
3����� ���������������������������02'(//,1*�'$,/<�612:0(/7�,1�$�)25(67�$1'�&/($5&87
'�/� 6SLWWOHKRXVH��DQG�5�'��:LQNOHU�

��%&�0LQLVWU\�RI�)RUHVWV���9LFWRULD�DQG��.DPORRSV��%&

����,1752'8&7,21
������7KH�8SSHU�3HQWLFWRQ�&UHHN�:DWHUVKHG�([SHULPHQWLV�D� ORQJ�WHUP�SDLUHG�ZDWHUVKHG�VWXG\� LQYHVWLJDWLQJ� WKHHIIHFWV� RI� IRUHVW� KDUYHVWLQJ� RQ� ZDWHU� TXDQWLW\� DQGTXDOLW\�� 7KLV� ZRUN� UHTXLUHV� WKH� GHWHUPLQDWLRQ� RIVQRZPHOW� DW� UHPRWH� IRUHVWHG� DQG� FOHDUFXW� VLWHV� XVLQJGDWD� DFTXLUHG� ZLWK� VWDQGDUG� ZHDWKHU� VWDWLRQV�� 7KHUHVHDUFK�WRRN�SODFH�LQ�WKH�����&UHHN�ZDWHUVKHG�����NP1(� RI� 3HQWLFWRQ�� LQ� WKH� GULHU� (QJHOPDQQ� 6SUXFH� ±6XEDOSLQH�)LU� =RQH��3HUPDQHQW� VQRZ� FRYHU� ODVWV� IURPODWH� 2FWREHU� XQWLO� PLG� WR� ODWH� 0D\� GHSHQGLQJ� RQ� WKH\HDU��0D[LPXP�VQRZ�GHSWK�RFFXUV�EHWZHHQ�PLG�0DUFKDQG�HDUO\�$SULO��7KH�IRUHVWV�XVXDOO\�KDYH�OHVV�VQRZ�WKDQWKH�FOHDUFXWV�DQG� LW� WDNHV�XS� WR����GD\V� ORQJHU� IRU� WKHSDFN� WR�PHOW��:DUPLQJ�FRQGLWLRQV� LQ�$SULO� UHVXOW� LQ� WKHSDFN�GHQVLW\�LQFUHDVLQJ�DQG�ULSHQLQJ�RI�WKH�VQRZ�������(QHUJ\�EDODQFH�DQG�DLU� WHPSHUDWXUH�PRGHOV�ZLOO�EHHYDOXDWHG�IRU�WKHLU�DELOLW\�WR�JLYH�UHOLDEOH�GDLO\�HVWLPDWLRQRI�VQRZPHOW�LQ�D�IRUHVW�DQG�FOHDUFXW�
������0(7+2'6
������6LWH� GHVFULSWLRQ�� 7KH� IRUHVW� ���� ��� ��1�� ���� ����:�������P��FRQVLVWV�RI�����\HDU�ROG�ORGJHSROH�SLQH���� WR����P� WDOO��6WDQG� GHQVLW\� LV� ����� VWHPV�KD��� DQGFDQRS\�FRYHU�LV�������7KH�DGMDFHQW����KD�FOHDUFXW�KDVD�VSDUVH�FRYHU�RI���P�WDOO� ORGJHSROH�SLQH��7KH�ZHDWKHUVWDWLRQ�LV�DW���������1�����������:�������P������:HDWKHU� GDWD�� +RXUO\� PHDVXUHPHQWV� RI� VRODUUDGLDWLRQ��DLU�WHPSHUDWXUH��DLU�KXPLGLW\��ZLQG�VSHHG�DQGSUHFLSLWDWLRQ�ZHUH�PDGH�LQ�WKH�FOHDUFXW��$LU�WHPSHUDWXUHDQG� KXPLGLW\� ZHUH� PHDVXUHG� LQ� WKH� IRUHVW�� 6QRZWHPSHUDWXUH�DQG�VQRZ�GHSWK� �&DPSEHOO� 6FLHQWLILF� ,QF��8'*���� ZHUH� PHDVXUHG� LQ� WKH� IRUHVW� DQG� FOHDUFXW�6QRZ� DOEHGR� ZDV� PHDVXUHG� LQ� WKH� FOHDUFXW� GXULQJVSULQJ�������7ZR�VQRZPHOW� O\VLPHWHUV�ZHUH� ORFDWHG�DWWKH� DW� WKH� FOHDUFXW� ZHDWKHU� VWDWLRQ�� 7KH\� FRQVLVW� RI� D���[����P�VKDOORZ�RSHQ�WRSSHG�ER[�DW� WKH�EDVH�RI� WKHSDFN�GUDLQLQJ�LQWR�EXULHG�WLSSLQJ�EXFNHW��:LQNOHU�������0HDVXUHPHQWV� RI� VQRZ� ZDWHU� HTXLYDOHQW� �6:(�� DQGVQRZ�GHQVLW\�RYHU�D���[���P�JULG�ZHUH�PDGH�HYHU\�WZRZHHNV�GXULQJ�WKH�PHOW�SHULRG� LQ�WKH�IRUHVW�DQG�FOHDUFXW�:LQNOHU��������&RQYHUVLRQ�RI�WKH�8'*���GHSWK�GDWD�WRVQRZPHOW� XVHG� GDLO\� VQRZ� GHQVLW\� REWDLQHG� E\LQWHUSRODWLRQ�RI�WKH�GHQVLW\�GDWD�IURP�WKH�VQRZ�FRXUVH������6QRZPHOW� PRGHOOLQJ�� 7KH� HQHUJ\� EDODQFH� RI� DPHOWLQJ�VQRZ�SDFN�LV�40� �45Q���4+���4(���4*���43��46� �0-� P��� G����� 40� LV� WKH� WRWDO� DPRXQW� RI� HQHUJ\DYDLODEOH� WR� PHOW� WKH� VQRZ�� 7KH� RWKHU� VXEVFULSWVLQGLFDWH� WKH� VRXUFH� RI� HQHUJ\� XVHG� IRU� VQRZPHOW�� L�H��HQHUJ\�IURP�QHW�UDGLDWLRQ��5Q���VHQVLEOH�KHDW��+���ODWHQWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB&RUUHVSRQGLQJ�DXWKRU�DGGUHVV��'DYLG�/��6SLWWOHKRXVH�5HVHDUFK� %UDQFK�� %�&�� 0LQLVWU\� RI� )RUHVWV�� 32� %R[������6WQ��3URY�*RYW��9LFWRULD��%&��9�:��&���&DQDGD�(�PDLO��GDYH�VSLWWOHKRXVH#JHPV��JRY�EF�FD

KHDW��(���VRLO�KHDW��*��DQG�UDLQ��3���DQG�FKDQJH�LQ�KHDWVWRUDJH�LQ�WKH�SDFN��6���4*�LV�VPDOO��$GDPV�HW�DO�������DQG�GXULQJ�PHOW�46�LV�QHJOLJLEOH�EHFDXVH�WKH�VQRZ�SDFNLV�FORVH� WR���&��0DOH�DQG�*UD\��������43�GHSHQGV�RQWKH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� WKH� UDLQ� DQG� WKHVQRZ��'DLO\�QHW�UDGLDWLRQ���5Q��0-�P���G���� WR� WKH�VQRZSDFN� LV� FDOFXODWHG� IURP� PHDVXUHG� VRODU� UDGLDWLRQ� DQGDOEHGR�DQG� FDOFXODWHG� ORQJZDYH� UDGLDWLRQ�� 6KDGLQJ� E\WKH� WUHHV� UHGXFHV� WKH�VRODU� UDGLDWLRQ� WR� WKH�VQRZ�SDFNEHORZ�D�FDQRS\�DQG�GRZQZDUG�ORQJZDYH�UDGLDWLRQ� LV�DFRPELQDWLRQ� RI� UDGLDWLRQ� IURP� WKH� VN\� DQG� IURP� WKHWUXQNV�DQG�IROLDJH�DVVXPLQJ�WKH�FDQRS\�DQG�WUXQNV�DUHDW�DLU�WHPSHUDWXUH��7KH�VXUIDFH�RI�D�PHOWLQJ�VQRZ�SDFN
LV�DVVXPHG�WR�EH�DW���&�DQG�VDWXUDWHG������%XON� WUDQVIHU� RU� H[FKDQJH� FRHIILFLHQWV� DUH� XVHG� WRFDOFXODWH�VHQVLEOH�DQG�ODWHQW�KHDW� IOX[HV��0RRUH�������7KH� H[FKDQJH� FRHIILFLHQWV� DUH� DVVXPHG� HTXDO� WR� WKDWIRU�PRPHQWXP� �'P��� 7KHUH� LV� GLVDJUHHPHQW� RQ� WKLV� LQWKH� OLWHUDWXUH� SDUWLFXODUO\� IRU� VWDEOH� FRQGLWLRQV�� EXW0RRUH� ������� VKRZV� WKDW� WKLV� GRHV� QRW� FUHDWH� DVLJQLILFDQW�HUURU�DV�ORQJ�DV�'P�LV�FRUUHFWHG�IRU�VWDELOLW\������.H\�FRHIILFLHQWV�XVHG�DUH�URXJKQHVV�OHQJWK� ������P��VRODU�UDGLDWLRQ�DQG�ZLQG�EHORZ�WKH�IRUHVW�FDQRS\�DUH����RI�WKH�FOHDUFXW�YDOXHV��WKH�YLHZ�IDFWRU�IRU�ORQJZDYHUDGLDWLRQ�IURP�WKH�FDQRS\�DQG�WUXQNV� �������7KH�IRUHVWDOEHGR�HTXDOV�WKH�FOHDUFXW�DOEHGR�ZLWK�DOORZDQFH�PDGHIRU�GLIIHUHQFHV�LQ�WKH�OHQJWK�RI�WKH�PHOW�VHDVRQ�������7KH� DLU� WHPSHUDWXUH� VQRZPHOW�PRGHO� LV� EDVHG� RQWKH� GDLO\�PHDQ� DLU� WHPSHUDWXUH� LQ� WKH� FOHDUFXW� �7&�� RUWKH�IRUHVW��7)���/\VLPHWHU�PHOW�GDWD�IRU������ZHUH�XVHGWR� FDOLEUDWH� WKH� DLU� WHPSHUDWXUH�PRGHO� LQ� WKH� FOHDUFXW�'HSWK�JDXJH�PHOW�GDWD�IRU������ZHUH�XVHG�WR�FDOLEUDWHWKH�DLU�WHPSHUDWXUH�PRGHO�LQ�WKH�IRUHVW���,Q�WKH�FOHDUFXW�
GDLO\�PHOW��PP�G���� ����������7&��7&!�����&��VH ����5� ������� Q ���� ,Q� WKH� IRUHVW�� GDLO\� PHOW� �PP� G����  
���������7)��7)�!�����&��VH ������5� �������Q ���
������5(68/76
����'HSWK�JDXJH�DQG�O\VLPHWHU�PHOW
������6QRZ� GHQVLW\� UDSLGO\� FKDQJHV� IURP� ����� 0J� P��

SULRU� WR�PHOW� WR� �����0J�P��� DW� SHDN� PHOW�� 7KHUH� LV� DFHUWDLQ�DPRXQW�RI�MXGJPHQW�UHTXLUHG�LQ�WKH�LQWHUSRODWLRQRI�WKH�VQRZ�GHQVLW\�GDWD��:H�DVVXPH�WKDW�RXWIORZ�IURPWKH�SDFN�DV�PHDVXUHG�E\�WKH�O\VLPHWHUV�LV�WKH�WUXH�GDLO\PHOW�� 7KH� FRQWULEXWLRQ� RI� DQ\� UDLQIDOO� WR� RXWIORZ� LVDVVXPHG� VPDOO�� $JUHHPHQW� EHWZHHQ� WKH� GHSWK� JDXJHDQG� O\VLPHWHUV� LV�JRRG� �)LJXUH� ���ZLWK� ILQDO�PHOW� WRWDOVIURP�WKH�VWDUW�RI�WKH�PDLQ�PHOW�SHULRG�DW�GD\�����RI�����FP�IRU�WKH�O\VLPHWHUV�DQG������FP�IRU�WKH�GHSWK�JDXJH�
����6QRZPHOW�PRGHOOLQJ
������/\VLPHWHU� RXWIORZ� EHJLQV� RQFH� WKH� VQRZ� SDFN
WHPSHUDWXUH� EHFRPHV� XQLIRUP� DW� DERXW� ��&�� 7KLV� ��&



�

�

�

�

�

�

��� ��� ��� ��� ��� ��� ��� ���
'R<

0
HO
W��
FP
�G

��
�

/\V
'*

)LJXUH����'DLO\�VQRZPHOW�UDWH�IURP�O\VLPHWHU�RXWIORZ��n�
DQG�WKH�GHSWK�JDXJH��BB��IRU����$SULO�WR����0D\������
WKUHVKROG�LV�XVHG�DV�WKH�VWDUW�GDWH�IRU�WKH�PRGHOOLQJ�DQG
WKH������P�VRLO� WHPSHUDWXUH�!��&�LQGLFDWHV� WKDW�DOO� WKHVQRZ�KDV�PHOWHG���7KH�DOEHGR�GDWD�IRU������ZHUH�XVHGWR�HVWLPDWH�WKRVH�IRU������ZLWK�DOORZDQFH�ZDV�PDGH�IRUGLIIHUHQFHV�LQ�WKH�OHQJWK�RI�WKH�PHOW�VHDVRQ������0RGHOOHG� VQRZPHOW� IROORZV� WKH� FRXUVH� DQGPDJQLWXGH� RI� PHDVXUHG� VQRZPHOW� UHDVRQDEO\� ZHOO�)LJXUHV� �� DQG� ���� 7KH� VHDVRQDO� WRWDOV� VKRZ� VRPHGLVFUHSDQFLHV� �7DEOH� ���� ,Q� WKH� HQHUJ\� EDODQFH�PRGHOWRWDO�PHOW��QHJDWLYH�40�ZDV�QHJOHFWHG�EHFDXVH�4+�DQG4(� DUH� WRR� ODUJH�� 7KH� PRGHO� DVVXPHV� WKH� VXUIDFHWHPSHUDWXUH� LV���&�DQG�WKH�VXUIDFH�LV�VDWXUDWHG��ZKLFKLV� QRW� WKH� FDVH� LQ� WKLV� VLWXDWLRQ�� 7KH� HQHUJ\� EDODQFHPRGHO� XQGHUHVWLPDWHG� VHDVRQDO� PHOW� LQ� WKH� IRUHVW� LQERWK�\HDUV�EHFDXVH�LW�XQGHUHVWLPDWHG�SHDN�PHOW� LQ� WKHODWWHU� SDUW� RI� WKH� VHDVRQ�� 7KLV� LV� SUREDEO\� GXH� WR� WKHRYHUHVWLPDWH� RI� WKH� DOEHGR�� � 1HW� UDGLDWLRQ� SURYLGHVDOPRVW� DOO� WKH� HQHUJ\� IRU�PHOW� LQ� WKH� IRUHVW� DQG� DERXW����RI�WKH�HQHUJ\�LQ�WKH�FOHDUFXW��7DEOH���������7KHUH�LV�D�WHQGHQF\�IRU�WKH�DLU�WHPSHUDWXUH�PRGHO�WRRYHUHVWLPDWH� VQRZPHOW� HDUO\� LQ� WKH� VHDVRQ� DQG� WKLVELDVHV� WKH� WRWDO� PHOW�� 7KH� FRHIILFLHQWV� DUH� RI� VLPLODUPDJQLWXGH�WR�WKRVH�REWDLQHG�E\�:LQNOHU��������DW�D�VLWHDERXW� ���� NP� QRUWK� RI� RXU� VLWH�� 7KH� DLU� WHPSHUDWXUHEDVHG�PHOW�ZDV�D�XVHIXO�JXLGH�WR� LQWHUSRODWLRQ�RI�VQRZGHQVLW\�GDWD�IRU�WKH�GHSWK�JDXJH�HVWLPDWHV�RI�VQRZPHOW�
7DEOH� ��� 6QRZPHOW� � �FP�� IRU� ����� DQG� ����� PHOW
VHDVRQV� IURP� WKH� O\VLPHWHUV� �/\V��� GHSWK� JDXJH� �'*��
HQHUJ\�EDODQFH�PRGHO�IRU�40����(%���45Q���4+�DOO�IOX[HV�45�+��� QHW� UDGLDWLRQ� �45Q��� DQG� DLU� WHPSHUDWXUH� PRGHO�7D��LQ�WKH�FOHDUFXW�DQG�IRUHVW�

/\V �'* ��(% 45�+ 45Q �7D
&OHDUFXW
���������� ���� ���� ���� ���� ���� ����
���������� ���� ���� ���� ���� ���� ����
)RUHVW
���������� ���� ���� ���� ���� ���� ����
���������� ���� ���� ���� ���� ���� ����
���&21&/86,216
������,W� LV� QHFHVVDU\� WR� PHDVXUH� VRLO� VXUIDFH� DQG� VQRZWHPSHUDWXUH�WR�GHILQH�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�PHOWVHDVRQ�� 7KH� GDLO\� HQHUJ\� EDODQFH� PRGHO� FDQ� JLYH

DFFHSWDEOH� HVWLPDWHV� RI� GDLO\� DQG� VHDVRQDO� VQRZPHOW�+RZHYHU�� D� PHDVXUHPHQW� RI� DOEHGR� LV� UHTXLUHG� IRUDFFXUDWH� VHDVRQDO� WRWDOV�� 1HW� UDGLDWLRQ� LV� DGHTXDWH� WRPRGHO�PHOW�LQ�WKH�IRUHVW��$Q�DLU�WHPSHUDWXUH�PRGHO�FDQEH�XVHG�LI�HDUO\�VHDVRQ�RYHUHVWLPDWHV�DUH�UHFRJQL]HG�
�����$&.12:/('*0(176
�����7KH� %&� 0LQLVWU\� RI� )RUHVWV�� )RUHVW� 5HQHZDO� %&IXQGHG�WKLV�ZRUN��%DUU\�0DUNLQ�DLGHG�LQ�GDWD�FROOHFWLRQ�

�

�

�

�

�

�

��� ��� ��� ��� ��� ��� ���
'R<

0
HO
W��
FP
�G

��
�

/\V
7D
(%

)LJXUH����'DLO\�PHOW�IRU����$SULO� WR����0D\������LQ�WKH
FOHDUFXW� IRU� WKH� O\VLPHWHUV� �n��� DLU� WHPSHUDWXUH� PRGHO
�;��DQG�WKH�HQHUJ\�EDODQFH��s��

�

�

�

�

�

�

��� ��� ��� ��� ��� ��� ��� ��� ���
'R<

0
HO
W��
FP
�G

��
�

'*
7D
(%

)LJXUH����'DLO\�PHOW�IRU����$SULO� WR����0D\������LQ�WKH
IRUHVW� IRU� WKH� GHSWK� JDXJH� �n��� DLU� WHPSHUDWXUH�PRGHO
�;��DQG�WKH�HQHUJ\�EDODQFH��s��
������5()(5(1&(6
$GDPV��5�6���'�/��6SLWWOHKRXVH�DQG�5�'��:LQNOHU������7KH�VQRZ�PHOW�HQHUJ\�EDODQFH�RI�D�FOHDUFXW�� IRUHVWDQG� MXYHQLOH� SLQH� VWDQG�� ,Q�� 3URF�� ��UG� &RQI�� $JULF�)RU�� 0HWHRURO��� ���� 1RY�� ������ $OEXTXHUTXH�� 10�$P��0HW��6RF���%RVWRQ��0$��S��������0DOH�� '�+�� DQG� '�0�� *UD\�� ������ 6QRZFRYHU� DEODWLRQDQG� UXQRII�� ,Q��+DQGERRN�2I�6QRZ��'�0��*UD\� DQG'�+��0DOH��HGV����3HUJDPRQ�3UHVV��7RURQWR��21��SS���������0RRUH�� 5�'�� ������ 2Q� WKH� XVH� RI� EXON� DHURG\QDPLFIRUPXODH�RYHU�PHOWLQJ�VQRZ��1RUGLF�+\GURO�������������
Winkler, R.D. 2001. The effects of forest structure

on snow accumulation and melt in south-central
%ULWLVK�&ROXPELD��3K�'��7KHVLV��)DFXOW\�RI�)RUHVWU\�8QLY��%ULWLVK�&ROXPELD��9DQFRXYHU��%&�����SS�


