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Abstract 
Laboratory and industrial testing was conducted on a commercial, dielectric moisture meter (Wagner 
model L612) and an accompanying stack sampling probe (Wagner model L712).  The purpose of the 
testing was to identify and quantify the various factors affecting the accuracy of moisture content (MC) 
estimates obtained when using this equipment.  Laboratory tests were conducted to determine which 
wood-related properties and environmental factors had an influence on meter readings.  Testing of black 
spruce over a range of MC’s from 9 to 18% identified the need for a new correction factor for this 
species.  Moisture gradient, wood temperature, surface roughness, and board width were found to have an 
effect on meter reading.  Effect of wood temperature is significant but is roughly half the effect previously 
documented on DC-resistance.  The presence of knots or compression wood in the sampling area also 
influenced meter reading.  Temperature that the wood was dried at was not found to have an effect. 
 
Simulated and actual industrial tests were conducted to test the applicability of various corrections 
identified in the laboratory testing phase.  For black spruce, improved estimates of MC were obtainable 
by applying the newly developed species correction and, depending on the specific tests, other corrections 
for wood temperature, surface quality, etc.  Tests were also conducted using the stack sampling probe.  
Even under well controlled laboratory conditions, there was not a good correlation between readings 
taken with the stack sampling probe and either readings with the handheld meter or oven-dry moisture 
content.  Readings taken with the stack sampling probe typically underestimate the actual MC.  More 
accurate and consistent readings were obtained when sampling wood stacks at a uniform wood 
temperature. 
 
Readings from both dielectric and DC-resistance meters were compared against oven-dry MC for 
laboratory and industrially dried lumber.  The DC-resistance meter performed marginally better when 
evaluated on the basis of proportion of readings within given error limits.  MC estimates from the 
dielectric meter can be correlated with DC-resistance MC estimates regardless of which correction factors 
are applied.  Dielectric and DC-resistance meters are not used totally interchangeably in the wood 
industry as each has specific applications where they are advantageous to use.  As a result, any small 
difference in accuracy is not always the determining factor. 
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1 Objectives 
To assess the impact of various physical characteristics of SPF on dielectric moisture meter readings 
under controlled conditions. 
 
To determine measuring techniques and methodology to assess final moisture content of eastern SPF 
lumber using the dielectric moisture meter. 
 
To suggest a methodology to allow mill personnel to correlate readings from the dielectric moisture meter 
to a DC-resistance moisture meter.  
 
 

2 Introduction 
This project was initiated in response to requests from the Canadian softwood industry for more 
information on the utilisation of the Wagner model L612 handheld moisture meter.  This meter (referred 
to as the dielectric meter in this report) measures certain dielectric properties of wood and relates the 
observed measurements to moisture content.  Whereas there exists a large amount of information on the 
use of DC-resistance moisture meters, there is a limited amount of information on the practical 
application of dielectric moisture meters.  Dielectric moisture meters from different manufacturers may 
vary in the specific properties they measure and may or may not be affected by the same factors (or 
affected to the same degree).  The results presented in this report are therefore specific to the Wagner 
Electronic Products Inc. technology tested. 
 
The current widespread use of dielectric-based moisture meters is evidenced by the recent work 
conducted in this area over the past 5 to 10 years.  Researchers in a number of other countries have 
evaluated the use of this technology both through industrial and laboratory-based studies.  A common 
observation from many of these tests has been the ease of using this moisture sensing technology.  The 
manufacturers have taken advantage of this in marketing their products and the wood industry has been 
quite receptive to a technology that can potentially simplify and improve the process of collecting final 
moisture content data.  Developing data to support the wider utilization of this technology by Canadian 
mills will provide mills with more options when deciding how to assess final moisture content. 
 
 

3 Background 
Wagner Electronic Products states in their Owner’s Manual that the species correction on their model 
L612 handheld meter is a function of the specific gravity of wood.  Based on work by Milota (1994) a 
relationship was determined to exist between the specific gravity of wood and the correction required at 
various moisture contents.  The following equation describes the nature of that relationship: 
 
 CF = 8.7772 + (0.2492 * MM) – (15.8649 * SG) – (0.6204 * SG * MM) 
 
  Where: CF = Species correction factor 
   MM = Moisture meter reading (with meter set at specific gravity = 0.50) 
   SG = Specific gravity 
 Reference:  Milota(1994) 
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The corrections are based on differences from Douglas-fir with a specific gravity of 0.50.  Wagner’s 
model L612 comes calibrated for Douglas-fir.  The corrected meter reading over a range of specific 
gravity and meter readings is shown in figure 1.  As an example, at a meter reading of 16% MC the 
correction factor will decrease by 2.5% MC for every 0.10 increase in specific gravity.  The specific 
gravity values used in the correction process are based on oven-dry weight and volume at 12% MC.  
When applying a correction factor it is important to ensure that the specific gravity value used is 
appropriate for the species being tested and that it is the value based on volume at 12%.  A procedure is 
provided by ASTM(1997) to convert specific gravity values established by one basis to another. 
 
Due to the significance of the influence of specific gravity on meter reading, it is worth stressing the 
importance of having a good value.  Book values for specific gravity can be found in publications such as 
Forintek’s “Strength and Related Properties of Woods Grown in Canada” Jessome(2000) and the “Wood 
Handbook” USDA(1999).  In practice, however, actual specific gravity may vary from the book values.  
This may be due to regional differences in the species, differences between first and second growth 
timber, or other factors.  Therefore, it is worth verifying the specific gravity value for a particular mill 
before deciding on a value to use.  Again, the ASTM(1997) describes procedures for determining specific 
gravity of wood samples. 
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Figure 1 Effect o  specific gravity on meter reading and predicted MC, based on work by 
 Milota (1994). 

f

 
Another complication with regard to specific gravity effect arises when testing mixed species groups such 
as eastern spruce-pine-fir.  In this group, the average specific gravity (book values) ranges from 0.35 to 
0.43.  If the material is not sorted by species, it becomes necessary to decide what value of specific 
gravity to apply.  The decision on what value to use must be made by individual mills.  In this example, if 
the specific gravity value for balsam fir is used, the MC of black spruce boards will be over-estimated.  If 
the specific gravity value for black spruce is used, the MC of balsam fir boards will be under-estimated.  
Another option would be to use a weighted average value, based on the relative proportion of each species 
in the mix.  In any event, a source of error is introduced that will increase the variability between meter 
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readings and oven-dry MC.  It should be remembered, however, that this situation arises (for other 
reasons) when using other moisture meters based on DC-resistance. 
 
As already mentioned, the work by Milota (1994) established the specific gravity corrections now 
incorporated in the Wagner handheld meters.  Subsequent to that study, Milota (1996) reported on tests 
conducted on 9 western hardwood species.  In that work, there are significant differences between the 
correction factors developed versus those recommended from the previous work.  In addition, there are 
significant differences in the correction factors between some species with similar specific gravity.  This 
would tend to indicate a species effect over and above the specific gravity effect. 
 
The Technical Research Centre of Finland published the results of a study by Forsén and Tarvainen 
(2000).  In that work a number of DC-resistance and capacitance (dielectric) meters were tested.  They 
reported on the effect of density on capacitance meter reading and the fact that density may vary 
considerably within a species.  For example Finnish spruce was found to have an average density of 387 
kg/m3 with a standard deviation of 41.  Their work shows that a change of 100 kg/m3 in density can effect 
the meter reading by 1.5 to 2.0% MC.  They also observed that surface moisture greatly affects meter 
readings.  In industrial tests, all capacitance (dielectric) meters underestimated the MC due to the effect of 
the moisture gradient.  They studied six different makes/models of capacitance meters and observed 
differences between them most likely due to different operating frequencies or sensor shapes and other 
technical features.  They caution that the results on any given meter are therefore only relevant to that 
particular meter. 
 
A report by Wilson (1999) compares the performance of the Wagner model L612 versus several DC-
resistance meters when testing industrially dried material.  They reported better overall results with the 
L612 than with any of the pin meters.  The L612 had 82.3% of the readings within +/- 2% of the oven-dry 
MC.  Also, the mean absolute batch bias was 44% higher for the pin meters than the L612.  Wengert 
(1997) found very little difference in performance of two DC-resistance meters and one dielectric meter.  
When testing hardwood and softwood lumber dried to 6 to 8% MC, all meters were able to achieve 
approximately 95% of the readings within +/- 2% of the oven-dry MC.  Garrahan and McRae (2000) 
evaluated the performance of the L612 when measuring freshly-dried Lodgepole pine.  The L612 tended 
to underestimate the MC in both warm (fresh from kiln) and cooled material.  In most cases there was a 
consistent bias which could be corrected.  In the case of 40 mm thick material, when a correction for the 
average bias was applied, 90% of the readings fell within +/- 2% of the oven-dry MC.  The cause of the 
bias was not identified in the study but may have been due to a moisture gradient effect, surface quality, 
and/or variations in specific gravity. 
 
 

4 Staff 
Vincent Lavoie  Scientist and project leader 
Peter Garrahan  Scientist and project leader 
Francis Tanguay Technologist  
Yves Lavoie  Technologist 
Guy Labrecque  Technologist 
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5 Materials and methods 
5.1 Laboratory tests 
5.1.1 Wood material and specimen preparation 

For the preliminary laboratory tests, 38 x 140 mm (1.5 x 5.5 in) plantation-grown, black spruce lumber 
from Ontario was used. The test lumber had been planed and conditioned for several months at an EMC 
of 14%. This lumber, was used to determine the effect of board width. The handheld dielectric (Wagner 
L612) moisture meter was calibrated before each test, setting it for a specific gravity (SG) of 0.42 , as 
suggested by the manufacturer for black spruce. 
 
The material used for the main series of laboratory tests consisted of rough green black spruce and jack 
pine lumber from Abitibi-Consolidated’s La Doré and Chibougamau mills, in the Lac-St-Jean area. Forty 
five pieces of 4.9 m (16 ft) long 51 by 102 mm (2X4-inch nominal) were randomly selected from the 
mills’ green chains. All pieces selected had one face cut by the chipper-canter and one face by a circular 
saw, which allowed a comparison of moisture content readings in relation to surface quality. Table 1 
shows the test lumber distribution in relation to origin.  
 
Table 1 Test lumber distribution according to origin 
 

Geographic Source  
Species La Doré, Quebec Parc Chibougamau, Quebec 

Black spruce 12 24 
Jack pine 8 1 
 
Each 4.9-m piece was crosscut into two 2.44-m sections and labelled in relation to origin, with the two 
sections being identified as A and B. On the two sections, test specimens were identified with a marker 
according to code letters D, G, QS and TS, as shown in Figure 2.  
 

2.44 m 2.44 m 
 D  G  

27 cm  
 QS 

Approx. 61 cm 
 TS 

27 cm 
  TS 

27 cm 
 QS 

Approx. 61 cm 
 G 

27 cm 
 D  

Section A (High-temperature drying) Section B (Medium-temperature drying) 
G :  Moisture content gradient test   
QS :  Surface roughness effect test 
TS :  Drying temperature test 
D : Basic specific gravity test 
 
Figure 2 Test specimens from rough lumber sample 
 
The sections for SG determination (section D) were weighed in the green condition and then soaked in 
water to saturation prior to determining their volume by the immersion method.  Following this the 
samples were oven-dried and the green MC determined for each.  Finally, the oven-dry weights and green 
volumes were used to determine specific gravity for individual boards.  Adjusted SG values were also 
determined mathematically based on volume at 12% MC. 
 
The lumber sections A and B formed two drying loads. One load (section A) was used for high-
temperature drying, while the other (section B) was used for medium-temperature drying. Drying took 
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place in Forintek’s conventional kilns, which hold approximately 2.5 m³ (1 Mbf) of lumber. Table 2 
summarizes the main characteristics of the two kiln loads. 
 
Table 2 Drying characteristics of sample lumber pieces   
 
 Conventional temperature High temperature 
Initial MC (%) 47.1 39.2 
Final MC (%) 16.5 16.2 
Drying time (hours) 69 39 
Maximum kiln temperature (°C) 82 110 
Time spent at maximum temperature (h) 17 12 
 
After drying, the lumber was crosscut to produce the test specimens. The moisture content gradient was 
measured five hours after the end of the drying cycle. The specimens reserved for surface quality tests 
were placed in a conditioning chamber set at an equilibrium moisture content (EMC) of 15%. The 
specimens to be used for drying temperature tests were planed and placed under the same conditions 
 
A further 45 pieces of dressed black spruce, 3.05 m (10 ft) in length were obtained from the La Doré mill, 
and six 27-cm long specimens were cut from each of these pieces for use in different tests as shown in 
Figure 3. 
 

←3 m →   
15% K 
27 cm 

 15% T° 
Wood, 27 

 15% 
27 cm

 8% 
27 cm

 12% 
27 cm 

 17% 
27 cm

Normal specific gravity 
 
Figure 3 Test specimens from dressed lumber 
 
The K (15%) specimens were used to determine the effect of knots on the dielectric moisture meter 
readings. All K specimens were placed in a conditioning chamber set for 15% EMC.  T° (15%) specimens 
were also placed in the conditioning chamber set for 15% EMC and were used to assess the effect of 
wood temperature on moisture meter readings. The remaining four sets of specimens were conditioned at 
four different EMC levels: 8%, 12%, 15% and 17% for an assessment of meter accuracy at different 
moisture contents. 
 
A further group of 45 boards were selected to test material at lower and higher than average specific 
gravity.  Twenty two boards were selected above the average SG of 0.458 and 23 represented values 
lower than the average.  Test specimens 27-cm in length were cut from each board and conditioned at 
15% EMC. Twenty samples of the same length containing severe compression wood were also selected 
and conditioned at the same EMC level.  Equalizing time in the conditioning chambers ranged from 8 to 
12 months. 
 
To test for regional differences within a species, 40 pieces of dressed balsam fir from Alberta and 57 from 
Quebec were conditioned at 15% EMC. These 38 x 89 x 267 mm (1.5 x 3.5 x 10.5 in.) specimens were 
used to assess the effect of species and SG on moisture meter readings.  
 
Moisture meter calibration was checked before each test. The dielectric meter was set for a wood SG of 
0.42  for tests on the effect of lumber width. For tests on effect of moisture gradient, SG, species, wood 
temperature, drying temperature, surface quality and application pressure, the meter was set at a SG to 
0.50  (default setting) in order to apply the correction factor for SG using the formula suggested by the 



Evaluation of Factors Influencing Accuracy of Moisture Content Estimates with a Dielectric Moisture Meter 

 
 
 

 
  6 of 49 

 

manufacturer. The resistance-type meter (Delmhorst RDM-2S) was set for Douglas fir and a temperature 
of 21°C. 
 
5.1.2 Specific gravity and species 

To assess the effect of specific gravity, three groups of black spruce specimens were conditioned at 15% 
EMC. Readings were compared for low- and high-SG samples against those for the medium (normal) SG 
group. This provided a measure of the effect of a broad range of SG variation within a species.  
 
To assess the relationship between dielectric meter readings and oven-dry moisture contents suggested by 
the manufacturer for black spruce, we experimentally determined a correlation based on four groups of 
matched samples conditioned to four different target EMC levels. We also tested 40 specimens of balsam 
fir from Alberta and 57 from Quebec. The DC-resistance meter was set to Douglas fir, 21°C temperature, 
and the dielectric meter to Douglas fir, 0.50  SG. In the first step, moisture content was measured with the 
dielectric meter at two pressure levels, 0 and 3 lb, on both wide faces. The moisture content was also 
measured with the DC-resistance meter on both wide faces, driving the pins to a depth of 8 mm (i.e. one-
fifth of the lumber thickness) and at the geometric centre of the specimens. Wood temperature was 
measured by inserting a thermocouple into one of the moisture meter pin holes.  Each piece was then cut 
along the outer boundary of the dielectric meter’s contact area, and the weight of each 64 x 89 mm (2.5 x 
3.5 in.) section taken in order to determine its moisture content by the oven-dry method at a later time. In 
order to determine basic SG, the specimens were then saturated in water for over a week before 
measuring their green volume.  
 
5.1.3 Moisture content gradient 

Five hours following the end of the drying cycle, when the wood temperature had cooled to about 20°C,  
two dielectric moisture meter readings were taken, one on each wide face.  The moisture content was also 
measured on both wide faces at a depth of 12mm using the DC-resistance meter set at Douglas fir and 
21°C, in the centre of the area that had been in contact with the dielectric meter’s contact probe (64 x 64 
mm) 
 
Each 267-mm (10.5 in.) long sample was then ripped along the outer boundaries of the meter’s contact 
area and cross-cut into a new 64 x 64 x 43 mm sample corresponding to the contact area. These samples 
were then resawn into six slices, each 6 mm thick; the slices were identified from A (closest to the 
sapwood) to F (closest to the heartwood). Figure 4 illustrates the cutting pattern.  The resulting slices 
were immediately weighed and placed in an oven in order to determine their moisture content by the 
oven-dry method.  
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Figure 4 Sample cutting diagram for test on moisture gradient (top and end views) 
 
5.1.4 Wood temperature 

To evaluate the effect of wood temperature on moisture readings, 45 black spruce samples were used that 
had been conditioned for close to one year. Each sample was tested at three different temperatures: -19, 
20 and 71°C. Readings were taken at the centre of the surface of each sample with the dielectric meter set 
to a SG of 0.50 . Each sample was weighed at each testing stage to monitor any minor changes in 
moisture content. The 20°C test took place within the conditioning chamber. Following this test, the 
samples remained in the chamber for 24 hours. Each wood block was then sealed in a plastic bag under 
vacuum to maintain its moisture content, and the sealed specimens placed in a chamber maintained at 
80°C. A thermocouple was inserted to the core of a single control specimen in order monitor wood 
temperature. Moisture measurements were taken when the control piece reached a core temperature of 
approximately 70°C. The procedure involved bringing each sample out of the chamber, slicing open the 
plastic, reading the moisture content with the meter and weighing the specimen. Following this step, the 
samples were returned to  the chamber for four days to re-establish the target moisture content.  The 
procedure was then repeated at –19°C.  The resulting database allowed comparison of readings on the 
same samples and same MC conditions at different wood temperatures. 
 
5.1.5 Drying temperature 

After several months conditioning, the “TS” specimens reserved for the drying temperature test were 
measured for moisture content on both wide faces at two different pressure levels with the dielectric meter 
set at a SG of 0.50 . The DC-resistance meter was also used to take one reading on each face at a depth of 
8 mm and another at the centre of each sample. As with the previous tests a specimen was cut from the 
contact area to determine the moisture content by the oven-dry method.  
 
5.1.6 Application pressure and surface quality 

The 61-cm long, rough-surface lumber pieces reserved for the surface quality test were conditioned for 10 
months at 15% EMC.  Moisture content measurements were taken on both wide faces and at two pressure 
applications using the handheld dielectric meter set at a SG of 0.50 .  For the test on effect of application 
pressure test, the meter was first placed on the sample without applying additional pressure.  For the 
second reading, a load of 3 lb was placed on the meter employing a device based on a design used by the 
manufacturer to calibrate moisture meters.    
 
After testing rough surfaces, the samples were planed on both sides and placed back in the conditioning 
chamber for six days to allow them to reach equilibrium again. The moisture content measurements were 
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then repeated at the same two pressure levels, making sure that the meter was positioned at the same 
location on the samples. 
 
5.1.7 Lumber width 

To assess the effect of lumber width on meter reading, 20 black spruce samples were planed and 
conditioned at approximately 14% EMC. Six readings were then taken per sample with the handheld 
dielectric meter.  The readings were taken at three different positions and for three different widths: 140, 
89 and 64 mm (5.5, 3.5 and 2.5 in.). All specimens were measured at 140 mm (5.5 in.), re-sawn to 89 mm 
(3.5 in.) and measured again, and finally re-sawn to 64 mm (2.5 in.) and measured. 
 
5.1.8 Knots and compression wood 

For this series of tests samples containing knots and compression wood were used, and measurements 
taken in areas with a high concentration of these characteristics. The moisture content was then 
determined by the oven-dry method for the section where measurements had been taken, and the results 
compared to those obtained from clear specimens at the same moisture content. 
 
5.2 Use of the dielectric moisture meter under industrial conditions  
To develop a methodology for testing the moisture meter on industrially kiln-dried lumber, we conducted 
tests both replicating industry conditions in the laboratory as well at a mill. Conditions proved relatively 
easier to control in the laboratory than in the mill.  
 
In most of these tests readings were also taken with a DC-resistance meter in order to obtain comparative 
results for the two instruments (see Section 6.2.5). 
 
5.2.1 Equipment and wood preparation 

The tests were conducted on black spruce from the Lac St-Jean region of Quebec, however the bundles 
contained the occasional piece of jack pine. All of the test lumber was random length 2x4 inch (nominal). 
Some tests were conducted under both laboratory and mill conditions. The test lumber was dried in 
conventional kilns with maximum temperatures ranging from 82°C to107°C.  Hot-condition tests were 
carried out at wood temperatures ranging from 52° to 96°C, and cold-temperature tests, at temperatures 
ranging from 0 to 20°C. The moisture gradient of the test lumber was typical of industry conditions. Most 
tests were conducted on only rough surfaces, however some testing was conducted on both rough and 
planed surfaces. Four loads of lumber were dried:  Three in the laboratory and one in the mill.  A bundle 
of mill kiln-dried lumber was also used for a test on the application and orientation of the moisture meter 
probe.  
 
The dielectric moisture meter was used either on its own or, for some tests, with the stack sampling probe 
extension (Wagner model L712) for lumber piles.  Whenever possible, readings were also taken with a 
DC-resistance meter. Both moisture meters were re-calibrated before each test. In most cases, the 
dielectric meter was set to a SG of 0.50 , while the DC-resistance meter was set to Douglas fir at a 
temperature of 21°C 
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5.2.2 Assessing moisture content readings on rough-dry lumber with the handheld dielectric  
  meter 

The handheld dielectric meter was used to estimate MC on rough-sawn samples containing a moisture 
gradient. The results were then compared with those obtained under laboratory conditions on planed and 
conditioned samples.  The effect of the various parameters evaluated during the laboratory testing (for 
example, temperature) was applied to readings for validation purposes. In most of the tests, the oven-dry 
moisture content, specific gravity, wood temperature and drying temperature were measured/recorded.  
 
The dielectric meter was also used to measure a sub-sample of rough dry lumber pieces, about 44-mm 
thick, containing a moisture content gradient. These samples were then planed down to 38 mm and re-
measured the moisture content at the same locations in order to determine the effect of surface quality on 
meter readings.  These two sets of readings obtained under industry conditions were then compared with 
those obtained in the laboratory from conditioned lumber. 
 
5.2.3 Assessing moisture content readings on rough lumber with the stack sampling probe 

A package of recently dried lumber was used to assess the effect of the stack sampling probe’s orientation 
(probe below or above the lumber) inside a package of stickered lumber.  Using the dielectric meter and 
the probe, 198 pieces were measured on both wide faces.  Reference marks were placed at regular 
intervals along the length of the probe to correspond to lumber widths, thus indicating the position of the 
probe inside the pile. The lumber was then down-piled and a new set of readings taken at the same board 
locations with the handheld meter for comparison with the earlier stack sampling probe readings. 
 
The same bundle of lumber and probe were then used to compare results obtained by different operators.  
Three individuals were given instruction on where and how many locations to sample and the results 
compared to determine impact of operator technique. 
 
Further tests with the stack sampling probe were conducted on three packages of 2x4-inch lumber dried in 
the laboratory, and on three more packages dried in a mill. In each test the lumber moisture content was 
measured with the probe at pre-determined locations inside the bundle. As described above, regularly 
spaced reference marks on the probe provided a means to determine its position across the pile in the 
LAB 2 and LAB 3 tests. In the mill tests, on the other hand, no reference marks were used in order to 
reflect normal mill operating conditions. After completing measurements with the probe, the bundles 
were down-piled and moisture content was re-measured at the same locations with the handheld meter but 
without the probe. By comparing measurements with and without the probe, we were able to assess the 
effect of the probe, and the manner in which it is used, on moisture reading accuracy. 
 
The stack sampling probe was used to measure moisture content at various time intervals following the 
completion of drying. Four main tests were carried out (three in the laboratory and one in the mill) by the 
conventional process at maximum kiln temperatures ranging from 82°C to107°C. All samples in each test 
were measured immediately after removal from the kiln, and at various times over the next four to eight 
days.  All subsequent readings were taken as close as possible to the original sampling locations. 
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6 Results and discussion 
6.1 Laboratory tests 
6.1.1 Effect of wood density and species 

6.1.1.1 Black spruce 

Four groups of black spruce (picea mariana, Mill.) were conditioned at target EMC’s from 9 to 17%.  
This material was selected to represent the range of specific gravity encountered at the mill where these 
samples were selected.  This was not intended to be a comprehensive evaluation of the industry average 
or typical level of variability in black spruce specific gravity.  The actual average specific gravity was 
0.458 which is somewhat higher than the 0.428 value listed by Jessome 2000.  Since the dielectric meter 
has been shown to be sensitive to the amount of wood material present, this variation in specific gravity 
will have definite implications with regard to MC estimates with this meter.  The manufacturer 
recommends that when the specific gravity of a species is unknown or believed to differ from the book 
value, that tests should be conducted to determine an appropriate value.  One of the comparisons made in 
this analysis is based on the actual average specific gravity for the samples tested.  Table 3 lists the MC 
values for each of the conditioned groups of black spruce samples.   
 
Table 3 Comparison of oven-dry MC to dielectric meter estimates for black spruce based 
 on different specific gravity assumptions 
 

Dielectric meter MC Estimate 
Corrected for a Specific Gravity of:1

 
EMC 

Group 

No. of 
Samples 

Specific 
Gravity 
 (S. D.) 

Oven-dry 
Moisture 
Content 

(S.D.) 

Un-
corrected 

(S.D.) 
Book value 
S.G.=0.43 

Actual Avg. 
S.G.=0.46 

Individual 
S.G.2

9 

13 

15 

17 

45 

45 

46 

45 

0.460 
(0.016) 

 
0.458 

(0.016) 
 

0.458 
(0.018) 

 
0.457 

(0.018) 
 

10.0  
(0.2) 

 
13.5 
(0.4) 

 
16.8 
(0.7) 

 
17.4 
(0.5) 

9.7 
(0.4) 

 
11.8 
(0.4) 

 
14.1 
(0.6) 

 
14.5 
(0.5) 

11.6 

13.7 

15.9 

16.3 

10.8 

13.0 

15.1 

15.5 

10.9 

13.0 

15.2 

15.6 

1  All specific gravity figures based on volume at 12% MC and oven-dry weight 
2  Correction based on the actual specific gravity of each sample. 
 
There are distinct differences between each group with regard to the comparisons between oven-dry MC 
and the various estimates.  In general, however, the corrected meter readings (using the existing 
manufacturer’s correction) tend to over-estimate at low MC’s and underestimate at high MC’s. This effect 
is evident in figure 5 which shows the comparison between the manufacturer’s correction (for material 
with a specific gravity of 0.458) and the test results (meter readings corrected following the 
manufacturer’s recommendation) for material conditioned at 9 and 13% EMC.   
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Figure 5 Black spruce meter readings corrected as per the manufacturer’s 
recommendation vs. oven-dry moisture content in equalized samples 
 
Figure 6 shows the comparison using all test results for black spruce over a wider range of MC. There is 
good agreement between the test results and the manufacturer’s correction at an oven-dry MC of about 
12.5%.  From our test results, there appears to be a potential for error as you fall below or above this 
value.  From figure 6, there is a discrepancy of approximately 2% MC between the two lines at an oven-
dry MC of 17.5%.  The slope of the regression line for the test results in figure 6 is different from that of 
the line representing the manufacturer’s correction indicating that a different calibration is required for 
this species.  As shown in figure 1 the calibration lines currently used for various specific gravities run 
parallel to each other.  Therefore, it is recommended that further tests be conducted with a wide range of 
equalized samples to develop a specific correction factor for black spruce.  It will also need to be 
determined if the same situation exists for other Canadian species. 
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Figure 6 Linear regression of uncorrected meter reading vs. oven-dry moisture content 
 for black  spruce versus the manufacturer’s correction for material of the same 
 specific gravity 
 
Table 4 provides a summary of the correction factor based on the regression line presented in figure 6.  
The formula to predict oven-dry MC from a meter reading is: 
 
 X = (Y-3.1523)/0.6482 
 
 Where:  X = predicted moisture content 
   Y = meter reading 
 
The meter reading is that obtained using Wagner’s model 612 set at a specific gravity of 0.50 (Douglas-
fir).  This correction works well for the experimental data (r2 = 0.95) but needs to be validated before 
recommending its’ broad application.  In the interim, mill personnel may wish to apply this correction as 
it may help provide a better correlation with other MC sensing methods. 
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Table 4 Summary o  correction factors for black spruce based on experimental results 
 on equalized samples at a wood temperature of approximately 21° C. 

f

 
Meter Reading  

8 9 10 11 12 13 14 15 16 
Adjustment -0.5 0.0 +0.6 +1.1 +1.6 +2.2 +2.7 +3.3 +3.8 
Predicted MC 7.5 9.0 10.6 12.1 13.6 15.2 16.7 18.3 19.8 
 
6.1.1.2 Balsam fir 

Balsam fir (Abies balsamea (L.) Mill.) from two different sources was tested to determine if the 
correction factor supplied by the manufacturer was relevant.  Material from Quebec and Northern Alberta 
was equalized at an EMC of 15%.  Table 5 lists the material properties and results of measurements with 
the dielectric meter.  The oven-dry moisture content of the two groups is quite different at 18.6% for the 
material originating from Quebec and 16.1% for the material originating from Alberta.  This is believed to 
be due to a hysteresis effect since the material was previously dried to different final MC levels.  The 
sample material from Alberta gained moisture while the material from Quebec lost moisture during the 
equalisation process.  The specific gravity for this species is very similar for the two geographic regions 
sampled, at 0.355 and 0.363 (at 12% MC) respectively for material from Quebec and Alberta.  These 
values are also very close to the average specific gravity of 0.350 reported by Jessome (2000) and as 
listed in the moisture meter manufacturer’s documentation for this species. 
 
For both sources of material, the estimated moisture content with the dielectric meter was lower than the 
actual moisture content.  However, the differential was less on the lower MC material from Alberta.  Due 
to the good agreement on specific gravity, there is very little difference in the estimated moisture content 
based on book, actual and individual specific gravity values.  Correcting the readings for individual board 
specific gravity does not affect the overall average MC estimate for the group but does reduce the 
standard deviation.  Therefore, a source of variability in MC estimates with this meter is the inherent 
variability in specific gravity introduced by the species.  Species with an inherently large amount of 
variation in specific gravity will therefore exhibit a larger standard deviation with this metering 
technology. 
 
Table 5 Comparison of oven-dry MC to dielectric meter estimates for balsam fir based 
 on different specific gravity assumptions 
 

Dielectric meter MC Estimate 
Corrected for a Specific Gravity of: 

Origin of 
Sample 

No. of 
Samples 

Specific 
Gravity 

(Std. 
Dev.) 

Oven-dry 
Moisture 
Content 

Un-
corrected1 Book value 

S.G.=0.35 
Actual Avg. 

(see column 3) 
Individual 

S.G.2

Quebec 

Alberta 

57 

40 

0.355 
(0.053) 

 
0.363 

(0.044) 
 

18.6 (0.8) 
 
 

16.1 (1.7) 
 

13.2  
(1.6) 

 
11.8  
(1.8) 

16.9    
(1.6) 

 
15.5    
(1.8) 

16.8       
(1.6) 

 
15.2       
(1.8) 

16.7   
(1.0) 

 
15.2 
(1.6) 

1 Readings taken with meter set at Douglas-fir with a SG=0.50. 
2 Individual readings corrected using the manufacturer’s correction factor and the specific gravity of each      
   board. 
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Figure 7 shows the combined data for the eastern and western balsam fir samples.  As with the black 
spruce data, there is good agreement between the test data and the manufacturer’s correction at oven-dry 
MC’s of 12 to 14%.  At an oven-dry MC of 17.5% there is a 1.6% MC difference between the trend line 
for the experimental data and the manufacturer’s correction. 
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Figure 7 Comparison of test results for balsam fir with the correction suggested by the 
 manufacturer 
 
Figure 7 shows no obvious difference between the Quebec and Alberta material with regard to the 
relationship between meter reading and oven-dry MC. The data from samples with similar oven-dry MC`s 
were compared to determine if there was a within-species difference in the material from the two 
geographic regions.  The average data for each group are listed in table 6 and show only about a 0.1% MC 
difference in the un-corrected meter reading for the two groups with similar oven-dry MC`s.  There 
appears to be no significant difference in meter response for balsam fir from the two geographic regions 
tested.  Other than within-species differences in specific gravity, there does not seem to be any basis for a 
different correction factor for material of the same species based on geographic origin.  However, as with 
black spruce, there does appear to be some basis to support the development of a new correction factor for 
this species.  The tests conducted here were not extensive enough to suggest even an interim correction 
factor. 
 
Table 6 Comparison of balsam fir data from Quebec and Alberta for data with a similar 
 oven-dry moisture con ent t
 

 
Source of Material 

 
Number of 
Samples 

 
Avg. oven-dry MC 

(Std. Dev.) 

Avg. Uncorrected 
Meter Reading 

(Std. Dev.) 

 
Average Correction 

Required 
Quebec 47 18.3 (0.65) 13.1 (1.65) 5.2 
Alberta 18 17.7 (0.86) 13.2 (1.05) 4.5 
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6.1.1.3 Specific gravity effect 

The effect of specific gravity on meter readings was evaluated by comparing black spruce samples with 
different average specific gravity values.  Black spruce is known to have a wide range of specific gravity 
and this has a potential impact on results when using a dielectric moisture meter.  The correction factors 
provided by the manufacturer are a function of the specific gravity of the material.  Black spruce samples 
were divided into groups with similar oven-dry MC’s and three distinct specific gravity groupings.  The 
specific gravity values and moisture meter test results are listed in table 7.  Although all three groups have 
similar oven-dry MC’s, the average meter reading associated with each differs.  From the low to high 
specific gravity groups (0.39-0.50 specific gravity) the change in meter response is 2.6% MC (or 2.4% 
MC/0.1 change in specific gravity).  By comparison the work by Milota (1994), and as applied in the 
meter, predicts a meter response of 2.5% MC / 0.1 change in specific gravity.  Therefore, the effect of 
density differences within a species is similar to that previously identified. 
 
Table 7 Effect of specific gravity variation within black spruce on meter response 
 

Specific Gravity 
Group 

Number of 
Samples 

Avg. 
Specific 
Gravity 

Avg. 
Oven-dry MC 

(%) 

Un-corrected Meter (%MC) 

Low SG 
 

Normal 
 

High SG 

9 
 

22 
 

18 

0.39 
 

0.46 
 

0.50 

17.4 
 

17.3 
 

17.5 

13.0 
 

14.4 
 

15.6 
 
The second part of this analysis is to consider if the variations in specific gravity within a species are 
large enough to be of concern to an end user.  To evaluate this the species regression for black spruce 
developed in section 6.1.1, as well as the correction factors supplied by the manufacturer were applied to 
the uncorrected meter readings in this test.  The results are presented in Table 8 along with the error in the 
MC estimate resulting for each combination of test group and specific gravity.  When applying the 
regression developed in this study the error introduced by the varying specific gravity in black spruce is 
roughly +/- 2.0% MC.  For boards at the low end of the specific gravity range the moisture content would 
be under-estimated by 2.1% MC and at the high end it would be over-estimated by 1.7%. 
 
Table 8 Error introduced by specific gravity variation after applying a correction factor 
 

After applying Manufacturer’s 
correction factor1

After applying regression developed 
for black spruce (section 6.1.1)  

 
Specific Gravity  

Group 

 
Avg. 

Oven-dry 
MC (%) Predicted 

MC (%) 
Error 

(%MC) 
Predicted MC 

(%) 
Error 

(%MC) 
Low  (0.39) 

 
Normal (0.46) 

 
High (0.50) 

17.4 
 

17.3 
 

17.5 

14.1 
 

15.5 
 

16.6 

3.3 
 

1.8 
 

0.9 

15.3 
 

17.4 
 

19.2 

-2.1 
 

+0.1 
 

+1.7 
1  Based on adjustment for the sample average specific gravity of 0.458 
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Regardless of whether the manufacturer’s correction is applied or some modified correction in the future, 
the variation in specific gravity may be of concern to certain end users.  Mills using this type of meter and 
dealing with a species or species grouping with a wide range of specific gravity will have to take this into 
account.  The main impact of this on day-to-day operations is that it will increase the apparent standard 
deviation of the sample.  In situations where mills have distinctly different resource characteristics from 
one cutting region to another (or one season to another) they may want to consider developing correction 
factors specific to the material being processed.  This assumes that the material will remain separated and 
identifiable throughout the manufacturing process.  The data in this report can be used to estimate the 
impact of a change in specific gravity and assess whether or not a correction specific to their material is 
warranted. 
 
6.1.2 Effect of moisture gradient 

Meter readings were taken on conventional and high-temperature-dried, 42mm thick, black spruce lumber 
to determine the effect of the normal post-drying moisture gradient on MC estimates.  Figure 8 shows the 
moisture gradient for both groups of material as determined by oven-drying 7 mm thick slices taken 
throughout the thickness of the 42 mm thick boards.  Both groups of material had similar gradient 
patterns and similar core MC’s; however, on average, the difference between shell and core was 11.9% 
MC in the high-temperature-dried material and 10.2% MC for the conventionally-dried material. 
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Figure 8 Moisture gradient present in conventional versus high-temperature dried, 52mm 
 thick black spruce lumber. 
 
When using a DC-resistance meter and testing material with a typical, post-drying moisture gradient, the 
pins are driven to approximately 1/5th the board thickness in order to get a good measure of the average 
MC for the board.  When using a dielectric type moisture meter, it is not possible to sample at specific 
depths within the material.  These tests were designed to determine the correlation between meter reading 
and oven-dry moisture content at different depths within the wood. 
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Table 9 shows the average meter reading for three groups of material versus the oven-dry moisture 
content to different depths in the material.  The meter readings reported here were corrected for the actual 
specific gravity of each sample, using the manufacturer’s calibration.  Since the actual, average moisture 
content of these samples is in the range of 12%, there will be very little difference between the 
manufacturer’s correction and the predicted value using the correction developed earlier for black spruce.   
In each of the test groups similar trends were observed: 
 

• The meter reading consistently underestimates the average MC for the entire cross-
section. 

• The meter reading consistently overestimates the surface MC in the first 7mm of depth 
within the boards. 

• The meter reading most closely approximates the average oven-dry MC present in the 
first two slices (i.e. to a depth of 14mm). 

 
The standard error for predicting the oven-dry MC to all of the depths considered is listed in table 10.  
The standard error is similar for both groups of conventional dried material (sapwood face vs. heartwood 
face).  The error is consistently greater for high-temperature-dried material.  These results show that, 
given the proper adjustment, meter readings can be used to estimate the oven-dry MC to various depths in 
the wood.   
 
Table 9 Dielectric meter reading versus oven-dry moisture content to different depths 
 within cross-section of 42mm thick black spruce with a typical post-drying 
 moisture gradient 
 

Average Oven-dry MC to a depth of:  
Test 

Number of 
Samples 

Average 
Meter 

Reading1
 

0-7mm 
 

0-14mm 
 

0-21mm 
 

0-28mm 
42mm 
(full 

thickness) 
Conv. A2 32 11.9 9.8 13.0 15.2 16.4 15.5 
Conv. B3 32 12.3 10.6 13.7 15.8 16.7 15.5 

H.T.4 32 11.8 8.3 11.9 14.5 15.9 14.8 
 
Table 10 Standard error on estimates o  moisture con ent to various depths in 42mm 
 thick black spruce lumber 

f t

 
Standard Error — when estimating oven-dry MC to a depth of:  

Test 
0-7mm 0-14mm 0-21mm 0-28mm 

42mm (full 
thickness) 

Conv. A2 0.62 0.66 0.71 0.77 0.82 
Conv. B3 0.85 0.79 0.72 0.76 0.81 

H.T.4 1.05 0.91 0.93 1.06 1.16 
1 Based on manufacturer’s correction and actual specific gravity of each sample. 
2 Dried at a maximum temperature of 180° F. and meter reading taken on sapwood side of board. 
3 Dried at a maximum temperature of 180° F. and meter reading taken on heartwood side of board. 
4 Dried at a maximum temperature of 240° F. 

 
Figure 9 shows the regression line and point scatter for the correlation between meter reading and average 
MC (entire cross-section) for both conventional and high-temperature-dried material.  The r-squared 
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values show a better overall fit for the material dried at conventional temperatures.  However, the 
correlation between meter reading and oven-dry MC is not as good as was reported earlier for equalized 
samples of the same species. 
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Figure 9 Correlation between oven-dry MC and meter reading, based on testing on black 
 spruce lumber with typical post-drying moisture gradien s with comparison to 
 relationship established earlier on equalized samples. 

t

 
Figure 10 shows the regression lines for meter reading versus oven-dry moisture content to various depths 
in the wood.  The r-squared values show that the meter reading can be adjusted to obtain a good estimate 
of oven-dry MC to all depths.  Given that most mills will want to estimate the average MC of the full 
cross-section, it will be necessary to compensate meter readings for the effect of moisture gradient.  This 
analysis shows that if this is done carefully, good estimates of average MC should be attainable. For the 
material used in this test, it is necessary to add roughly 4.6% MC to a meter reading of 13% for 
conventionally-dried material (see figure 10).   
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Regression of meter reading vs. oven-dry MC
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Figure 10 Correlation between meter reading versus oven-dry moisture content to various 
 depths, in conventionally-dried, black spruce lumber. 
 
Table 11 lists the adjustment for a range of meter readings for conventionally-dried material.  There is no 
significant difference for high-temperature-dried material, therefore this correction will also suffice for 
such material.  These tests were conducted on rough-sawn material, therefore, the results presented in 
table 11 also incorporate any effect that surface roughness may have on meter ready (see section 6.1.6). 
 
Table 11 Correction for moisture gradient effect in 42mm thick black spruce dried using 
 conventional or high-temperature drying conditions.  These corrections are 
 based on predicting average MC for the full cross-sec ion from dielectric meter 
 reading 

t

 
Meter Reading  

8 9 10 12 12 13 14 15 16 
Species 

Adjustment1
-0.5 0.0 +0.6 +1.1 +1.6 +2.2 +2.7 +3.3 +3.8 

Gradient test 
result 

+0.3 +1.1 +2.0 +2.9 +3.7 +4.6 +5.5 +6.3 +7.2 

Net effect of 
gradient 

+0.8 +1.1 +1.4 +1.8 +2.1 +2.4 +2.8 +3.0 +3.6 

1  Species adjustment from black spruce tests described in section 6.1.1 and provided in table 4. 
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The data in table 11 show that the correction factor for moisture gradient increases with final moisture 
content of the material.  This is most likely accounted for by the difference in moisture gradients between 
material at the low versus high end of the MC range tested.  Figure 11 shows the moisture gradient that 
existed in five pieces of lumber each at the low end of the final MC range (approx. 11%) versus the high 
end of the final MC range (approx. 20%).  The shell to core difference at the low end is approximately 
5.5% MC versus 14% MC for material at the high end.  This demonstrates not only the effect of a 
moisture gradient on final MC predictions but that the effect becomes greater as the gradient increases.  
The moisture gradient will change both with the type of drying system employed (for example low versus 
high-temperature drying) and the time that has passed since drying.  These tests have identified an effect 
of moisture gradient on meter reading but not enough information exists to quantify the effect under every 
situation.  Our recommendation is to be aware of this effect and make sure it is considered when 
analysing results.  Results will be better when testing in situations where the moisture gradient has 
diminished. 
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Figure 11 Comparison of moisture gradients present in boards with different final, 
 average, moisture con ents. t
 
6.1.3 Effect of wood temperature 

Wood temperature is a variable that changes considerably in most industrial applications of moisture 
meters.  Therefore, it important to understand the effect that it has on meter reading.  With DC-resistance 
meters, the wood temperature is the largest single factor that affects meter reading within any given 
species.  For this test, material at a single moisture content level was tested at three different wood 
temperatures (-30°, +20°, and +70° C).   
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Figure 12 shows the effect of wood temperature on meter reading across this range of temperature for 
black spruce equalized at approximately 15% MC.  A linear relationship has been used to describe the 
effect of temperature and is described by the following formula: 
 
  Y = -0.0532 x + 1.340 
 
 Where:  Y = temperature correction 
    x = wood temperature (°C) 
 

Effect of Wood Temperature on Meter Reading

y = 0.0532x + 13.66
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Figure 12 Effect o  wood temperature on meter reading for material equalized at 
 approximately 15% MC. 

f

t

 
Table 12 lists the amount of temperature correction required at various temperatures.  By comparison, the 
temperature correction required for a DC-resistance meter reading is also listed in this table.  The 
temperature correction for the dielectric meter (approximately 0.5% MC/10° C) is less than half of that 
required for the DC-resistance meter (approx. 1.1%/10°C).  Despite this, the correction for wood 
temperature is significant enough that it should be accounted for in most applications of the meter.  When 
working within a very narrow range of wood temperature (i.e. +/- 10° C) there may not be any need to 
consider the effect of temperature.  However, many mills are taking readings starting at the kiln, while the 
wood is still warm, to the yard, where it may be frozen, to the planer mill.  Under these sorts of 
conditions, it will be imperative to account for the effect of wood temperature; otherwise discrepancies 
may arise with regard to the precise MC of the material. 
 
Table 12 Temperature correction for dielectric versus DC-resis ance meter readings.  
 Dielectric correction based on tests conducted on black spruce equalized at a 
 moisture content of approximately 15% 
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Temperature Correction at a Wood Temperature of (°C): 

Meter -30° -20° -10° 0° 10° 20° 30° 40° 50° 60° 
Dielectric 2.9 2.4 1.8 1.3 0.8 0.3 -0.3 -0.8 -1.3 -1.9 

DC-resistance1 5.2 4.3 3.3 2.4 1.3 0.3 -0.8 -1.9 -3.1 -4.3 
1 Taken from Pfaff and Garrahan 1986. 
 
Given the magnitude of the temperature correction, further work will be required to determine if the effect 
measured here is consistent across a range of species and moisture content conditions.  Until such data is 
available, it is recommended that mills either use the corrections listed here, develop their own 
correlations for effect of temperature, or avoid using the meter over a wide range of wood temperatures.  
A report by James (1968) identified a significant effect of wood temperature on readings from two types 
of dielectric meters. 
 
6.1.4 Effect of drying temperature 

Under certain conditions, the temperature that the wood has been dried at, has been shown to have a 
permanent effect on the relationship between DC-resistance and moisture content (Garrahan, 1987).  A 
test was conducted to determine if there was a similar effect on the dielectric moisture meter readings.  
Readings were taken on matched samples dried using a maximum temperature of 82° C to represent 
conventionally dried material and 110° C for high-temperature dried material. 
 
Table 13 shows the comparison between oven-dry moisture content and meter readings for both groups of 
material.  Although both groups were equalized at the same EMC conditions, the average oven-dry 
moisture contents are significantly different.  This is likely due to the effect that the high-temperature 
drying has on the hygroscopic properties of the wood.  Table 13 shows that the discrepancy between 
corrected meter reading and oven-dry moisture content is the same for both sample groups.  The similar 
deviations between corrected MC and actual MC would indicate no significant affect of drying 
temperature on meter reading.  There is no obvious explanation for the differences observed between 
corrected MC and oven-dry MC. 
 
Table 13 Effect of drying temperature on meter readings taken on well equalized samples 
 of black spruce and jack pine lumber at an ambient temperature of 
 approximately 20° C 
 
Maximum Drying 

Temp. (°C) 
Avg. Oven-dry 

MC (%) 
(Std. Dev.) 

(a) 

Number of 
Samples 

Average Meter 
Reading (%)1 

(Std. Dev.) 

Corrected Meter 
Reading2 

 
(b) 

Predicted 
MC vs. 

Actual MC 
(b) - (a) 

82° 14.3 (0.98) 45 13.0 (1.22) 15.2 0.9 
110° 16.0 (0.75) 46 14.1 (1.16) 16.9 0.9 

1 Readings taken with meter set at Douglas-fir with a specific gravity of 0.50. 
2 Corrected based on regression developed in section 6.1.1 for black spruce 
 
6.1.5 Effect of meter application pressure 

From earlier experience with the dielectric meter, it was believed that the force with which the meter was 
held in contact with the wood had an effect on meter reading.  To investigate this, tests were conducted on 
rough-sawn and planed surfaces of well equalized samples of black spruce.  Two application pressures 
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were tested, the first using only the weight of the meter and the second using sandbags to place a force of 
approximately 1.4 kilograms on the meter (level of force applied for meter calibration by manufacturer).  
In practice, the exact amount of force could be more or less, depending on the operator. 
 
Table 14 shows some comparative data for tests conducted on well equalized black spruce.  The effect of 
application pressure was investigated for both dressed and rough-sawn material.  In both cases, the meter 
reading was increased minimally by applying more pressure.  The effect on rough-sawn lumber was 
slightly greater at 0.4% MC versus 0.3% for the boards which had been planed.  Neither of these are 
significant errors but they do point out the potential for some discrepancy depending on operator 
practices.  By standardizing test procedures, mills can eliminate this as a source of error. 
 
Table 14 Effect o  meter application pressure on moisture content estimates for well 
 equalized samples of black spruce 

f

 
MC(%) and (Std. Dev.) at an applied pressure of: Type of Surface Number of 

Samples No-pressure 1.4 Kg. 
Planed 
Planed 

46 
84 

13.7 (0.80) 
13.2 (1.15) 

14.0 (0.71) 
13.5 (1.22) 

Rough-sawn1 84 12.1 (1.15) 12.5 (1.18) 
1 Rough-sawn surface produced by a circular saw. 
 
6.1.6 Effect of surface quality 

The quality of contact between the sensor on the dielectric meter and the wood surface is believed to have 
an effect on the meter reading.  The dielectric meter has potential applications from the kiln to the final, 
dressed product.  The quality (roughness) of the surface can vary significantly both between boards 
(different machine centres) and within boards over time (rough versus planed surface).  The quality of the 
dry-rough lumber surface is determined by the type of machining equipment used at the sawmill.  
Chipper-canters tend to produce more ridges than circular or band saws.  Regardless of the type of 
equipment used, the surface quality can also vary considerably with the maintenance of the equipment.  
These tests were designed to determine the magnitude of any error introduced by this variable. 
 
Sample material was collected to represent three machine centres from an Eastern Canadian sawmill 
(chipper canter, circular, and band saw).  Unfortunately, there was not a sufficient supply of band-sawn 
material to make any reliable analysis of that material.  Table 15 shows the comparison between meter 
readings taken on chipper canter versus circular-sawn surfaces.  These readings were taken on well 
equalized samples.  There is no significant difference between the MC estimates of 12.5% on circular-
sawn material versus 12.4% for material produced at the chipper canter.  However, there is a significant 
difference between the MC estimates for both groups of material from readings taken on the rough 
surface to those obtained on the same pieces after planing.  In both cases, the MC estimate for the dressed 
material was 1.0% MC higher than for the rough-sawn material.   
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Table 15 Comparison of dielectric meter MC estimates taken on w ll-equalis d, rough-
 sawn, black spruce boards versus readings taken on the same material after 
 planning 

e e

 
 

Type of Surface 
 

Number of Samples 
 

Meter Reading1 on 
Rough-sawn surface 

Meter Reading1 on same 
surface after planing 

Circular saw 84 12.5 (1.18) 13.5 (1.22) 
Chipper Canter 80 12.4 (0.90) 13.4 (1.00) 

1 Meter readings taken using a consistent application pressure of 1.4Kg. 
 
Since mills will typically be testing material at various times in the process, with varying surface 
conditions, the discrepancies noted above may contribute to confusion.  There is no basis to suggest a 
different correction for one type of rough-sawn surface versus another.  However, when comparisons 
between rough-sawn and dressed material are being made, the effect of surface quality should be 
considered.  Operators could use the adjustment developed here or ensure that this variable is considered 
when developing their own calibration procedures.   
 
6.1.7 Effect of board width 

Since the dielectric meter emits a non-contained, electrical field there is the possibility that the presence 
or absence of wood in the area neighbouring the zone of contact may influence the meter reading.  The 
concern was primarily with regard to narrow versus wide boards.  Tests were conducted on well equalized 
specimens of black spruce with actual widths of 63, 89, and 140mm to represent final dressed size of 
nominal 2X3, 2X4, and 2X6-inch lumber.  The results show an effect on meter reading only for the 63mm 
wide boards.  Table 16 shows the meter readings obtained on well equalized samples of different widths.  
An analysis of variance showed the difference in the meter readings for the narrower material to be 
significant. 
 
Table 16 Effect o  board width on meter reading in well equalized, planed, samples of 
 black spruce lumber 

f

 
Board Width (nominal)  

63mm (2X3) 89mm (2X4) 140mm (2X6) 
Number of measurements 120 120 120 

Average meter reading (%MC) 13.3 14.1 14.2 
Standard deviation 0.83 0.85 0.87 

 
At 63 mm the board width is approximately the same width as the active area on the sensing plate of the 
meter.  This raises the possibility that the RF field is being dissipated into the air as well as the wood and 
having the effect of lowering the meter reading.  There are several alternatives to address this concern.  
One possibility is for mills to develop a correction factor specific to their narrow material.  Another 
possibility would be to take readings on boards that are piled edge-to-edge with no space between them.  
This would be the typical situation when testing material in a stickered package after drying.  The only 
drawback with this approach is that the MC of neighbouring boards may affect the meter reading.  A third 
possibility would be to use a version of the meter with a smaller sensing plate or for the meter 
manufacturer to modify the sensor plate on the model tested. 
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6.1.8 Effect of knots and compression wood 

When using any handheld meter, the recommendation is always to sample in sound, clear, defect free 
areas of the wood.  Depending on the type of meter, the differences in wood properties around most wood 
defects could affect the relationship between the property being measured and the wood MC.  With the 
dielectric meter tested in this study, there is the potential to use a remote probe to sample within a 
package of lumber on stickers.  In this situation it is not possible to confirm that each reading is being 
taken in an area of sound, clear wood.  Therefore, it was decided to conduct a test to determine the 
possible impact of taking readings on two common types of natural defects; compression wood and knots. 
 
Compression wood is known to be denser than normal wood.  Panshin and de Zeeuw (1970) state that 
compression wood in softwoods is approximately 1/3rd heavier, on the basis of oven-dry specific gravity.  
The meter manufacturer acknowledges the effect of specific gravity on meter readings by providing 
correction factors to compensate for the differences in this property between species.  Twenty one 
samples of black spruce containing a high proportion of compression wood were equalized at an EMC of 
approximately 15%.  These samples had an average specific gravity value of 0.53 compared to 0.46 
reported in table 3 for normal black spruce.  Table 7 also listed the effect of specific gravity on the 
required correction for the moisture meter.  Figure 13 shows the relationship between specific gravity and 
correction factor.  The correction factor for black spruce compression wood is also shown on this graph.  
It follows the same trend as that identified earlier in the relationship between density and meter reading 
(see section 6.1.1).  The difference in meter reading for compression wood appears to be strictly a result 
of the difference in wood density. 
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Figure 13 Effect o  compression wood and samples with large concentration of knots on 
 correction required to estimate oven-dry MC in equalized black spruce samples. 

f

 
Knots are also areas within a board where the density may be greater than surrounding normal wood.  
Forty four, black spruce samples were selected containing a concentration of knots within a small area on 
the board.  These samples were equalized at an EMC of approximately 15%.  There was an effect on the 
dielectric meter readings taken in these areas, but, as with the compression wood, the effect can be 
explained by the difference in specific gravity of the wood.  Figure 13 shows that the correction factor 
required for material with knots is similar to clear black spruce, having a similar specific gravity. 
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It is unrealistic to expect that a mill would correct for the effect of compression wood or knots, so what is 
more important is the impact on accuracy of meter readings.  When using a correction factor based on 
black spruce with a normal specific gravity (0.46), readings on a board with compression wood will 
overestimate the moisture content by approximately 1.7% MC.  On the same basis, readings taken on an 
area with a high concentration of knots would over-estimate the MC by about 0.6%.  This is roughly 
equal to the same error experienced when sampling a board with a specific gravity at the high end of the 
range.  Our recommendation is to take readings on clear sound wood whenever possible.  When using a 
remote probe with no ability to select the specific sampling site on each board, be aware that this error 
does exist and in some cases (especially when the wood is well equalized) it could contribute to a higher 
standard deviation. 
 
6.2 Meter utilization under industrial operating conditions 
6.2.1 Wood properties and test conditions 

Table 17 indicates the main characteristics of the test material and testing conditions when the moisture 
meter was studied under simulated as well as actual industry conditions. 
 
Table 17 Properties of kiln-dried specimens under industry conditions 
 

 Tests 
 Lab 1 Lab 2 Lab 3 Ind 

Species Black spruce/Jack pine Black spruce Black spruce Black spruce 
Thickness (mm) 44 44/38 2 44/38 2 44 
Actual average SG at 
12%1 N/A 0.470 0.481 0.465 

Max. drying temp. 
(°C) 82 82 110 93 

Max. wood temp. at 
testing (°C) 60 65 96 52 

Wood temperature 
after cooling  (°C) 20 20 20 0 to 10 

Surface quality Rough Rough/Dressed Rough/Dressed Rough 
1 

Oven-dry weight / volume at 12% moisture content / Density of water 
2  Rough and dressed thicknesses 

 
The average SG at 12% MC for each test group ranged from 0.465 to 0.481, which is higher than the 
0.420 suggested by the manufacturer for black spruce.  Average densities used by the manufacturer and 
programmed in the moisture meter were obtained from the U.S. Wood Handbook (1987). The SG of 
wood in a given species may vary according to origin. Given that dielectric meters are sensitive to SG, SG 
variations inevitably result in a loss in precision of moisture content estimates. It is the manufacturer’s 
recommendation that users should determine the SG of their own wood if they suspect that it may differ 
from the values used in the instrument. Relationships between wood SG and moisture content readings 
are discussed in Section 6.1.1. 
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6.2.2 Evaluation of wood moisture content readings on rough specimens   

This section compares the moisture content measurements obtained with the dielectric meter under 
industrial conditions versus MC determined by the oven-dry method.  The samples measured were rough 
and had a moisture gradient. 
 
Figure 14 relates dielectric meter readings to oven-dry measurements. Readings have been adjusted to 
compensate for the effect of surface quality, wood temperature and wood SG as defined in section 6.1.  
As indicated in Section 6.1.2 no adjustment has been made for moisture content gradient, as the results 
were inconclusive. The effects of surface quality and moisture gradient are difficult to quantify and may 
well be inter-related when dealing with recently dried lumber still in the rough condition.  The results 
obtained from the three different tests are compared to the theoretical correlation established in Section 
6.1. for well conditioned (no moisture gradient) and dressed specimens.    
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Figure 14 Dielectric meter readings with rough black spruce specimens 
 
The results shown in Figure 14 demonstrate graphically that, for all three tests, the relationship between 
meter readings and oven-dry moisture content are fairly close to the correlation established from the 
laboratory testing (see Section 6.1.1). The results confirm that, in the case of black spruce, a new species 
correction factor would help to more accurately predict oven-dry moisture content. 
 
The results from Figure 14 are also summarized in Table 18. The moisture content readings indicated in 
the table for the three sets of tests are expressed in three different ways. The first line (no corr.) lists 
average readings as obtained from the meter with SG set at 0.50 and with no adjustment. Second-line 
values (Manufacturer) are average values calculated with a correction factor for actual average SG at 12% 
MC as suggested by the manufacturer.  These values were determined by taking the uncorrected readings 
(i.e. SG = 0.50) and using the formula developed by Milota (1997) to compensate for actual SG. The 
values on the third line (Forintek) are average values calculated with adjustments for all factors affecting 
meter readings other than moisture gradient. 
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Table 18 Comparison of dielectric meter readings (applying different correction factors) 
 and oven-dry MC 
 

Average MC  
(Std. deviation) 

% 

Test Corrections Number of 
measurements

Meter Oven 

Average deviation  
(MC meter-MC oven) 

% 

% readings within 
±2% from oven-dry 

MC 

No corr. (SG0,50 ) 251 12.7 
(3.2) 

15.4 
(3.9) 

-2.7 30 

Manufacturer1 251 13.5 
(3.1) 

15.4 
(3.9) 

-1.9 60 LAB 2 

Forintek2 251 16.3 
(5.1) 

15.4 
(3.9) 

+0.9 66 

No corr. (SG0.50 ) 229 12.0 
(3.0) 

14.0 
(4.0) 

-2.0 56 

Manufacturer1 229 12.5 
(2.9) 

14.0 
(4.0) 

-1.5 73 LAB 3 

Forintek2 229 14.5 
(4.6) 

14.0 
(4.0) 

+0.5 76 

No corr. (SG0.50 ) 22 15.3 
(2.1) 

20.5 
(2.7) 

-5.2 0 

Manufacturer1 22 16.1 
(2.0) 

20.5 
(2.7) 

-4.4 5 IND. 

Forintek2 22 20.9 
(3.2) 

20.5 
(2.7) 

+0.4 64 

1 As per manufacturer’s recommendations.  
2

 Correction factors applied for: surface quality (Section 6.1.6), wood temperature (Section 6.1.3), SG and species (Section 6.1.1) 
 
As shown in Table 18, the application of one or more correction factors improves meter reading accuracy. 
This is demonstrated by lower average deviations and a larger percentage of readings within ±2% MC 
from oven-dry measurements. The application of multiple correction factors provided more accurate 
readings than the corrections recommended by the manufacturer, particularly at higher oven-dry moisture 
contents, as clearly shown in the set of industry tests, where the average moisture content was 20.5%. 
Discrepancies are largely due to differences between the correction factors established in the laboratory 
testing phase of this study and those suggested by the manufacturer. 
  
Variability in moisture estimates, expressed as standard deviations in Table 18, show similar results for 
unadjusted readings and for readings adjusted as per the manufacturer’s recommendations. Standard 
deviation values are greater for readings adjusted based on the factors established in the laboratory testing 
and in two of the three tests are closer to the standard deviation on the oven-dry MC.  The moisture 
content distribution would therefore appear to be more representative when readings are adjusted by the 
application of a multiple factor reflecting the different parameters studied in the laboratory tests. Standard 
deviations are greater for values obtained with a multiple correction factor than for oven-dry 
measurements because of the effect of SG variations, as discussed in Section 6.1.1 above. 
 
Figure 15 shows the distribution of deviations between adjusted meter readings and oven-dry MC.  The 
meter readings used in this figure were adjusted by application of the multiple factors established in the 
laboratory testing phase of this study.   
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Figure 15 Distribution of individual errors existing between adjusted dielectric meter 
 readings and oven-dry MC.  
 
Variations can be observed in the individual moisture content deviations shown in Figure 15. In some 
cases, application of the Forintek multiple correction factor led to overestimated moisture contents in 
relation to oven-dry measurements, while, in others, it underestimated them. This variation in deviation is 
largely due to the effect of SG variation within the test group (see Section 6.1.1), as corrections were 
made on the basis of average SG for the entire set of specimens, rather than individual sample SG. 
 
On average, the adjusted readings, as reported here, slightly overestimated the actual MC (Table 18).  
This may be due in part to the effects of surface quality and moisture gradient. It was determined that the 
overestimate was less than one percent MC.   The overestimate may be reduced in cases where surface 
quality is improved. 
 
The results shown in this section clearly demonstrate that correction factors such as determined in our 
laboratory tests lead to improved moisture content estimates with the dielectric meter. Readings obtained 
following the manufacturer's recommendations were less accurate for two reasons. First is the divergence 
between the manufacturer’s corrected value (for black spruce) and actual oven-dry MC.  Secondly, 
previously established procedures do not consider wood temperature and surface quality, which both have 
a significant effect on meter readings.  MC estimates can be improved further with the application of 
correction factors for moisture gradient and individual board SG, although this would not be practical in 
an industrial setting  
 
6.2.3 Moisture content readings on rough and dressed lumber  

The dielectric-type portable moisture meter can be used on rough lumber (before planing) or dressed 
lumber (after planing).  Table 19 displays readings obtained at the same board locations under industry 
conditions from the dielectric meter before and after planing.  
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Table 19 Moisture content readings from the dielectric meter for rough and dressed 
 lumber 
 

Average dielectric meter MC1  
(Std.-deviation) % 

Test Number of 
measurements 

Rough lumber Dressed lumber 

Average 
deviation  

% 
LAB 1 204 12.1 (1.5) 13.5 (2.0) -1.4 
LAB 2 41 12.9 (4.1) 14.8 (5.3) -1.9 
LAB 3 53 11.7 (3.5) 13.9 (4.4) -2.2 

Average    -1.8 
1 No correction factor applied (SG set at 0.50) 
 
As seen in Table 19, meter readings were, on average, lower for rough surfaces than for dressed surfaces. 
Laboratory tests on conditioned specimens (see Section 6.1.6) have already shown how surface quality 
can affect meter readings, but the average deviation of –1.8% MC obtained from these three tests 
exceeded the average of –1.0% MC obtained with well conditioned samples. A significant factor in 
explaining this difference may be actual moisture content differences between rough and dressed lumber. 
As the lumber used for this test had not been equalized, there was a moisture gradient between surface 
and core, with the surfaces being drier than the core. As the planing operation removed the drier surface 
material, the moisture content of the dressed lumber would have been increased in relation to that of the 
rough lumber. Another factor may be the reduction in moisture gradient after planning i.e. less difference 
between shell and core. 
 
Standard deviation on meter readings was greater with dressed lumber than with rough lumber, possibly 
as a result of better contact between the meter and the wood in the case of dressed lumber. The laboratory 
tests to assess the effect of surface quality with conditioned specimens (Section 6.1.6) yielded similar 
results.  
 
The results presented in this section confirm that moisture meter estimates with the dielectric meter are 
different between rough and dressed lumber. As discussed in Section 6.1.6, users should consider the 
effect of surface quality on MC estimates when measuring on rough-sawn surfaces.  
 
6.2.4 Use of the stack sampling probe 

Industry personnel are often required to assess the MC of lumber stacks in the yard or kiln.  The Wagner 
dielectric meter has a stack sampling probe to assist with this, however, very little information is available 
on how the probe affects MC estimates. This section summarizes the results of tests on the in-mill 
application of this sampling equipment.  
 
6.2.4.1 Probe Orientation 

Table 20 displays the results obtained from tests on a stack of industrially kiln-dried lumber with the 
probe used in two different orientations. Using a reference mark on the shaft of the probe to better 
identify reading locations, moisture content was measured on the same boards from both the top face of 
the lumber (as suggested by the manufacturer) and from the bottom face.  The stack was down-piled and a 
direct reading with the handheld meter (without the probe) was taken at the same location as the probe on 
each board. The main advantage of measuring moisture from the top face of the lumber is that the probe 
rests uniformly over the row of lumber and ensures better stability and (presumably) contact with the 
wood. Even with this arrangement, however, individual readings were affected by thickness variations 
between boards in the same row.  These may have been due to sawing variations or differential shrinkage.  
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Whenever a thinner board is located between two thicker boards a lower meter reading can result due to 
inadequate contact. Measuring moisture content on the bottom face of the lumber eliminates this problem, 
as all the boards are resting on the same sticker.  However, the user needs to compensate for the weight of 
the stack sampling probe and make sure that it is held horizontal to ensure good contact. 
 
Table 20 Moisture content readings obtained with the stack sampling probe applied in 
 two different orientations  
 

Probe orientation Number of 
boards 

Average MC reading with stack 
sampling probe  

(Standard deviation) 
% 

Average MC reading with 
handheld dielectric meter  

(Standard deviation) 
% 

On top of lumber row 198 12.0 (2.4) 13.5 (2.5) 
Below lumber row 198 10.6 (2.6) 13.5 (1.9) 

Note: No correction factor applied (SG set at 0.50) 
 
As shown in Table 20, the use of the probe on the bottom surface of the lumber resulted in an under-
estimation of moisture content as compared to readings from the top. This may be a reflection of the 
difficulty in maintaining proper contact with the lumber when contacting the lower side of a row of 
boards.  
 
Both stack sampling probe orientations resulted in an underestimation of the handheld meter reading, 
however, the error was less when sampling from the top side of boards in a package of lumber. 
 
6.2.4.2 Measurement repeatability 

Table 21 presents results of the tests on repeatability with the stack sampling probe. For these tests, three 
different operators measured the same rough boards at the same locations in a stack of lumber according 
to a defined procedure.   
 
Table 21 Moisture content readings obtained with the probe by three different operators  
 

MC reading (%) with stack sampling probe on top of the boards (Standard deviation) 
Operator A Operator B Operator C 
12.5 (2.5) 12.4 (2.6) 12.3 (2.6) 

Note: No correction factor applied (SG set to 0.50) 

 
The comparable results obtained by the three different operators indicate that, given a pre-established 
procedure, different operators are likely to obtain approximately the same MC estimate for a given lumber 
stack.  
  
6.2.4.3 Comparison between readings with handheld meter, with and without the stack sampling probe  

The use of the portable dielectric meter to determine lumber moisture content has been discussed in 
previous sections. It has been established that the instrument can provide a good assessment of wood 
moisture content, and that these assessments can be made more accurate by applying corrections to 
compensate for various factors. 
 
In theory, readings obtained at a given board location with the stack sampling probe and the handheld 
meter (without the probe) should be identical if the same pressure is applied.  In practice, however, 
several factors affect readings taken with the stack sampling probe.  This includes the position of the 
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probe’s contact plate with respect to the wood surface, the pressure applied, and the quality of the lumber 
surface.  This section compares the results obtained in a lumber stack with and without the probe. In these 
tests, the probe was applied to the top surface of the boards in a stack as suggested by the manufacturer. 
Table 22 shows the average results obtained at specific board locations. The stack sampling probe was 
used to measure moisture content in the lumber pile, and then the measurements were repeated with the 
handheld meter while down-piling the lumber.  The tests took place several days following the drying 
period in order to ensure stability in wood temperature.  
 
Table 22 Moisture content estimates with the stack sampling probe versus those taken at 
 the same location with the handheld meter 
 

Test Number of 
measurements 

Average of readings with 
stack sampling probe 
(Standard deviation) 

% MC 
(a) 

Average of handheld 
meter readings  

(Standard deviation)  
% MC 

(b) 

Difference of 
averages 
(a) — (b)  
% MC 

LAB 1 204 11.0 (2.0) 12.1 (1.5) -1.1 
LAB 2 251 9.2 (3.2) 12.7 (3.2) -3.5 
LAB 3 221 9.0 (2.8) 12.0 (3.0) -3.0 

198 12.0 (2.4) 13.5 (2.5) -1.5 
104 11.0 (2.2) 13.8 (1.8) -2.8 IND 
22 12.9 (2.4) 15.8 (2.1) -2.9 

TOTAL 1001 10.3 (2.9) 12.8 (2.7) 
 

-2.5 
Note:  No correction factor applied (SG set to 0.50) 
  

The results shown in Table 22 indicate that average moisture content estimates obtained with the probe 
were lower than corresponding measurements obtained directly with the handheld meter after unstacking. 
The differences observed can be attributed to the precise positioning of the probe on boards within the 
pile, the cupping of some boards, and thickness variations due to sawing deviation or shrinkage 
variations.  All of these factors would affect the quality of contact between the probe and the lumber, and 
lead to lower readings than those obtained with the handheld meter alone.   
 
As shown in table 22, the weighted average difference between readings from the two sources over the six 
tests corresponded to a difference of  -2.5% MC. Average differences in individual tests varied from a 
low of –1.1 to a high of –3.5% MC. 
 
Figure 16 illustrates the frequency distribution of individual reading differences in the 1001 board 
measurements reported in Table 22.  
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Figure 16 Distribution of individual differences between sampling with the s ack sampling 
 probe (a) versus the handheld meter (b) 

t

 
Figure 16 shows a significant variation in individual differences.  Differences in readings with and 
without the stack sampling probe varied considerably from one board to another, ranging from almost 0 in 
some cases to as much as 9% MC in others.  The few cases of positive differences observed in practice 
were due in part to problems in accurately positioning the probe inside the stack. Figure 17 shows the 
relationship between readings taken with the stack sampling probe versus those taken with the handheld 
meter. 
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Figure 17 Relationship between dielectric moisture meter readings taken with and without 
 the stack sampling probe 
 
The widely scattered points in Figure 17 clearly show that individual reading differences between the two 
sources varied considerably. The regression coefficient (R²=0.38) for the regression line (green line) 
suggests a relatively poor correlation between readings with and without the probe. The figure also shows 
that most readings obtained with the probe were lower than the corresponding values obtained directly 
with the meter. The green line representing the correlation between the two sets of values clearly reflects 
this negative discrepancy between the two sources, which is in the order of 2.0 to 3.0% MC, and 
corresponds to the distance from the regression line to the 45-degree line representing a one to one 
correlation. Points located near the 45-degree line represent measurements for which contact between the 
probe and the wood was almost perfect, while points located lower in the diagram represent 
measurements for which contact between the probe and the wood was poor or where the probe was poorly 
positioned over the board. 
 
Figures 16 and 17 demonstrate that it would be extremely difficult to determine a correction factor 
applicable to individual readings with the stack sampling probe.  The problem is due to significant 
variations in the differences between readings from the two sources, which, in turn, is a result of the 
characteristics of stacked boards and design limitations associated with the probe itself.   
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The results shown in Table 22 indicate, however, that the standard deviations for the readings with the 
stack sampling probe and handheld meter were comparable. For the tests presented in Table 22, the 
average moisture content measured with the probe was 10.3% with a standard deviation of 2.9% while the 
portable meter yielded 12.8% with a standard deviation of 2.7%. The corresponding frequency 
distribution is provided in Figure 18.  
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Figure 18 Distribution of moisture meter readings taken with and without the stack 
 sampling probe 
 
Even though standard deviations were similar, distributions were slightly different for the two sets of 
data. The flatter profile associated with measurements with the probe may reflect the higher number of 
underestimated moisture contents resulting from poor contact between the probe and the wood.  The 
frequency distribution in Figure 19 is similar to that in Figure 18, but with a +2.5% MC correction 
applied to all probe measurements.  Following this correction, the two distributions become similar. 
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Figure 19 Distribution of meter readings with handheld meter versus stack sampling probe 
 estimates with a +2.5% MC correction 
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The same correction factor (+2.5% MC) was also applied to the results reported in Table 22. On this 
basis, a new comparative table (Table 23) was derived for moisture content averages and percentages of 
wet boards (i.e., over 19% MC).  
 
Table 23 Moisture content estimates with the stack sampling probe after applying a 
 correction based on the average difference between the two sources shown in 
 Table 22 
 

Test Number of 
measurements 

Correction 
applied MC 

estimates from 
probe 

% 

Average 
Corrected MC1 

with probe  
(Std. deviation) 

% 

Average MC1 
with handheld 

meter  
(Std. deviation) 

% 

% Pieces 
>19% MC 
no probe 

% Pieces 
>19% MC 

with 
probe 

LAB 1 204 +2.5 13.5 (2.0) 12.1 (1.5) 0.5 1.0 
LAB 2 251 +2.5 11.7 (3.2) 12.7 (3.2) 6.0 3.2 
LAB 3 221 +2.5 11.5 (2.8) 12.0 (3.0) 3.2 2.3 

198 +2.5 14.5 (2.4) 13.5 (2.5) 2.0 2.0 
104 +2.5 13.5 (2.2) 13.8 (1.8) 0.0 0.0 IND 
22 +2.5 15.4 (2.4) 15.8 (2.1) 4.5 9.1 

No specific gravity correction factor applied (SG set to 0.50) 
 
As shown in Table 23, the addition of 2.5 to all individual measurements obtained with the probe 
produced fairly similar moisture content distributions for the two sets of measurements, with comparable 
averages and standard deviations. The largest difference between the two test averages was only 1.4% 
MC. The percentage of boards over 19% was not always similar, but they were close in most tests. The 
application of a correction factor to individual probe readings in order to bring the distribution in line with 
that of the handheld dielectric meter would therefore appear to be an acceptable approach to estimating 
the average moisture content and percentage of wets that would be obtained with the portable meter. 
 
The stack sampling probe is a very useful quality control device to assess moisture content inside lumber 
stacks. The results of our study indicate that readings obtained with the probe are generally lower than 
those obtained at identical locations with the handheld dielectric meter (without the probe). Differences in 
MC estimates between the two sources can be quite significant, probably due to factors inherent to the 
stack and to the way the probe is used (e.g., position in the stack, quality of probe-to-wood contact, 
pressure applied, and overall stack characteristics). Analyses based on individual, or very small groups of 
probe readings can be misleading due to significant errors and are, therefore, not recommended. To 
achieve moisture content values close to those obtained with the handheld meter, users should preferably 
apply a fixed correction factor to all individual probe readings and process the results in distribution form. 
In our study, the average discrepancy with and without the probe was 2.5% MC. Those wishing to 
optimize the accuracy of readings when using the stack sampling probe should consider developing their 
own relationships between measurements taken at different times in the process, using tests such as those 
described in this report to determine the most suitable correction factor for their circumstances. 
 
To minimize errors on individual readings, users should position the probe over individual boards in the 
stack as carefully and precisely as possible. One method to achieve this is to use reference marks on the 
probe reflecting the width of the dry boards in the stack (Figure 20); the marks will help reposition the 
probe for successive measurements. 
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Figure 20 Markings to assist in positioning of the stack sampling probe 
 
Good positioning will not solve all problems encountered in assessing moisture content of a lumber stack.  
Problems will still arise due to factors such as thickness variations and cupping.  Changes to the sampling 
techniques could also help minimize errors in individual readings.  One modification would be to sample 
only those boards that are relatively close to the edge of the stack, which are more visible and accessible 
and therefore easier to assure good placement and contact with the wood. Other possibilities would 
involve mechanical modifications to the probe to facilitate probe positioning in the stack and improve 
measurement accuracy. 
 
6.2.4.4 Use of stack sampling probe at different time intervals after drying 

In the previous section, problems involved in applying a correction factor to individual probe readings 
were discussed.   It was demonstrated that, by applying a single uniform adjustment (in this case +2.5% 
MC) to all individual probe readings better agreement could be achieved between readings taken with and 
without the stack sampling probe. The tests to determine this adjustment were conducted some time after 
drying, when the lumber had cooled down to a uniform ambient temperature. 
 
As the probe lends itself to, and is often used for MC sampling at different time intervals during and after 
drying, it was decided to compare readings taken at different times and under different conditions.  Two 
tests (LAB 2 and LAB 3) were conducted on 3,000 board foot charges of lumber dried in the laboratory. 
In both tests the stack sampling probe was used to assess moisture content of the stack: 1) as soon as the 
kiln stopped (while the lumber was still very hot), 2) four hours later (when the load had partially cooled), 
3) 20 hours after drying, and 4) 96 hours after drying (when the lumber had reached the ambient room 
temperature). Table 24 reports internal wood temperatures measured with thermocouples in the stack for 
each of the tests. 
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Table 24 Lumber temperature changes over time in two stacks after drying  
 

Lumber temperature  
(Standard deviation)  

°C 

Number of 
thermocouples 

per stack 

Time elapsed 
since 

completion of 
drying (hours) LAB 2 LAB 3 

0 69 (4.3) 96 (6.2) 
4 44 (7.5) 62 (14.0) 

20 19 (4.7) 26 (3.8) 19 

96 18 (0.9) 23 (1.3) 
 
As shown in table 24, lumber temperatures decreased fairly rapidly once the kiln was shut down. 
Temperature differences between boards varied with time, the largest differences being observed a few 
hours after removal from the kiln. Figure 21 compares temperature changes in a board located at the 
centre of the stack to that of another board located at the edge of the stack in relation to air temperature 
and time since completion of drying.  As clearly indicated in the diagram, the average air temperature 
declined very rapidly as soon as the doors were opened. As a result, the temperature of the lumber in the 
load also declined rapidly, but boards inside the stacks cooled off more slowly, as they were less 
influenced by the ambient temperature of the air. 
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Figure 21 Core wood temperature changes over time after completion of kiln drying (data 
 from LAB 3 test) 
 
The results show (Figure 21) that it took about 25 hours following the end of the drying cycle for the 
boards inside and at the periphery of the stack to reach a uniform temperature.  This stabilization time will 
vary in relation to a number of factors, including stack dimensions, drying temperature, and ambient air 
temperature. 
 
Given that lumber temperature affects moisture content readings (see section 6.1.3), it is recommended 
that measurements be taken when temperature is relatively uniform within the stack, Consequently, 
measurements on hot lumber are best conducted as soon as possible after the kiln stops, while 
measurements on cold lumber should be delayed one day or more. Table 25 provides a comparison of 
moisture meter readings taken at the different time intervals after drying. 
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Table 25 Combined LAB 2/ LAB 3 Probe Moisture Content Readings Over Time 
 
Number 

of pieces 
Time 

elapsed 
since 

completion 
of drying 
(hours) 

MC of 
sample 
boards1 

% MC 

Average meter 
reading with stack 
sampling probe, 

unadjusted 
% MC 

(Std. dev.) 

Average meter 
reading with stack 
sampling probe, 

adjusted2

% MC 
(Std. dev.) % 

Average meter 
reading 

without probe 
adjusted3

% MC 
(Std. dev.) 

Average 
oven-dry MC 

(std. dev.) 
% MC 

0 15.8 11.1 (4.2) 12.8 (6.4) 
4 15.1 9.6 (3.6) 12.6 (5.6) 

20 15.2 8.9 (3.2) 13.8 (5.0) 
N/A N/A 472 

96 15.4 9.1 (3.0) 14.2 (4.7) 15.4 (4.9) 14.7 (4.0) 
1.Based on oven-dry MC determination for 12 sample boards  
2.Correction factors applied: Use of stack sampling probe vs. the handheld meter (+2.5%), surface quality, lumber temperature, SG 
and species 
3.Correction factors applied: Surface quality, lumber temperature, SG and species 
Note:  No correction applied for moisture content gradient and for actual moisture content variation over time 
 
Actual lumber moisture contents, as measured with the sample boards, varied little over the 96-hour 
period following the end of the drying cycle. Average moisture contents based on unadjusted meter 
readings using the stack sampling probe proved much more variable over the same period.  This is 
primarily the result of the higher wood temperatures at 0 and 4 hours causing an overestimation of 
moisture content.  Reading variability (i.e. standard deviation) was also greater at higher temperatures, as  
had been observed in laboratory tests conducted on conditioned specimens at 70°C (see Figure 12). The 
effect of increased variability in readings taken at higher wood temperature was to overestimate the 
proportion of overdry and wet boards. For the 20- and 96-hour sampling times, both temperature and 
moisture content were more uniform. Unadjusted moisture content readings obtained with the probe were 
also similar.  
 
Adjusted moisture content estimates based on probe readings were generally lower at the 0- and 4-hour 
sampling times, possibly as a result of a moisture gradient. Pfaff (1978) demonstrated that moisture 
gradient decreased over time after removal of material from the kiln. Higher gradients in the first few 
hours of the tests may therefore explain lower readings.  
 
Table 25 also provides comparisons between average moisture content estimates with the stack sampling 
probe versus those taken directly with the handheld meter (no probe) as well as oven-dry MC measured at 
the 96 hour mark after drying. 
 
As shown in Table 25, it is possible to obtain a reasonable estimate of oven-dry moisture content at 
certain times while using the stack sampling probe or the handheld meter. Once correction factors were 
applied for the main parameters affecting readings, the values obtained with the probe under-estimated 
moisture content by 0.5% MC and those from the handheld meter alone overestimated it by 0.7% MC.  
 
Use of the probe inside the stack at different times following the end of the drying cycle can be useful in 
determining average moisture content as well as estimating the percentage of wet boards. The diagrams in 
Figures 22 and 23 show both the average moisture content and percentage of wets at the various time 
intervals after drying.  These readings were taken with the stack sampling probe and were adjusted for 
stack sampling probe bias, surface quality, wood temperature, SG and species.  A comparison is also 
made with oven-dry MC measured at the 96 hour mark. 
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Figure 23 Estimation of average moisture content and percentage o  wet boards  
  (MC>19%  based on probe readings at different time intervals after drying 
  (Test LAB 3) 
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Given that the oven-dry moisture content analysis was only performed at the 96 hour mark it would be 
expected that the best agreement between it and meter readings would exist at that time.  The average 
moisture content measurement provided by the handheld meter at the 96-hour point slightly overestimated 
the oven-dry MC while readings taken with the stack sampling probe yielded a lower reading.  The 
adjusted average moisture contents based on probe readings at high temperatures (0 and 4 hours) were 
lower than that obtained at 96 hours when the lumber had cooled down to ambient temperature, and this 
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was likely due, at least in part, to the steeper moisture gradients prevailing in the wood in the early hours 
of the tests.  
 
In both tests, the percentage of wets based on the handheld meter readings was overestimated by 
approximately 5% at the 96-hour point.  Two reasons for this are the larger variability observed with 
meter readings as compared to oven-dry measurements, and the slight overestimation of average moisture 
content.  Estimates of percentages of wets were comparable with and without the probe.  
 
At the end of the drying cycle, lumber moisture content will be somewhat different from when it is 
processed at the planer mill a few days or weeks later. As observed in our tests, the lumber may gain or 
lose moisture, and the moisture gradient diminishes from what it was at the end of the drying cycle. The 
ability to assess the percentage of wets in a load as soon as the kiln stops can be extremely useful to the 
kiln operator. By estimating the moisture content while the wood is still in the kiln and at a high 
temperature, a decision can be made on whether or not additional drying is warranted.  The results shown 
in Figures 22 and 23 indicate some variability in the percentages of wets over time after drying.  The 
readings taken with the stack sampling probe generally overestimated the percentage of wets. 
 
Moisture meter estimates taken at the planer mill and the dry kiln can be expected to differ due to the 
passage of time from one set of readings to another and the differing wood and environmental factors 
affecting the readings.  Meter readings on wood at a high temperature (hot check using the probe) 
typically underestimate average moisture content and overestimate variability.  It is therefore advisable to 
follow up on hot check tests by checking and comparing readings on the same material when it reaches 
the planer mill. The accumulation of a database of comparative results (hot and cold) can serve to develop 
a correlation for both average moisture content and standard deviation between these two testing 
intervals.  The application of correction factors to compensate for factors identified within this study 
should help achieve more accurate estimates of average moisture content and percentages of wet boards. 
 
The results of the tests described in this section show that there are concerns with regard to accuracy and 
interpretation of results when using the stack sampling probe to sample material either still in the kiln or 
recently dried.  The most reliable readings are obtained when lumber temperature in the stack is uniform.   
Higher wood temperatures are likely to lead to greater reading variations for two reasons: 1) Readings 
from dielectric meters are more variable at higher wood temperatures, and 2) Temperature variations 
between boards in a stack increase in the initial phase of the cooling period. The results shown in Table 
25 indicate that the stack sampling probe can be used to predict average oven-dry moisture content 
providing the application of appropriate correction factors. With appropriate corrections, probe readings 
can also be used to estimate average oven-dry moisture content at different times following the 
completion of drying.  Estimates of both the percentage of wet boards and average MC are affected by a 
number of variables that are difficult to define and control.  Therefore, the best advice in relating meter 
readings taken at the kiln to those taken at the planer mill is to standardize procedures and conduct tests to 
develop site-specific correlations. 
 
6.2.5 Comparison of dielectric versus DC-resistance moisture meter measurements 

Softwood lumber producers have historically relied only on DC-resistance moisture meters to assess 
lumber moisture content.  A major reason for this is that these meters have also been the primary MC 
assessment tool used by inspectors from the grading associations.  Recently, however, both mills and 
associations have been utilising both meter types to assess moisture content at various times in the 
manufacturing and post-manufacturing stages. 
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The following sections relate to comparisons between readings obtained at the same locations in black 
spruce lumber with both the dielectric and DC-resistance meters. 
 
6.2.5.1 Moisture meter MC estimates versus oven-dry MC  

A previous study on DC-resistance meters by Pfaff and Garrahan (1984) established correction factors for 
a number of Canadian wood species over a wide range of wood temperature.  These correction factors are 
now available as published tables and have been integrated into some commercial DC-resistance moisture 
meters. 
 
More recent research by Garrahan (1988) showed that the drying temperature also affects resistance meter 
readings with species in the spruce-pine-fir (SPF) group.  Although separate tables have been prepared 
describing this effect, the overall impact is relatively minor and these adjustments have not made it into 
general practice. 
 
Table 26 shows moisture content estimates obtained with both types of moisture meters and their 
comparison with oven-dry MC.  Correction factors have been applied to readings from both meters.  For 
the DC-resistance meter, correction factors for lumber temperature, species and drying temperature have 
been applied. For the dielectric meter, corrections for surface quality (see Section 6.1.6), lumber 
temperature (see Section 6.1.3), and SG/species (see Section 6.1.1). The pins used to measure moisture 
content with the resistance meter were driven to a depth of 8 mm. 
 
Table 26 Moisture content estimates by dielectric and DC-resistance meters and 
 compared with oven-dry measurements 
 

Average MC (Stand. dev.) 
% 

Test Drying 
temperature 

(°C) 

Number of 
measurements

Meter type 

Meter Oven 

Average 
discrepancy  

(Meter reading — 
Oven-dry 

measurement) 
% 

Dielectric 
 

16.3 
(5.0) 

15.4 
(3.9) +0.9 

LAB 2 82 251 DC-
resistance 

15.3 
(4.1) 

15.0 
(3.5) +0.3 

Dielectric 14.5 
(4.6) 

14.0 
(4.0) +0.5 

LAB 3 110 221 DC-
resistance 

13.8 
(3.9) 

14.0 
(4.0) -0.2 

 
The results shown in Table 26 indicate that, when all appropriate correction factors are applied, both types 
of meters can be used to predict average oven-dry moisture content to within ±1% MC. Standard 
deviation on readings from the dielectric meter generally exceeded those obtained from oven-dry 
measurements, and this is likely due to SG variation between boards.  Figure 24 shows the proportion of 
readings within certain absolute error ranges.  The meter readings have all been adjusted as described for 
the data in table 26.   
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Figure 24 Comparison of moisture meter accuracy after correction based on results of 
 Forintek testing. 
 
The diagram shows that, with both meter types, single MC estimates fell within +/- 2.5% MC of the oven-
dry value 80 to 85% of the time. 
 
With both DC-resistance meters and dielectric meters, readings must be adjusted through the application 
of appropriate correction factors.  The main parameters affecting DC-resistance meter readings are 
species, wood temperature and drying temperature. For the dielectric meter, species/SG and wood 
temperature (although to a lesser extent) also affect readings.  Other significant parameters affecting 
dielectric meter readings include surface quality, moisture gradient and SG variation.  When all relevant 
correction factors are applied the resistance meter yields a higher proportion of readings within given 
error limits.   
 
6.2.5.2 Comparison of dielectric and DC-resistance moisture meter measurements for the SPF species  
  group 

As the use of species-specific correction factors is not practical within species groups, such as SPF, end 
users have developed correction factors that can be applied to the entire group.  The “COFI-SPF” 
correction factor is widely used in the Canadian SPF industry.  The purpose of this section is to provide a 
means of relating measurements made with the dielectric meter to what would be obtained when using the 
COFI-SPF factors on the DC-resistance meter.  It should be kept in mind that the use of any composite 
correction factor for a species grouping will introduce a certain amount of error.  Figure 25 shows the 
relative position of the various correction factors for the dielectric and DC-resistance meters when 
compared with oven-dry MC.  
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Figure 25 Comparison of different correction factors on the dielectric meter versus the 
 DC-resistance using COFI-SPF factors.  
 
The readings provided by the dielectric meter when set for a SG of 0.50 gave the closest approximation to 
the DC-resistance meter readings when adjusted as per the COFI-SPF correction factor.  
 
To better illustrate the mathematical relationship between the two methods, Figure 26 correlates the same 
two sets of values used in Figure 25. It also displays the readings obtained from conditioned specimens 
with the two meter types to establish the theoretical correlation that served as a basis for the species 
correction factor discussed in Section 6.1.1.1.  



Evaluation of Factors Influencing Accuracy of Moisture Content Estimates with a Dielectric Moisture Meter 

 
 
 

 
  45 of 49 

 

0

5

10

15

20

25

30

0 5 10 15 20 25 30

Dielectric meter reading at SG=0.50 (%)

C
O

FI
-S

P
F 

m
oi

st
ur

e 
co

nt
en

t (
%

)

Measurements from
conditionned specimens

Theoretical correlation

 
 
Figure 26 Correlation between meter readings from the dielectric meter (set for SG=0.50) 
 and DC-resistance meter (with COFI-SPF correction) 
 
As shown in Figure 26, the correlation between the two sets of readings is not perfect, with a degree of 
bias appearing at both the low- and high end of the moisture range. Our actual readings from the two 
meter types on conditioned specimens indicate that this correlation is realistic. To compensate for the bias 
shown in Figure 26, the following linear regression was established:  
  

Y = a * X + b 
 
 where: 
  Y = black spruce MC (resistance) with COFI correction factor   
  X = black spruce MC (dielectric) with SG= 0.50 
  a = 1.2397 
  b = -3.2143 
 
Actual measurements on conditioned specimens indicate that this theoretical equation appears to be valid. 
It could therefore be used with black spruce to adjust readings from the dielectric meter set for a SG of 
0.50 and bring them into line with resistance meter readings adjusted with the COFI-SPF correction 
factor. 
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Table 27 displays moisture content values obtained from the dielectric meter set for a specific gravity of 
0.50 and adjusted with correction factors for surface quality and lumber temperature. It also shows 
readings obtained at the same board locations with a DC-resistance meter and adjusted with the SPF-
COFI correction factor as used in industry.  
 
Table 27 Comparison of moisture content readings from the dielectric meter and DC-
 resistance meter with the COFI-SPF correction factor 
 

Average MC  
(Std. dev.) 

% 

Test Drying 
temperature 

(°C) 

Number of 
readings 

Dielectric1

 
 

(a) 

DC-resistance 
COFI-SPF2 

 
(b) 

Average 
discrepancy  

 
 
 
 

(a) — (b) 

% dielectric 
readings within 

±2% of DC-
resistance  
(COFI-SPF) 

LAB 1 82 204 13.5 
(2.0) 

12.8 
(1.6) 0.7 % 94 

LAB 2 82 251 13.7 
(3.2) 

13.6 
(3.5) 0.1 % 81 

LAB 3 110 221 12.5 
(3.0) 

13.5 
(3.6) -1.0 % 85 

IND 93 104 14.8 
(1.8) 

14.4 
(2.0) 0.4 % 94 

1 Dielectric meter readings with meter set at a SG=0.50 and applying a correction for surface roughness and wood temperature. 
2 DC-resistance meter readings with COFI-SPF correction factor applied. 
 
As shown in Table 27 the dielectric meter set at a SG of 0.50 will provide average MC estimates within 
+/- 1% MC of those obtained with the DC-resistance meter operating with the COFI-SPF correction 
factors. 
 
Table 28 provides a further comparison of the two moisture meter test results.  This example shows that 
when the meters are used to determine the percentage of material exceeding the upper MC limit (i.e. 19%) 
similar results can be achieved. 
 
Table 28 Comparison of average MC and percentage o  wet material (>19% MC) when 
 using the dielectric meter set at a specific gravity of 0.50 and the DC-resistance 
 meter with the COFI-SPF correction factor 

f

 
% boards >19% MC  

Test 
Cooling time after drying 

(hours) 
 Dielectric Meter DC-Resistance Meter 

LAB 1 120 1,5 1,0 
LAB 2 96 8,0 7,2 
LAB 3 96 4,1 5,9 
IND  192 0,0 1,0 
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Readings from the dielectric meter can be correlated to those obtained with a resistance meter operating 
with the COFI-SPF correction factor. For broad moisture content ranges, a correction factor based on the 
theoretical correlation should be considered. In a narrow range of moisture contents (i.e. 14% +/- 2% 
MC), however, readings very similar to those of the resistance meter can be achieved with the dielectric 
meter set for a SG of 0.50 (default setting).  For readings obtained with the stack sampling probe, a 
correction factor should first be applied to correct for the bias introduced by this sampling method (see 
section 6.2.4).  Other corrections for wood temperature and surface roughness will still apply. 
 

7 Conclusions and recommendations 
Testing of black spruce over a range of MC’s from 9 to 18% identified the need for a new correction 
factor for this species.  Moisture gradient, wood temperature, surface roughness, and board width were 
found to have an effect on meter reading.  The presence of knots or compression wood in the sampling 
area also influenced meter reading.  Temperature that the wood was dried at was not found to have an 
effect. 
 
Simulated and actual industrial tests were conducted to test the applicability of various corrections 
identified in the laboratory testing phase.  For black spruce, improved estimates of MC were obtainable 
by applying the newly developed species correction and, depending on the specific application, other 
corrections for wood temperature, surface quality, etc.  Tests were also conducted using the stack 
sampling probe.  Even under well controlled laboratory conditions, there was not a good correlation 
between readings taken with the stack sampling probe and either readings with the handheld meter or 
oven-dry moisture content.  Readings taken with the stack sampling probe typically underestimate the 
actual MC.  By applying an adjustment, better estimates of results obtained with the handheld meter were 
possible.  More accurate and consistent readings were obtained when sampling wood stacks at a uniform 
wood temperature. 
 
The DC-resistance meter performed marginally better when evaluated on the basis of proportion of 
readings within given error limits.  MC estimates from the dielectric meter can be correlated with DC-
resistance MC estimates regardless of which correction factors are applied. 
 
The following are some specific recommendations resulting from the laboratory and industrial testing: 
 
1. Testing on black spruce identified a discrepancy between previously employed corrections and that 

identified in this study.  A modified correction has been developed, however it is recommended that 
further testing be conducted on this species to verify and validate the proposed change over a full 
range of MC’s and also considering material from a wider range of geographical sources. 

 
2. It is also recommended that testing be conducted on a number of other commercially important 

Canadian softwood species to determine the most appropriate correction factors. 
 
3. It is recommended that users consider the application of a correction factor to compensate for the 

effect of wood temperature.  A temperature correction has been proposed, however, it is 
recommended that further testing be conducted to determine the relevance of it to other species. 

 
4. Industries using the dielectric meter studied should consider the application of various other 

corrections identified for the effect of surface roughness and board width. 
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5. There is an effect of moisture gradient, however, this was difficult to quantify and no specific 
recommendations can be made here with regard to how to compensate readings for the effect.  Further 
work on industrially dried material may help identify procedures for quantifying and qualifying the 
effect of moisture gradient. 

 
6. The results of this report should help mills identify what factors in their operation have a potential 

impact on meter readings.  They can then decide on whether to try to avoid testing in certain 
situations or to develop a routine to compensate for the effect. 

 
7. The guidelines in this report should help industrial users of this technology to develop standardized 

procedures that will minimize variability in test results and provide a better means of correlating 
results with oven-dry MC estimates or other moisture measuring systems. 

 
8. The stack sampling probe typically underestimates the moisture content but through standardizing 

procedures good correlations can also be obtained with MC estimates or measurements taken at other 
times in the process. 
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