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Overview of the methods for sap flow measurement of standing tree based
on thermal technology

SONG Bohua, GAO Ge, GAO Shan, SUN Linlin, LI Bingxue
(College of Engineering and Technology, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: With the comparion of the five thermal methods commonly used for trunk sap flow measurement
with the focus on their respective advantages and disadvantages under different research objectives and
experimental circumstance, this study is aimed to provide reference for practices in liquid flow measurements of
standing trees. Of the five thermal methods commonly employed, Heat Pluse Velocity Method (HPVM) has
mainly been used to calculate the flow rate by measuring the time required for the heat pulse to reach the
thermocouple. Heat Balance Method (HBM) is used to calculate the sap flow by means of the energy balance
between the heat input via the heating element, the heat conduction and the heat carried by the sap flow.
Whereas Thermal Dissipation Method (TDM), Heat Field Deformation (HFD), and External Heat-Ratio
(EHR) all use the temperature difference to characterize the thermal field changes caused by the sap flow
before the sap flow rate and density are determined. In recent years, with the employment of relevant thermal
technology, researches aimed to improve the existing thermal technology methods have been rewarded with
higner sap flow measurement accuracy of HBM, HFD and EHR. Neither HBM nor EHR has been widely

employed due to the complex measurement process and uncertainly in the configuration of the micro external
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gauge respectively. TDM and HPVM still suffer from low accuracy of determination despite the relatively
mature commercial products of them. In conclusion, improperly selected determination methods will lead to
great deviation in research rusults, therefore, is it proposed that suitable methods should be chosen
in accordance with different experimental conditions so as to better promote the measurement accuracy of
tree sap flow. [Ch, 1 fig. 1 tab. 58 ref.]

Key words: sap flow; Heat Pulse Velocity Method; Heat Balance Method; Thermal Dissipation Method; Heat

Field Deformation; External Heat-Ratio
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Figure 1 Different kinds of heat-ratio sensor
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Table I Comparison of methods for sap flow measurement
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