPLW�� DQG� SODVWLFLW\� LQGH[��� DUH� FUXFLDO� LQ� FODVVLI\LQJ� FOD\V� DQG�
SUHGLFWLQJ�WKHLU�EHKDYLRU�XQGHU� ORDGLQJ��$�KLJK�SODVWLFLW\�LQGH[��
IRU� LQVWDQFH�� W\SLFDOO\� LQGLFDWHV� FOD\� WKDW� LV� KLJKO\� VHQVLWLYH� WR�
ZDWHU� FRQWHQW� FKDQJHV�� ZKLFK� FDQ� OHDG� WR� VLJQLILFDQW� YROXPH�
YDULDWLRQV� �$KPHG�	�$JDLE\�� �������$V�NQRZQ��7KH�$WWHUEHUJ�
OLPLWV�DUH�IXQGDPHQWDO�LQGLFDWRUV�RI�WKH�FRQVLVWHQF\�DQG�EHKDYLRU�
RI� ILQH�JUDLQHG� VRLOV�� SDUWLFXODUO\� FOD\V�� XQGHU� YDU\LQJ�PRLVWXUH�
FRQGLWLRQV��7KHVH� OLPLWV� �L�J��� OLTXLG� OLPLW��//��SODVWLF� OLPLW��3/��
DQG� VKULQNDJH� OLPLW�� 6/��� KHOS� FODVVLI\� VRLOV� EDVHG� RQ� WKHLU�
SODVWLFLW\�DQG�SUHGLFW�WKHLU�UHVSRQVH�WR�FKDQJHV�LQ�ZDWHU�FRQWHQW��
7KH� OLTXLG� OLPLW� GHILQHV� WKH� ZDWHU� FRQWHQW� DW� ZKLFK� WKH� VRLO�
WUDQVLWLRQV� IURP� D� SODVWLF� WR� D� OLTXLG� VWDWH�� LQGLFDWLQJ� LWV� IORZ�
SRWHQWLDO� XQGHU� PLQLPDO� VWUHVV�� 7KH� SODVWLF� OLPLW� UHSUHVHQWV� WKH�
PRLVWXUH� OHYHO� DW� ZKLFK� WKH� VRLO� FDQ� EH� UROOHG� LQWR� WKLQ� WKUHDGV�
ZLWKRXW� EUHDNLQJ�� PDUNLQJ� WKH� ERXQGDU\� EHWZHHQ� SODVWLF� DQG�
VHPL�VROLG� EHKDYLRU�� 0HDQZKLOH�� WKH� VKULQNDJH� OLPLW� LV� WKH�
PRLVWXUH� FRQWHQW� EHORZ� ZKLFK� IXUWKHU� GU\LQJ� QR� ORQJHU� FDXVHV�
YROXPH� UHGXFWLRQ�� FUXFLDO� IRU� DVVHVVLQJ� VRLO� VKULQNDJH� SRWHQWLDO�
�1LNEDNKW�HW�DO����������

%H\RQG� FODVVLILFDWLRQ�� $WWHUEHUJ� OLPLWV� SURYLGH� YDOXDEOH�
LQVLJKWV� LQWR� WKH� VRLO¶V� HQJLQHHULQJ� SHUIRUPDQFH� ZHUH� XVHG� WR�
LGHQWLI\� DQG� FODVVLI\� WKH� FOD\� W\SHV� DV� SURYLGHG� LQ� )LJXUH� ��� $�
KLJK� SODVWLFLW\� LQGH[� �3,�  � //� �� 3/�� VXJJHVWV� WKDW� WKH� VRLO� LV�
KLJKO\� UHDFWLYH� WR� PRLVWXUH� IOXFWXDWLRQV�� OHDGLQJ� WR� VLJQLILFDQW�
VZHOOLQJ� DQG� VKULQNDJH� F\FOHV� WKDW� FDQ� FRPSURPLVH� VWUXFWXUDO�
LQWHJULW\�� ([SDQVLYH� FOD\V� ZLWK� KLJK� //� DQG� 3,� YDOXHV� SRVH�
FKDOOHQJHV� LQ� IRXQGDWLRQ� GHVLJQ� GXH� WR� WKHLU� SRWHQWLDO� IRU�
YROXPHWULF� LQVWDELOLW\� �2¶.HOO\�� ������� &RQYHUVHO\�� VRLOV� ZLWK�
ORZ� SODVWLFLW\� H[KLELW� PRUH� SUHGLFWDEOH� EHKDYLRU�� PDNLQJ� WKHP�
SUHIHUDEOH IRU FRQVWUXFWLRQ SXUSRVHV� 8QGHUVWDQGLQJ WKHVH�
SDUDPHWHUV� HQDEOHV� HQJLQHHUV� WR� DQWLFLSDWH� VRLO�UHODWHG� KD]DUGV��
VXFK� DV� GLIIHUHQWLDO� VHWWOHPHQW� DQG� FUDFNLQJ�� SDUWLFXODUO\� LQ�
UHJLRQV�ZLWK� IOXFWXDWLQJ� JURXQGZDWHU� OHYHOV� �ĩELN� HW� DO��� �������
%\� LQWHJUDWLQJ� $WWHUEHUJ� OLPLW� GDWD� ZLWK� RWKHU� VRLO� SURSHUWLHV��
HQJLQHHUV�FDQ�PDNH�LQIRUPHG�GHFLVLRQV�DERXW�PDWHULDO�VXLWDELOLW\�
DQG� HQVXULQJ� GXUDELOLW\�� $QRWKHU� NH\� FKDUDFWHULVWLF� RI� FOD\V� LV�
WKHLU� FRPSUHVVLELOLW\�� &OD\V� DUH� NQRZQ� WR� XQGHUJR� VLJQLILFDQW�
FRQVROLGDWLRQ� XQGHU� VXVWDLQHG� ORDGV�� 7KLV� FRPSUHVVLELOLW\� LV�
LQIOXHQFHG�E\�IDFWRUV�VXFK�DV�LQLWLDO�YRLG�UDWLR��ZDWHU�FRQWHQW��DQG�
WKH�FOD\�PLQHUDORJ\��%O\WK�	�'H�)UHLWDV��������



&LYLO�DQG�*HRHQJLQHHULQJ�/HWWHUV��������������H������ ��
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Fig. 2�$�FOD\�FODVVLILFDWLRQ�EDVHG�RQ�$WWHUEHUJ�OLPLWV�
�+ROW]�	�.RYDFV��������

7KH� SK\VLFDO� SURSHUWLHV� RI� FOD\V�� LQFOXGLQJ� SDUWLFOH� VL]H�
GLVWULEXWLRQ� DQG� PLQHUDO� FRPSRVLWLRQ�� GLUHFWO\� DIIHFW� WKHLU�
EHKDYLRU�� )LQH� SDUWLFOH� VL]H�� IRU� H[DPSOH�� FRQWULEXWHV� WR� KLJKHU�
VSHFLILF� VXUIDFH� DUHDV�� ZKLFK� LQ� WXUQ� LQFUHDVH� ZDWHU� DEVRUSWLRQ�
DQG�SODVWLFLW\��ĩELN�HW�DO����������0HFKDQLFDO�SURSHUWLHV�VXFK�DV�
VKHDU� VWUHQJWK�� WHQVLOH� VWUHQJWK�� DQG� FRPSUHVVLYH� VWUHQJWK� DUH�
IXQGDPHQWDO� IRU� XQGHUVWDQGLQJ� KRZ� FOD\V� UHVSRQG� WR� VWUHVVHV��
7KH� LQWHU�SDUWLFOH� IRUFHV�DQG�WKH�ERQGLQJ�EHWZHHQ�FOD\�SDUWLFOHV�
GHWHUPLQH� WKHLU� RYHUDOO� VWUHQJWK� DQG� VWDELOLW\�ZKHQ� VXEMHFWHG� WR�
H[WHUQDO� ORDGV� �1RDPDQ� HW� DO��� �������0RLVWXUH� FRQWHQW� SOD\V� D�
VLJQLILFDQW�UROH�LQ�WKH�EHKDYLRU�RI�FOD\�VRLOV��9DULDWLRQV�LQ�ZDWHU�
FRQWHQW�FDQ�OHDG�WR�FKDQJHV�LQ�YROXPH�DQG�VWUHQJWK��ZKLFK�PXVW�
EH� FDUHIXOO\� FRQVLGHUHG� GXULQJ� WKH� GHVLJQ� RI� IRXQGDWLRQV��
HPEDQNPHQWV��DQG�UHWDLQLQJ�VWUXFWXUHV��&KHULI�HW�DO����������

/DERUDWRU\� WHVWV� VXFK� DV� FRQVROLGDWLRQ� WHVWV�� WULD[LDO� VKHDU�
WHVWV�� DQG� GLUHFW� VKHDU� WHVWV� DUH� HVVHQWLDO� LQ� HYDOXDWLQJ� WKH�
HQJLQHHULQJ�SURSHUWLHV�RI�FOD\V��7KHVH� WHVWV�KHOS� LQ�GHWHUPLQLQJ�
WKH� VHWWOHPHQW� EHKDYLRU�� VKHDU� VWUHQJWK� SDUDPHWHUV�� DQG� RYHUDOO�
VWDELOLW\�RI�FOD\H\�VRLOV�XQGHU�YDULRXV� ORDGLQJ�FRQGLWLRQV� �+ROW]�
	� .RYDFV�� ������� 8QGHUVWDQGLQJ� WKH� HQJLQHHULQJ� EHKDYLRU� RI�
FOD\V�LV�FULWLFDO�IRU�SUHGLFWLQJ�LVVXHV�UHODWHG�WR�VORSH�VWDELOLW\�DQG�
IRXQGDWLRQ�SHUIRUPDQFH��7KH�YDULDELOLW\� LQ�FOD\�SURSHUWLHV�RIWHQ�
QHFHVVLWDWHV� WKH� XVH� RI� VSHFLDOL]HG� FRQVWUXFWLRQ� WHFKQLTXHV� DQG�
VRLO�VWDELOL]DWLRQ�PHDVXUHV�WR�PLWLJDWH�SRWHQWLDO�ULVNV��1LNEDNKW�HW�
DO����������2QH�RI� WKH�FKDOOHQJHV� LQ�ZRUNLQJ�ZLWK�FOD\V� LV� WKHLU�
LQKHUHQW� YDULDELOLW\��(YHQ�ZLWKLQ� D� VLQJOH� VLWH�� FOD\V� FDQ� H[KLELW�
VLJQLILFDQW�GLIIHUHQFHV�LQ�SURSHUWLHV��PDNLQJ�LW�QHFHVVDU\�WR�DGRSW�
D� FRQVHUYDWLYH�DSSURDFK� LQ�GHVLJQ�DQG� WR�SHUIRUP�WKRURXJK� VLWH�
LQYHVWLJDWLRQV��*KRVK���������

&OD\�SOD\V�D�FUXFLDO�UROH�LQ�DJULFXOWXUH�DQG�VRLO�VFLHQFH��ZLWK�
LWV� SK\VLFDO� DQG�PHFKDQLFDO� SURSHUWLHV� VLJQLILFDQWO\� LQIOXHQFLQJ�
VRLO� IHUWLOLW\�� SODQW� JURZWK�� DQG� ZDWHU� UHWHQWLRQ�� )URP� DQ�
HQJLQHHULQJ�JHRORJ\�SHUVSHFWLYH��XQGHUVWDQGLQJ� WKHVH� SURSHUWLHV�
LV� HVVHQWLDO� IRU� ODQG�XVH� SODQQLQJ�� LUULJDWLRQ� PDQDJHPHQW�� DQG�
VRLO�FRQVHUYDWLRQ��7KH�ILQH�JUDLQHG�QDWXUH�RI�FOD\�SDUWLFOHV��WKHLU�
KLJK� VXUIDFH� DUHD��DQG� WKHLU� DELOLW\� WR� UHWDLQ�ZDWHU�DQG� QXWULHQWV�
PDNH FOD\�ULFK VRLOV ERWK EHQHILFLDO DQG FKDOOHQJLQJ LQ�
DJULFXOWXUDO� DSSOLFDWLRQV� �+DJKVKHQR�	�$UDEDQL�� �������2QH�RI�
WKH�PRVW�LPSRUWDQW�SK\VLFDO�SURSHUWLHV�RI�FOD\�LV�LWV�SDUWLFOH�VL]H��
&OD\� SDUWLFOHV� DUH� WKH� VPDOOHVW� DPRQJ� VRLO� FRPSRQHQWV�� ZLWK�
GLDPHWHUV�OHVV�WKDQ���PLFURQV��7KLV�ILQH�SDUWLFOH�VL]H�UHVXOWV�LQ�D�
KLJK�VSHFLILF�VXUIDFH�DUHD��ZKLFK�HQKDQFHV�QXWULHQW�DQG�PRLVWXUH

UHWHQWLRQ��7RXUQDVVDW�HW�DO����������+RZHYHU��LW�DOVR�OHDGV�WR�SRRU�
GUDLQDJH�� PDNLQJ� FOD\H\� VRLOV� SURQH� WR� ZDWHUORJJLQJ�� ,Q�
DJULFXOWXUDO SUDFWLFHV� SURSHU GUDLQDJH V\VWHPV DQG VRLO�
DPHQGPHQWV��VXFK�DV�RUJDQLF�PDWWHU�LQFRUSRUDWLRQ��DUH�QHFHVVDU\�
WR� LPSURYH� DHUDWLRQ� DQG� SUHYHQW� URRW� VXIIRFDWLRQ� �2¶.HOO\��
�������

:DWHU�UHWHQWLRQ�FDSDFLW\�LV�DQRWKHU�NH\�IDFWRU�DIIHFWLQJ�SODQW�
JURZWK��&OD\�PLQHUDOV�� SDUWLFXODUO\� WKRVH� LQ� WKH� VPHFWLWH� JURXS��
FDQ�DEVRUE�ODUJH�DPRXQWV�RI�ZDWHU�GXH�WR�WKHLU�H[SDQVLYH�QDWXUH��
:KLOH� WKLV� DELOLW\� KHOSV� VXVWDLQ� FURSV� GXULQJ� GU\� SHULRGV��
H[FHVVLYH� ZDWHU� UHWHQWLRQ� FDQ� OHDG� WR� RYHUVDWXUDWLRQ�� UHGXFLQJ�
VRLO� DHUDWLRQ� DQG� PLFURELDO� DFWLYLW\� �=KRX� 	� .HHOLQJ�� �������
)URP� DQ� HQJLQHHULQJ� JHRORJ\� SHUVSHFWLYH�� PDQDJLQJ� ZDWHU�
EDODQFH�LQ�FOD\H\�VRLOV�LV�FULWLFDO�WR�SUHYHQW�FRPSDFWLRQ��HURVLRQ��
DQG� LQVWDELOLW\� LQ� IDUPODQGV�� 6RLO� FRPSDFWLRQ� LV� D� PDMRU�
PHFKDQLFDO�FKDOOHQJH�DVVRFLDWHG�ZLWK�FOD\�ULFK�VRLOV��'XH�WR�WKHLU�
FRKHVLYH�QDWXUH��FOD\V�DUH�SURQH�WR�FRPSDFWLRQ�XQGHU�PHFKDQLFDO�
SUHVVXUH��VXFK�DV�IURP�KHDY\�PDFKLQHU\�RU�OLYHVWRFN��%O\WK�	�'H�
)UHLWDV���������&RPSDFWHG�VRLOV�KDYH�UHGXFHG�SRUH�VSDFHV��ZKLFK�
UHVWULFWV�URRW�SHQHWUDWLRQ��ZDWHU�LQILOWUDWLRQ��DQG�JDV�H[FKDQJH��7R�
PLWLJDWH� WKLV� LVVXH�� DJULFXOWXUDO� HQJLQHHUV� UHFRPPHQG� GHHS�
WLOODJH�� FRQWUROOHG� WUDIILF� IDUPLQJ�� DQG� WKH�XVH�RI�FRYHU� FURSV� WR�
PDLQWDLQ� VRLO� VWUXFWXUH� DQG� SRURVLW\� �6WROW]� HW� DO��� ������� 7KH�
VKULQN�VZHOO EHKDYLRU RI H[SDQVLYH FOD\V SRVHV DQRWKHU�
VLJQLILFDQW�FKDOOHQJH�LQ�DJULFXOWXUDO�ODQG�PDQDJHPHQW��&OD\V�WKDW�
FRQWDLQ� PRQWPRULOORQLWH� DQG� RWKHU� VPHFWLWLF� PLQHUDOV� H[SDQG�
ZKHQ�ZHW�DQG�VKULQN�XSRQ�GU\LQJ��FDXVLQJ�FUDFNV�DQG�LQVWDELOLW\�
LQ� VRLO� EHGV�� 7KLV� G\QDPLF� PRYHPHQW� FDQ� GDPDJH� SODQW� URRWV��
GLVUXSW�LUULJDWLRQ�FKDQQHOV��DQG�OHDG�WR�XQHYHQ�FURS�JURZWK��6RJD�
HW� DO��� ������� (QJLQHHULQJ� VROXWLRQV�� VXFK� DV� VRLO� VWDELOL]DWLRQ�
ZLWK� J\SVXP� RU� OLPH�� FDQ� KHOS� UHGXFH� WKH� VHYHULW\� RI� VZHOOLQJ�
DQG�VKULQNDJH�F\FOHV��6WROW]�HW�DO����������

&OD\�PLQHUDORJ\� DOVR� SOD\V� D� YLWDO� UROH� LQ� VRLO� IHUWLOLW\�� 7KH�
&(&� RI� FOD\� PLQHUDOV� GHWHUPLQHV� WKHLU� DELOLW\� WR� KROG� DQG�
H[FKDQJH� HVVHQWLDO� QXWULHQWV�� VXFK� DV� SRWDVVLXP�� FDOFLXP�� DQG�
PDJQHVLXP�� 6PHFWLWH� DQG� YHUPLFXOLWH� FOD\V� KDYH� KLJK� &(&�
YDOXHV�� PDNLQJ� WKHP� HIIHFWLYH� DW� UHWDLQLQJ� QXWULHQWV� IRU� SODQW�
XSWDNH��+RZHYHU��NDROLQLWH��ZLWK�LWV�ORZ�&(&��UHTXLUHV�DGGLWLRQDO�
IHUWLOL]DWLRQ� WR� PDLQWDLQ� VRLO� SURGXFWLYLW\�� 8QGHUVWDQGLQJ� WKHVH�
PLQHUDORJLFDO� GLIIHUHQFHV� KHOSV� DJURQRPLVWV� DQG� VRLO� VFLHQWLVWV�
RSWLPL]H�IHUWLOL]HU�DSSOLFDWLRQ�DQG�VRLO�DPHQGPHQWV��.RPH�HW�DO���
������� 7KH� S+� DQG� FKHPLFDO� FRPSRVLWLRQ� RI� FOD\H\� VRLOV� DOVR�
LQIOXHQFH� WKHLU� DJULFXOWXUDO� YLDELOLW\��&HUWDLQ�FOD\� W\SHV�� VXFK�DV�
WKRVH� GHULYHG� IURP�ZHDWKHUHG� EDVDOWLF� URFNV�� WHQG� WR� EH� ULFK� LQ�
LURQ� DQG� DOXPLQXP� R[LGHV�� OHDGLQJ� WR� VRLO� DFLGLW\� �%O\WK�	�'H�
)UHLWDV�� ������� $FLGLF� VRLOV� FDQ� OLPLW� QXWULHQW� DYDLODELOLW\� DQG�
UHGXFH� FURS� \LHOGV�� 7R� FRXQWHUDFW� VRLO� DFLGLW\�� DJULFXOWXUDO�
HQJLQHHUV�RIWHQ�DSSO\�OLPH�WR�LQFUHDVH�S+�OHYHOV�DQG�HQKDQFH�VRLO�
IHUWLOLW\� �%DKPHG�HW�DO��� �������2Q� WKH�RWKHU�KDQG�� DONDOLQH� FOD\�
VRLOV�PD\� UHTXLUH� VXOIXU�EDVHG� DPHQGPHQWV� WR� LPSURYH� QXWULHQW�
VROXELOLW\��)LURR]L�HW�DO����������

6DOLQLW\� LVVXHV� LQ� FOD\� VRLOV� SRVH� DQRWKHU� DJULFXOWXUDO�
FKDOOHQJH�� SDUWLFXODUO\� LQ� LUULJDWHG� IDUPODQGV�� &OD\� VRLOV� ZLWK�
SRRU� GUDLQDJH� FDQ� DFFXPXODWH� VDOWV� RYHU� WLPH�� OHDGLQJ� WR� VRLO�
GHJUDGDWLRQ� DQG� UHGXFHG� FURS� \LHOGV� �)LURR]L� HW� DO��� �������7KH�
KLJK� FDSLOODU\� DFWLRQ� RI� FOD\V� FDQ� EULQJ� GLVVROYHG� VDOWV� WR� WKH�
VXUIDFH� FDXVLQJ FUXVW IRUPDWLRQ DQG KLQGHULQJ VHHGOLQJ�
HPHUJHQFH�� (QJLQHHULQJ� VROXWLRQV� VXFK� DV� VXEVXUIDFH� GUDLQDJH�
V\VWHPV� DQG� OHDFKLQJ� SUDFWLFHV� DUH� QHFHVVDU\� WR� PDQDJH� VRLO
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VDOLQLW\�HIIHFWLYHO\��%O\WK�	�'H�)UHLWDV���������0LFURELDO�DFWLYLW\�
DQG� RUJDQLF� PDWWHU� GHFRPSRVLWLRQ� DUH� DOVR� LQIOXHQFHG� E\� FOD\�
FRQWHQW�� :KLOH� FOD\� SURYLGHV� D� SURWHFWLYH� HQYLURQPHQW� IRU� VRLO�
PLFUREHV�� H[FHVVLYH�FRPSDFWLRQ�DQG�SRRU�DHUDWLRQ�FDQ�VXSSUHVV�
ELRORJLFDO� DFWLYLW\�� %HQHILFLDO� PLFUREHV� SOD\� D� FUXFLDO� UROH� LQ�
QXWULHQW� F\FOLQJ�� RUJDQLF� PDWWHU� GHFRPSRVLWLRQ�� DQG� GLVHDVH�
VXSSUHVVLRQ�� 7R� HQKDQFH�PLFURELDO� KHDOWK�� RUJDQLF� DPHQGPHQWV�
VXFK� DV� FRPSRVW� RU� ELRFKDU� DUH� RIWHQ� DGGHG� WR� FOD\H\� VRLOV�
�7RXUQDVVDW�HW�DO����������

,UDQLDQ� FOD\V� SUHVHQW� D� XQLTXH� FDVH� ZLWKLQ� WKH� UHDOP� RI�
JHRWHFKQLFDO�HQJLQHHULQJ�GXH� WR�WKHLU�GLVWLQFW�JHRORJLFDO�VHWWLQJV�
DQG� PLQHUDORJLFDO� FRPSRVLWLRQV�� 'LVWULEXWHG� ZLGHO\� DFURVV�
YDULRXV� UHJLRQV� RI� ,UDQ�� WKHVH� FOD\V� RIIHU� D� GLYHUVH� UDQJH� RI�
SURSHUWLHV WKDW LQIOXHQFH FRQVWUXFWLRQ SUDFWLFHV DQG VRLO�
PDQDJHPHQW� VWUDWHJLHV� �.KRGDPL� 	� 6KHUYHGDQL�� ������� 7KH�
PLQHUDORJ\� RI� ,UDQLDQ� FOD\V� LV� YDULHG�� ZLWK� PDQ\� UHJLRQV�
H[KLELWLQJ� FOD\V� WKDW� DUH� ULFK� LQ� NDROLQLWH�� LOOLWH�� DQG� VPHFWLWH��
7KLV� GLYHUVLW\� LQ� PLQHUDO� FRPSRVLWLRQ� OHDGV� WR� GLIIHUHQFHV� LQ�
SODVWLFLW\�� FRKHVLRQ�� DQG� FKHPLFDO� EHKDYLRU�� ZKLFK� DUH� FULWLFDO�
IDFWRUV�LQ�JHRWHFKQLFDO�DVVHVVPHQWV��-RKDUL�HW�DO����������,Q�WHUPV�
RI�$WWHUEHUJ� OLPLWV�� ,UDQLDQ� FOD\V�RIWHQ�GLVSOD\�D�ZLGH� UDQJH�RI�
OLTXLG� DQG� SODVWLF� OLPLWV�� UHIOHFWLQJ� WKHLU� KHWHURJHQHRXV� QDWXUH��
6RPH� DUHDV� UHSRUW� KLJK� SODVWLFLW\� LQGLFHV� WKDW� VXJJHVW� D� JUHDWHU�
SRWHQWLDO� IRU� YROXPH� FKDQJHV� ZLWK� PRLVWXUH� YDULDWLRQV�� ZKLOH�
RWKHU�GHSRVLWV�DUH�UHODWLYHO\�PRUH�VWDEOH��)LURR]L�HW�DO����������

&RPSUHVVLELOLW\� LV�DQRWKHU�LPSRUWDQW�DVSHFW�RI�,UDQLDQ�FOD\V��
0DQ\� RI� WKHVH� FOD\V� KDYH� EHHQ� IRXQG� WR� XQGHUJR� VLJQLILFDQW�
FRQVROLGDWLRQ��UHVXOWLQJ�LQ�QRWLFHDEOH�VHWWOHPHQW�XQGHU�ORDG��7KLV�
EHKDYLRU� QHFHVVLWDWHV� FDUHIXO� GHVLJQ� DQG� UHPHGLDWLRQ� PHDVXUHV��
HVSHFLDOO\� LQ� UHJLRQV� SURQH� WR� VHLVPLF� DFWLYLW\� DQG� KHDY\�
FRQVWUXFWLRQ� ORDGV� �0RPHQL� HW� DO��� ������� 7KH� PHFKDQLFDO�
EHKDYLRU� RI� ,UDQLDQ� FOD\V� LV� HTXDOO\� YDULHG�� 6RPH� FOD\V� H[KLELW�
KLJK� VKHDU� VWUHQJWK� DQG� ORZ� FRPSUHVVLELOLW\�� PDNLQJ� WKHP�
VXLWDEOH� IRU� IRXQGDWLRQ� VXSSRUW�� ZKHUHDV� RWKHUV�� SDUWLFXODUO\�
WKRVH� ZLWK� KLJKHU� VPHFWLWH� FRQWHQW�� VKRZ� ORZHU� VWUHQJWK� DQG�
KLJKHU� VXVFHSWLELOLW\� WR� GHIRUPDWLRQ� �1LNEDNKW� HW� DO��� �������
3K\VLFDOO\��,UDQLDQ�FOD\V�RIWHQ�H[KLELW�D�ILQH�JUDLQHG�WH[WXUH�ZLWK�
VLJQLILFDQW�ZDWHU�KROGLQJ�FDSDFLWLHV��7KLV�SK\VLFDO�FKDUDFWHULVWLF��
FRPELQHG ZLWK WKHLU FKHPLFDO FRPSRVLWLRQ� FDQ OHDG WR�
FKDOOHQJHV� VXFK� DV� VZHOOLQJ� DQG� VKULQNDJH�� ZKLFK� LPSDFW�
GUDLQDJH� DQG� ORQJ�WHUP� VWDELOLW\� RI� FRQVWUXFWHG� VWUXFWXUHV�
�.KRGDPL�	�6KHUYHGDQL���������

7KH� 8QLWHG� 6WDWHV� 'HSDUWPHQW� RI� $JULFXOWXUH� �86'$�� VRLO�
FODVVLILFDWLRQ�V\VWHP�LV�RQH�RI�WKH�PRVW�ZLGHO\�XVHG�PHWKRGV�IRU�
FDWHJRUL]LQJ�VRLOV�EDVHG�RQ�WKHLU�SDUWLFOH�VL]H�GLVWULEXWLRQ��,Q�WKLV�
V\VWHP��VRLOV�DUH�FODVVLILHG� LQWR�VDQG��VLOW��DQG�FOD\�EDVHG�RQ�WKH�
SHUFHQWDJH�RI�HDFK�FRPSRQHQW��=KX�HW�DO����������&OD\�LV�GHILQHG�
DV�DQ\�VRLO�SDUWLFOH�ZLWK�D�GLDPHWHU�RI�OHVV�WKDQ���PLFURQV��8QOLNH�
RWKHU FODVVLILFDWLRQ V\VWHPV WKDW IRFXV RQ PLQHUDORJLFDO�
FRPSRVLWLRQ��WKH�86'$�V\VWHP��)LJXUH����SULPDULO\�HPSKDVL]HV�
SDUWLFOH�VL]H��PDNLQJ�LW�D�XVHIXO�WRRO�IRU�DJULFXOWXUDO��HQJLQHHULQJ��
DQG�HQYLURQPHQWDO�DSSOLFDWLRQV��%O\WK�	�'H�)UHLWDV���������7KH�
86'$�VRLO�WH[WXUH�WULDQJOH�LV�XVHG�WR�GHWHUPLQH�VRLO�W\SHV�EDVHG�
RQ� WKH� SURSRUWLRQV� RI� VDQG�� VLOW�� DQG� FOD\� �&KHULI� HW� DO��� �������
&OD\� VRLOV�� DFFRUGLQJ� WR� WKLV� V\VWHP�� FRQWDLQ� DW� OHDVW� ���� FOD\��
OHVV�WKDQ�����VDQG��DQG�OHVV�WKDQ�����VLOW��7KHVH�VRLOV�DUH�IXUWKHU�
FDWHJRUL]HG� LQWR� GLIIHUHQW� WH[WXUDO� FODVVHV�� VXFK� DV� FOD\�� VDQG\�
FOD\�� VLOW\� FOD\�� DQG� FOD\� ORDP�� HDFK�ZLWK� GLVWLQFW� SK\VLFDO� DQG�
FKHPLFDO�SURSHUWLHV��+ROW]�	�.RYDFV��������

Fig. 3�86'$�VRLO�FODVVLILFDWLRQ�FKDUW��7X�	�/H%DXHU��������

7KH� FODVVLILFDWLRQ� KHOSV� LQ� XQGHUVWDQGLQJ� VRLO� EHKDYLRU��
LQFOXGLQJ�ZDWHU� UHWHQWLRQ�� SHUPHDELOLW\�� DQG� IHUWLOLW\�� ZKLFK� DUH�
HVVHQWLDO� IDFWRUV� LQ� DJULFXOWXUH�� FRQVWUXFWLRQ�� DQG� JHRWHFKQLFDO�
HQJLQHHULQJ��7X�	�/H%DXHU���������2QH�RI�WKH�PDMRU�DGYDQWDJHV�
RI� WKH� 86'$� FODVVLILFDWLRQ� V\VWHP� LV� LWV� DSSOLFDELOLW\� LQ� VRLO�
PDQDJHPHQW�DQG�ODQG�XVH�SODQQLQJ��)RU�LQVWDQFH��FOD\�VRLOV�ZLWK�
KLJK� ZDWHU� UHWHQWLRQ� DQG� ORZ� SHUPHDELOLW\� UHTXLUH� SURSHU�
GUDLQDJH� WHFKQLTXHV� WR� SUHYHQW� ZDWHUORJJLQJ� LQ� DJULFXOWXUDO�
ILHOGV�� 6LPLODUO\�� FOD\H\� VRLOV� ZLWK� KLJK� VKULQN�VZHOO� SRWHQWLDO�
PXVW� EH� FRQVLGHUHG� LQ� JHRWHFKQLFDO� SURMHFWV� WR� DYRLG� VWUXFWXUDO�
GDPDJH� �$EGHOIDWWDK�	�6KDKLG�� �������7KH� V\VWHP�DOVR� DLGV� LQ�
GHWHUPLQLQJ� HURVLRQ� ULVNV�� LUULJDWLRQ� VXLWDELOLW\�� DQG� QXWULHQW�
DYDLODELOLW\�� PDNLQJ� LW� DQ� HVVHQWLDO� WRRO� IRU� IDUPHUV�� VRLO�
VFLHQWLVWV�� DQG� HQJLQHHUV� �0RUHQR�0DURWR� 	� $ORQVR�$]FDUDWH��
�������

,Q� ,UDQ�� WKH� 86'$� VRLO� FODVVLILFDWLRQ� V\VWHP� LV� ZLGHO\�
UHFRJQL]HG DQG DSSOLHG LQ DJULFXOWXUH� VRLO VFLHQFH� DQG�
HQJLQHHULQJ JHRORJ\� 0DQ\ ,UDQLDQ UHVHDUFK LQVWLWXWLRQV��
XQLYHUVLWLHV�� DQG� JRYHUQPHQW� DJHQFLHV� XVH� WKLV� PHWKRG� IRU� VRLO�
VXUYH\V�� ODQG� HYDOXDWLRQ�� DQG� HQYLURQPHQWDO� DVVHVVPHQWV�� 7KH�
FODVVLILFDWLRQ� V\VWHP� KHOSV� ,UDQLDQ� VRLO� VFLHQWLVWV� FDWHJRUL]H� WKH�
FRXQWU\¶V� GLYHUVH� VRLOV�� UDQJLQJ� IURP� WKH� ORDP\� VRLOV� RI� WKH�
&DVSLDQ� UHJLRQ� WR� WKH� FOD\�ULFK� DULG� VRLOV� RI� FHQWUDO� DQG�
VRXWKHDVWHUQ�,UDQ��$GGLWLRQDOO\��,UDQLDQ�IDUPHUV�DQG�DJURQRPLVWV�
UHO\�RQ�86'$�EDVHG�FODVVLILFDWLRQV�WR�GHYHORS�SURSHU� LUULJDWLRQ�
DQG VRLO DPHQGPHQW� VWUDWHJLHV� IRU� LPSURYLQJ� DJULFXOWXUDO�
SURGXFWLYLW\��'HVSLWH�LWV�DGYDQWDJHV��WKH�86'$�V\VWHP�KDV�VRPH�
OLPLWDWLRQV� SDUWLFXODUO\ LQ UHJLRQV OLNH ,UDQ� ZKHUH VRLO�
PLQHUDORJ\�DQG�FKHPLFDO�FRPSRVLWLRQ�VLJQLILFDQWO\�LQIOXHQFH�VRLO�
EHKDYLRU��:KLOH�WKH�86'$�PHWKRG�IRFXVHV�RQ�SDUWLFOH�VL]H��RWKHU�
FODVVLILFDWLRQ� V\VWHPV�� VXFK� DV� WKH� 8QLILHG� 6RLO� &ODVVLILFDWLRQ�
6\VWHP� �86&6�� DQG� WKH� )$2�:5%� V\VWHP�� FRQVLGHU� PLQHUDO�
FRQWHQW��VRLO�JHQHVLV��DQG�FKHPLFDO�SURSHUWLHV��$V�D�UHVXOW��,UDQLDQ�
H[SHUWV� RIWHQ� LQWHJUDWH� PXOWLSOH� FODVVLILFDWLRQ� DSSURDFKHV� WR
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REWDLQ�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�VRLO�SURSHUWLHV�IRU�
YDULRXV DSSOLFDWLRQV� LQFOXGLQJ DJULFXOWXUH� JHRWHFKQLFDO�
HQJLQHHULQJ��DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\�

,9� &21&/86,21�
7KH�SK\VLFDO�SURSHUWLHV�RI�FOD\H\�VRLOV�SOD\�D�FUXFLDO�UROH� LQ�

VKDSLQJ� DJULFXOWXUDO� VWUDWHJLHV�� LQIOXHQFLQJ� ZDWHU� UHWHQWLRQ��
GUDLQDJH��QXWULHQW�DYDLODELOLW\��DQG�VRLO�DHUDWLRQ��7KH�86'$�VRLO�
FODVVLILFDWLRQ� V\VWHP�� ZKLFK� FDWHJRUL]HV� VRLOV� EDVHG� RQ� SDUWLFOH�
VL]H�� LV� ZLGHO\� XVHG� WR� LGHQWLI\� FOD\�ULFK� VRLOV� DQG� DVVHVV� WKHLU�
VXLWDELOLW\� IRU� GLIIHUHQW� DJULFXOWXUDO� SUDFWLFHV�� &OD\H\� VRLOV��
GHILQHG�DV�KDYLQJ�DW� OHDVW�����FOD\��H[KLELW�KLJK�ZDWHU�KROGLQJ�
FDSDFLW\�� ORZ� SHUPHDELOLW\�� DQG� VLJQLILFDQW� SODVWLFLW\�� PDNLQJ�
WKHP� EHQHILFLDO� IRU� FHUWDLQ� FURSV� ZKLOH� SRVLQJ� FKDOOHQJHV� IRU�
RWKHUV�� 2QH� RI� WKH� NH\� IDFWRUV� LQ� PDQDJLQJ� FOD\H\� VRLOV� LV�
DGGUHVVLQJ� WKHLU� ZDWHU� UHWHQWLRQ� DQG� GUDLQDJH� FKDUDFWHULVWLFV��
:KLOH� WKHVH�VRLOV�FDQ�KROG�ODUJH�DPRXQWV�RI�PRLVWXUH��H[FHVVLYH�
ZDWHU� UHWHQWLRQ� PD\� OHDG� WR� ZDWHUORJJLQJ�� ZKLFK� QHJDWLYHO\�
LPSDFWV�URRW�GHYHORSPHQW�DQG�PLFURELDO�DFWLYLW\��7R�FRXQWHU�WKLV��
SURSHU� LUULJDWLRQ� PDQDJHPHQW�� VRLO� DHUDWLRQ� WHFKQLTXHV�� DQG�
RUJDQLF PDWWHU DPHQGPHQWV DUH HVVHQWLDO IRU RSWLPL]LQJ�
DJULFXOWXUDO� SURGXFWLYLW\�� ,Q� DGGLWLRQ�� WKH� VKULQN�VZHOO� EHKDYLRU�
RI� H[SDQVLYH� FOD\� VRLOV� PXVW� EH� FRQVLGHUHG� ZKHQ� GHVLJQLQJ�
VXVWDLQDEOH� DJULFXOWXUDO� LQIUDVWUXFWXUH� VXFK� DV� LUULJDWLRQ� FDQDOV�
DQG� JUHHQKRXVHV�� 7KH� 86'$� VRLO� FODVVLILFDWLRQ� V\VWHP� LV�
H[WHQVLYHO\� XVHG� LQ� ,UDQ� IRU� VRLO� HYDOXDWLRQ� DQG� ODQG�XVH�
SODQQLQJ�� *LYHQ� WKH� GLYHUVH� VRLO� FRQGLWLRQV� DFURVV� WKH� FRXQWU\��
IURP� WKH� IHUWLOH� QRUWKHUQ� SODLQV� WR� WKH� DULG� FHQWUDO� GHVHUWV��
XQGHUVWDQGLQJ� WKH� SK\VLFDO� DQG� PHFKDQLFDO� SURSHUWLHV� RI� FOD\�
KHOSV� LQ� GHYHORSLQJ� DSSURSULDWH� VRLO�PDQDJHPHQW� VWUDWHJLHV��%\�
LQWHJUDWLQJ� 86'$� FODVVLILFDWLRQ� ZLWK� ORFDO� VRLO� DVVHVVPHQWV��
,UDQLDQ� IDUPHUV� DQG� DJULFXOWXUDO� H[SHUWV� FDQ� LPSOHPHQW� VLWH��
VSHFLILF� VROXWLRQV� WR� LPSURYH� FURS� \LHOGV�� SUHYHQW� HURVLRQ�� DQG�
HQKDQFH� VRLO� IHUWLOLW\�� ,Q� FRQFOXVLRQ�� WKH� SK\VLFDO� SURSHUWLHV� RI�
FOD\H\�VRLOV�DUH�IXQGDPHQWDO�LQ�GHWHUPLQLQJ�HIIHFWLYH�DJULFXOWXUDO�
SUDFWLFHV��:LWK�SURSHU�FODVVLILFDWLRQ��VRLO�DPHQGPHQWV��DQG�ZDWHU�
PDQDJHPHQW� WHFKQLTXHV�� WKHVH� VRLOV� FDQ� EH� RSWLPL]HG� IRU�
VXVWDLQDEOH�IDUPLQJ��HQVXULQJ�ORQJ�WHUP�DJULFXOWXUDO�SURGXFWLYLW\�
DQG�HQYLURQPHQWDO�FRQVHUYDWLRQ�

$&.12:/('*0(17�

:H�H[WHQG� RXU� WKDQNV� WR� WKH� UHYLHZHUV� IRU� WKHLU�PHWLFXORXV�DWWHQWLRQ� WR�
GHWDLO� DQG�FRQVWUXFWLYH�VXJJHVWLRQV�WKDW�JUHDWO\�LPSURYHG�WKH�TXDOLW\�RI�WKLV�
PDQXVFULSW�� <RXU�FRQWULEXWLRQV�KDYH�EHHQ�LQVWUXPHQWDO�LQ�VKDSLQJ�WKLV�ZRUN�

$87+256
�&2175,%87,216�
0RKDUDP� )DWHPL� DQG� 6DMDG� $OL]DGH� FRQGXFWHG� WKH� PDLQ� GDWD� DQDO\VLV��

FRQWULEXWHG� WR� WKH� GDWD� FROOHFWLRQ�� SUHSURFHVVLQJ�� DQG� LQWHUSUHWDWLRQ�� DQG� ZHUH�
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7KH�DXWKRUV�KDYH�QRW�GLVFORVHG�DQ\�FRPSHWLQJ�LQWHUHVWV�
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