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 7KH 8SSHU� 3HQWLFWRQ� &UHHN�:DWHUVKHG� ([SHULPHQWLV�D� ORQJ�WHUP�SDLUHG�ZDWHUVKHG�VWXG\� LQYHVWLJDWLQJ� WKHHIIHFWV� RI� IRUHVW� KDUYHVWLQJ� RQ� ZDWHU� TXDQWLW\� DQGTXDOLW\�� 0HDVXUHPHQWV� RI� WUDQVSLUDWLRQ� DUH� UHTXLUHG� WRKHOS� SDUDPHWHUL]H� DQG� WHVW� D� ZDWHUVKHG� VFDOHGLVWULEXWHG�K\GURORJ\�VRLO�YHJHWDWLRQ�PRGHO� IRU�FRPSOH[WHUUDLQ�� 7KH� UHVHDUFK� WRRN� SODFH� LQ� WKH� ���� &UHHNZDWHUVKHG� ���� ��� ��1�� ���� ��� ��:�� DW� ����� PHOHYDWLRQ�LQ�WKH�GULHU�(QJHOPDQQ�6SUXFH�±�6XEDOSLQH�)LU=RQH��3HUPDQHQW� VQRZ�FRYHU� H[LVWV� IURP� ODWH�2FWREHUXQWLO�PLG�0D\��6QRZPHOW�DQG�HDUO\�VXPPHU�UDLQIDOO�NHHSWKH� VRLO� PRLVW� XQWLO� PLG� $XJXVW� DQG� 6HSWHPEHU�� 0HDQDQQXDO� SUHFLSLWDWLRQ� LV� DERXW� ���� PP�� 6XPPHU� LV
JHQHUDOO\� FRRO� ZLWK� GDLO\� DYHUDJHV� RI� �� WR� ���& DQG
PD[LPXPV� RI� ��� WR� ���&� 7KH� GDLO\�PD[LPXP� YDSRXUSUHVVXUH�GHILFLW�UDUHO\�H[FHHG���N3D�� 7KLV� SDSHU� IRFXVHV� RQ� WKH� PHDVXUHPHQW� RI� WUHHWUDQVSLUDWLRQ� XVLQJ� WKHUPDO� GLVVLSDWLRQ� SUREHV�� 7KHVHGDWD�DUH� WKHQ�XVHG� WR�REWDLQ�DQ�HVWLPDWH�RI�DUHDO� WUHHWUDQVSLUDWLRQ�� 7KHVH� GDWD� DUH� WKHQ� LQFRUSRUDWHG� LQWR� DZDWHU� EDODQFH� FDOFXODWLRQ� DORQJ�ZLWK�PHDVXUHG� UDLQIDOOLQWHUFHSWLRQ� DQG� VRLO� ZDWHU� FRQWHQW� DQG� PRGHOOHGGUDLQDJH�WR�GHWHUPLQH�XQGHUVWRU\�HYDSRUDWLRQ�
������0(7+2'6
� 6LWH�GHVFULSWLRQ��7KH�IRUHVW�FRQVLVWV�RI�����\HDU�ROGORGJHSROH� SLQH�� ��� WR� ��� P� WDOO�� 6WDQG� GHQVLW\� LV� ���VWHPV�KD���� FDQRS\�FRYHU�����DQG�SODQW�DUHD� LQGH[� LV���������RI�WKH�WUHHV�KDYH�D�GLDPHWHU�DW�����P�RI�����P��������������P�DQG�����!����P��7KH�XQGHUVWRU\�LV�DPL[WXUH� RI� WUHHV� OHVV� WKDQ� ��P� WDOO�� OLFKHQV��PRVV� DQGJURXVHEHUU\��7KH�VRLO�LV�D�VDQG\�ORDP��HOXYLDWHG�G\VWULFEUXQLVRO��ZLWK�D� FRDUVH� IUDJPHQW� FRQWHQW�RI� ��� WR� ���EHORZ�WKH�����P�GHSWK�DQG�SODQW�URRWV�WR�����P������7UHH� WUDQVSLUDWLRQ�� 7KHUPDO� GLVVLSDWLRQ� SUREHV�'\QDPD[� ,QF���7'3�����ZHUH�XVHG� LQ�GHWHUPLQLQJ�VDSIORZ�IURP����-XQH�WR����2FWREHU������DQG����$SULO�WR���6HSWHPEHU� ������ )LYH� WUHHV� KDG� WKHUPDO� GLVVLSDWLRQSUREH� RQ� WKH� QRUWK� DQG� VRXWK� VLGH� RI� WKH� WUHH�� DQG� �RWKHUV� KDG� SUREHV� RQO\� LQ� WKH� QRUWK� VLGH�� ���PLQXWHDYHUDJH� WHPSHUDWXUH� GLIIHUHQFHV� ZHUH� FROOHFWHG�� SOXVWKH�GDLO\�PD[LPXP�GLIIHUHQFH�� �&RUHV�ZHUH� WDNHQ� IURPWKH�QRUWK�DQG�VRXWK�VLGH�RI�WUHHV�DGMDFHQW�WR�WKH�SUREHWR�GHWHUPLQH�VDSZRRG�ZLGWK�DQG�DUHD��&RUUHFWLRQV�ZHUHPDGH� �&OHDUZDWHU� HW� DO�� ������ WR� WKH� WHPSHUDWXUHGLIIHUHQFH�ZKHQ� VDSZRRG� WKLFNQHVV�ZDV� OHVV� WKDQ� WKHOHQJWK� RI� WKH� SUREH�� 6WDQG� GHQVLW\� DQG� VWHP� GLDPHWHUGLVWULEXWLRQ�GDWD�ZHUH�XVHG� WR�GHWHUPLQH�ZHLJKWLQJV� WRFRQYHUW�VDS�IORZ�WR�DUHDO�WUHH�WUDQVSLUDWLRQ�
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����:HDWKHU� GDWD�� +RXUO\� PHDVXUHPHQWV� RI� VRODUUDGLDWLRQ��DLU�WHPSHUDWXUH��DLU�KXPLGLW\��ZLQG�VSHHG�DQGUDLQIDOO� ZHUH� PDGH� LQ� DQ� DGMDFHQW� FOHDUFXW�� $LUWHPSHUDWXUH�DQG�KXPLGLW\�ZHUH�PHDVXUHG�DW���P�DERYHWKH�IRUHVW�IORRU�����5DLQIDOO� LQWHUFHSWLRQ�� ,QWHUFHSWLRQ� ORVV� LV� WKHGLIIHUHQFH�EHWZHHQ�DERYH�FDQRS\� UDLQIDOO� DQG� WKH� VXPRI� WKURXJKIDOO� DQG� VWHPIORZ�� )LYH� WKURXJKIDOO� WURXJKVDQG���VWHPIORZ�FROOHFWRUV�ZHUH�FRQWLQXRXVO\�PRQLWRUHGXVLQJ�D�GDWD�ORJJHU��6SLWWOHKRXVH������������6RLO�ZDWHU�EDODQFH��6RLO�ZDWHU�FRQWHQW�ZDV�PHDVXUHGPDQXDOO\�XVLQJ�WLPH�GRPDLQ�UHIOHFWRPHWU\��6SLWWOHKRXVH������� 0HDVXUHPHQWV� RI� DYHUDJH� ZDWHU� FRQWHQW� IURPWKH�VRLO�VXUIDFH����P��WR������P����WR�����P�DQG���WR����P�ZHUH�PDGH�HYHU\���WR����GD\V�IURP�0D\�WR�2FWREHUDW�WZHQW\�ORFDWLRQV�RQ�D�����P�WUDQVHFW������'UDLQDJH� ZDV� FDOFXODWHG� XVLQJ� D� GUDLQDJH� DV� DIXQFWLRQ� RI� VWRUDJH� PRGHO� �6SLWWOHKRXVH� DQG� %ODFN�������/DERUDWRU\�PHDVXUHPHQWV�RQ�WKH�ILQH�IUDFWLRQ�RIWKH�VRLO�ZHUH�XVHG�ZLWK� WKH�VWRQH�FRQWHQW�DQG�SRURVLW\GDWD� IURP�EXON�VDPSOHV� WR�JLYH� UHWHQWLRQ�DQG�GUDLQDJHHTXDWLRQV�FRUUHFWHG�IRU�FRDUVH�IUDJPHQW�FRQWHQW�������(YDSRUDWLRQ� IURP� WKH�VRLO� VXUIDFH�DQG� WUDQVSLUDWLRQ
RI�WKH�XQGHUVWRU\�HTXDOV�D6�5�,�7�'��,Q�WKLV�HTXDWLRQ��7LV�DUHDO�WUHH�WUDQVSLUDWLRQ��'�LV�GUDLQDJH��5�LV�UDLQIDOO��,�LV
LQWHUFHSWLRQ�DQG�D6�LV�WKH�FKDQJH�LQ�VRLO�ZDWHU�FRQWHQWEHWZHHQ�WKH�PHDVXUHPHQW�SHULRGV�
������5(68/76
�����,QWUD��DQG�LQWHU�WUHH�FRPSDULVRQ�RI�VDS�IORZ
     7KH�GLXUQDO� FRXUVH� RI� VDS� IORZ� IROORZHG� WKH� GLXUQDOFRXUVHV� RI� VRODU� UDGLDWLRQ� DQG� YDSRXU� SUHVVXUH� GHILFLW�1LJKWWLPH� IORZV�ZHUH� VPDOO�� 6DS� IORZ� ZDV� ]HUR� GXULQJUDLQ\�SHULRGV��7KUHH�GLXUQDO�SDWWHUQV�RI� UHVSRQVH�ZHUHREVHUYHG�� 7KH� ODUJHVW� WZR� WUHHV� KDG� WKH� KLJKHVW� VDSYHORFLW\� DQG� VDS� IORZ� YROXPH� DQG� SHDNHG� LQ� WKH� ODWHDIWHUQRRQ��7KH�VHFRQG�JURXS�KDG�D�ORZHU�IORZ�DQG�SHDNLQ� WKH� HDUO\� DIWHUQRRQ�� 7KH� WKLUG� JURXS� KDV� WKH� ORZHVWIORZ�ZLWK�PLQLPDO�IORZ�LQ�WKH�PRUQLQJ�DQG�SHDNHG�LQ�WKHODWH�DIWHUQRRQ��)ORZ�PHDVXUHG�RQ� WKH�QRUWK�DQG�VRXWKVLGHV�RI�D�WUHH�VKRZ�WKH�VDPH�SDWWHUQ�DQG� IORZ�RQ� WKHQRUWK�VLGH�ZDV�VOLJKWO\�ORZHU�WKDQ�RQ�WKH�VRXWK�VLGH�   
     Daily sap flow for the trees with diameter >0.3 m had
maximum flows on sunny days of over 50 L d-1. These
were 3 to 4 times that of the other seven smaller trees
(Figure 1). The large trees were not crowded by the
other trees and had larger crowns. The variation
between the seven smaller trees was independent of
tree size.  Daily sap flow showed linear or slightly non-
linear relationships between trees with R2 > 0.94 in most
cases. North and south side flows showed similar
excellent agreement. Soil drying below –0.5 MPa
reduced maximum daily flow by about 30% during late
August and early September. Sap flow was reduced on



days with air temperature below zero.  There was
significant flow on days in late April and early May 2001
when there was a 0.5-m deep melting snow pack.

�

��

��

��

��

��

��

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

7U
DQ
VS
LUD
WLR
Q�
�/
�G
��
�

7�

7�

���

)LJXUH� ��� 'DLO\� WUHH� WUDQVSLUDWLRQ� �/� G���� IRU� D� �����P
GLDPHWHU�WUHH��7���DQG�D�����P�GLDPHWHU�WUHH��7���
����$UHDO�WUHH�WUDQVSLUDWLRQ
������'DLO\� DUHDO� WUHH� WUDQVSLUDWLRQ� ZDV� FDOFXODWHG� XVLQJGDWD�IRU�DOO� WKH�WUHHV��7KH�IORZ�IRU� WKH�QRUWK�VLGH�RI� WKHWUHH� ZDV� DVVXPHG� WR� UHSUHVHQW� WKH� ZKROH� WUHH� ZKHUHRQO\�WKH�QRUWK�VLGH�ZDV�PHDVXUHG��$Q�DYHUDJH�IORZ�ZDVFDOFXODWHG� IRU� HDFK� GLDPHWHU� FODVVHV�� 7KHVH� YDOXHVZHUH�WKHQ�ZHLJKWHG�E\�WKH�IUDFWLRQ�RI�WKH�GLDPHWHU�FODVVLQ�WKH�VWDQG�DQG�PXOWLSOLHG�E\�VWDQG�GHQVLW\�WR�JLYH�WUHHWUDQVSLUDWLRQ�� 2Q� VXQQ\� GD\V� ZLWK� YDSRXU� SUHVVXUHGHILFLWV� RYHU� �� N3D��PD[LPXP� GDLO\� DUHDO� WUDQVSLUDWLRQUDWHV� ZHUH� ���� WR� ���� PP� G���� 7KH� GU\� VRLO� DQG� FRROFRQGLWLRQV� DIWHU� GD\� ���� UHGXFHG� WUDQVSLUDWLRQ� �)LJXUH���� � 7KH� WUHHV� ZLWK� D� GLDPHWHU� !���� P� FRQVWLWXWH� RQO\����RI�WKH�VWDQG�EXW�FRQWULEXWH�DERXW�����RI�WKH�ZDWHUWR�DUHDO� WUHH�WUDQVSLUDWLRQ��9DU\LQJ�WKH�ZHLJKWLQJV�JDYH
DQ�HUURU�HVWLPDWH�RI������IRU�DUHDO�WUHH�WUDQVSLUDWLRQ�
����6LWH�ZDWHU�EDODQFH
�����0HDQ� GDLO\� DUHDO� WUHH� WUDQVSLUDWLRQ� ZDV� EHWZHHQ� �DQG�����PP�G���LQ�PLG�VXPPHU��7KLV�GHFUHDVH�WR�DERXW���� PP� G��� LQ� ODWH� $XJXVW� DQG� 6HSWHPEHU� ZKHQ� VRLO
ZDWHU�SRWHQWLDO�GURSSHG�below –0.5 MPa and remained
low in the cool late September and October weather.$YHUDJH� EHORZ� FDQRS\� HYDSRUDWLRQ� YDULHG� IURP� ���� WR����PP�G�����0HDQ�GDLO\�HYDSRUDWLRQ�YDULHG�IURP�����PPG��� LQ� -XQH� WR� $XJXVW� WR� ��PP� G��� LQ� ODWH� 6HSWHPEHU�7KH� WUHHV� DQG� WKH� EHORZ� FDQRS\� FRQWULEXWHG� ���� DQG����� UHVSHFWLYHO\�� RI� WKH� WRWDO� HYDSRUDWLRQ� ����� PP������RI�WKH�UDLQIDOO�ZDV�LQWHUFHSWLRQ�DQG�WKLV�FRPSULVHG����RI�WKH�WRWDO�HYDSRUDWLRQ���'UDLQDJH�ZDV����PP�
���&21&/86,216
�����$UHDO� WUDQVSLUDWLRQ� UDWHV� DUH� DW� WKH� ORZHU� HQG� RIYDOXHV� IRU� IRUHVWV�� SDUWLFXODUO\� LQ� WKH� WHPSHUDWXUH� ]RQH�.HOOLKHU�HW�DO���������+RZHYHU��PDQ\�RI� WKH� ORGJHSROHSLQH�WUHHV�KDYH�RQO\�D�VPDOO�DPRXQW�RI� IROLDJH�DQG�WKHWUHHV� DUH� RYHU� D� ���� \HDUV� ROG�� +XEEDUG�HW� DO�� ������

VXJJHVW� WKDW�ROG�WUHHV�DUH�VXEMHFW� WR� UHGXFHG�K\GUDXOLFFRQGXFWDQFH� EHWZHHQ� WKH� URRWV� DQG� OHDYHV�ZKLFK� FDQVLJQLILFDQWO\� UHGXFH� WUDQVSLUDWLRQ� UDWHV�� 7KH� UDWLR� RIXQGHUVWRU\�VRLO� WR�VWDQG�HYDSRUDWLRQ� LV�ZLWKLQ�WKH�UDQJHRI�GDWD�UHSRUWHG�E\�%ODFN�DQG�.HOOLKHU��������
�����$&.12:/('*0(176
     The BC Ministry of Forests and Forest Renewal BC
provided financial support. Gilbert Ethier and Dave
Simpson provided the thermal dissipation probes. Rita
Winkler, Barry Markin and Gary Emmerik aided in data
collection.

������5()(5(1&(6
%ODFN�� 7�$�� DQG� )�0�� .HOOLKHU�� � ������ 3URFHVVHVFRQWUROOLQJ� XQGHUVWRUH\� HYDSRWUDQVSLUDWLRQ�� 3KLO�7UDQV��5��6RF��/RQG��%�������������&OHDUZDWHU�� 0�-��� )�&�� 0HLQ]HU�� -�/�� $QGDUDGH�� *�*ROGVWHLQ�DQG�1�0��+ROEURRN��������3RWHQWLDO�HUURUVLQ�PHDVXUHPHQW�RI�QRQXQLIRUP�VDS� IORZ�XVLQJ�KHDWGLVVLSDWLRQ�SUREHV��7UHH�3K\V�������������+XEEDUG�� 5�0��� %�-�� %RQG� DQG� 0�*�� 5\DQ�� �����(YLGHQFH� WKDW� K\GUDXOLF� FRQGXFWDQFH� OLPLWVSKRWRV\QWKHVLV�LQ�ROG�3LQXV�SRQGHURVD�WUHHV��7UHH3K\V�������������.HOOLKHU�� )�0��� 5�� /HXQLQJ� DQG� (��'�� 6FKXO]H�� �����(YDSRUDWLRQ� DQG� FDQRS\� FKDUDFWHULVWLFV� RI� IRUHVWVDQG�JUDVVODQGV��2HFRORJLD������������6SLWWOHKRXVH�� '�/�� ������ 5DLQIDOO� LQWHUFHSWLRQ� LQ� \RXQJDQG�PDWXUH� FRQLIHU� IRUHVWV� LQ� %ULWLVK� &ROXPELD�� ,Q�3URF����UG�&RQI��$JULF��)RU��0HWHRURO������1RY�������$OEXTXHUTXH��10��$P��0HW��6RF��� %RVWRQ��0$�� SS���������6SLWWOHKRXVH�� '�/�� ������ 8VLQJ� WLPH� GRPDLQUHIOHFWRPHWU\� LQ� VWRQ\� IRUHVW� VRLO�� &DQ�� -�� 6RLO�� 6FL���������6SLWWOHKRXVH�� '�/�� DQG� 7�$�� %ODFN�� ������ $� JURZLQJVHDVRQ�ZDWHU�EDODQFH�PRGHO�DSSOLHG�WR�WZR�'RXJODVILU�VWDQGV��:DWHU�5HVRXU��5HV���������������
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)LJXUH� ��� $UHDO� WUHH� WUDQVSLUDWLRQ� �PP� G���� DQG� GDLO\
PD[LPXP�YDSRXU�SUHVVXUH�GHILFLW��N3D��RQ�GD\V�����WR�����n���GD\V�����WR������s��DQG�GD\V�ZLWK�UDLQ��u��


