
 

15 Instrument Configuration

Configuring the SFM1 Sap Flow Meter is a very straight forward process. It is performed using a 
simple and intuitive Windows based Graphical User Interface (GUI).  In brief, configuration 
consists of allocating the instrument a recognisable name and comment that relates to the 
specific purpose of the experiment and differentiates it from the next Sap Flow Meter; setting 
the date & time, choosing a reporting option; setting a heat pulse energy level; and choosing 
a logging interval. 

The software is based upon a single Window that is has broken into thirds with Instrument 
Information & Measurement Control; the Dialogue Box; and the data section which is 
partitioned with specific tabs for SFM measurement data, Corrections inputs; Reports; SD Card 
access and PC Logging configuration tabs.

Figure 37 The main SFM software Window for configuring and operating the SFM1 Sap Flow Meter
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15.1Instrument Information

The instrument information panel is a summary of the instruments setup and status. It provides 
a simple display of the configuration settings as stored in the instruments non-volatile RAM. 
Important operational information such as Serial Number, Firmware versions, internal battery 
voltage, external power supply and charging status are, immediately obvious. 

Data can be immediately downloaded by clicking a single icon. The instruments descriptive 
identifiers such as the Sap Flow Meter’s Name and or Comment can be changed. Entries in 
these fields will be recorded in a header line within the data file and can be beneficial to 
recalling important aspects of the experiment after data has been collected. Every time 
these fields are changed the change is automatically recorded in a new header line entry in 
the data file. 

15.1.1 Name
The name should be indicative of the instrument or treatment and identify its location, as it is 
the Name field which is displayed (along with the serial number) when connecting to the 
instrument. This is especially valuable if connecting wirelessly to the instrument using the 
MCC1 Radio Frequency Modem.
To edit the field click on the X to the right hand side to clear the field and begin typing. Then 
click the update sensor information icon to save the change. 

Figure 38 Instrument Information panel of the SFM Software

15.1.2 Comment

This is a 28 character field for the user to store a comment with the data set. The comment is 
stored in the header line of the data file. As it is automatically saved in the data file every 
time it is updated and saved, it can be used as a digital note in the data file to record 
whenever a change has been made to the instrument or the experiment.  
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15.1.3 Update Instrument Information 
Clicking this icon saves your changes to non-volatile RAM so your settings remain in memory 
and active even after disconnecting from the SFM1.

NOTE 40: whenever any field is updated, a new header line is inserted into the data file. This provides a 
tracking mechanism by which columns of processed data, (that can be logged such as corrected Sap 
Velocity or Sap Flow) can be referenced to the corrections used to automatically calculate the data.

15.1.4 SD Card
The status of the SD card is displayed. If a SD card is inserted and functioning correctly 
it will display SD OK. 

Figure 39 SD Card Status & Download Icon

If the SD card is removed or not inserted the message NO CARD is displayed. 

NOTE 41: it is possible to think you have pushed the SD card in, but failed to have it click in fully. Be sure 
to listen for the clicking sound when inserting otherwise the SFM1 will rightly state NO CARD and data 
will not be recorded.

Figure 40 SD Card Status & Download Icon

NOTE 42: Clicking on the “Download Data” icon will take you directly to the SD Card Tab. This tab is 
detailed fully in the SD Card section.

15.1.5 SD Card Initialisation 
Upon insertion of the MicroSD card the SFM Initialises the card then performs a 
simultaneous communication and format check.  If the SD card fails the 
communication and initialisation check the SD card status is reported as SD ERROR.
This means the SD card is damaged and should be replaced with a new MicroSD 
card. 

NOTE 43: ICT International recommends SanDisk MicroSD cards however, any brand of MicroSD card is 
compatible and should perform well in the SFM1 within the limits of the cards own specifications.
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15.1.6 SD Card Formatting 
If the SD card uses a higher level of formatting such as exFAT then a message will appear 
saying “WRONG FORMAT” at which point you would reformat the SD card to FAT32 format. 

15.1.7 Instructions to reformat a MicroSD Card

(1) Remove the card from the SFM1
(2) Place it in the USB card reader 
(3) Insert it in to a computer. 
(4) Right click on the drive and choose Format. 
(5) Select FAT32, 
(6) Name the “Volume Label”  SFM1
(7) Check the “Quick Format” box 
(8) Click Start

Figure 41 Microsoft Windows Right Click Menu for Formatting a Drive

NOTE 44: The SFM1 works fine with FAT and FAT32 file formats. It is not designed to be compatible with 
exFAT (extended File Allocation Table format also known as FAT64). This is a new format that has yet to 
be adopted by commercially available SD cards for precisely the reason that it would be incompatible 
with most electronic instruments, mobile phones and cameras.

15.1.8 Format Check  
If the format check is ok, a check of the serial number is performed to see if a valid CSV file 
can be created.  If this check is ok, the SD Card status to reported as SD OK

15.1.9 File Name Error 
If the instrument serial number has been lost or corrupted the check will fail, and the SD Card 
status is reported as FILENAME ERROR. At this point, please contact your local ICT distributor in 
your country or ICT International direct for support. 

NOTE 45: the SD card is “Hot Swappable” meaning it can be ejected and inserted while connected. 
The SD card status is updated in real time.
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15.1.10 Serial Number 
The Overall instrument serial number is displayed. This serial number is used automatically as 
the 8 character data file name.  When using the instrument for the first time or inserting a new 
SD card upon making the first measurement the data file is automatically created using the 
serial number as the file name with .csv extension. Once downloaded to a PC the file name 
can be changed, but data can only be saved to the SD card in this file name format.  This 
serial number is also stored in the header line of the data file.  It is used for technical support 
purposes by ICT technicians. 

Figure 42 Serial Number Field

15.1.11 I icon 
clicking on the I icon toggles between the overall instrument serial number and the serial 
numbers of the individual circuit boards that make up the instrument. 

Figure 43 Individual Serial Number Toggle Icon

15.1.12 APP Serial # 
The serial number of the Application circuit board that is custom designed and manufactured 
specifically to perform the Heat Ratio Method Sap Flow measurement. This serial number is 
also stored in the header line of the data file.  It is used for technical support purposes by ICT 
technicians. 

Figure 44 Application Board Serial Number Field

15.1.13 COM Serial # 
This is the serial number of the generic communication circuit board that operates the 
MicroSD card, USB and wireless radio communications of the instrument. This serial number is 
also stored in the header line of the data file.  It is used for technical support purposes by ICT 
technicians. 

Figure 45 Generic Communication Board Serial Number Field

70 
 



 

15.1.14 O
Clicking on this icon toggles between the individual circuit board serial numbers and the 
overall serial number field. 

Figure 46 Overall Instrument Serial Number Toggle Icon

15.1.15 APP Ver.  
The firmware version number loaded into the application circuit board. The user should review 
this at regular intervals and compare it against the current version available from the ICT web 
site www.ictinternational.com/download.html if a new version is available the user can 
upgrade the firmware using Device Firmware Updater (DFU) software. This firmware version 
number is also stored in the header line of the data file.  It is used for technical support 
purposes by ICT technicians.

Figure 47 Application Board Firmware Number Field

15.1.16 COM Ver. 
The firmware version number loaded into the communication circuit board. The user should 
review this at regular intervals and compare it against the current version available from the 
web site www.ictinternational.com/download.html if a new version is available the user can 
upgrade the firmware using ICT’s Boot Strap Loader Utility software. This firmware version 
number is also stored in the header line of the data file.  It is used for technical support 
purposes by ICT technicians.

Figure 48 Generic Communications Board Firmware Number Field

15.1.17 External Supply 
These fields display the status of any external power supply that may be directly connected 
to the instrument such as: 

(a) An external 12V DC power supply either, mains powered or solar powered
(b) The external voltage supply whether from Solar Panel or battery  
(c) The Internal Battery voltage 
(d) The internal battery status either idle (not charging) or Charging

Figure 49 External Power Supply Status Fields
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These fields are dynamically updated showing a Green check box when external supply is 
present or a red box with a white X when there is no external supply present. The external 
power supply voltage and charging current can be stored to the Micro SD card as a 
measured parameter, with each water potential valued logged.  This is detailed in the SD 
Card Logging Options section.

Figure 50 External Power Supply Status Icons

15.1.18 Battery
The instruments internal 4.2V Lithium polymer, rechargeable battery voltage is displayed in 
real time. This battery voltage can be stored to the MicroSD card as a measured parameter 
with each sap flow valued logged.  This is detailed in the SD Card Logging Options section.

Figure 51 Internal Battery Voltage Field
 

15.1.19 Status  
This field indicates the status of the instrument. If the instrument is fully operational and 
charged the field displays the message “Idle”. Alternatively, if the instrument’s internal battery 
has dropped below the operational threshold of 3.7V and external power is attached, the 
instrument displays the message “charging”.

Figure 52 Internal Battery Voltage Status Fields
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15.2Dialogue Box
The dialogue box is located in the bottom third of the SFM software window.

Figure 53 Dialogue Box location 

It is a field for dynamic user feedback from the instrument in response to actions performed 
by the user. When an action is performed by the user a response is immediately displayed 
either confirming the action is ok or warning that the action has failed and why.  

Figure 54 SFM1 Dialogue Box – Example of user feedback messages

15.2.1 Copy to Clipboard Icon

Clicking on this icon copies all of the information contained within the dialogue box and can 
be pasted into a word processing application such as Microsoft Word or Notepad. This can 
be a useful tool in diagnosing possible problems as exact feedback from the instrument can 
be emailed to ICT engineers for troubleshooting. 
Measurement complete 03/09/2013, 14:53, results: 01:26:10 Measurement aborted. Temp rise 
insufficient.

15.2.2 Clear Icon
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15.2.3 Dialogue Box Clear Icon
Clicking on this icon clears the field of any previous information

Figure 55 Dialogue Box Clear icon

15.3 Status Bar: 
The status bar is located along the bottom of the SFM1 GUI and provides basic 
information about the operational status of the instrument.

Figure 56 SFM1 Software Status bar

15.3.1 Connection status 
Disconnected
Connecting
Connected to ICT SFM

NOTE 46: If the SFM1 is unable to connect to the computer it is typically due to one of two things (1) the 
internal battery is completely discharged and needs charging and or replacing if it very old and been 
poorly maintained (2) there is a communications issue between the Generic COMs board (which 
connects first and displays the COM Port the PC has allocated to the instrument) and the application 
board. If the problem is caused by the latter, then it will be confirmed by the specific flash sequence of 
the USB LED Status Indicator lights.

15.3.2 Batt 
Displays the internal battery voltage of the instrument both prior to connection and 
once connected. Prior to connection it provides a very useful diagnostic tool should 
the SFM1 fail to connect due to a low internal battery voltage. 

15.3.3 Port 
Displays the active COM port being used by the instrument associated with the open 
Software window, multiple instruments can be connected to a PC simultaneously on 
different COM ports by opening multiple software windows. 

15.3.4 Device Date
The current date of the instrument is displayed. This can be set manually by the user or 
synchronized with the PC Date & Time, see Set Date & Time for details.

15.3.5 Device Time
The current time of the instrument is displayed. This can be set manually by the user or 
synchronized with the PC Date & Time, see Set Date & Time for details.
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15.4 Help Menu
15.4.1 About

The About Splash Screen displays the Software’s: 
Product Name
Product Version
Release Date
The ICT Web site link www.ictinternational.com

Figure 57 SFM1 “About” Splash Screen

15.4.2 Check for Updates
The updates function can be automated however, a manual updates search option is 
available via the Help menu. This will force the software to check the ICT web site 
http://www.ictinternational.com/downloads.html and search for any new software or 
firmware udates that may be available. 

If an update is available a message is generated after checking the web site which confirms 
whether Software, Firmware, both Software & Firmware or niether option is available for 
update. You can accept or decline the option to update by selecting Yes or No from the 
notification window. 

Figure 58 Dynamic message advising the user of software & Firmware updates available from the web site

NOTE 47: Instrument software updates can be performed during a measurement cycle without 
interference to the measurement.
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15.4.3 Display Debug Registers

If the Sap Flow Meter is not functioning as it should, or is appears to be hung or locked up 
whilst performing a function, display the debug register. 

From the Help Menu drop down and select the Display Debug Register. The output will be 
displayed in the Dialogue box at the bottom of the SFM Software. 

Figure 59 Display Debug Registers is output to the Dialogue Box in the SFM software

The output is cryptic programming code, however the various flags or codes reported against 
each parameter such as the CREG – Control Register describe the state the microprocessor
of the Sap Flow Meter is currently in. 

If problems continue this information should be emailed to support@ictinternational.com so 
that ICT International’s service engineers can assist you in trouble shooting the problem. 
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15.5Measurement Control
15.5.1 Measurement Mode

The Heat Ratio Method involves a pulse of heat into the water conducting xylem or sapwood 
of the plant to measure the flow of water. Initiating a subsequent heat pulse whilst heat from 
a previous pulse is still present will confound the measurement and produce erroneous results.  
Under normal conditions it takes somewhere from 5-10 minutes after each pulse for the 
effects of the pulse to dissipate completely such that plant tissues have returned to ambient 
conditions.  Typically, 10 minutes is adequate time for the heat to move through the system, 
and as such is the minimum recommended logging interval.   Shorter logging intervals such as 
3, 4, 5 and 6 minutes are possible. However, anything below 10 minutes is purely for academic 
research and testing purposes and not recommended for configurations of the Sap Flow 
Meter intended for field deployment. Other typical logging intervals such as 15 minutes, 20, 30 
and 60 minutes are available from the drop down box. In the majority of cases these intervals 
are well matched to the speed at which plants change in response to environmental 
conditions and therefore provide sufficient detail on plant function.

Figure 60 The Measurement Mode is a drop down menu that has a selection of preformatted logging 
intervals 

15.5.1.1 Manual
The Manual mode allows the user control over the initiation of a pulse and measurement 
using the Start Measurement (Fire Pulse) button.  This can be useful for testing or calibration 
purposes in the laboratory because measurements can be launched to coordinate with 
other tests or observations.  With the SFM1 in Manual mode the software will display all stages 
of the Heat Ratio Method measurement protocol on screen as they are performed. It is 
typically used to perform:

(1) An instrument verification check prior to field deployment 
(2) A calibration of Thermistors in the measurement needles 
(3) Instrument or species calibrations in the lab

WARNING 6 DO NOT PULSE WHEN NEEDLES ARE IN AIR. – This is a safety precaution, to ensure long 
serviceability of the heater. The heater is a monofilament wire that like an incandescent light bulb has 
a finite and unpredictable life span and can burn out if unable to dissipate the heat when operated in 
air. This warning should be particularly heeded when unpacking the instrument for the first time and 
becoming familiar with it, perhaps on a desk rather than installed in a tree.  
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15.5.1.2 Test Instrument integrity prior to deployment in the field 
The manual measurement mode is convenient for testing instrument operation and 
performing an integrity test of the needles prior to deployment in the field. 
A test is conducted by placing the needles of the SFM1 into the embedded sleeves as 
labeled on the SFM-TB Test Block. Notice that the sleeves are not symmetrical around the 
heater, instead being asymmetrical which is in contradiction to the HRM protocol. This feature 
combined with the use of a compound of known thermal properties, is how the Test Block has 
been engineered to force a known sap velocity when a measurement is made in an 
inanimate block. 

Place the SFM1 in Manual mode and Start a Measurement. The software will display all stages 
of the measurement protocol on screen as they are performed. You will see the effect of the 
Heat Pulse being fired causing the temperature of both the downstream and upstream 
thermistors on the Outer and Inner measurement points rise. Once the maximum temperature 
is reached the temperatures will fall quickly returning to their starting ambient reference 
temperatures. 

If the temperatures do not rise there may be an issue with the heater. If so an error code will 
be reported in the dialogue box at the bottom of the software window. If the instrument is 
functioning correctly a sap velocity value of within the range 12 to 18 cm hr-1 will be displayed 
in the dialogue box. Once fully charged the instrument is ready for field deployment. 

If a the instrument does not return a sap velocity within this range or an error message is 
reported in the dialogue box please contact ICT international via our web site 
www.ictinternational.com and submit a ticket explaining the issue and request an RMA# via 
the Service Desk.

NOTE 48: The integrity test is designed to provide confidence that the instrument is fully functional 
before leaving for a (typically remote) field site to deploy the instruments. It may also be of use in 
diagnosing faults in the field.

15.5.1.3 10 Min
Ten (10) minutes is the minimum temporal resolution logging interval recommended in an 
automated data collection mode.  Data collected more frequently than this has a high 
probability of disrupting the thermodynamics of the plant immediately surrounding the 
needles and introducing an error due to a compounding of heat stored in the stem. From a 
physiological perspective 10 minutes is an adequate frequency of measurement to capture 
normal plant response to changes within the ambient environment. Plants typically don’t 
respond more quickly than this in response to changing light levels or Vapour Pressure Deficits 
(VPD) which are the key drivers of transpiration, as there is a capacitive lag within the plant 
between the atmospheric demand and the plants supply of water. 

NOTE 49: where specific and targeted artificial stimuli are applied to the plant, in particular irrigation of 
a drought affected plant, or cutting experiments both commonly used techniques in mapping 
hydraulic architecture, a frequency of measurement greater than 10 minutes may be beneficial. For 
these instances ICT recommends the use of the HFD8 Heat Field Deformation Sap Flow Meter which is a 
continuously heated technique allowing logging frequencies of every 1 second.

15.5.1.4 15 Min 
Optional temporal resolution logging interval often chosen for environmental research as it 
provides a convenient four (4) measurements per hour. 
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15.5.1.5 20 Min 
Optional temporal resolution logging interval

15.5.1.6 30 Min 
This is a good temporal resolution for long term field deployments where only daily water use 
values are of interest. 

15.5.1.7 60 Min 
This is a good temporal resolution for long term field deployments where only daily water use 
values are of interest and it is beneficial to minimize the volume of data collected. Logging 
intervals greater than 60 minutes are not provided as data collected at such a coarse 
temporal resolution begins to filter important physiological responses effectively introducing 
error to the interpretation of the data.

NOTE 50: when changing the logging interval it is necessary to click the update measurement options 
icon to make the change take effect.

15.5.2 Reporting Options

The SFM1 Sap Flow Meter provides two Reporting Options;
Needle Temperature Mode or Sap Flow Mode.

Figure 61 The Reporting Option is a drop down menu that offers the choice between Needle 
Temperature Mode and Sap Flow Mode.

15.5.2.1 Needle Temperature Mode 
The Needle Temperature mode is highly recommended for detailed scientific research. The 
raw needle temperatures measured throughout the measurement cycle are recorded at a 
typical frequency of 3 Hz, although the user can adjust this between 1 and 30 Hz, see SD 
Logging Options for details. This mode then provides internal stem temperatures at two points 
radially across the sap wood and the data can be post processed in Sap Flow Tool Software. 
The advantage of this feature is that correction parameters can be collected subsequent to 
installation (rather than prior to) and that data can be reprocessed at any time instantly 
should any correction parameter be revised. Additionally, Sap Flow Tool provides the ability to 
analyse the raw heat pulse data with a range of sap flow algorithms (HRM, HRMx, CHPM or 
TMax) 

NOTE 51: To operate the SFM1 Sap Flow Meter in CHPM mode the needle spacing must be adjusted 
from symmetrical spacing 5 mm either side of the heater to asymmetrical spacing 5 upstream and 10 
mm downstream of the heater.
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15.5.2.2 Sap Flow Mode 
The Sap Flow Mode provides automatically processed sap flow results in Raw Heat Pulse 
Velocity, Corrected Sap Velocity and Sap Flow. The Raw Heat Pulse Velocity can be used in 
Sap Flow Tool Software to post process the data however, Corrected Sap Velocity and Sap 
Flow cannot be reprocessed once logged in these units. In order to use the Corrected Sap 
Velocity and Sap Flow data automatically logged by the Sap Flow Meter, you must enter the 
relevant correction parameters into the Corrections tab to enable the onboard processing of 
the measured raw data. This feature is suitable where prior knowledge about the species 
being measured is known or indicative values of sap flow without the necessity for absolute 
precision and accuracy of sap flow data is needed quickly.   

15.5.3 Delayed Start/Suspend Measurement
Maximising power use for any sap flow principle is important as the instruments are typically 
deployed in remote locations for extended periods. The SFM1 provides measurement options
such as the ability to delay the commencement of measurements or periodically suspend 
measurements, according to specified time criteria. Click on the clock icon (a grey circle with 
two hands like an analogue wall clock) next to the “Update measurement options” button.  

Figure 62 Access to the Delayed Start/Suspend Configuration option is via the clock icon

The following screen will be displayed:

Figure 63 Setting the Delayed Start or Measurement Suspend options
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15.5.3.1 Delayed Start
This function allows the user to configure the instrument in advance of use. In many situations 
it may be preferable to set all instruments to the same predetermined start time prior to 
deployment in the field. This can be done via the GUI software in the office prior to 
deployment in the field. Once in the field and the instruments have been installed and power 
is either manually turned on using the power switch or by connecting an external power 
source (see Powering the Instrument) the instruments will commence logging at the 
predetermined time. 

To enter a value to the right of “Delay Until”, first uncheck the Disable Delay Start box (The 
default setting is for this field to be deactivated or greyed out).  Values can be input either by 
typing directly into each field or using the scroll arrows when the desired field, either the hour 
“00:” or minute “:00” is selected.  The numbers must correspond to the time in hours and 
minutes (24 hour clock) the SFM1’s are required to commence logging.  Given this 24 hour 
clock format has no date component, you cannot schedule a specific date on which the 
SFM1 will launch at a specific time.  Thus a delay time greater than 23 hours, 59 minutes 
cannot be created).  Nevertheless, if a longer delay time is desired (days, weeks), turn off the 
instrument for the intervening period and switch it on again on the day of operation.  

For example, if on Friday morning the instruments are configured to “Delay Until: 17:00” and 
then turned off until Monday when installation is planned, the instruments can be installed 
and turned on but they will not commence logging until 17:00 or 5:00pm that day. This will 
mean all instruments data sets will commence at the same time and no laptop was required 
in the field to set the Sap Flow Meters logging. 

NOTE 52: For the Delayed start function to be effective, it is imperative that the instruments’ internal 
clocks have either been accurately synchronised to your computer system time or manually set to the 
correct local time of the region in which you are deploying the instruments. Failure to do so will result in 
an erroneous set of data that appears to be correctly synchronized among units, but in fact may 
contain date & time discrepancies where SFM1 differed in their clock settings: the result may require 
tedious post-processing to correct the time stamps on data series, or worse the inability to interpret the 
data correctly.

15.5.3.2 Measurement Suspend
The Measurement Suspend option allows the user to select a period of time each day when 
measurements will NOT be recorded. This is typically intended to save power by not making 
measurements when the plant is not transpiring or using water. 

NOTE 53: It is not recommended to assume that the plant will NOT use water at night. Nocturnal 
Transpiration can contribute a significant proportion of a plants daily water use. A decision on whether 
to employee this option, and when to employee this option must be made based on an empirical 
data set of measurements recorded over at least one week’s duration of full diurnal cycles.

To input Suspend start and stop times you must first uncheck the Disable Suspend Mode box 
(The default setting is for these time fields to be deactivated or greyed out).  Input start and 
stop times using the 24 hour format in the same manner as described for Delayed Start.  To 
give an example, if you choose 19:00 (7 pm) as the start of suspend and 5:00 (5 am) to stop 
suspend, data will NOT be collected for 10 hours during the night and early predawn hours of 
the morning. Data WILL be recorded during the 14 hours of dawn, daylight and dusk periods
between 5 am and 7 pm when the plant will typically be most actively transpiring or using 
water. Based on empirical data these start and stop times may vary for each specific 
location and plant species.
Once changes to Delayed Start or Measurement Suspend have been made click Ok. A 
positive feedback message confirming the change will be displayed in the dialogue box:
INFO: Measurement Mode Updated OK. 
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NOTE 54: when performing any measurement either Manual or in automated logging mode, access to 
the SD card is prohibited. This is noticeable when connected to the software as all icons on the SD 
Card tab are greyed out and inactive throughout the duration of the measurement whilst data is 
actively being written to the Micro SD Card. Upon completion of the measurement the icons are 
reactivated.

    

Figure 64 SD Card Icons change from Active to inactive during a measurement 
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15.6Commands 
15.6.1 Update Date & Time

The date and time are accessed via the “Commands” menu along the top menu bar of the 
SFM1 software. The date and time can be automatically set to the date & time of the 
computer the SFM1 is connected to by selecting the option Update Computer Time. An 
alternative option is provided to update the instrument to a user defined time. This is very 
important as Sap Flow Meters are often deployed in regions distant to your usual office or 
time zone. Or for example your computer or laptop may be set to daylight saving time, but 
you would prefer to collect data based on standard time. 

The day, month and year can be set by clicking on the field and using the arrows to scroll to 
the required values. This is the same for both hours and minutes. Alternatively, you can type 
the value directly into each field. Then click update and the new date & time will be saved to 
the real time clock of the SFM1’s microprocessor. 

Figure 65 Set Date & Time via the Commands>Update Date/Time menu

NOTE 55: The real time clock and crystal used in the Sap Flow Meter is accurate to approximately two 
minutes per month or better at a constant temperature of 25°C. This can change depending upon the 
thermal extremes experienced by the SFM1 in the field as colder temperatures can cause the clock to 
run slower and hotter temperature to run faster. It is recommended to check and manually reset the 
SFM1’s clock at least every six months (or sooner if practical) to remove this drift. If more accurate 
timing is required, the optional MCC2G remote communications module uses the GSM 
communications network to automatically synchronise the Sap Flow Meter to Universal Time 
Coordinated (UTC) time every time it synchronises with the instrument, thus providing an accuracy of 
up to one second.
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15.7SD Card Logging Options

The SD Card Logging Options Menu is accessed via the “Commands” menu along the top 
menu bar of the SFM1 software. This option allows the user to configure and choose what 
parameters are logged to the Comma Separated Values (*.CSV) data file or Binary (*.BIN) 
stored on the internal MicroSD card of the Sap Flow Meter.

Figure 66 Configure the parameters to be logged to the data file on the SD Card

The default and recommended configuration for the majority of sap flow applications is to 
configure the SFM1 to log Raw Heat Pulse Velocity on both Inner & Outer measurement points 
of the needles with all processing of data to be performed in SFT software, once all correction 
factors are determined, either as the experiment progresses or at its conclusion. 

Figure 67 Default settings for SD Logging options of the SFM1

NOTE 56: the “Select All” option can be used to speed up selection of check boxes, but will not affect 
whether inner, outer or both inner and outer sensor elements are engaged, nor affect logging 
frequency or duration.
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15.7.1 Probe Selection
The SFM1 can be configured to measure both Inner & Outer measurement points radial along 
the needle, or either the Inner or the Outer measurement point independently of the other. 
This is useful when working with small stems. Typically, the needle would be inserted all the 
way through the stem to ensure mechanical strength and minimise the leverage of having 
only the needle tip inserted into the stem. Therefore, just logging the outer measurement 
point would be most common in small stems. Nevertheless, the options to measure just the 
inner measurement point is available. 

15.7.2 Calculated Results
The SFM1 can log and process raw data on board the instruments microprocessor. To do this, 
simply check the box or boxes corresponding to the calculated parameters required. Whilst 
the SFM1 will process and log the data to file, for the data to be meaningful you must have 
entered all the necessary correction parameters first.

15.7.2.1 Raw Heat Pulse Velocity
Raw Heat pulse Velocity is a simple measurement of the speed at which the heat pulse has 
travelled within the plant tissues and is a very useful basic measurement that permits a full 
range of post-processing options in Sap Flow Tool software.

15.7.2.2 Sap Velocity
Sap Velocity multiplies Raw Heat Pulse Velocity by correction factors stored in the SFM1 that 
correct the heat pulse for thermal diffusivity, asymmetry of alignment and wounding to yield 
a corrected sap velocity that is accurately calculated from the empirical data Heat Ratio 
Method principle and theory.

15.7.2.3 Sap Flow in Kg
Sap flow in kg further processes the corrected sap velocity by multiplying by the sap wood 
area or the water conducting xylem of the plant to calculate the total amount or volume of 
water flowing through the plant in kg, per hour (kg hr-1).

NOTE 57: The default and recommended reporting option of calculated results is the Raw Heat Pulse 
Velocity. Raw Heat Pulse Velocity data can be processed (and subsequently reprocessed if necessary)
in Sap Flow Tool Software.

15.7.3 Power Management
The SFM1 can log the instruments internal battery voltage, the external charging supply 
voltage and external charging current. These parameters should always be logged to aid in 
trouble shooting spurious results that typically can be caused by power supply issues. It will 
provide empirical data to confirm the satisfactory capacity of the auxiliary power supply 
under the prevailing environmental conditions. If the auxiliary power supply proves to be 
deficient or inadequate to supply the instruments requirements, a review of the empirical 
data collected will allow a detailed analysis and provide the means to correct it either by 
increasing the wattage of the solar panel, the capacity of the external battery, or both.

85 
 



 
15.7.4 Raw Temperature Mode

When logging data in Raw Temperature mode there are two options that must be 
configured: 
1) “number of measurements/second” 
2) “number of measurements after pulse”.  

Figure 68 Raw Temperature Mode Settings

The minimum configuration for Raw Temperature mode is to log 1 measurement per second 
for at least 100 seconds following each heat pulse.  As a guide, logging 100 seconds of data, 
at a frequency of one measurement per second, following the release of a heat pulse 
scheduled every 30 minutes will use 50 MB of data over 12 months.  Greater frequencies such 
as 2, 3 or 10 readings per second may be useful for more in depth analysis of the heat pulse 
curve.  Greater durations, (e.g. 300 s) may be useful if using other methods of calculating sap 
flow (e.g. the compensation heat pulse method, which can require 5 or more minutes for 
correction calculation).

NOTE 58: Because the Raw Temperature Mode records large volumes of data, potentially 30 readings 
per second for 300 seconds per measurement, the data is stored in a binary (*.BIN) format. This file can 
only be opened in SFT software for analysis. In this reporting mode data is not displayed in the Dialogue 
Box, instead data is only stored on the MicroSD card and a message confirming this is shown in the 
dialogue box in its place.

Figure 69 Raw Needle Temperatures are not displayed in the Dialogue Box instead stored direct to SD card.

Once the setting has been entered it must be saved to non-volatile RAM in Firmware of the 
instrument. This is done by clicking the “Update Logging Options”.  A positive feedback 
message is displayed in the dialogue box to confirm the update has been applied. 

Logging Configuration Updated OK.

NOTE 59:  The Total Measurement Time for the Heat Pulse measurement is displayed below the 
measurement option input fields. This time is dynamically updated as entries are made by the user. This 
is an important feature as it can be used to ensure that the logging interval is sufficiently large so as to 
prevent the previous measurement from interfering with the start of the next measurement.
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Figure 70 Dynamic display of Total Measurement Time

Providing the flexibility to manipulate these two options independently of each other, enables 
users to exploit the full capacity of the Raw Temperature mode to obtain detailed information 
on the response of the temperature sensors to the release of the heat pulse. This can provide 
significant information for advanced research applications in which the shape of the heat
pulse and the timing of events within the heating and thermal decay of the heat pulse within 
the stem can provide additional insights to the physiological mechanisms by which water 
moves through the plant. 

Raw Temperature records may prove useful for diagnostic and experimental purposes both 
at the time of measurement or in the future to allow reprocessing of data should new 
information become available. They are necessary in order to apply the HRMx algorithm in 
which fixed timing within the measurement protocol for taking the Heat Ratio becomes 
variable. In applying the HRMx ratio the position within the heat pulse at which the Heat Ratio 
is taken can be manually adjusted by the user to effectively filter the impacts of thermal 
anomalies to ensure the ratio is performed at a point of non-limiting heat. 

By logging the Raw Temperature data and not automatically applying the Heat Ratio 
Method algorithm, multiple heat pulse algorithms such as HRM, HRMx and Tmax can be 
applied to the same data set to further scrutinize possible anomalies within the sap flow 
measurement. The corrected sap flow measurements resulting from these algorithms can be 
simultaneously compared and analysed using Sap Flow Tool Software. 

15.7.5 Interpreting Raw Temperature Data
The Raw Temperatures need to be graphed using Sap Flow Tool software to determine the 
pre-pulse temperature and integrate the 60 to 100 second post-pulse temperature. The pulse 
will start 105 seconds into a pulse cycle event. This allows 25 seconds for the amplifiers to 
stabilize and 80 seconds of recording the pre-pulse temperature. The 80 seconds is required 
to accurately assess the temperature gradient between the stem and the reference junction. 
At certain times of the day this gradient will be quite significant, for example at sunrise. This 
gradient is required in order to calculate what the temperature at "pulse plus 80 seconds" 
would have been, had there been no pulse. This temperature is called the "no pulse plus 80" 
temperature. The pulse plus 80 seconds is the centre of the integration window for the pre-
pulse temperature. Timings are made from the centre of the heat pulse, so that variations in 
pulse length will have negligible effect. 

When doing manual calculations from raw data for the most accurate results, the pulse 
length will need to be known and this can be obtained from the data file. The temperature 
rise of each thermistor is the difference between the average temperature in the 60 to 100 
second post-pulse integration window and the "no pulse plus 80" temperature. All the above 
calculations are automatically done in the instrument when Sap Flow Mode is selected. 
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Figure 71 Diurnal stem temperature variation underlying individual Heat Pulse measurements

Figure 72 Raw Temperature Data of an individual Heat Pulse Curve graphed using Sap Flow Tool 
software
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15.8SFM Data Tab

The SFM data tab provides a real time display of the Heat Ratio Method measurement 
protocol when the SFM1 is connected to a PC. The data is displayed when a measurement is 
made either in Manual mode or in automated logging mode. The series of screen shots 
below show the measurement sequence that begins with the initialization of the Analogue to 
Digital Converter of the instruments microprocessor, to the initial readings being recorded 
prior to the measurement. 

               

Figure 73 SFM1 Initialisation protocol for a Heat Ratio Method measurement 

After the initial readings are recorded a Heat Pulse is made delivering the pre-set amount of 
energy to the water conducting xylem as set by the user. You can see the increase of 
approx. 1.4 °C in measured temperature of the downstream needles subsequent to the heat 
pulse being delivered, as the protocol allows a 60 second wait time for the maximum 
temperature rise to be confirmed. 

              

Figure 74 SFM1 performing a heat Pulse and waiting 60 seconds for the maximum temperature rise to 
be measured and verified. 
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Finally, the ratio of the maximum temperature rise is determined for both the inner and outer 
measurement points of the Downstream and Upstream needles. Once the measurement is 
complete the measurement status is reported. In this example of a manual measurement the 
status is reported as “Measurement Stopped”. If the SFM1 was in logging mode the 
Measurement Status would report the number of minutes until the next measurement was 
scheduled to occur. 

              

Figure 75 Ratios are automatically calculated before the measurement is completed

This data is then processed onboard the SFM1 Sap Flow Meter using the integrated 
microprocessor, to yield the Raw Heat Pulse velocity using the HRM algorithm (Equation 2). If 
the necessary correction parameters have been entered, Sap Velocity and Sap Flow will also 
be processed. These parameters may then be logged to the data file if this option was 
selected in the SD Card Logging Options.  

Figure 76 automatically processed Sap Flow results are processed on-board the SFM1 and displayed in 
the dialogue box. 

NOTE 60: If the Reporting Option is set to Needle Temperature Mode the results are not displayed in the 
dialogue box instead they are stored directly on the MicroSD card in Binary format.
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15.8.1 Pulse Energy 

The factory default Heat Pulse Energy setting is 20 Joules. All SFM1 Sap Flow Meters are 
configured to this energy level to prevent inadvertent damage to the plant by installing the 
instruments and having the energy level set too high for the species or prevailing ambient 
environmental conditions.

Figure 77 the Energy Pulse Setting can be changed from the default 20 Joules using the drop down 
menu and clicking the Update Pulse Energy icon

As the HRM principle is based on the ratio of the maximum temperature rise, the absolute 
temperatures are not important. The key factors to consider when setting the Heat Pulse 
Energy are that a minimum amount of heat is required in order to register a temperature rise,
and provide an accurate reading. Conversely, too much heat will not improve the accuracy 
of the measurement but can have a serious and damaging impact on the wounding of the 
plant tissue immediately surrounding the needles which will impact the accuracy of the 
reading by masking or reducing the movement of heat from the needle to the water 
conducting xylem, effectively thermally decoupling the needle from the sapwood it is 
intended to measure. For these reasons a range in maximum temperature rise should be 
kept within 0.7 to 1.5 °C 

NOTE 61: If the temperature rise is less than approx. 0.7 oC increase the energy level until the 
temperature rise is within the range 0.7 oC to 1.5 oC. This range ensures good results and will help to 
eliminate error code -21.21 which indicates that one of the temperature rises was negative.  This is 
especially important during periods of high flow where a lower amount of energy (20 Joules) may be 
insufficient to generate a measurable temperature rise at the upstream measurement location due to 
rapid convection of heat away from the thermistor.
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An energy level of 20 Joules is a safe level for most if not all applications, however it may be 
required to increase this level for species with high sap flow rates or under conditions of
extreme transpiration. Determining the correct conditions to increase this level is best 
empirically by logging and reviewing the maximum temperature rise which can be logged as 
a parameter in the data file of the SFM1. If the SFM1 determines that the maximum 
temperature rise is less than the acceptable threshold a diagnostic comment, such as 
“insufficient temperature rise” will be reported in the metadata column of the data file and a 
blank entry recorded in the data series as no measurement could be made. This very clear 
message indicates that a higher Pulse Energy level should be applied. 

NOTE 62: Tree size does not affect Pulse Energy requirements as long as the needles are fully inserted, 
however wood moisture content and density may.

15.9Corrections

The correction parameters are applied when the SFM1 Sap Flow Meter is used to process 
data in real time via the integrated microprocessor rather than post processing the data with 
the aid of Sap Flow Tool software. This option can prove to be convenient in some situations, 
however ICT recommends all data processing be performed using Sap Flow Tool Software. 

Figure 78 Default Correction parameters for the SFM1 Sap Flow Meter

NOTE 63: The SFM1 is configured at the time of manufacture with Default values for all correction 
parameters as shown in Fig 77. These values effectively have little impact on the calculated 
parameters of Sap Velocity and Sap Flow other than to yield results per single unit. The Default values 
can be reset at any time by clicking on the Load Defaults icon. As with any changes to these 
parameters, for the changes to be saved to Non-volatile RAM in the instruments firmware the “Update 
corrections factors” icon must be clicked when changes have been completed. 

WARNING 7 – Never use the default Correction values for presentation of Sap Velocity or Sap Flow 
Data. The data WILL BE WRONG! Sap Velocity and Sap Flow data should only be presented when the 
corrections specific to the installation and the tree being measured have been entered or used in post 
processing Raw Needle Temperatures or Raw Heat Pulse Velocities in Sap Flow Tool. 
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NOTE 64: Applying any of these corrections factors within the instrument will result in sacrificing the first 
few days of data (or more) until the various parameters are determined. If Needle Temperatures or 
Raw Heat Pulse Velocities are measured and corrections are applied in Sap Flow Tool software then no 
data is sacrificed as all data can be instantly reprocessed once the correction parameters have been 
determined.

WARNING 8 – Entering values beyond the specific range of the input limits for each 
parameter will turn the data entry inside the boxes red to show an error has been made.

15.9.1 Probe Spacing

The Probe or needle spacing is an important parameter as both uncorrected Raw Heat Pulse 
Velocity (Vh) and corrected Sap Velocity (Vs) are dependent upon the exact distance 
between needles

Equation 2

Where:
• k is the thermal diffusivity of wet wood
• x is the distance between the heat source (heater) and temperature sensors
• v1 and v2 are the increases in temperature (from ambient) at equidistant points 

downstream and upstream from the heater

The original HRM principle was developed using needle spacing’s of 6mm between needles. 
Subsequent refinement of the principle demonstrated that 5 mm spacing’s increased the 
maximum measurable flow rates from 45 cm hr-1 to 54 cm hr-1. It was hypothesised that further 
increases to the maximum measurable flow rate for species with wide xylem vessels (e.g. 
vines) could be achieved by reducing the distance between needles to 4 mm. This 
hypothesis was never tested. 

The factory default setting is 5 mm and ICT International recommends that all installations
utilise the 5 mm needle spacing only. This 5 mm spacing is suitable for all flow rates from – 20
cm hr-1 to a theoretical maximum (proposed in the 1950’s by Marshall) of 54 cm hr-1. Empirical 
tests have proven the high precision and high accuracy dedicated electronics of the SFM1 
Sap Flow Meter can measure velocities of 100 cm hr-1 in artificial environments where a high 
pressure pump was used to force water through a cut stem segment at a range of velocities
from 0-100 cm hr-1.

Increasing the spacing between the needles to 7.5 and even 10 mm can exponentially 
reduce the error caused by misalignment or divergence of the needles from parallel. This is 
because the percentage error of the distance between needles is less when spaced wider 
apart.   

NOTE 65: The 6 mm spacing is still relevant and can be used with both SFM1 and Sap Flow Tool Software 
making a legacy provision for scientists who may already have existing data collected at 6 mm 
spacing’s and wishes to maintain uniformity of their data.

hcm3600 x ln 1-

2

1
h v

v
x
kV
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15.10 Needle Symmetry

Needle spacing’s and precise parallel alignment to each other are the most significant 
source of error in all heat pulse velocity techniques.  A small 0.5mm misalignment of either 
SFM1 needle can affect the accuracy of measurement by +/- 4%. A large 3mm misalignment 
of the needle during installation results in a 22% error of heat pulse velocity.

Photo 16 SFM1 Needle alignment and importance of symmetry of installation 

Figure 79 Positive zero offset with inner measurement point located in heartwood

Figure 80 Negative zero offset with inner measurement point located in heartwood
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Corrections for small needle misalignment are made using a multiplier and offset derived from 
a simple linear relationship between corrected and uncorrected sample data. Large errors in 
needle misalignment cannot be corrected and the installation should be abandoned and 
the instrument reinstalled. 

As the exact identity of which needle is incorrectly spaced cannot be obtained by data 
analysis, an intermediate solution that assumes both temperature needles contribute to the 
error is used.  This creates least bias in the data correction and once performed allows 
accurate discrimination of positive and negative sap flows. Corrections can be manually 
derived by solving equations 3 and 4 correction for probe misalignment as outlined in the 
extract from Burgess et.al 2001 in the section Heat Ratio Method Theory. Alternatively, Sap 
Flow Tool Software provides a linear transformation function that semi-automates the process 
of correcting for probe misalignment or asymmetry of installation. 

15.10.1 Base-line Asymmetry Multipliers (BLAM)

Enter Base-line Asymmetry Multipliers for both the Outer and Inner measurement points. The 
range is between -2 to +2 with a step size of four (4) decimal places. Once entered, the 
multiplier is saved to memory for use in correcting needle misalignment of raw heat pulse 
velocities and to generate corrected sap velocities. Typical values for the multiplier range 
between 1 where no misalignment exists up to 1.385 for baseline asymmetry of up to +/- 5.62 
cm h-1 for misalignments up to ~ 3 mm from parallel.

NOTE 66: Base-line asymmetry multipliers are typically left set to 1, as this typically does not affect the 
reading.

15.10.2 Base-line Asymmetry Offsets (BLAO)

Enter the Base Line Asymmetry Offsets for both the outer and inner measurement points. The 
range is between -5 to +5 with a step size of two (2) decimal places. Once entered, the 
offset is saved to non-volatile RAM for use in correcting needle misalignment of raw heat 
pulse velocities and to generate corrected sap velocities. Maximum values for the offset 
range between –7.78 and +7.78, but are usually much smaller than this. Where offsets extend 
beyond the normal range of -5 to +5 to the extreme range of -7.78 and +7.78 data can only 
be processed using Sap Flow Tool software. 

NOTE 67: Whether the offset is a positive or negative adjustment will depend upon the convergence or 
divergence of each needle relative to the heater. The magnitude of the adjustment can only be 
assessed after an initial few days of measurements have been analysed. Therefore, this correction 
parameter must be entered after the first few days of data have been collected. For this reason post 
processing data in Sap Flow Tool Software is recommended.
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15.11Thermal Diffusivity

The thermal diffusivity (k) of the green (fresh) sapwood explains the complex relationship 
between diffusion of heat through a woody matrix of water and parallel, straight lignified 
tubes (vessels or tracheids) that make up the sapwood. A nominal thermal diffusivity value of 
0.0025 cm2 s-1 is initially assigned for calculating heat pulse velocity (Vh) and further resolved 
once sapwood properties are measured to calculate corrected sap velocity (Vs). The 
corrected thermal diffusivity (k) of the specific sample will lie between a range of 0.001 (pure 
water) and 0.004 (dry wood).

The thermal diffusivity (k) is empirically calculated in cm2 s-1 from Equation 8 (Marshall 1958):

= Equation 8

Where: Kgw is thermal conductivity –3)
and c is specific heat capacity of green (fresh) wood.

The value of Kgw was first calculated according to Equation 9 modified from Swanson (1983):

=  +   (  )                                                        Equation 9

Where: Ks is thermal conductivity of water (5.984 × 10–1 J m–1 s–1 °C–1 at 20 °C (Lide 1992)), mc is 
water content of sapwood, b is the basic density of wood (dry weight/green volume), s is 
the density of water and Kw is thermal conductivity of dry wood matrix. We calculated Kw as 
(Equation 10, Swanson 1983):= .  ( . .  )                                                          Equation 10

Where: Fv is the void fraction of wood defined as (cf. Swanson 1983):= 1  .                                                               Equation 11

Specific heat capacity of green wood was calculated according to its constituent parts 
(modified from Edwards and Warwick 1984):

= (  ( )) Equation 12

Where: wf is fresh weight and wd is oven-dried weight of the sample (kg). Water content and 
density of the sapwood are measured on wood cores taken at the time on installation 

NOTE 68: If entering the correction factors directly to the SFM1 for real-time data processing, Thermal 
Diffusivity should be sampled and determined prior to installation. The process can take up to a week 
due to the drying time of sap wood.
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15.11.1 Measuring Fresh Weight

Fresh weight should ideally be measured in the field directly upon sampling from the tree. In 
most cases this is not possible. Therefore, use a Ziploc plastic bag (preferably wrapped in 
aluminium foil) to seal the sample immediately upon sampling. Place this bag in a stable 
thermal container such as an ice filled Esky. This will minimise moisture loss ensuring an 
accurate measurement of weight when you can weigh the sample. 

NOTE 69: If weighing a sap wood core extracted with a conventional forestry coring tool the weight will 
be very small. Where possible ensure that any condensation in the bag from the sap wood core is 
allowed to equilibrate into the sap wood core before removing the core from the plastic bag. If not be 
sure to weigh the bag, complete with sample, then remove the sample and dry the bag free of any 
moisture. Finally, reweigh the bag and subtract this weight from the total to obtain the true fresh weight 
of the sap wood core.

15.11.2 Measuring Fresh Volume
The fresh volume can be measured in one of two ways.

(1) If the sapwood being sampled has been obtained using a conventional coring tool, 
the sample will be a symmetrical cylinder (be sure to trim both ends of the sap wood 
cylinder square). The volume can then be determined by using the formula for the 
volume of a cylinder:

                                                  Volume of a Cylinder

=   Equation 13

Where: 
V= Volume,

(3.14)
r = radius
h = height

(2) In situations with an irregular sap wood sample that is impractical to determine fresh 
volume using the volume of a cylinder, cube or quadrilateral (Length x Width x height), 
the volume can be determined using Archimedes' principle of displacement. Which 
states that; 

Any object, wholly or partially immersed in a fluid, is buoyed up by a force equal to the 
weight of the fluid displaced by the object. — Archimedes of Syracuse
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Figure 81 Archimedes principle measuring volume by the weight of the displacement of water

Therefore:
Volume of Object (L) = Weight of Object in Air (kg) – Weight of Object in Water (kg)             

Equation 14
or

Volume of Object (cm3) = Weight of Object in Air (g) – Weight of Object in Water (g)        
Equation 15

Begin by configuring the sap wood sample to a very thin needle attached to an apparatus 
that will allow you to submerge the sap wood sample into a container of water. 

NOTE 70: Be sure not to submerge the needle as this will add to the measured volume and introduce 
error to the measurement.

Photo 17 A sap wood sample submerged by a dissection needle on a retort stand, in a beaker of 
water on a balance

Place the beaker of water on the balance and zero the balance. Then submerge the sample 
into the beaker of water. Now, using Archimedes principle record the weight on the balance. 
This will be equivalent to the fresh volume of the sap wood. 
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NOTE 71: Be systematic with your sap wood measurements. Immediately weigh the fresh weight of the 
sample after removing it from the air tight plastic Ziploc bag. Immediately following the fresh weight 
measurement submerge the sap wood sample into water and measure the volume displacement. Do 
not allow excessive time (minutes) between these measurements as the vapour pressure gradient will 
draw moisture from the sap wood sample and cause a sampling error in the measured volume.

15.11.3 Measuring Dry Weight

Remove the sample from the water after measuring the volume and blot the sample dry. Now place it 
in an oven at 80°C for the next 48 hours. Check the weight of the sample and record the weight. After 
a subsequent 48 hours reweigh the sample and record the weight. Continue to repeat this procedure 
until there is no change in weight of the sample. 

NOTE 72: for very small sap wood cores or samples you will require a 4-decimal balance (with a shroud) 
to accurately measure the fresh weight, fresh volume by displacement method and dry weight.

Photo 18 A sap wood sample being dried in an oven
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15.12Wounding Coefficient

Implanting the needles causes mechanical damage and interrupts flow by occlusion or 
blocking of the xylem conduits.  This results in an area of non-conducting tissue directly 
surrounding the needle.  Correction for this response is important to achieve accurate results.  
Wound correction coefficients applicable to a range of wound sizes have been generated 
using numerical models which allow accurate corrections to be made.  If the wound size or a 
characteristic wound size for the sample species is known, the corresponding wound 
correction coefficient can be entered into the SFM1 at the time of installation & set up. This 
will enable real time logging of corrected sap velocities directly in the field. 

Alternatively, if the wound correction for the sample species is not yet known or a more 
accurate, direct measure of wound size from each specific instrument installation is preferred, 
a destructive sample must be taken of the sample tree after the experiment. This data can 
then be used to determine the wounding coefficient from the Table 1. below (use linear 
approximation B). These corrections are automatically applied to the Raw Needle 
Temperature or Raw Heat Pulse Velocity data in the Sap Flow Tool software when a wound 
diameter is selected.

Photo 19: Wound response around the needles inserted into the sapwood of a tree after the needles 
have been removed. The dark area surrounding the central heater needle hole is more pronounced 
due to the heat input to the water conducting tissue.

NOTE 73: Due to varying wound responses to needle implantation and the usually slight asymmetries 
caused by the installation procedures, heat ratios vary over time.  For this reason, readings are 
sampled multiple times between 60 seconds and 100 seconds after the heat pulse.  This is when the 
heat ratios are most stable and linear.  Multiple sampling and the use of the 24-bit ADC with ultra-low 
noise preamplifier eliminates signal noise, resulting in highly accurate measurements.
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Photo 20 Manual measurement of the wound size using a rule overlaid on a destructively sampled 
cross section of the tree, cut through one of the needle positions.

Wound (cm) b c d r² B r²

B. -0.5, 0, 0.5-cm probe configuration
0.17 1.6821 -0.0015 0.0002 1.0000 1.7283 0.9993
0.18 1.7304 -0.0013 0.0002 1.0000 1.7853 0.9992
0.19 1.7961 -0.0016 0.0002 1.0000 1.8568 0.9991
0.20 1.8558 -0.0018 0.0003 1.0000 1.9216 0.9990
0.21 1.9181 -0.0021 0.0003 1.0000 1.9891 0.9989
0.22 1.9831 -0.0024 0.0004 1.0000 2.0594 0.9988
0.23 2.0509 -0.0028 0.0004 1.0000 2.1326 0.9987
0.24 2.0973 -0.0030 0.0005 1.0000 2.1825 0.9987
0.26 2.2231 -0.0037 0.0006 1.0000 2.3176 0.9985
0.28 2.3760 -0.0046 0.0008 1.0000 2.4813 0.9983
0.30 2.5232 -0.0055 0.0010 1.0000 2.6383 0.9982

Table 1 (A) Correction coefficients for numerical solutions derived for a range of wound diameters and 
corresponding to a ––0.5, 0, 0.5 cm probe configuration, with 1.3-mm diameter stainless steel probes. 
Solutions were derived based on modelled temperature data at t = 60–100 s. Coefficients b, c and d
apply to Equation 6. Coefficient B is a linear approximation (Equation 13) of the polynomial relationship 
described by Equation 6. (A full table including coefficients for previously recommended -0.6, 0, 0.6 cm 
probe spacing is included in Appendix A)

15.13Vs Factor 
The factor is a multiplier used to convert corrected Heat Pulse Velocity (Vc) to Corrected Sap 
Velocity (Vs) as outlined by the relationship developed by Marshall 1958 (Equation 6)
The range spans 0.5 to 1.5 with a step size of 2 decimal places.
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15.14Sap Wood Area 
Sap Flow (the mass solute transport) or water movement within a tree stem, branch or root 
can be expressed as a volumetric measurement by multiplying the corrected sap velocity 
(Vs) by the cross-sectional area of conducting sapwood. The sapwood area is calculated by 
the cross-sectional area under-bark after discounting the heartwood area.  

When calculating sap flow in gm hr-1 (the equivalent of cm3 hr-1or ml hr-1) the two radial 
measurement points of the SFM1 needle are integrated, using a weighted average. The 
weighting is calculated by determining the sapwood area for each annulus. Where the 
annulus division is made halfway between the two measurement points and the sapwood 
area calculated for each by knowing the depth of bark, heartwood boundary and stem
diameter.
The sapwood area is typically determined during installation by taking a sapwood core with a 
coring tool. A dye is then applied to the core which stains the heartwood a darker colour 
than that of the sapwood. The typically clear differentiation between the two tissues based 
on pH content enables a direct measurement of radial thickness of the sapwood or water 
conducting xylem.  The Cross Sectional Area can then be calculated. Each of the two 
annulus measured by the Inner and Outer Measurement points are then multiplied by the 
corresponding area.  

Figure 82 Accounting for radial sap flow gradients when calculating volumetric sap flow

15.14.1 The weighting is calculated by 

Corrected sap velocity (say 10 cm hr-1) × sapwood area (say 220 cm2) = 2,200 cm3 hr-1 for annulus1
+

Corrected sap velocity (say 5 cm hr-1) × sapwood area (say 40 cm2) = 200 cm3 hr-1 for annulus 2

This results in a single sap flow value for the whole tree of 2,400 cm3 hr-1 or 2.40 litres hr-1.

These calculations are automatically performed by the microprocessor provided the 
sapwood area for both the outer and inner annuli has been entered and stored in RAM.

These values are then entered into the corresponding Sap Wood Area Outer & Inner input 
fields. 
The valid entry range is between 10.00 cm2 to 2,000.00 cm2 to two (2) decimal places.  A 
typical example sapwood range is between 12.37 cm2 for very small diameter trees to 
1600.00 cm2 for very large diameter trees.

Sapwood
Heartwood

Sap flow sensor

A1 = Sapwood
Annulus 1
A2 = Sapwood
Annulus 2

A2

A1
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Alternatively, the raw heat pulse velocity data can be post processed for a whole season or 
data set and automatically converted to volumetric flows by using SFT1 Sap Flow Tool analysis 
software. For detailed research ICT recommends this approach as it provides the greatest 
flexibility and accuracy of results.

15.15Reports

The Reports tab provides an instantaneous summary of the Minimum, Maximum and Average 
values for Raw Heat Pulse Velocity, Sap Velocity and Sap Flow measured by the SFM1. The 
data can be toggled between Today & Yesterday by using the Show Results Dropdown 
Menu. 

Figure 83 The Reports tab is a summary of all measured and calculated parameters logged by the SFM1.

These values can provide a very useful summary of the tree’s sap flow rates without the need 
to actually download and analyse data. The minimum report value can be a powerful 
diagnostic tool, providing immediate troubleshooting support by highlighting error codes such 
as -22.22 that may have occurred throughout the day. In this example it alerts the user that 
the Heat Pulse Energy setting should be adjusted to a higher energy level to ensure sufficient 
heat is delivered to the water conducting tissue of the plant surrounding the needles as the 
heat pulse is being too rapidly dissipated preventing an accurate Heat Ratio to be 
measured.  

15.15.1.1 Temperature report

This is an instantaneous report of all the measured parameters for the previous measurement 
performed by the SFM1. These values are refreshed each time a measurement is made. To 
log this data to the SFM1 data file, select the relevant options under SD Card Logging 
Options.   
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