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$%675$&7
0HWKRGV� IRU� REWDLQLQJ� GDLO\� VQRZPHOW� UDWHV� LQ� IRUHVW� DQG� FOHDUFXW� HQYLURQPHQWV� ZHUH� HYDOXDWHG� DW� KLJKHOHYDWLRQ� VLWHV� LQ� WKH� VRXWKHUQ� LQWHULRU� RI� %ULWLVK� &ROXPELD�� &DQDGD� �8SSHU� 3HQWLFWRQ� &UHHN� :DWHUVKHG([SHULPHQW���6QRZPHOW�ZDV�PHDVXUHG�GXULQJ�VSULQJ������ WR������ LQ�D� FOHDUFXW�ZLWK� VQRZPHOW� O\VLPHWHUV� DQGFDOFXODWHG� IRU� WKH�FOHDUFXW�DQG�D� IRUHVW� IURP�WKH�GDLO\�VQRZ�SDFN�GHSWK�DQG�VQRZ�GHQVLW\��'DLO\�PHOW� UDWH�ZDVFDOFXODWHG�LQ�WKH�IRUHVW�DQG�FOHDUFXW�IURP�ZHDWKHU�VWDWLRQ�GDWD�XVLQJ�DQ�DLU�WHPSHUDWXUH�LQGH[�PHWKRG�DQG�ZLWK�WKHHQHUJ\�EDODQFH��0HDVXUHPHQWV�ZHUH�XVHG�WR�FDOLEUDWH�FOHDUFXW�DQG�IRUHVW�VQRZ�DOEHGR�PRGHOV��WR�GHWHUPLQH�VRODUUDGLDWLRQ�WUDQVPLVVLRQ�WKURXJK�WKH�IRUHVW�FDQRS\�DQG�WR�FDOFXODWH�WKH�FDQRS\�YLHZ�IDFWRU�IRU�ORQJZDYH�UDGLDWLRQLQ� WKH� IRUHVW�� 6QRZ� WHPSHUDWXUH�PHDVXUHPHQWV�ZHUH� XVHG� WR� GHILQH� WKH� EHJLQQLQJ� DQG� HQG� RI� WKH�PHOW� VHDVRQZKHQ�PRGHOOLQJ�VQRZPHOW��/\VLPHWHU�DQG�VQRZ�GHSWK�DQG�GHQVLW\�EDVHG�PHDVXUHPHQWV�RI�VQRZPHOW�DJUHHG�TXLWHZHOO��7KH�DLU�WHPSHUDWXUH�LQGH[�PHWKRG�JDYH�DFFHSWDEOH�HVWLPDWHV�RI�PHOW�EXW�WHQGHG�WR�RYHUHVWLPDWH�PHOW�LQ�WKHIRUHVW��7KH� HQHUJ\�EDODQFH� FDOFXODWLRQV� VOLJKWO\�RYHUHVWLPDWHG�PHOW� LQ� WKH� FOHDUFXW� DQG� VOLJKWO\� XQGHUHVWLPDWHGPHOW�LQ�WKH�IRUHVW��1HW�UDGLDWLRQ�SURYLGHV�DOPRVW�DOO�WKH�HQHUJ\�IRU�PHOW�LQ�WKH�IRUHVW�DQG�DERXW�����RI�WKH�HQHUJ\LQ�WKH�FOHDUFXW��6QRZPHOW�UDWHV�RI�RYHU����PP�G���ZHUH�PHDVXUHG�LQ�WKH�FOHDUFXW�DQG�XS�WR�WZR�WKLUGV�RI�WKLV�LQ�WKHIRUHVW�XQGHU�WKH�VDPH�ZHDWKHU�FRQGLWLRQ

,1752'8&7,21
$VVHVVLQJ� WKH� HIIHFWV� RI� IRUHVW� KDUYHVWLQJ� RQ� ZDWHU� TXDQWLW\� DQG� TXDOLW\� UHTXLUHV� WKH� TXDQWLILFDWLRQ� RIVQRZPHOW�DW�UHPRWH�VLWHV��7KLV�FDQ�EH�DFKLHYHG�WKURXJK�PHDVXUHPHQWV�VXFK�DV�VQRZ�VXUYH\V��VQRZ�SLOORZV�DQGO\VLPHWHUV��*UD\�DQG�0DOH�������3UpYRVW�HW�DO��������$QGHUWRQ�HW�DO�������:LQNOHU�HW�DO���������6QRZPHOW�FDQ�EHFDOFXODWHG�ZLWK�DLU�WHPSHUDWXUH�LQGH[�HTXDWLRQV�RU�IURP�WKH�VQRZSDFN�HQHUJ\�EDODQFH��3UpYRVW�HW�DO��������/LQNDQG�0DUNV�������.RQJROL�DQG�%DQG�������7K\HU�HW�DO���������(DFK�RI� WKHVH� WHFKQLTXHV�KDV� OLPLWDWLRQV�VXFK�DVPHDVXUHPHQW�UHVROXWLRQ��DELOLW\�WR�ZRUN�LQ�UHPRWH�DUHDV�ZLWK�OLPLWHG�PDLQWHQDQFH��LQIRUPDWLRQ�UHTXLUHPHQWV��DQGORFDWLRQ� VSHFLILF� FDOLEUDWLRQ��7KLV�SDSHU� HYDOXDWHV� WKH� DELOLW\� RI� VQRZPHOW� O\VLPHWHUV�� VQRZ�GHSWK� SOXV� GHQVLW\PHDVXUHPHQWV��DQ�DLU�WHPSHUDWXUH�LQGH[�PHWKRG�DQG�HQHUJ\�EDODQFH�FDOFXODWLRQV�WR�GHWHUPLQH�GDLO\�VQRZPHOW�LQIRUHVWV�DQG�FOHDUFXWV��7KH�UHVHDUFK�ZDV�SDUW�RI�D�SURMHFW�FDOLEUDWLQJ�D�ZDWHUVKHG�PRGHO�IRU�HYDOXDWLQJ�WKH�DIIHFW�RIIRUHVW�KDUYHVWLQJ�RQ�VWUHDP�IORZ�LQ� WKH� VRXWKHUQ� LQWHULRU�RI�%ULWLVK�&ROXPELD� �7K\HU�HW� DO���������:H�HYDOXDWHZKDW� LV�QHFHVVDU\� WR�H[WUDSRODWH� VLWH� VSHFLILF�GDLO\� VQRZPHOW�ZLWKLQ� D�ZDWHUVKHG�ZLWKRXW� UHVRUWLQJ� WR� WKH� ODUJHDPRXQW�RI�GDWD�DQG�WHFKQLFDO�UHVRXUFHV�QHFHVVDU\�WR�UXQ�ZDWHUVKHG�PRGHOV�

0(7+2'6
6LWH�'HVFULSWLRQ

7KH�UHVHDUFK�ZDV�GRQH�LQ�WKH�����&UHHN�ZDWHUVKHG��������¶���´1���������¶���´:��RI�WKH�8SSHU�3HQWLFWRQ&UHHN�:DWHUVKHG�([SHULPHQW��:LQNOHU�HW�DO���������7KH�ZDWHUVKHG�LV� W\SLFDO�RI�KHDGZDWHU�VWUHDPV� LQ� WKH�GULHU(QJHOPDQQ�6SUXFH�±�6XEDOSLQH�)LU�=RQH��/OR\G�HW�DO��������RQ�WKH�2NDQDJDQ�3ODWHDX��VRXWKHUQ�LQWHULRU�RI�%ULWLVK&ROXPELD��7KH�VQRZ�SDFN�VWDUWV�WR�GHYHORS�EHWZHHQ�PLG�2FWREHU�DQG�HDUO\�1RYHPEHU�DQG�GLVDSSHDUV�EHWZHHQPLG�0D\�DQG�HDUO\�-XQH�GHSHQGLQJ�RQ�WKH�HOHYDWLRQ�DQG�\HDU��3HDN�VQRZ�SDFN�ZDWHU�HTXLYDOHQW�UDQJHV�IURP����WR�����PP��7KH�IRUHVW�FRQVLVWV�RI�����\HDU�ROG�ORGJHSROH�SLQH�ZLWK�GRPLQDQW�DQG�FR�GRPLQDQW�WUHHV����WR����PWDOO�DW�D�VWDQG�GHQVLW\�RI������VWHPV�KD���DQG�FDQRS\�FRYHU�RI������7KH�IRUHVW�IORRU�LV�SDUWLDOO\�FRYHUHG�ZLWK�DOD\HU� RI� OLFKHQV��PRVV�� JURXVHEHUU\� DQG�ZRRG\� GHEULV� WKDW� LV� OHVV� WKDQ� ���� KLJK�� 7KH� IRUHVW� VLWH� LV� DW� �����PHOHYDWLRQ� DQG� WKH� FOHDUFXW� LV� DERXW� ���� NP� VRXWK� DW� �����P� RQ� JHQWO\� UROOLQJ� WRSRJUDSK\�� 7KH� FOHDUFXW� KDG� DSDUWLDO�FRYHU�RI�ORGJHSROH�SLQH�VHHGOLQJV�DQG�SLQHJUDVV�
������������������������������ ����������������������������3DSHU�SUHVHQWHG�DW���QG�:HVWHUQ�6QRZ�&RQIHUHQFH�����

6HQLRU�5HVHDUFK�&OLPDWRORJLVW��5HVHDUFK�%UDQFK��%&�0LQLVWU\�RI�)RUHVWV��9LFWRULD��%&��&DQDGD��DQG�5HJLRQDO+\GURORJLVW��6RXWKHUQ�,QWHULRU�)RUHVW�5HJLRQ��%&�0LQLVWU\�RI�)RUHVWV��.DPORRSV��%&��&DQDGD��GDYH�VSLWWOHKRXVH#JHPV��JRY�EF�FD�



:HDWKHU�'DWD0HDVXUHPHQWV� RI� VRODU� UDGLDWLRQ�� DLU� WHPSHUDWXUH� DQG� KXPLGLW\��ZLQG� VSHHG�� VQRZ� WHPSHUDWXUH� �VRLO�VQRZLQWHUIDFH� DQG� ���� DQG� ���� P� LQWR� WKH� SDFN��� DQG� SUHFLSLWDWLRQ� ZHUH� PDGH� LQ� WKH� FOHDUFXW�� +RXUO\� DQG� GDLO\DYHUDJHV�� WRWDOV�DQG�PD[LPXP�DQG�PLQLPXP�YDOXHV�ZHUH�UHFRUGHG�RQ�D�GDWD� ORJJHU� �&DPSEHOO�6FL�� ,QF�&5���IURP������WR�������6QRZ�DOEHGR�ZDV�PHDVXUHG�LQ�WKH�FOHDUFXW�GXULQJ�VSULQJ������WR������XVLQJ�DQ�(SSO\�EODFNDQG�ZKLWH�S\UDQRPHWHU��'RZQZDUG� ORQJZDYH�UDGLDWLRQ�ZDV�PHDVXUHG�GXULQJ�VSULQJ�DQG�VXPPHU������ZLWK�DQ(SSO\�S\UJHRPHWHU��7KHVH�UDGLDWLRQ�LQVWUXPHQWV�DQG�WKH�ZHDWKHU�VWDWLRQ�VRODULPHWHU�ZHUH�LQWHU�FRPSDUHG�GXULQJHDUO\�VXPPHU������ZLWK�D�.LSS�DQG�=RQHQ�&15���7KLV�LQVWUXPHQW�VHSDUDWHO\�PHDVXUHV�WKH�LQFLGHQW�DQG�UHIOHFWHGVRODU�UDGLDWLRQ�DQG�WKH�ORQJZDYH�UDGLDWLRQ�IURP�WKH�VN\�DQG�WKH�VXUIDFH��+RXUO\�PHDVXUHPHQWV�RI�DLU�WHPSHUDWXUHDQG� KXPLGLW\�� VQRZ� WHPSHUDWXUH� DQG� VQRZ� GHSWK� ZHUH� PDGH� LQ� WKH� IRUHVW� XVLQJ� WKH� VDPH�PHWKRGV� DV� LQ� WKHFOHDUFXW��(SSO\�S\UDQRPHWHUV�ZHUH�XVHG�WR�PHDVXUH�VQRZ�DOEHGR�DQG�VKRUWZDYH�UDGLDWLRQ�WUDQVPLVVLRQ�LQ�VSULQJ����� DQG� WKH� &15�� ZDV� XVHG� IRU� DOO� UDGLDWLRQ� VWUHDPV� GXULQJ� ����� LQ� WKH� IRUHVW�� 7KHVH� DUH� VLQJOH� ORFDWLRQPHDVXUHPHQWV�DQG�RQO\�GDLO\�DYHUDJHV�DQG�WRWDOV�ZHUH�XVHG�
6QRZPHOW�0HDVXUHPHQW2XWIORZ�IURP�WZR�VQRZPHOW�O\VLPHWHUV�ZDV�PHDVXUHG�DW�WKH�FOHDUFXW�ZHDWKHU�VWDWLRQ��$�O\VLPHWHU�FRQVLVWV�RID����[���[����P�VKDOORZ�RSHQ�WRSSHG�ER[�DW�WKH�EDVH�RI�WKH�SDFN�GUDLQLQJ�LQWR�D�EXULHG�WLSSLQJ�EXFNHW��:LQNOHU
HW�DO���������7KH�O\VLPHWHU�ER[�ZDV�VOLJKWO\�VORSHG�WR�IDFLOLWDWH�GUDLQDJH��'DLO\�PHOW��UHVROXWLRQ�RI�������PP�RIPHOW��ZDV�REWDLQHG�E\�VXPPLQJ�RXWSXW�EHWZHHQ������DQG������RQ�FRQVHFXWLYH�GD\V�EHFDXVH�WKH�SDFN�FRQWLQXHVWR�GUDLQ�DIWHU�PLGQLJKW�

6QRZ� GHSWK� ZDV� PHDVXUHG� DW� PLGQLJKW� ZLWK� D� VRQDU� UDQJLQJ� VHQVRU� �&DPSEHOO� 6FLHQWLILF� ,QF��� 8'*����'HSWK�ZDV�FRQYHUWHG� WR� VQRZ�ZDWHU� HTXLYDOHQW�XVLQJ� WKH�PHDQ�VQRZ�GHQVLW\�REWDLQHG� IURP�ELZHHNO\����SRLQWVQRZ� VXUYH\�PDGH�ZLWK� D� )HGHUDO� VQRZ� WXEH� RYHU� ���� KD� DGMDFHQW� WR� WKH� IRUHVW� DQG� FOHDUFXW�ZHDWKHU� VWDWLRQV�6SLWWOHKRXVH� DQG� :LQNOHU� ������� 'HQVLW\� ZDV� LQWHUSRODWHG� EHWZHHQ� PHDVXUHPHQW� SHULRGV� XVLQJ� VQRZWHPSHUDWXUH�DQG�DLU�WHPSHUDWXUH�WR�LQGLFDWH�WKH�OLNHOLKRRG�RI�WKH�GHQVLW\�FKDQJLQJ��7KH�PDQXIDFWXUHU�VXJJHVWV�DQ
DFFXUDF\�RI�����PP�IRU� WKH�GHSWK�PHDVXUHPHQW��2XU�H[SHULHQFH�ZLWK� WKH�VHQVRU�VXJJHVWV� WKDW�GXULQJ� WKH�PHOW
VHDVRQ�ZH�JHW�EHWWHU� WKDQ�WKLV�DQG�KDYH�DQ�XQFHUWDLQW\�RI������PP�LQ�GDLO\�PHOW�DW�SHDN�GHQVLWLHV��$Q�HUURU�RI
�����0J�P���LQ�VQRZ�GHQVLW\�UHVXOWV�LQ�DQ�XQFHUWDLQW\�RI������LQ�VQRZ�ZDWHU�HTXLYDOHQW��OHVV�WKDQ����PP�RQ�WKHGDLO\�PHOW�UDWH�DW�SHDN�PHOW��&RPELQHG�PHDVXUHPHQW�HUURUV�LQ�GHSWK�DQG�GHQVLW\�OLNHO\�UHVXOW�LQ�DQ�XQFHUWDLQW\�RI���PP�G���LQ�PHOW�
6QRZPHOW�&DOFXODWLRQ6QRZPHOW�LV�FDOFXODWHG�LQ�WZR�ZD\V��7KH�ILUVW�DSSURDFK�XVHV�D�WHPSHUDWXUH�LQGH[�PHWKRG�ZKHUH�GDLO\�PHDQDLU�WHPSHUDWXUH�LQ�WKH�FOHDUFXW�LV�UHJUHVVHG�DJDLQVW�VQRZPHOW�PHDVXUHG�LQ�WKH�FOHDUFXW�RU�IRUHVW��7KH�PHWKRG�ZDV
FDOLEUDWHG�ZLWK�GDWD�IRU������DQG�LV�DSSOLHG�ZKHQ�WKH�VQRZ�WHPSHUDWXUH�LV�JUHDWHU�WKDQ������&�DQG�DLU�WHPSHUDWXUH
JUHDWHU�WKDQ�±����&�

�7KH�VHFRQG�DSSURDFK�XVHV�WKH�HQHUJ\�EDODQFH�RI�D�PHOWLQJ�VQRZ�SDFN��L�H��
40� �45Q���4+���4(���4*���43���46��� � ���������>�@

ZKHUH� 40� LV� WKH� HQHUJ\� DYDLODEOH� WR�PHOW� WKH� VQRZ� �0-�P��� G����� 7KH� RWKHU� VXEVFULSWV� LQGLFDWH� WKH� VRXUFH� RIHQHUJ\�XVHG�IRU�VQRZPHOW��L�H���HQHUJ\�IURP�QHW�UDGLDWLRQ��5Q���VHQVLEOH�KHDW��+���ODWHQW�KHDW��(���VRLO�KHDW��*��DQGUDLQ��3���DQG�FKDQJH�LQ�KHDW�VWRUDJH�LQ�WKH�SDFN��6���4*�LV�QHJOHFWHG�EHFDXVH�LW�VPDOO��$GDPV�HW�DO���������'XULQJPHOW� 46� LV� QHJOLJLEOH� EHFDXVH� WKH� VQRZ� SDFN� LV� FORVH� WR� ��&� �0DOH� DQG� *UD\� ������� 43� GHSHQGV� RQ� WKHWHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�UDLQ�DQG�WKH�VQRZ��6QRZ�WHPSHUDWXUH�GDWD�DUH�XVHG�WR�LQGLFDWH�ZKHQ�WKH�VQRZ
SDFN�LV�UHDG\�WR�PHOW��7KH�VXUIDFH�RI�D�PHOWLQJ�VQRZ�SDFN�LV�DVVXPHG�WR�EH�DW���&�DQG�VDWXUDWHG��,I�PHDQ�GDLO\�DLUWHPSHUDWXUH� LV� OHVV� WKDQ�]HUR� WKHQ� WKH� VQRZ�VXUIDFH� WHPSHUDWXUH� LV� DVVXPHG� HTXDO� WR� WKH� DLU� WHPSHUDWXUH��7KLVHTXDWLRQ�FDQ�EH�DSSOLHG�RQ�DQ�KRXUO\�RU�GDLO\�EDVLV��$QGHUVRQ�������3RPHUR\�DQG�*RRGLVRQ�������DQG�LV�DSSOLHGRQ�D�GDLO\�EDVLV�LQ�WKLV�SDSHU�

'DLO\� QHW� UDGLDWLRQ� �5Q�� 0-� P��� G���� WR� WKH� VQRZ� SDFN� LV� FDOFXODWHG� IURP� PHDVXUHG� VRODU� UDGLDWLRQ� DQGFDOFXODWHG�DOEHGR�DQG�ORQJZDYH�UDGLDWLRQ��L�H��
5Q� �6J���DI�6J���/G���/X�� ���������>�@



ZKHUH�6J�LV�WKH�VRODU�UDGLDWLRQ�UHFHLYHG�DW�WKH�SDFN��0-�P���G�����DI�LV�WKH�DOEHGR�RI�WKH�VQRZ��/G�LV�WKH�GRZQZDUGORQJZDYH�UDGLDWLRQ��0-�P���G�����DQG�/X� LV� WKH�XSZDUG�ORQJZDYH�UDGLDWLRQ�IURP�WKH�VQRZ�VXUIDFH��0-�P���G����6QRZ� DOEHGR� LV� FDOFXODWHG� XVLQJ� F����A1AE� �7K\HU� HW� DO�� �������ZKHUH� F� LV� D� EDVH� DOEHGR� YDOXH�� E� LV� D� GHFD\FRHIILFLHQW� DQG� ERWK� GHSHQG� RQ� VQRZ� WHPSHUDWXUH� DQG�ZKHWKHU� WKH� VQRZ� LV� LQ� WKH� IRUHVW� RU� FOHDUFXW�� 1� LV� WKHQXPEHU� RI� GD\V� VLQFH� WKH� ODVW� VQRZIDOO� XS� WR� D�PD[LPXP�YDOXH� RI� ���7KH� ORQJZDYH� UDGLDWLRQ� GHSHQGV� RQ� WKH
WHPSHUDWXUH�RI�WKH�VXUIDFH�HPLWWLQJ�WKH�UDGLDWLRQ��L�H���es7���ZKHUH�e�LV�WKH�HPLVVLYLW\��s�LV�WKH�6WHIDQ�%ROW]PDQ
FRQVWDQW�����[�����0-�P���G���.����DQG�7�LV�WKH�VXUIDFH�WHPSHUDWXUH��.���6QRZ�WHPSHUDWXUH�LV�DVVXPHG�WR�EH���&IRU�D�PHOWLQJ�VQRZ�SDFN��%RKUHQ�DQG�7KRUXG�������0DOH�DQG�*UD\��������7KH�HPLVVLYLW\�RI�WKH�VQRZ�LV�������,Q
WKH�RSHQ��/G�LV�IURP�WKH�VN\��7KH�HPLVVLYLW\�RI�WKH�VN\�LV��������Q�eFOHDU�����Q��ZKHUH�Q�LV�WKH�IUDFWLRQ�RI�FORXGFRYHU� ���6JR�6JFOHDU��� 6JR� LV� VRODU� UDGLDWLRQ� DERYH� WKH� FDQRS\�� 6JFOHDU� LV� WKH�PD[LPXP� FOHDU�VN\� UDGLDWLRQ� DW� WKHJURXQG� IRU� WKH�GD\� DQG� eFOHDU� LV� WKH� FOHDU�VN\� HPLVVLYLW\� �6SLWWOHKRXVH�������0RQWHLWK� DQG�8QVZRUWK��������$W8SSHU�3HQWLFWRQ�&UHHN��6JFOHDU� �����������VLQ>�������'R<����@���ZKHUH�'R<�LV�WKH�GD\�RI�WKH�\HDU�DQG�WKH�VLQHLV� LQ� UDGLDQV�� eFOHDU� LV� FDOFXODWHG� XVLQJ� WKH�%UXQW� IRUPXOD� �����������HD������ZKHUH� HD� LV� WKH�PHDQ� GDLO\� YDSRXUSUHVVXUH�

%HORZ�D�IRUHVW�FDQRS\��WKH�VRODU�DQG�GRZQZDUG�ORQJZDYH�UDGLDWLRQ�PXVW�EH�DGMXVWHG�WR�DOORZ�IRU�VKDGLQJ�E\
WKH� WUHHV�� 6RODU� UDGLDWLRQ� EHORZ� WKH� FDQRS\� �6JF�� LV� t6JR�ZKHUH� t� LV� WKH� WUDQVPLVVLYLW\� DQG� GHSHQGV� RQ� FDQRS\FRYHU��IUDFWLRQ�RI�GLIIXVH�UDGLDWLRQ�LQ�6JF�DQG�WKH�WLPH�RI�\HDU��%ODFN�HW�DO��������3RPHUR\�DQG�'LRQ��������7KHGRZQZDUG� ORQJZDYH� LV� D� FRPELQDWLRQ� RI� UDGLDWLRQ� IURP� WKH� VN\� DQG� IURP� WKH� WUXQNV� DQG� IROLDJH�� L�H��� /GF�  I/GFDQRS\������I��/G��ZKHUH�I�LV�WKH�IRUHVW�FDQRS\�YLHZ�IDFWRU��5HLIVQ\GHU�DQG�/XOO�������%ODFN�HW�DO���������/GFDQRS\LV�FDOFXODWHG�DVVXPLQJ�WKH�IROLDJH�DQG�WUXQNV�DUH�DW�DLU�WHPSHUDWXUH�DQG�DQ�HPLVVLYLW\�RI�������0XOWLSOH�UHIOHFWLRQRI�VKRUW�RU�ORQJZDYH�UDGLDWLRQ�LV�QRW�LQFOXGHG�

%XON� WUDQVIHU� RU� H[FKDQJH� FRHIILFLHQWV� DUH� XVHG� WR� FDOFXODWH� VHQVLEOH� DQG� ODWHQW� KHDW� IOX[HV� RQ� KRXUO\� DQGGDLO\� WLPH� VWHSV� �0RRUH� ������ 3UpYRVW� HW� DO�� ������� $� OLPLWDWLRQ� ZLWK� WKH� GDLO\� WLPH� VWHS� DSSURDFK� LV� WKHDVVXPSWLRQ�WKDW�D�PHDQ�YDOXH�RI�ZLQG�VSHHG�RU�WKH�VFDODU�JUDGLHQW�FDQ�UHSUHVHQW�D�UDQJH�RI�FRQGLWLRQV�WKURXJK�WKHGD\�ZKHQ�UHODWLRQVKLSV�PD\�EH�QRQ�OLQHDU��6HQVLEOH�KHDW�IOX[��+��0-�P���G����DQG�ODWHQW�KHDW�IOX[��(��0-�P���G���DUH�JLYHQ�E\
+� �rDFSD'+)�7D���7V������(� �rDl'(�)�������SD��HD���HV����� ���������>�@
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VLWH�VSHFLILF��FOLPDWH��YHJHWDWLRQ�FRYHU���7KH�PHOW�IDFWRUV�REWDLQHG�KHUH������DQG�����PP��&����DUH�VLPLODU�WR�WKH
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$OO�WKH�PHWKRGV�KDYH�VWUHQJWKV�DQG�ZHDNQHVVHV�WKDW�ZLOO� LQIOXHQFH�KRZ�WKH\�FDQ�EH�XVHG�LQ�DQ�RSHUDWLRQDOVHWWLQJ��'LUHFW�PHDVXUHPHQWV�RI�PHOW�VKRXOG�EH�GRQH�ZKHUH�SRVVLEOH��+RZHYHU��WKH�O\VLPHWHU�DQG�VQRZ�GHSWK�DQGGHQVLW\�PHWKRGV�UHTXLUH�HTXLSPHQW�DW�HDFK� ORFDWLRQ�RI� LQWHUHVW��7KH�DLU� WHPSHUDWXUH� LQGH[�PHWKRG�UHTXLUHV� VLWHVSHFLILF�FDOLEUDWLRQ��7KH�HQHUJ\�EDODQFH�PHWKRG�RIIHUV�WKH�FDSDELOLW\�WR�HVWLPDWH�PHOW�UDWHV�LQ�RWKHU�SRLQWV�LQ�RI�DZDWHUVKHG��+RZHYHU��WKLV�UHTXLUHV�WKH�DELOLW\�WR�H[WUDSRODWH�ZHDWKHU�GDWD��H�J���WHPSHUDWXUH�ODSVH�UDWHV��DQG�WR�WDNHDFFRXQW� RI� WKH� DIIHFW� RI� WRSRJUDSK\� RQ� VRODU� UDGLDWLRQ� DQG� ORQJ� ZDYH� UDGLDWLRQ�� ,QIRUPDWLRQ� RQ� KRZ� VRODUWUDQVPLVVLRQ�DQG�FDQRS\�YLHZ�IDFWRUV�PD\�YDU\�ZLWK�FDQRS\�FRYHU�LV�QHFHVVDU\���:KHUH�SRVVLEOH��PRUH�WKDQ�RQHDSSURDFK�VKRXOG�EH�XVHG�WR�GHWHUPLQH�VQRZPHOW�
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$GDPV��5�6���'�/��6SLWWOHKRXVH�DQG�5�'��:LQNOHU��������7KH�HIIHFW�RI�D�FDQRS\�RQ�WKH�VQRZPHOW�HQHUJ\�EDODQFH�,Q��3URF����WK��:HVWHUQ�6QRZ�&RQIHUHQFH��%HQG��25��SS����������$QGHUVRQ��(�$��������$�SRLQW�HQHUJ\�DQG�PDVV�EDODQFH�PRGHO�RI�VQRZ�FRYHU��12$$�7HFKQLFDO�5HSRUW�1:6����$QGHUWRQ��6�3���6�0��:KLWH�DQG�%��$OYHUD��������(YDOXDWLRQ�RI�VSDWLDO�YDULDELOLW\�LQ�VQRZ�ZDWHU�HTXLYDOHQW�IRU�DKLJK�PRXQWDLQ�FDWFKPHQW��+\GURORJLFDO�3URFHVVHV������������%ODFN��7�$���-�0��&KHQ��;��/HH�DQG�5�0��6DJDU��������&KDUDFWHULVWLFV�RI� VKRUWZDYH�DQG� ORQJZDYH� LUUDGLDQFHVXQGHU�D�'RXJODV�ILU�IRUHVW�VWDQG��&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK��������������%RKUHQ��&�)��DQG�'�%��7KRUXG��������7ZR�WKHRUHWLFDO�PRGHOV�RI�UDGLDWLRQ�KHDW�WUDQVIHU�EHWZHHQ�IRUHVW�WUHHV�DQGVQRZSDFNV��$JULFXOWXUDO�0HWHRURORJ\���������*UD\��'�0���DQG�'�+��0DOH��HGV���������+DQGERRN�RI�6QRZ��3HUJDPRQ�3UHVV��7RURQWR��21�.RQJROL�� &�(�� DQG�:�/�� %ODQG�� ������ /RQJ�WHUP� VQRZ� GHSWK� VLPXODWLRQV� XVLQJ� D� PRGLILHG� DWPRVSKHUH�ODQGH[FKDQJH�PRGHO��$JULFXOWXUDO�DQG�)RUHVW�0HWHRURORJ\�������������/LQN��7��DQG�'��0DUNV��������'LVWULEXWHG�VLPXODWLRQ�RI�VQRZFRYHU�PDVV��DQG�HQHUJ\�EDODQFH�LQ�WKH�ERUHDO�IRUHVW�+\GURORJLFDO�3URFHVVHV��������������/OR\G��'���.��$QJRYH��*��+RSH�DQG�&��7KRPSVRQ��������$�JXLGH�WR�VLWH�LGHQWLILFDWLRQ�DQG�LQWHUSUHWDWLRQ�IRU�WKH.DPORRSV� )RUHVW� 5HJLRQ�� /DQG� 0DQDJHPHQW� +DQGERRN� ���� 5HVHDUFK� %UDQFK�� %&� 0LQLVWU\� RI� )RUHVWV�9LFWRULD��%�&�0DOH��'�+��DQG�'�0��*UD\��������6QRZFRYHU�DEODWLRQ�DQG�UXQRII��,Q��+DQGERRN�RI�6QRZ��'�0��*UD\�DQG�'�+�0DOH��HGV����3HUJDPRQ�3UHVV��7RURQWR��21��SS����������0HOORK��5�$��� -�3��+DUG\��5�(��'DYLV�� 3�%��5RELQVRQ�� ������ 6SHFWUDO� DOEHGR�UHOHFWDQFH� RI� OLWWHUHG� IRUHVW� VQRZGXULQJ�WKH�PHOW�VHDVRQ��+\GURORJLFDO�3URFHVVHV��������������0RQWHLWK��-�/��DQG�0�+��8QVZRUWK��������3ULQFLSOHV�RI�(QYLURQPHQWDO�3K\VLFV���QG�HGLW��(GZDUG�$UQROG��/RQGRQ�0RRUH��5�'��������2Q�WKH�XVH�RI�EXON�DHURG\QDPLF�IRUPXODH�RYHU�PHOWLQJ�VQRZ��1RUGLF�+\GURORJ\������������3RPHUR\��-�:��DQG�%�(��*RRGLVRQ��������:LQWHU�DQG�VQRZ��,Q��7KH�6XUIDFH�&OLPDWHV�RI�&DQDGD��:�*��%DLOH\�7�5��2NH� DQG�:�5��5RXVH� �HGV����&DQDGLDQ��$VVRF��*HRJUDSKHUV�� 6HULHV� RQ�&DQDGLDQ�*HRJUDSK\��0F*LOO8QLY��3UHVV��.LQJVWRQ��21��SS���������3RPHUR\�� -�:�� DQG� .�� 'LRQ�� ������ :LQWHU� UDGLDWLRQ� H[WLQFWLRQ� DQG� UHIOHFWLRQ� LQ� D� ERUHDO� SLQH� FDQRS\�0HDVXUHPHQWV�DQG�PRGHOOLQJ��+\GURORJLFDO�3URFHVVHV���������������3UpYRVW��0���5��%DUU\��-��6WHLQ�DQG�$�3��3ODPRQGRQ��������6QRZPHOW�PRGHOLQJ�LQ�D�EDOVDP�ILU�IRUHVW��FRPSDULVRQEHWZHHQ�DQ�HQHUJ\�EDODQFH�PRGHO�DQG�RWKHU�VLPSOLILHG�PRGHOV��&DQDGLDQ�-RXUQDO�)RUHVW�5HVHDUFK���������5HLIVQ\GHU�� :�(�� DQG� +�:�� /XOO�� ������ 5DGLDQW� HQHUJ\� LQ� UHODWLRQ� WR� IRUHVWV�� 7HFKQLFDO� %XOOHWLQ� 1R�� �����86'$��)RUHVW�6HUYLFH��:DVKLQJWRQ��'�&�6SLWWOHKRXVH�� '�/�� ������ (VWLPDWLQJ� HYDSRWUDQVSLUDWLRQ� IURP� ODQG� VXUIDFHV� LQ� %�&�� ,Q�� (VWLPDWLQJ� $UHDO(YDSRWUDQVSLUDWLRQ��7�$��%ODFN��'�/��6SLWWOHKRXVH��0�'��1RYDN�DQG�'�7��3ULFH� �HGV���� ,QWHUQDWLRQDO�$VVRF�+\GURORJLFDO�6FLHQFH��:DOOLQJIRUG��(QJODQG��SXEO�������SS����������6SLWWOHKRXVH�� '�/�� DQG� 5�'�� :LQNOHU�� ������ )RUHVW� FDQRS\� HIIHFWV� RQ� VDPSOH� VL]H� UHTXLUHPHQWV� LQ� VQRZDFFXPXODWLRQ�DQG�PHOW�FRPSDULVRQV��,Q��3URF�����WK��:HVWHUQ�6QRZ�&RQIHUHQFH��%HQG��25��SS��������7K\HU��0���-��%HFNHUV��'�/��6SLWWOHKRXVH��<��$OLOD�DQG�5�'��:LQNOHU��������'LDJQRVLQJ�D�GLVWULEXWHG�K\GURORJLFPRGHO� IRU� WZR� KLJK� HOHYDWLRQ� IRUHVWHG� FDWFKPHQWV� EDVHG� RQ� GHWDLOHG� VWDQG� DQG� EDVLQ� VFDOH� GDWD�� :DWHU5HVRXUFHV�5HVHDUFK�����:�������GRL�������������:5�������:LQNOHU�� 5�'��� '�/�� 6SLWWOHKRXVH�� %�$�� +HLVH�� 7�5�� *LOHV�� DQG� <�� $OLOD�� ������ 7KH� 8SSHU� 3HQWLFWRQ� &UHHN:DWHUVKHG�([SHULPHQW��$�5HYLHZ�DW�<HDU����� ,Q��:DWHU�6WHZDUGVKLS��+RZ�$UH�:H�0DQDJLQJ"�3URF����WK$QQXDO�0HHWLQJ��&DQDGLDQ�:DWHU�5HVRXUFHV�$VVRF���&DPEULGJH��21��SS��������:LQNOHU��5�'���'�/��6SLWWOHKRXVH��DQG�'�/��*ROGLQJ��������0HDVXUHG�GLIIHUHQFHV�LQ�VQRZ�DFFXPXODWLRQ�DQG�PHOWDPRQJ� FOHDUFXW�� MXYHQLOH�� DQG� PDWXUH� IRUHVWV� LQ� 6RXWKHUQ� %ULWLVK� &ROXPELD�� +\GURORJLFDO� 3URFHVVHV� �LQSUHVV��


	SNOWMELT IN A FOREST AND CLEARCUT
	ABSTRACT
	INTRODUCTION
	Weather Data

	Snowmelt Measurement
	RESULTS
	Lysimeter Outflow
	Snowmelt from the Snow Depth and Density

	Air Temperature Index Method
	Figure 3 shows the data for 1999 used to determine the melt factors for the forest and clearcut based on clearcut air temperature. Lysimeter outflow provided the melt data for the clearcut and melt from the depth and density measurements provided that for the forest. For the clearcut, daily melt = 2.6+2.9Ta, (R2=0.751, intercept (1.4 mm d-1, slope (0.31 mm d-1 (C-1, s.e. (5.3 mm d-1, n=31). For the forest daily melt = 2.7+2.0Ta (R2=0.655, intercept (1.2 mm d-1, slope (0.26 mm d-1 (C-1, s.e (4.5 mm d-1, n=40). Melt is calculated only when the daily average snow temperature is greater than –0.1(C and air temperature greater than –0.5(C.
	Energy Balance Melt
	Maximum
	Minimum
	Mean
	Minimum
	Mean
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	LITERATURE CITED


