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Summary 

Determining wood moisture content of is a key factor at all stages of the manufacturing process. This is a 

critical operation to obtain quality products, reduce raw material waste and minimize problems in the use 

of finished products. The objective of this project was to develop procedures for assessing the moisture 

content of appearance wood during each processing stage, that is, from the sawmill to the kiln, from the 

kiln to secondary processing facilities and from these facilities to the end-user. 

 

Using reliable, accepted and proven moisture content assessment procedures will benefit manufacturers 

and their business relations. Client-supplier business relations (internal or external) are founded on mutual 

trust and moisture content measurement is one of the main causes of disagreement. In addition, poor 

assessment of the moisture content of semi-finished or finished products can have costly consequences for 

business. 

 

Part of this report focuses on basic concepts because it is critical to understand certain physical properties 

of wood in order to interpret moisture content measurements. These properties include moisture in wood, 

equilibrium moisture content, moisture gradient and fibre saturation point. It is also important to 

understand how variations in wood moisture content affect the dimensional stability of wood products. 

This calls for a discussion on shrinkage and swelling. 

 

Another section of this report describes the three main methods for assessing moisture content: the oven-

drying method, the use of DC-resistance moisture meters and the use of dielectric moisture meters, and 

explains the various factors affecting each method. Basic procedures for each method are presented and 

adapted to account for the condition of the lumber (green or dry, rough or surfaced, stacked or unstacked, 

stickered or solid-stacked, etc.) and the stage of the manufacturing process (lumber stacking facility, kiln, 

processing mill entrance, shipping/reception docks, finished products, etc). Finally, the report deals 

briefly with basic statistical and sampling concepts. 
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1 Objectives 
Develop procedures for assessing the moisture content (MC) of appearance wood at various stages of the 

manufacturing process, more specifically, the MC of: 

 green lumber (from the sawmill to the kiln); 

 dry lumber (from the kiln to the entrance of the processing facilities); 

 semi-finished products (during the processing operations in the mill); 

 finished products (from the processing facilities to the end-user). 

 

 

2 Technical team 
Dany Normand  Project Leader 

Peter Garrahan  Project Leader 

Marc Savard  Research Scientist - Wood Drying 

Vincent Lavoie  Research Scientist - Wood Drying 

Guy Labrecque  Technician – Wood Drying 

 

 

3 Introduction 
Determining wood moisture content is a key factor at all stages of the processing. This is a critical 

operation to obtain quality products, reduce raw material waste and minimize problems in the use of 

finished products. Client-supplier business relations (internal or external) are founded on mutual trust. In 

this connection, moisture content measurement is a frequent point of contention. Poor assessment of the 

moisture content of a semi-finished or finished product can have costly consequences for business. It 

gives rise to claims, product returns and the loss of customers. Using reliable, accepted and proven 

moisture content assessment procedures will reduce dissatisfaction at the source, benefit lumber 

manufacturers and strengthen business relationships. 

 

 

4 Basic concepts 
A good understanding of certain physical properties of wood is of paramount importance for interpreting 

moisture content measurements. It is also important to understand how variations in wood moisture 

content affect the dimensional stability of wood products. This section is adapted from Drying SPF 

Lumber published in 2009 by Forintek. 

 

4.1 Moisture in wood 

In its natural state, wood contains a significant amount of water. This varies from one tree, from one log 

and one piece to another, and even within a single piece of lumber. Variations in the amount of water in 

pieces of lumber from the same log are due, in large part, to the position of the pieces within the log. It 

should be noted that in many hardwood and softwood species, sapwood contains significantly more water 

than heartwood. Consequently, pieces of sapwood and heartwood lumber of similar dimensions will 

contain different amounts of water, sapwood pieces usually weighing more than heartwood pieces. 
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In wood, moisture is present in two forms: 

 

- free water, present as a liquid or as water vapour in cell cavities; 

- bound water, present in cell walls. 

 

As the term implies, free water is not bound to wood. It can e either liquid, solid (ice) or gas (water 

vapour) in cell cavities. Bound water consists of water molecules that are chemically bonded to the wood. 

Breaking a chemical bond requires energy. Bound water is usually the last portion of water that is 

evacuated from wood. This process takes place at a much slower pace than the evacuation of free water. 

 

4.2 Moisture content 

4.2.1 Moisture content 

The moisture content (MC) of a piece of lumber is defined as the weight of the water in the wood 

expressed as a percentage of its oven-dry weight (no water).  

 

100(%) X
dry weight-Oven

 waterof Weight
content Moisture  

 

Calculating the MC of a piece of wood calls for subtracting its oven-dry weight from its initial weight 

(green), dividing the difference by the oven-dry weight and multiplying the result by 100. 

 

100(%) X
dry weight-Oven

dry weight-Oven   weightOriginal
content Moisture

1

 

 
1 
Initial weight = Weight of the piece of wood at the time of the test. 

 

For example, the moisture content of a piece of lumber weighing 400 grams on a wet basis and 300 grams 

on a dry basis can be calculated as follows: 

 

33.3%100
300g

300g)(400g
(%) Xcontent Moisture  

 

The following formula can be used to simplify the calculation: 

 

100(%) X
dry weight-Oven

 weightOriginal
content Moisture 1  

 

4.2.2 Wet basis moisture content 

The pulp and paper industry and suppliers of wood waste boilers usually calculate moisture content on a 

wet basis. For this purpose, moisture content is defined as the weight of the water present in wood 

expressed as a percentage of the weight of wet wood (water and fibre). Calculating the MC of a piece of 

wood calls for subtracting its oven-dry weight from its initial weight (wet), dividing the difference by the 

initial weight and multiplying the result by 100. 
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100
1

1

X
 weightOriginal

dry weight-Oven weightOriginal
basis  wetcontent, Moisture (%)  

 
1 
Initial weight = Weight of the piece of wood at the time of the test. 

 
For example, the moisture content of a piece of lumber weighing 400 grams on a wet basis and 300 grams 

on a dry basis can be calculated as follows: 

 

25%100
400g

300g400g
(%) Xbasis  wetcontent, Moisture  

 

4.2.3 Moisture content conversion 

Conversion of moisture content from one basis to another can be calculated using the following formulas: 

d

d
w

MC

MC
MC

100

100
(%)  

 

w

w
d

MC

MC
MC

100

100
(%)  

 

MCw = Wet basis moisture content 

MCd = Dry basis moisture content 
 

 

Table 1 provides a quick reference for the conversion of moisture content from one basis to another. 

 

Table 1 Moisture content conversion table 
 

Dry basis moisture content 
(%) 

Wet basis moisture content 
(%) 

0 0 

6 5.7 

8 7.4 

10 9.1 

12 10.7 

15 13.0 

20 16.7 

25 20.0 

30 23.1 

40 28.6 

50 33.3 

75 42.9 

100 50.0 

150 60.0 

200 66.7 
 



Procedures for Assessing Moisture Content in Appearance Wood  

 

 

 

 

 

 4 of 46 

 

4.3 Equilibrium moisture content 

Wood is a hygroscopic material. In an environment where temperature and humidity are constant, wet 

wood will lose moisture until its MC reaches a certain level. Once this level is reached its MC will not 

change as long as atmospheric conditions remain stable. Similarly, dry wood will absorb moisture and its 

MC will increase depending on the conditions of temperature and relative humidity it is exposed to. The 

term equilibrium moisture content (EMC) refers to the MC at which wood neither absorbs nor releases 

moisture in given conditions of temperature and relative humidity. A variation of the temperature and/or 

relative humidity will result in a variation of the EMC. 

 

Tables and charts have been developed to illustrate the relationships between dry-bulb and wet-bulb 

temperatures, relative humidity and EMC. Drying manuals contain tables that correspond to a wide range 

of temperatures (Cech and Pfaff, 1980; Simpson, 1991; Garrahan, 2008). 

 

EMC is a useful concept in the wood processing sector because it facilitates the correlation between wood 

MC and storage or end-use conditions. As previously mentioned, if EMC differs from MC, the wood will 

either absorb or release moisture until its MC reaches an equilibrium level. Moreover, the greater the 

difference between air EMC and wood MC, the more rapidly wood MC will change.  

 

4.4 Moisture gradient 

In wood, moisture migration usually occurs from regions of high MC to regions of lower MC. 

Consequently, for drying to take place, the surface of a piece of wood must be dryer than its centre. This 

moisture gradient can be defined as the actual moisture content variation as a function of the thickness or 

the width of a piece of wood. 

 

During the drying process, the storage or the use of wood, fibres at the surface quickly reach a level of 

moisture content that is in equilibrium with the surrounding air. When wood is subject to variations of 

relative humidity and air temperature, its surface reacts more quickly than its core to the changing 

surrounding conditions. This results in a difference in moisture content between the surface and the core 

of lumber pieces. 

 

4.5 Fibre saturation point 

Wood fibre cells can be compared to long tubes, the walls and cavity of which can contain water. In 

wood, moisture is present in two forms. Cell cavities contain free water and cell walls contain bound 

water. The free water in wood fibre cell cavities is completely unrelated to cell wall material. Bound 

water is the water contained in the cell walls of wood fibres. The difference between free water and bound 

water affects the electrical properties of wood and, as a result, the readings of electrical moisture content 

measurement tools. 

 

As a piece of lumber dries, the cavity of each cell loses its free water, but the cell wall only begins to dry 

when the cell cavity no longer contains water. During the drying process, the stage at which the cell 

cavities of wood fibres have released the water they contained while cell walls remain saturated is a 

critical stage called the fibre saturation point (FSP). For most species, FSP occurs at a moisture content 

ranging between 25% and 30%. Nearly all wood products are dried to final target MCs of 19% or less. 

Appearance lumber is usually dried to 6% to 14%, depending on the end-use application. Consequently, 

the drying process involves eliminating all the free water contained in the wood fibre cells as well as, 

depending on the end-use of the wood, a certain proportion of the bound water contained in the cell walls. 
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As mentioned previously, the FSP does not correspond to a precise MC. It varies in relation to several 

factors, such as wood species, density and temperature. For all intents and purposes, the FSP is deemed to 

correspond to an MC of 30%. 

 

4.6 Loss of moisture and shrinkage 

Shrinkage is a normal and inevitable consequence of the MC dropping below the FSP (25% to 30%). 

Shrinkage can result in wood defects, such as splits and warp. A good understanding of the shrinkage 

process and its causes will help mill personnel take the appropriate measures to reduce losses due to 

changes in lumber dimensions during processing, up to and including product end-use. 

 

Shrinkage of wood fibre cell walls is a gradual process. As bound water is eliminated from the spaces 

between the cellulose fibrils in the cell wall, the fibrils are drawn closer together. Shrinkage in a single 

cell begins with the onset of the elimination of the bound water it contains and ceases when all the bound 

water has been eliminated and the cell reaches an MC of zero. 

 

Between the FSP and an MC of zero, shrinkage is proportional to the variation of moisture content. For 

example, given that the FSP corresponds to an MC of 30%, drying wood from an MC of 30% to 10% will 

result in shrinkage equal to two thirds [(30-10) ÷ 30] of the total potential shrinkage. In other words, the 

cell wall of wood fibres shrinks by 1/30 of its potential shrinkage each time the MC of the piece of wood 

drops by 1% between 30% and 0%. 

 

4.7 Regain of moisture and swelling 

If dry wood is placed in a moist environment, the cell walls of wood fibres can absorb water, resulting in 

swelling. This process is simply the reverse of shrinkage. Moisture, in the form of bound water, penetrates 

the spaces between the cellulose fibrils in the cell wall. The cell walls swell and, as a result, cross-

sectional dimensions increase. 

 

The key concern when drying lumber is achieving a sufficiently low MC. If the lumber is dried too low, 

however, certain problems will arise. For example, furniture made of lumber dried to a very low MC may 

develop problems from swelling.  For example, glued joints may rupture when over-dried product is 

exposed to a moister environment. 

 

Moisture regain can also be a problem if the resulting MC of the wood exceeds the level specified by the 

customer. As indicated previously, an EMC that exceeds the MC of the wood will result in a regain of 

moisture. This exchange of moisture is strictly due to changes in the relative humidity of the air and the 

amount of bound water in wood fibres. Consequently, when the EMC is higher than the MC, concerns 

arise. If, for example, wood is dried to a MC of 8%, a regain of moisture will only happen if the EMC is 

higher than 8%. At 70° F, the relative humidity would have to exceed 45% for a long period of time in 

order to increase the MC of the lumber in question. Therefore, lumber that is dried to low MCs is at a 

greater risk of a moisture regain. In practice, only wood dried to a final MC of 12% or less will require 

some protection from environments with high relative humidity. In most cases, if the MC of wood is 

found to exceed 20% after a proper drying treatment, one can assume that the wood was in contact with 

water in its liquid form rain, melting snow or puddles. 
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5 Main moisture content assessment methods 
The three main moisture content assessment methods are discussed in this chapter. Chapter content is 

adapted in part from Drying Spruce-Pine-Fir Lumber, published by Forintek in 2009 and from a 

"Solutions for Wood" document entitled Factors Influencing Measurements with Dielectric Moisture 

Meters published by Forintek in 2007. 

 

5.1 Oven-drying method 

5.1.1 Description 

The benchmark method used to determine wood MC is the oven-drying method. The ASTM standard 

designated as ASTM D 4442 - 07 (Standard Test Method for Direct Moisture Content Measurement of 

Wood and Wood-Base Materials) is the recommended reference method.  The specifics of this test 

method are well described there and are summarized in Section 6 of this report. This direct method 

provides a way to accurately determine wood MC across the entire MC range (green to dry). It is also 

used as a reference method for calibrating and comparing indirect measurement systems, such as 

handheld moisture meters. All mills processing lumber should have equipment and personnel trained to 

determine wood moisture content using the oven-drying method. 

 

5.1.1.1 Using a microwave oven 

The oven-drying method is deemed to be the most accurate method for determining green or dry wood 

MC. One of the drawbacks of this method lies in the time it takes to obtain results. This can be shortened, 

however, by drying wood samples in a microwave oven. However, since the rated output of microwave 

ovens varies considerably, no specific procedure can be recommended. One must also consider the risk of 

burning wood samples when using a microwave oven. This process usually begins at the core of a given 

sample and is usually well advanced when first noticed. One way to prevent burning involves using low 

power settings. It is also recommended to remove samples from the microwave oven on an alternating 

basis in order to allow them to cool somewhat. It may be possible to reduce the total sample drying time 

to obtain desired results, but the cost of labour to achieve this will frequently be greater than the cost of 

the standard oven-drying method. 

 

5.1.2 Factors affecting the oven-drying method 

5.1.2.1 Wood extractives 

Certain species have a high level of extractives (resins, tannins, etc.). Some of these compounds or 

substances evaporate at oven-drying temperature. If the content of these extractives is high enough 

(e.g., tamarack and various exotic species), the moisture content in certain species could be 

underestimated. For most commercial species, however, the extractive content does not significantly 

affect moisture content determination.  
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5.2 DC-resistance moisture meter 

5.2.1 Description 

There are many different makes and models of DC-resistance moisture meters (Figure 1 shows a few), but 

all of them work on the same basis. The principle is that oven-dry wood is an excellent electrical 

insulator. In other words, it has a very high electrical resistance. This resistance decreases rapidly as wood 

MC increases, up to the fibre saturation point (FSP = 25% to 30% MC). Above the FSP, the effect of an 

increase in MC on resistance is not significant. 

 

 
 

Figure 1 DC-resistance moisture meters 
 

A DC-resistance moisture meter measures the electrical resistance between two points in a piece of 

lumber. The resistance is usually measured between two needles (probes, electrodes, pins) inserted in the 

wood parallel to the direction of the grain (Figure 2). The needles are usually mounted on handles or grips 

(often referred to as a “hammer probe”) used to insert the probes into the wood and withdraw them with 

little effort. In some meters, the needles form an integral part of the device. 

 

 
 

Figure 2 Example of DC-resistance moisture meter electrodes 
 

This type of moisture meter generates reliable MC values ranging from 6% to 25%. Below 6%, resistance 

is too high and cannot be easily measured (Blakemore, 2003). Above 25%, the variation of resistance is 

too weak to generate accurate measurements. The scale of certain moisture meters extends beyond 25%. 

Users of these devices must be careful not to think that they generate accurate MC calculations above this 

limit. This does not mean, however, that high values are not valid. They suggest that the MC exceeds the 

target MC (likely by a lot). 
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To take a reading, the needles are inserted into the wood in the direction of the grain. After one or two 

seconds (to ensure reading stability), the MC is noted. This is usually indicated as a percent MC value on 

the meter display. Note, however, that this reading does not necessarily reflect the true MC since the 

wood temperature and species affect the reading and most readings must be adjusted accordingly. These 

adjustments (correction factors) can be made either by the software built into the moisture meter or 

applied manually. Regardless of the method, users must apply the most appropriate correction factors for 

the material being tested and the conditions under which it is being tested. 

 

Wood loses (or regains) moisture faster from the end grain and therefore board ends will often not be 

representative of the average MC for the board.  Better estimates of average MC are obtained if readings 

are taken at a point more than 12 inches away from the dryer ends of the lumber pieces. 

 

5.2.2 Factors that influence DC-resistance moisture meter readings 

5.2.2.1 Species 

The electrical resistance of wood varies from one species to another. This is due to differences in the 

structure of wood fibres and the concentration of electrolytes (extractives) in the wood. Most North 

American DC-resistance moisture meters are calibrated for Douglas-fir at a wood temperature of 21°C. 

Correction factors have been developed for the other commercial softwood and hardwood species. 

Correction factors for specific species are available from several sources, including moisture meter 

manufacturers and various research institutes. Forintek has published a booklet of correction factors (Pfaff 

and Garrahan, 1984) which take wood temperature and species into account (Figure 3). As mentioned 

previously, it is up to moisture meter users to select the most appropriate correction factors. In some 

cases, customers or inspection agencies that set standards for dry wood insist on specific factors. In such 

cases, one must follow established procedures in order to minimize the risk of any discrepancy with 

respect to relevant standards. 

 



Procedures for Assessing Moisture Content in Appearance Wood  

 

 

 

 

 

 9 of 46 

 

  
 

Figure 3 Forintek publication containing correction tables for DC-resistance moisture 
meters and the species covered by the tables 

 

Most moisture meter manufacturers now offer meters with integrated temperature and species correction 

factors. Users can select the appropriate factors and read corrected values directly off the meter display or 

save them in the meter memory.  The compiled and corrected meter readings can then be downloaded to a 

computer for further analysis or presentation.  Regardless of how the data are stored or presente, users 

must be aware of the source of the correction factors and decide whether they represent the most 

appropriate choice under the circumstances. 

 

5.2.2.2 Density 

Density does not significantly affect DC-resistance moisture meter readings. Density variation within a 

given species is considered too low to affect the accuracy of these meters. Species-specific correction 

factors compensate for density variations between species. 

 

5.2.2.3 Wood temperature 

The temperature of the wood affects DC-resistance moisture meter readings.  At any given MC, an 

increase in wood temperature reduces wood electrical resistance. Usually, moisture meter readings reflect 

meter calibration at a wood temperature of 21°C (70°F). If wood temperature is higher or lower than this, 

a correction of the reading is required. Therefore, one must know the temperature of the wood and use 

correction factors to adjust moisture meter readings. Table 2 provides a summary of the temperature 

correction factors for DC-resistance moisture meters, based on earlier studies by Forintek. 
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Table 2 Impact of wood temperature on DC-resistance moisture meter readings (Garrahan 

and Lavoie, 2004) 
 

 

Temperature correction at a wood temperature of  
(°C) 

-30° -20° -10° 0° 10° 20° 30° 40° 50° 60° 

 

+5.2 

 

+4.3 

 

+3.3 

 

+2.4 

 

+1.3 

 

+0.3 

 

 

-0.8 

 

-1.9 

 

 

-3.1 

 

-4.3 

 

A convenient method for measuring wood temperature involves inserting a temperature-sensing probe 

below the surface of the wood.  For example, a thermocouple can be inserted into the hole made by the 

moisture meter pins and a reading of wood temperature obtained directly from the meter display as shown 

in Figure 4. Under normal conditions, measuring the temperature of a few pieces is sufficient to determine 

the average temperature of a batch of lumber. On the other hand, under certain conditions (at the kiln 

outlet, in transit, etc.) significant differences in temperature between lumber pieces require taking more 

frequent readings. 

 
 

Figure 4 Measuring wood temperature with an electronic thermometer 

 
5.2.2.4 Frozen wet lumber 

According to a recent Forintek study (Lavoie, 2007), the presence of frozen free water in wood cells 

influences DC-resistance meter readings. The electrical conductivity (or resistivity) of water is 

significantly different than that of ice. The conversion of free water from a liquid to a solid state lowers 

the electrical conductivity of wet wood. Readings taken in frozen wood containing free water (above the 

FSP) therefore underestimate the actual moisture content.  This should be taken into account when using 

the meter under winter conditions and when sampling material that may still have free water in it. On the 

other hand, one can accurately measure the moisture content of frozen wood below the FSP because 

bound water does not change phase from liquid to ice below the freezing point. Of course, corrections for 

wood temperature must still be applied. 

 

5.2.2.5 Climatic conditions 

Taking a moisture meter from its ambient temperature into a warm and humid environment, such as a kiln 

or a predryer, can result in condensation on its surface. Condensation will occur if the temperature of the 

meter is lower than the dew point in the new environment. Condensation can generate very high values 
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or, at least, readings that do not drop below a certain level, e.g., 10% (Denig, Wengert and Simpson, 

2000).  Under these conditions, users must ensure that the value displayed on the meter reaches its normal 

minimal value when the probes are exposed to air. In such conditions, waiting for the moisture meter to 

dry out can take a relatively long time. As a preventive measure, one can warm up the meter in a dry and 

warm environment (e.g., another kiln at the end of the drying cycle) at a temperature that is close to that 

of the humid environment in which the meter will be used. 

 

Condensation will also occur when a meter is stored or used outside in very cold weather and 

subsequently brought into humid, ambient conditions. Condensation can then occur when the meter is 

used inside in the ambient conditions. 

 

5.2.2.6 Static electricity 

Static electricity close to the needles of DC-resistance moisture meters can affect meter performance. 

Static electricity can develop on the surface of wood pieces or on the cable of moisture meter hammers in 

very dry climates (below 30% relative air humidity). This can result in significant measurement errors, to 

the point where a moisture meter could display a reading even before the probes come into contact with a 

piece of lumber. Static electricity can also develop in other circumstances. This can happen, for example, 

when transporting lumber, as a result of the friction resulting from a protective tarp rubbing against the 

wood. One can avoid this problem by setting up a grounded table with a metallic surface upon which the 

board is placed before taking a reading (Dennis, 1976). 

 

5.2.2.7 Needle orientation 

As a rule of thumb, moisture meters are calibrated to measure the electrical resistance of wood with the 

pins parallel to the grain, that is, parallel to the length of lumber pieces. The moisture meter needles 

should be inserted parallel to the wood fibres (see Figure 2). Readings taken when the needles are inserted 

in a direction perpendicular to the wood fibres usually show MC levels 1% to 2% lower than when they 

are parallel to the grain at MC readings over 15% (James, 1988; Denig, Wengert and Simpson, 2000). For 

readings below 15%, the orientation of the needles is not significant but it is still good practice to 

standardize the orientation of the probes as stated above.. 

 

5.2.2.8 Moisture gradient 

Moisture meter needles are either insulated or not and of variable length. The identifying characteristic of 

insulated needles is that they are coated with a non-conductive coating along their length, except for the 

tip or final 3mm (1/8 - inch). The result of this is that the resistance, and therefore the MC, is measured 

only between the needle tips. By driving the pair of needles to varying depths into the wood and taking 

readings at each depth, a MC profile can be developed. 

 

For example, before the equalization and conditioning treatments, the moisture in the wood is not evenly 

distributed. During the drying process, MC is lowest at the surface and increases progressively to the 

centre of the lumber. This distribution can be accurately detected by using insulated needles long enough 

to penetrate to the mid-thickness points of the boards. 

 

5.2.2.9 Surface quality 

If the surface of kiln-dried wood has gained moisture from exposure to high humidity, using uninsulated 

needles (or insulated needles with the paint coating worn off) will always result in a high estimate of MC, 

regardless of needle length. If insulated needles are used, the moisture meter will display a high MC as 
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the needles penetrate the surface layers of the wood, but the MC will fall, as the uninsulated conducting 

tips are driven in towards the centre of the piece. If the surface has been severely re-wetted from rain or 

melting snow, even the use of insulated pins may not prevent errors. 

 

5.2.2.10 Thickness 

Using insulated needles helps to determine the distribution of moisture across the thickness of a piece of 

lumber. Measured MC is the MC recorded at the depth of moisture meter needle penetration. It has been 

shown that MC measurements at a depth of 1/4 to 1/5 the thickness of a piece of lumber with a normal 

post-drying moisture gradient corresponds to its actual average moisture content (Pfaff, 1978 and James, 

1988).  Measurements taken halfway through the thickness, or at the centre of a piece of lumber will often 

correspond to the maximum moisture content within the piece.  Readings taken close to the surface will 

underestimate the MC.  It is therefore recommended to specify the depth of all the measurements taken 

with a DC-resistance moisture meter for the subsequent comparison of measurements taken at various 

stages of processing and by various people. Once the measurement depth has been established, the use of 

a spacer is desirable (Figure 5) in order to ensure an exact and uniform needle penetration depth. 

However, in the case of lumber stored under humid conditions, the surface moisture content of exposed 

lumber pieces could be higher than the moisture content at the centre of the pieces.  In this case, a solution 

would be to pin at several depths and average the readings. 

 

 
 

Figure 5 Example of a spacer used to ensure the exact penetration depth of a DC-resistance 

moisture meter 
 

When using uninsulated needles, penetration depth in the wood has an impact on electrical resistance 

readings. Even in the case of a piece of lumber with uniform moisture content across its thickness 

(no gradient), moisture content readings will increase with needle penetration depth. This is due to the 

increased contact area between the needles and the wood (Aléon and Perez, 2000). Insulated needles are 

not affected by this and provide more accurate and reliable readings. 

 

5.2.2.11 Natural properties of wood 

DC-resistance moisture meters are calibrated using wood samples free of natural defects. It is therefore 

recommended that all moisture content measurements be taken on a section of a piece of lumber that is 

free of natural defects (knots, reaction wood, stain, decay, cross grain, etc.). 

 

5.2.3 Calibration check 

Proper operation of the moisture meter should be confirmed by conducting a calibration check every time 

the meter is to be used, for example, prior to a hot check or inspection of dried lumber at the planer mill. 

Many meters have internal calibration checks that verify the operation of the internal components. A 
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resistance test is also advised in order to check the operation of the meter, probe and cables. Figure 6 

shows how to use a block with a known resistance. Given that the meter is set for a standard species and 

temperature (usually Douglas-fir at 21°C), this test should result in the same meter reading each time it is 

performed. While holding the resistance block against the pins, the cables can be gently pulled and 

pushed to check for any loose connections. Operators should check for other indications of problems with 

the meter (failure to return to zero between readings or readings that are highly erratic). 

 

 
 

Figure 6 DC-resistance calibration check with a known resistance placed across the tips of 

the pins 
 

5.3 Dielectric moisture meters 

5.3.1 Description 

The term "dielectric" is used to describe a moisture meter (Figure 7) operating on the transmission of 

electromagnetic waves in wood, mostly at high frequencies. Wood consists mainly of wood fibres, air and 

water. The dielectric constant of air is 1, whereas that of wood ranges between 4 and 5. The ratio of air to 

wood fibre, which is expressed as specific gravity, therefore affects the dielectric constant of wood. On 

the other hand, the dielectric constant of water in its liquid phase is much higher, at 80. This is what 

makes it possible to use the dielectric constant of a piece of moist lumber to estimate its moisture content. 

 

 
 

Figure 7 Dielectric moisture meter 
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Handheld dielectric moisture meters are placed directly onto the surface of the wood in order to estimate 

the moisture content of the section beneath the device's sensor plate. One advantage of a dielectric 

moisture meter is that it does not damage or physically mark the material in any way. This makes it 

appealing for applications where pin holes are not acceptable in the end product. Its ease of operation and 

its rapid response time allow an operator to measure many pieces of lumber in a short period of time. The 

downside, however, is that this class of meter cannot provide specific data on the distribution of moisture 

within a piece of lumber. 

 

5.3.2 Factors influencing dielectric moisture meter readings 

5.3.2.1 Species 

The specific gravity of wood has a greater effect on the dielectric properties of wood than the species 

itself. In large part, differences between species are taken into account by specific density adjustments. 

 

5.3.2.2 Specific gravity 

The specific gravity of wood has a significant effect on the readings of dielectric moisture meters. The 

specific gravity of wood varies from one species to another and within the same species (between trees of 

the same species). That is why care must be taken to set the moisture meter to the average specific gravity 

of the species being tested.  The normal variation of specific gravity within a given species (between 

pieces of lumber from the same species) will affect the accuracy of individual moisture meter readings. 
 

Given the variation of specific gravity within a species, meter manufacturers typically use published 

species average values when developing their correction factors. The models of the WAGNER brand use 

a specific gravity value at 12% MC, that is, the ratio of the oven-dry weight of a piece of wood to its 

volume at 12% MC.  It is therefore important to make sure that the specific gravity value used is 

applicable to a moisture content of 12% in this case. Recommended values can be obtained from various 

sources, such as the Forintek publication entitled Strength and Related Properties of Wood Grown in 

Canada (Jessome, 2000), and the USDA publication Wood Handbook. 
 

In some cases, it may be necessary to measure the average density of the wood to determine whether it is 

the same as, or close to the value programmed within the meter or listed in tables. Most meters provide 

some means of compensating for species that are either not included within the meter or where the pre-

programmed value is not appropriate. It is useful to know that an increase or decrease in specific gravity 

of 0.10 will either increase or decrease the MC observed on the meter by approximately 2.4% MC 

(Garrahan and Lavoie, 2004). 
 

 

5.3.2.3 Wood temperature 

Dielectric meter readings are also affected by wood temperature. Tests conducted by Forintek on a 

WAGNER dielectric moisture meter have shown that the magnitude of this temperature effect is roughly 

half of that experienced with DC-resistance meters. In the case of dielectric moisture meters, this results 

in an increase (or decrease) of MC readings of 0.5% MC for each 10°C increase (or decrease) in wood 

temperature.  

 

Although minor fluctuations in wood temperature may not be a concern for this type of meter, there are 

situations where temperature compensation should be taken into account. This would include the 

evaluation of extremely cold or warm material such as winter-stored lumber or material recently removed 

from (or still in) the kiln. Table 3 lists the temperature corrections developed by Forintek for the 

WAGNER dielectric meter. 
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Table 3 Effect of wood temperature on dielectric meter readings (Garrahan and Lavoie, 

2004) 
 

 
Temperature correction at a wood temperature of  

(°C) 

-30° -20° -10° 0° 10° 20° 30° 40° 50° 60° 
 

+2.5 

 

 

+2.0 

 

+1.5 

 

+1.1 

 

+0.6 

 

+0.1 

 

-0.4 

 

-0.9 

 

-1.3 

 

-1.8 

 

Since dielectric moisture meters do not result in any damage (pin holes) to the wood it is therefore 

desirable to measure the wood temperature without causing damage.  Infrared thermometers (Figure 8) 

are a convenient tool for measuring the temperature of wood.  Care must be taken in using them, 

however, because they only measure surface temperature.  This type of thermometer should only be used 

when one is sure that wood temperature is uniform across the thickness of a piece of lumber. In cases 

where this is not so (for example, hot wood coming out of the kiln or frozen wood coming from outside), 

the use of a thermocouple inserted below the surface is recommended. This, however, involves making a 

hole in the piece. 
 

 
 

Figure 8 Infrared thermometer (picture source: www.omega.com/prodinfo/infraredthermometer.html) 
 

5.3.2.4 Frozen wet lumber 

According to a recent Forintek study, the presence of frozen free water in wood cells influences the 

readings of DC-resistance meters (Lavoie, 2007). The dielectric constant of water (80) is significantly 

different than the dielectric constant of ice (3.2). The dielectric constant of ice is much closer to that of 

wood (4 to 5). This means that frozen bound water in wood is identified as wood and not detected by a 

moisture meter. Therefore, the conversion of free water from a liquid to a solid state lowers the electrical 

conductivity of wet wood. Readings taken in frozen wood containing free water therefore underestimate 

the actual moisture content of lumber pieces. On the other hand, one can accurately measure the moisture 

content of frozen wood below the FSP because bound water does not change phase from liquid to ice 

below the freezing point. Of course, corrections for wood temperature must nonetheless be made. 
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5.3.2.5 Climatic conditions 

Taking a dielectric moisture meter or a stack probe from a normal ambient temperature environment into 

a warm and humid environment, such as a kiln or a predryer, can result in condensation on its surface. 

Condensation will occur if the temperature of the meter or the probe is lower than the dew point in the 

new environment. Condensation can cause inaccurate values. In such conditions, waiting for the moisture 

meter to dry off can take a relatively long time. As a preventive measure, one can warm up the meter in a 

dry and warm environment (e.g., another kiln at the end of the drying cycle) at a temperature that is close 

to that of the humid environment in which the meter will be used. 
 

Condensation will also occur when a meter is stored or used outside in very cold conditions and 

subsequently brought inside into humid, ambient conditions.  
 

5.3.2.6 Orientation of the device 

When using a dielectric moisture meter, the orientation of the device (parallel or perpendicular to the 

wood grain) has no impact on the readings (Garrahan and Lavoie, 2004). 
 

5.3.2.7 Moisture gradient 

The presence of a moisture gradient can negatively affect the accuracy of readings obtained with this type 

of moisture meter. The correlation between readings and oven-dry MC on pieces with a moisture gradient 

is not as good as that of readings obtained on pieces with a uniform distribution of moisture (Garrahan 

and Lavoie, 2004). This is due to the fact that moisture content at and near the surface of a piece of 

lumber has a greater effect on the device than moisture at the centre of the piece. When an operator uses 

this type of moisture meter on wood with a moisture gradient, a compensating factor can be developed. 

 

5.3.2.8 Surface condition 

For a given moisture content, a dielectric moisture meter underestimates the MC of a piece of rough 

lumber in comparison to the MC of a piece of surfaced lumber. Tests conducted by Forintek have shown 

an average difference of about 1% MC in the readings obtained from rough lumber versus the readings 

obtained from these same pieces after surfacing (Garrahan and Lavoie, 2007). The uneven surface of 

rough lumber reduces the contact between the wood and moisture meter sensing plate. The presence of air 

gaps between the sensing plate and the piece of lumber lowers the meter readings, which leads to an 

underestimation of wood moisture content. 
 

The presence of surface water on lumber (due to rain, melting snow or condensation) significantly 

increases the values of meter readings. Results obtained from wood the surface of which was rewetted 

following drying can be misleading. Even a thin layer of wood with a high surface MC will result in 

higher dielectric metre readings and overestimation of the average MC.  

 

5.3.2.9 Thickness 

The high frequencies generated by this type of moisture meter are adjusted in order to penetrate the wood 

to a certain depth. In general, WAGNER meters are calibrated to a rated penetration of 3/4 in. or 1 in. The 

magnetic field is adjusted to achieve greater sensitivity in the area included within the rated penetration 

depth. Regardless of this, the magnetic field is still partially affected by wood and moisture beyond the 

rated depth, but to a lesser extent. 
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In the case of pieces where thickness is greater than the meter's rated penetration, the meter will 

underestimate MC when the MC is higher at the centre of the pieces than at their surface (see moisture 

gradient). This is obviously not the case for pieces with an uniform moisture content across their 

thickness. 

 

In the case of pieces where thickness is less than the meter's rated penetration, the meter will 

underestimate MC because air is present in the measuring range. Therefore, one must apply a correction 

factor to take piece thickness into account. 

 

5.3.2.10 Width 

MC is usually underestimated when the width of a board is less that the width of the meter sensing plate 

(Garrahan and Lavoie, 2004). If the board does not completely cover the meter sensing plate, the presence 

of air results in lower readings. 

 

5.3.2.11 Geometry 

Measured pieces must completely cover the meter's sensing plate. The moisture content of any piece with 

an uneven surface (wane, machined surface, etc.) will be underestimated because the air under the meter's 

sensing plate has lower dielectric properties than water and wood. 

 

5.3.2.12 Meter pressure 

The pressure with which the meter is applied onto the pieces for measuring MC has an impact on the 

readings obtained. Tests conducted by Forintek have shown that applying what would be deemed to be 

the normal manual pressure when using the meter influences meter readings in comparison with readings 

obtained from a free-standing meter placed on the wood (Garrahan and Lavoie, 2004). On average, meter 

readings increase by 0.4% in the case of rough pieces and 0.3% in the case of surfaced pieces. 

Consequently, it is recommended that normal hand pressure be applied on the dielectric meter when using 

one of these devices. 

 

5.3.2.13 Underlying material 

When taking MC measurements with a dielectric moisture meter, the nature of the material on which the 

pieces rest can affect the meter readings. Piece thickness and the penetration depth of the meter's 

electromagnetic waves must be taken into account. Measurements should always be taken on a section of 

a piece that is free-in-air. Free air space of at least 4 inches behind the board is recommended (Lavoie and 

Labrecque, 2009). 

 

In the case of short pieces, it may be difficult to provide adequate support while ensuring both a good 

contact of the meter with the piece and an adequate free air space under the piece. In such cases, pieces 

can be placed on a sheet of polystyrene, the dielectric constant of which approximates that of air (Aléon 

and Perez, 2000). 

 

Measurements on thin pieces, such as veneer, will result in underestimated values because the proportion 

of wood in the measuring range may be too small with respect to the proportion of air or polystyrene. In 

such cases, the depth regulation feature available on certain meters may be useful to counter this effect.  
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5.3.2.14 Natural properties of wood 

Dielectric moisture meters are calibrated using wood samples free of natural defects. It is therefore 

recommended that all moisture content measurements taken on wood pieces be taken on a section free of 

natural defects. Given the particular sensitivity of this type of meter to wood density, special attention 

should be given to the natural properties of wood that affect local wood density, such as knots, reaction 

wood and decay. 

 

5.3.2.15 Stack probe sensor 

As shown in Figure 9, dielectric moisture meters can be fitted out with an external probe to obtain 

readings within stickered lumber packages. One can therefore measure a greater number of samples and 

obtain more representative results. Prior works with stacking probe sensors have shown that 

measurements on a single piece are not very reliable (Garrahan and Lavoie, 2004). On the other hand, 

measuring a large sample of wood pieces and performing a frequency distribution analysis of the results is 

representative of measurements taken on the same pieces with a handheld meter. It should be noted, 

however, that measurements taken using a stack probe sensor always underestimate MC values.  It is 

advised that operators use a stack probe sensor to collect data, perform a statistical analysis and then 

correlate the data with the readings taken with a handheld meter in order to develop a correction factor. 

 

 

 
 

Figure 9 Dielectric moisture meter with a stack probe sensor used to obtain MC estimates in 

a stickered load of lumber 
 

The user must always make sure that the meter's sensing head is centered over a piece of lumber before 

recording a reading. If the sensing head is not so centered and if it covers two adjacent pieces of lumber, 

or if it is partially exposed to an air space, moisture meter readings will be lower. For packages made up 

of pieces of equal width, one can compensate for this by taking readings at the centre of each piece. To 

this end, reference marks can be made on the probe (Figure 10) to allow the user to insert the probe up to 

the proper depth within the package. Figure 11 shows a template to determine the position of the 

reference marks. 
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Figure 10 Reference marks on the stack probe of a dielectric moisture meter to determine the 

position for measuring moisture content in a package of lumber of uniform width 

boards (marks for 4-in. wide lumber on the left and for 6-in. wide lumber on the 

right) 
 

 
 

Figure 11 Template for locating reference marks to measure moisture content in a package of 

lumber of uniform width (dielectric moisture meter with a stack probe sensor) 

(Garrahan and Lavoie, 2004) 
 

All the aforementioned factors influencing the readings of dielectric moisture meters are relevant, whether 

the meter is used directly or with a stack probe sensor. 

 

5.3.3 Calibration check 

Dielectric moisture meters should be calibrated regularly. This involves using an external reference block 

(Figure 12) that must lie on a metal surface. Manufacturers usually provide calibration blocks with known 

and stable electrical properties. The sensing plate on the meter or on the stack probe sensor can be applied 
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onto this block to check reading accuracy. This procedure takes only a few seconds and is recommended 

each time the meter is used. Refer to the manufacturer's documentation to ensure proper calibration. 

 

 
 

Figure 12 Checking the calibration of a dielectric moisture meter with a block that provides a 

known response 
 

5.4 Comparing the methods 

Handheld moisture meters are most accurate in the 6 to 8% moisture content range. Their level of 

accuracy decreases gradually as moisture content increases, up to the FSP. In general the reliability of 

measurements is within acceptable limits for most users when wood is in the 6% to 25% MC range. It has 

been shown in several studies that under laboratory conditions, DC-resistance moisture meters are more 

accurate than dielectric moisture meters. On the other hand, under industrial conditions, the two types of 

moisture meters can achieve comparable results, such that 95% of the readings were in a range of ±2% of 

the moisture content determined with the oven-drying method (Denig, Wengert and Simpson, 2000; 

Forsén and Tarvainen, 2000). It is important to take this into account when analyzing individual moisture 

meter readings. The statistical analysis of measurements taken on a large number of boards provides more 

accurate estimates of moisture content.  

Table 4 provides a comparison of the principal methods used to assess moisture content. 

 

Table 4 Comparison of the principal methods used to assess moisture content 
 

 
Methods 

 
Oven-drying 

 
Moisture meters 

 
DC-resistance 

 
Dielectric 

 
Principle 

Direct measurement of 

water evaporation by 

weighing 

Indirect measurement of electrical 

resistance (or conductance) between 

needles driven into the wood 

Indirect measurement of the dielectric 

constant of wood 

Range of 
measurement 

reliability1 

 

Green to oven-dry 

 

25% to 6%  

 

25% to 6% 

 
Benefits 

 Standardized 

method 

 Accurate 

 Reference for other 

methods 

 Rapid 

 Capability to analyze a moisture 

gradient 

 Rapid 

 Non-destructive 

 Readings more stable at low MCs 
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Drawbacks 

 

 Destructive 

 Must wait for results 

 Partially destructive (needle holes) 

 Strongly affected by species and 

wood temperature 

 Less accurate above the FSP 

 Strongly affected by wood density 

 Less accurate above the FSP 

 
Factors 

influencing 
measurements 
 

 

 

 Volatile matter 

content (e.g., 

tamarack, exotic 

species, etc.) 

 Species 

 Density 

 Wood temperature 

 Frozen wet lumber 

 Climatic conditions 

 Static electricity 

 Needle orientation 

 Moisture gradient 

 Surface quality 

 Thickness 

 Natural properties of wood 

 

 Species 

 Specific gravity 

 Wood temperature 

 Frozen wet lumber 

 Climatic conditions 

 Moisture gradient 

 Surface quality 

 Thickness 

 Width 

 Geometry 

 Meter application pressure 

 Underlying material 

 Natural properties of wood 
1
 Although the meters display values that fall beyond this range, such values are not deemed to be reliable. 

 

 

 

6 Basic procedures for measuring wood moisture 
content 

6.1 Procedure for using the oven-drying method 

6.1.1 Average moisture content 

1. Trim and discard a section measuring at least 12 inches from each end of a board. This gets 

around the problem of initial drying that may have begun at the ends of the sample board. 

 

In the case of boards measuring less than 3 feet in length, trim off the first third of the board at 

each end. 

 

2. Cut out a sample measuring at least 1 inch in length at each of the freshly trimmed ends  

(Figure 13). These samples must be free of natural defects (knots, decay, pitch pockets, etc.). 
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Figure 13 Cutting out samples for determining moisture content using the oven-drying 

method 
 

3.  Identify the samples (e.g., 1-A = piece 1, sample A). 

 

4. Remove all loose splinters and sawdust from the samples. 

 

5. Weigh the samples immediately (to prevent drying or rewetting) and record the measurements as 

the original weight. The recommended method for weighing samples is to use a scale that is 

accurate to 0.1 gram for samples weighing 50 g and over. 

 

If the samples cannot immediately be weighed, they must be wrapped in an airtight plastic bag. 

 

6. Place the samples in a ventilated oven at 103°C ± 2°C and allow them to dry until they have 

reached a constant weight. Normally, this will require from 18 to 24 hours. The weight of the 

samples is deemed to be constant when the difference between two consecutive weighings at 1-

hour intervals is less than 0.1%. Samples are then considered to be oven-dry (the water they 

contained has been completely evaporated), that is to say, their moisture content is 0%. 

 

7. Weigh the samples again as soon as they are removed from the oven and record the 

measurements as oven-dry weight. 

 

8. Use the following formula to calculate the MC of each sample: 

 

 

100(%) X
dry weight-Oven

dry weight-oven weightOriginal
content Moisture

)(
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Alternatively, use the following simplified formula: 

 

1001(%) X
dry weight-Oven

 weightOriginal
content Moisture  

 

9.  Since the samples were taken from the same board, the average of the two MC values represents 

the estimate of the board's MC. 

 

Example: 

     Sample 1-A  Sample 1-B 
  

Original weight = 80 g 101 g 

 

Oven-dry weight = 47 g 54g 

 

 

70.2%100
47

4780
1 Acontent Moisture  

 

  87.0%100
54

54101
1 Bcontent Moisture  

 

 

78.6%
2

8770
1#board of content moisture Average  

6.1.2 Moisture gradient 

The oven-drying method can be used to assess the moisture gradient in order to compare the surface and 

centre moisture content of a piece of wood. Figure 14 illustrates the cutting pattern to obtain samples. The 

procedure for collecting the sample is the same as that used to assess average moisture content.  The 

sample is then turned end-grain up and sawn as shown below to obtain shell and core sections.  For oven-

drying purposes the two surface sections are treated together, to obtain a shell MC and the central section 

of the sample used to determine the core MC. This method provides an estimate of the average moisture 

content at the surface of the sample and another estimate of the moisture content at its centre. In the case 

of very thick pieces, an intermediate section can be produced, as needed. 
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Figure 14 Cutting pattern to obtain samples used to determine the moisture gradient of a 

piece of wood by the oven-drying method (Adapted from the USDA Dry Kiln 

Operator’s Manual (ML88 558) 
 

6.2 Procedures for using a DC-resistance moisture meter 

Before using the meter, read the instructions provided by the manufacturer to learn about its features and 

functions. 

 

6.2.1 Procedure for devices with integrated species and temperature correction factors 

1. Turn on the meter and test the batteries. Replace the batteries as needed. 

 

2. Check meter calibration (see section 5.2.3). 

 

3. Identify the species. 

 

4. Measure the temperature of the wood with a thermocouple. Make a hole the diameter of which is 

the same as the diameter of the thermocouple probe. The depth of the hole should be the same as 

the depth to which the moisture meter needles are driven in (Figure 4). 

 

5. On the meter, select the appropriate species and wood temperature. 
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6. Determine the location of the measurement on the piece of wood. Take the measurement on one 

of the faces, at least 12 inches from the end of the piece. In addition, take the measurement in the 

central section of the piece (across its width) in a section that is free of any defects. 

 

7. Drive in the needles parallel to the wood grain and to the desired depth (see section 5.2.2.10). A 

spacer is recommended to ensure accurate and consistent depth. 

 

8. Wait 1 or 2 seconds before taking a measurement (the value of the reading can continue to drop) 

and record the result. 

 

6.2.2 Procedure for meters without integrated correction factors 

1. Turn on the meter and test the batteries. Replace the batteries as needed. 

 

2. Check meter calibration (see section 5.2.3). 

 

3. Identify the species. 

 

4. Measure the temperature of the wood with a thermocouple. Make a hole the diameter of which is 

the same as the diameter of the thermocouple probe. The depth of the hole should be the same as 

the depth to which the moisture meter needles are driven in (Figure 4). 

 

5. Determine the location of the measurement on the piece of wood. Take the measurement on one 

of the faces, at least 12 inches from the end of the piece. In addition, take the measurement in the 

central section of the piece (across its width) in a section that is free of any defects. 

 

6. Drive in the needles parallel to the wood grain to the desired depth (see section 5.2.2.10). A 

spacer is recommended to ensure a constant penetration depth. 

 

7. Wait 1 or 2 seconds before taking a reading (the value of the reading can continue to drop). 

 

8. Correct the reading using a correction table for the appropriate species and wood temperature (see 

the next section). 

 

9. Record the result after correction. 

 

6.2.2.1 Example of correction for species and temperature 

Forintek has published moisture content correction tables for species found in Eastern and Western 

Canada (Pfaff and Garrahan, 1984). In the following example, the publication for eastern species shown 

in Figure 3 will be used. This publication can be ordered from Forintek. Figure 15 shows an example of a 

correction table covering both species and wood temperature effect for sugar maple. The following 

example describes the use of this table. 
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Figure 15 Correction factors for sugar maple lumber for DC-resistance moisture meters 

without integrated correction factors (Pfaff and Garrahan, 1984) - Example of a 

correction for a reading of 8% and a wood temperature of 5°C 
 

Using the correction table: 

 

 DC-resistance moisture meter reading:  8.0% 

 Species:     Sugar maple 

 Wood temperature:    5°C 

 

 

1. Locate the sugar maple table (Figure 15 for this example). 

 

2. Find the moisture meter reading (8%) in the row of meter readings at the top of the table. 

 

3. Move down the 8% column to the factor corresponding to a temperature of 5°C, that is, 10%. 

 

4. Given the species and the wood temperature of the piece in question, its actual moisture content is 

estimated to be 10%. It should be pointed out that such a correction is required because 

Delmhorst DC-resistance moisture meters are calibrated for Douglas fir and a wood temperature 

of 21°C. 

 

6.2.3 Procedure for taking measurements on the edge of pieces 

1. Select the appropriate procedure (6.2.1 or 6.2.2) for the moisture meter you plan on using. 

2. Replace the term “face” by “edge” and “width” by “thickness” in the selected procedure. 
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Warning: 

a. Common usage is to measure on the wide faces of pieces. 

b. If necessary to pin from the edge, care must be taken to determine the most appropriate 

pinning depth for your application if the objective is to obtain readings that are 

comparable to those taken on the wide face. 

 

6.3 Procedures for using a dielectric meter 

Before using the meter, read the instructions provided by the manufacturer to learn about its features and 

functions. 

 

6.3.1 Procedure for devices with integrated species correction factors 

1. Turn on the meter and test the batteries. Replace the batteries as needed. 

 

2. Check meter calibration (see section 5.3.3). 

 

3. Identify the species. 

 

4. Select the species or the specific gravity directly on the meter. 

 

5. Measure wood temperature with an infrared thermometer (section 5.3.2.3) or with a thermocouple 

(Figure 4). 

 

6. Determine the location of the measurement on the piece of wood. Take the measurement on one 

of the faces, at least 12 inches from the end of the piece. In addition, take the measurement in the 

central section of the piece (across its width) in a section that is free of any defects. 

 

7. Directly apply the meter on the piece with a normal hand pressure. Make sure the piece is freely 

supported with at least 4-inches of air space behind it. There should be no metal rollers or 

surfaces under the piece where MC measurements will be taken. 

 

8. Wait 1 or 2 seconds to allow the reading to stabilize. 

 

9. Correct the reading if wood temperature is not between 10% and 30°C (add 0.5%/10°C when 

wood temperature is below 20°C and subtract 0.5%/10°C when wood temperature is above 20°C 

(Table 3). 

 

10. Record the result after correction. 

 

6.3.2 Procedure for meters without integrated correction factors 

1. Turn on the meter and test the batteries. Replace the batteries as needed. 

 

2. Check the calibration of the meter (see section 5.3.3). 

 

3. Identify the species. 
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4. Measure wood temperature with an infrared thermometer (section 5.3.2.3) or with a thermocouple 

(Figure 4). 

 

5. Determine the location of the measurement on the piece of wood. Take the measurement on one 

of the faces, at least 12 inches from the end of the piece. In addition, take the measurement in the 

central section of the piece (across its width) in a section that is free of any defects. 

 

6. Directly apply the meter on the piece with a normal hand pressure. Make sure the piece is freely 

supported with at least 4-inches of air space behind it. There should be no metal rollers or 

surfaces under the piece where MC measurements will be taken. 

 

7. Wait 1 or 2 seconds to allow the reading to stabilize. 

 

8. Correct the reading using correction tables for the species or the specific gravity provided by the 

manufacturer. 

 

9. Correct the reading if wood temperature is not between 10% and 30°C (add 0.5%/10°C when the 

wood temperature is below 20°C and subtract 0.5%/10°C when the wood temperature is above 

20°C (Table 3). 

 

10. Record the result after correction. 

 

6.3.3 Procedure for using a stack probe sensor 

1. Turn on the meter and test the batteries. Replace the batteries as needed. 

 

2. Check the calibration of the moisture meter and extension probe by applying the probe sensing 

plate onto the calibration block (section 5.3.3). 

 

3. Identify the species. 

 

4. For meters with integrated correction factors for species (specific gravity), select the species or 

specific gravity directly on the meter. 

 

5. Measure the temperature of the wood package with an infrared thermometer (section 5.3.2.3) or 

with a thermocouple (Figure 4). 

 

6. Insert the stack probe sensor into the package between the rows of lumber. Ensure a good contact 

between the sensing head located at the tip of the probe and the target piece of wood. In the case 

of packages of lumber of uniform board width, use reference marks located on the probe (Figure 

10) to ensure the measurement of only one piece at a time. Take measurements at least 12 inches 

from the ends of the boards. 

 

7. Wait 1 or 2 seconds to allow the reading to stabilize. 

 

8. When using moisture meters without integrated correction factors (species or specific gravity), 

correct the readings with a correction table for species or specific density provided by the 

manufacturer. 
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9. Correct the reading if wood temperature is not between 10% and 30°C (add 0.5%/10°C when 

wood temperature is below 20°C and subtract 0.5%/10°C when wood temperature is above 20°C 

(Table 3). 

 

10. Record the result after correction. 

 

6.4 Procedures for comparing moisture meter readings with the results of the 
oven-drying method 

6.4.1 Procedure for comparing DC-resistance moisture meter readings with the results of the 
oven-drying method 

1. On a piece of wood, locate a section free of any defects and mark off a section the width of which 

corresponds to the distance between the moisture meter needles. 

 

2. Follow the basic procedures described in sections 6.2.1 or 6.2.2, as the case may be, to measure 

the moisture content of the piece in the marked out section. 

 

3. Cut out the marked section of the board for oven drying. 

 

4. Follow the procedure specified for the oven-drying method (section 6.1) from step 4 onwards to 

determine the moisture content in the marked section of the piece. 

 

5. Repeat the procedure with a minimum of 30 pieces. 

 

6. Compare the average of the values obtained with the moisture meter (corrected values) with the 

average as determined from the oven-drying method. The meter readings (corrected values) and 

oven-dry MCs for each section can then be plotted on an XY chart.  The XY chart can then be 

combined with a regression analysis to determine whether there is a strong relationship between 

the meter and oven-dry MC.  A regression analysis will only work well if the samples represent a 

wide range of MCs rather than all being close to the average. 

 

7. If significant differences between the meter MC estimates (corrected values) and oven-dry MC 

are noted, a correction factor encompassing the normal moisture content range of the target 

products must be developed. 

 

6.4.2 Procedure for comparing dielectric moisture meter readings with the results of the oven-
drying method 

1. On a piece of wood, locate a section free of any defects and mark off a section the width of which 

corresponds to the dimensions of the sensing head under the meter. 

 

2. Follow the basic procedure described in sections 6.3.1 or 6.3.2, as the case may be, to measure 

the moisture content of the piece in the marked out section. 

 

3. Cut out the marked section of the board for oven drying. 

 

4. Follow the procedure specified for the oven-drying method (section 6.1) from step 4 onwards to 

determine the moisture content in the marked section of the piece. 
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5. Repeat the procedure with a minimum of 30 pieces. 

 

6.  Compare the average of the values obtained with the moisture meter (corrected values) with the 

average as determined from the oven-drying method. The meter readings (corrected values) and 

oven-dry MCs for each section can then be plotted on an XY chart.  The XY chart can then be 

combined with a regression analysis to determine whether there is a strong relationship between 

the meter and oven-dry MC.  A regression analysis will only work well if the samples represent a 

wide range of MCs rather than all being close to the average. 

 

7. If significant differences between the meter MC estimates (corrected values) and oven-dry MC 

are noted, a correction factor encompassing the normal moisture content range of the target 

products must be developed. 

 

 

7 Adapting basic procedures to measure moisture 
content in specific conditions 

This chapter focuses on adaptations of the basic procedures outlined in the preceding chapter. Figure 16 

refers the reader to tables that specify adaptations of the basic procedures for evaluating moisture content 

under certain conditions (individual pieces, stickered and non-stickered bundles) at various stages of the 

manufacturing process (before drying, in the kiln and after drying) and product states (semi-finished and 

finished). The set of conditions outlined in this figure represent the usual conditions under which moisture 

content must be determined. In certain situations, it may be desirable to modify certain procedures. In the 

case of lumber with wet wood, for example, it may be necessary to increase the number of MC 

measurements per piece. 
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Figure 16 Overview of situations requiring the adaptation of basic MC assessment procedures  
 

 

7.1 MC before drying 

The following adapted procedures allow the determination of lumber moisture content prior to drying. 

Above the fibre saturation point (e.g., 30% MC), the oven-drying method is the only method that provides 

accurate results. Handheld moisture meters (DC-resistance or dielectric) can be used to determine whether 

the moisture content of the lumber is close to the fibre saturation point.  

 

7.1.1 Adaptation of basic procedures for individual pieces of lumber prior to drying 

Application 

- Sawmill 

- Lumber stacking facility 

- Lumber receiving 

- Green lumber yard 

- Air-drying yard 

- Start of drying 

Individual pieces (Table 5) 

Stickered bundles (Table 6) 

Solid-stacked bundles (Table 7) 

Individual pieces (Table 8) 

Stickered bundles (Table 9) 

Individual pieces (Table 8) 

Stickered bundles (Table 10) 

Solid-stacked bundles (Table 11) 

Individual pieces (Table 12) 

Individual pieces (Table 13) 7.4 Finished 

7.3 Semi-finished 

7.2 After drying 

7.2 In the kiln 

7.1 Before drying 
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Material 

- Rough green lumber 

- Green pre-surfaced lumber 

 

The procedures outlined in Table 5 are used to take measurements on non-stacked lumber. 

 

Table 5 Adapted procedures for measuring the MC of individual pieces prior to drying 
 

 
Basic procedure 
(section No.) 

 
Sampling 

 
Points to Consider 

 
Action 

Oven-drying 

method (6.1) 

  Minimum of 2 samples per 

boards 

 The only accurate method 

for green lumber. 

  Must wait for results. 

 Ensure that samples 

achieve a constant weight 

before removing them from 

the oven. 

 

DC-resistance 

moisture meter 

(6.2.1 or 6.2.2) 

 

  Minimum of 1 reading per 

face. 

  For guidance only. 

Indicates whether moisture 

content is roughly higher or 

lower than 30%. 

  Rain or snow on the face 

of pieces. 

 Do not take measurements 

at spots where the surface 

is wet. 

 

Dielectric 

moisture meter 

(6.3.1 or 6.3.2) 

 

  Minimum of 1 reading per 

face. 

  For guidance only. 

Indicates whether moisture 

content is roughly higher or 

lower than 30%. 

  Rain or snow on the face 

of pieces. 

 Do not take measurements 

at spots where the surface 

is wet. 

 

 

7.1.2 Adapted procedures for stickered bundles of lumber prior to drying 

Application 

- After the lumber stacking process 

- Lumber receiving 

- Green lumber yard 

- Air-drying yard 

- Start of drying 

Material 

- Rough green lumber 

- Green pre-surfaced lumber 

 

The procedures outlined in Table 6 can be used with stickered bundles of lumber prior to drying. If 

bundles can be unstacked or if individual pieces can be removed from the bundle, the adapted procedures 

listed in section 7.1.1 can be used. 
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Table 6 Adapted procedures for measuring the MC of green rough lumber in stickered 

bundles 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

DC-resistance 

moisture meter 

readings on the 

edge of pieces 

(6.2.3) 

 

  Limited to pieces on the 

sides of a bundle. 

 For guidance only. 

Indicates whether moisture 

content is roughly higher 

or lower than 30%. 

 Pieces located on the sides 

of bundles may not be 

representative of pieces at 

the centre. 

 Rain or snow on the sides 

of unprotected bundles. 

 In general, needle holes on 

the edges of pieces do not 

affect end use as much as 

needle holes on their face. 

 Do not take measurements 

at spots where the surface 

is wet. 

Dielectric 

moisture meter 

with a stack probe 

sensor (6.3.3) 

 Possibility of obtaining a 

larger sample size. 

 Allows measuring MC on 

pieces located on the sides 

and at the centre of lumber 

bundles. 

 For guidance only. 

Indicates whether moisture 

content is roughly higher 

or lower than 30%. 

 Rain or snow between the 

rows. 

  Do not take measurements 

at spots where the surface 

is wet. 

 

7.1.3 Adapted procedure for solid-stacked bundles of lumber before drying 

The procedure outlined in Table 7 can be used with solid-stacked bundles of lumber prior to drying. If 

bundles can be unstacked or if individual pieces can be removed from the bundle, the adapted 

procedures listed in section 7.1.1 can be used. 
 

Table 7 Adapted procedure for measuring the MC of solid-stacked green lumber 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

DC-resistance 

moisture meter 

readings on the 

edge of pieces 

(6.2.3) 

 Limited to pieces on the 

sides of a bundle. 

 For guidance only. 

Indicates whether moisture 

content is roughly higher 

or lower than 30%. 

 Pieces located on the sides 

of bundles may not be 

representative of pieces at 

the centre. 

 Rain or snow on the sides 

of unprotected bundles. 

  Do not take measurements 

at spots where the surface 

is wet. 
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7.2 Dry lumber 

The following adapted procedures allow the determination of lumber moisture content after drying. 

 

7.2.1 Adapted procedures for individual pieces of lumber after drying 

Application 

- Dry kilns 

- Dry lumber storage facilities 

- Reception subsequent to transport 

- Entrance to processing mills 

Material 

- Rough, dry lumber 

- Pre-surfaced dry lumber 
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The procedures outlined in Table 8 are used to take measurements on non-stacked lumber. 

 

Table 8 Adapted procedures for measuring the MC of individual pieces of dry lumber 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

 

Oven-drying 

method (6.1) 

 

 Minimum of 2 samples per 

boards 
 Must wait for results. 

 

 

DC-resistance 

moisture meter 

(6.2.1 or 6.2.2) 

 

  Minimum of 1 reading per 

face. 

 The time elapsed after kiln 

stoppage or the 

temperature of lumber 

storage facilities can affect 

wood temperature. 

 Possibility of a moisture 

gradient. 

 Rain or snow on the 

surface of unprotected 

bundles. 

 Risk of condensation on 

cold pieces when 

measurements are taken in 

the mill. 

 Check moisture content at 

different depths. 

 Do not take measurements 

at spots where the surface 

is wet. 

Dielectric 

moisture meter 

(6.3.1 or 6.3.2) 

 

  Minimum of 1 reading per 

face. 

 The time elapsed after kiln 

stoppage or the 

temperature of lumber 

storage facilities can affect 

wood temperature. 

 Possibility of a moisture 

gradient. 

 Rain or snow on the 

surface of unprotected 

bundles. 

 Risk of condensation on 

cold pieces when 

measurements are taken in 

the mill. 

 The surface roughness of 

rough lumber can lead to 

underestimations of piece 

moisture content. 

 The MC of thin pieces can 

be underestimated. 

 The MC of pieces with 

warp that affects meter 

contact can be 

underestimated. 

 Do not take measurements 

at spots where the surface 

is wet. 

 Determine a specific 

correction factor for the 

state of the material 

(semifinished or finished 

product). 

 Select a section of the 

piece that is flat and 

relatively smooth 
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7.2.2 Adapted procedures for stickered bundles of dry lumber in the kiln 

Application 

- Dry kilns 

Material 

- Rough, dry (or partially dry) lumber 

- Pre-surfaced dry lumber 

 

The procedures outlined in Table 9 are reserved for assessing the moisture content of stickered bundles of 

dry lumber. If bundles can be unstacked or if individual pieces can be removed from the bundle, the 

adapted procedures listed in section 7.2.1 can be used. 

 

Table 9 Adapted procedures for measuring the MC of dry stickered lumber in the kiln 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

DC-resistance 

moisture meter 

readings on the 

edge of pieces 

(6.2.3) 

 

 Limited to pieces on the 

sides. 

 Pieces located on the sides 

of bundles may not be 

representative of pieces at 

the centre. 

 Different temperature on 

each side of the load (front 

and rear). 

 Possibility of a moisture 

gradient. 

 Possibility that the kiln 

humidification system may 

wet the sides of the lumber 

bundles. 

 Check moisture content at 

different depths. 

  Do not take measurements 

at spots where the surface 

is wet. 

Dielectric moisture 

meter with a stack 

probe sensor 

(6.3.3) 

 

 Possibility of obtaining a 

larger sample size. 

 Allows measuring MC on 

pieces located on the sides 

and at the centre of lumber 

bundles. 

 Different temperature on 

each side of the load (front 

and rear). 

 Possibility of a moisture 

gradient. 

 Possibility that the kiln 

humidification system may 

wet the sides of the lumber 

bundles. 

 The surface roughness of 

rough lumber can lead to 

underestimations of piece 

moisture content. 

 The MC of pieces with 

warp can be 

underestimated due to poor 

contact. 

 The MC of thin pieces can 

be underestimated. 

 The MC can be 

underestimated when rows 

are comprised of variable 

widths. 

 Do not take measurements 

at spots where the surface 

is wet. 

 Determine a correction 

factor for measurements 

taken in the kiln. 

 If the pieces in the lumber 

bundle are all of the same 

width, add reference marks 

on the stack sensor probe 

to ensure the proper 

location of the 

measurements. 
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7.2.3 Adapted procedures for measuring the MC of dry stickered lumber 

Application 

- Dry lumber storage facilities 

- Reception subsequent to transport 

- Entrance to processing mills 

Material 

- Rough, dry lumber 

- Pre-surfaced dry lumber 

 

The procedures outlined in Table 10 have been developed to assess the moisture content of stickered 

bundles of dry lumber. If bundles can be unstacked or if individual pieces can be removed from the 

bundle, the adapted procedures listed in section 7.2.1 can be used. 

 

Table 10 Adapted procedures for measuring the MC of dry stickered lumber 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

DC-resistance 

moisture meter 

readings on the 

edge of pieces 

(6.2.3) 

 

 Limited to pieces on the 

sides of a bundle. 

 Pieces located on the sides of 

bundles may not be 

representative of pieces at the 

centre. 

 The time elapsed after kiln 

stoppage or the temperature of 

lumber storage facilities can 

affect wood temperature. 

 Possibility of a moisture 

gradient. 

 Rain or snow on the sides of 

unprotected bundles. 

 Check moisture content at 

different depths. 

 Do not take measurements 

at spots where the surface is 

wet. 

 Verify the correlation of 

readings taken on the edge 

and on the face of lumber 

pieces. 

Dielectric moisture 

meter with a stack 

probe sensor 

(6.3.3) 

 

 Possibility of sampling the 

whole bundle. 

 The time elapsed after kiln 

stoppage or the temperature of 

lumber storage facilities can 

affect wood temperature. 

 Possibility of a moisture 

gradient. 

 Rain or snow on the surface of 

unprotected bundles. 

 Surface roughness can lead to 

underestimations of piece 

moisture content. 

 The MC of pieces with warp 

can be underestimated due to 

poor contact 

 The MC of thin pieces can be 

underestimated. 

 The MC can be underestimated 

when rows are comprised of 

variable widths. 

 Do not take measurements 

at spots where the surface is 

wet. 

 Determine a correction 

factor for dry stickered 

lumber. 

 If the pieces in the lumber 

bundle are all of the same 

width, add reference marks 

on the stack sensor probe to 

ensure the proper location of 

the measurements. 
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7.2.4 Adapted procedure for solid-stacked dry lumber 

Application 

- Dry lumber storage facilities 

- Reception subsequent to transport 

- Entrance to processing mills 

Material 

- Rough, dry lumber 

- Pre-surfaced dry lumber 

 

The procedures outlined in Table 11 have been developed to assess the moisture content of solid-stacked 

dry lumber. If bundles can be unstacked or if individual pieces can be removed from the bundle, the 

adapted procedures listed in section 7.2.1 can be used. 

 

Table 11 Adapted procedure for measuring the MC of solid-stacked dry lumber 
 

 
Basic procedure 

 
Sampling 

 
Points to Consider 

 
Action 

C-resistance 

moisture meter 

readings on the 

edge of pieces 

(6.2.3) 

  Limited to pieces on the 

sides of a bundle. 

 Pieces located on the sides 

of bundles may not be 

representative of pieces at 

the centre. 

 The time elapsed after kiln 

stoppage or the 

temperature of lumber 

storage facilities can affect 

wood temperature. 

 Possibility of a moisture 

gradient. 

 Regain or loss of moisture 

greater on the outside 

pieces of bundles and at 

the ends of individual 

pieces. 

 Rain or snow on the sides 

of unprotected bundles. 

  Check moisture content at 

different depths. 

 Do not take measurements 

at spots where the surface 

is wet. 

 Ensure the correlation of 

readings taken on the edge 

and on the face of lumber 

pieces. 

 

 



Procedures for Assessing Moisture Content in Appearance Wood  

 

 

 

 

 

 39 of 46 

 

7.3 Semi-finished products  

The following adapted procedures allow the determination of the moisture content of products subject to 

further processing. These are products resulting from edging, trimming, surfacing, milling and other 

operations on dry lumber. It should be noted that these procedures are intended for products where the 

surface is not coated with a finishing product. 

 

7.3.1 Adapted procedures for semi-finished products 

Application 

- Processing plant production lines (flooring strips, furniture, doors and windows, etc.) 

- Semi-finished products storage facilities. 

Material 

- Surfaced 

- Moulded 

- Edged 

- Trimmed 

Product examples 

- Unfinished flooring strips 

- Mouldings 

- Furniture components 

 

The procedures outlined in Table 12 are used to take measurements on non-stacked lumber. 

 

Table 12 Adapted procedures for measuring the MC of semi-finished products 
 

 
Basic Procedure 

 
Sampling 

 
Points to Consider 

 
Action 

Oven-drying 

method (6.1) 

 

 Minimum of 2 samples per 

pieces 

  Must wait for results.  

DC-resistance 

moisture meter 

(6.2) 

 

  Minimum of 1 reading per 

face. 

 The time elapsed after kiln 

stoppage or the 

temperature of lumber 

storage facilities can affect 

wood temperature. 

 Possibility of a moisture 

gradient. 

 Check moisture content at 

different depths. 

Dielectric 

moisture meter 

(6.3.1 or 6.3.2) 

 

  Reading(s) on full, flat 

faces only. 

 The time elapsed after kiln 

stoppage or the 

temperature of storage 

facilities can affect wood 

temperature. 

 Possibility of a moisture 

gradient. 

 Underestimation of the MC 

of narrow or very thin 

pieces or with non-

rectangular sections (not 

recommended). 

 Determine a correction 

factor for narrow semi-

finished or very thin 

products. 
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7.4 Finished products  

The following adapted procedures allow the determination of moisture content of finished products. It 

should be noted that the surface of such products is usually coated with a finishing product. 

 

7.4.1 Adapted procedures for assessing the MC of unassembled or assembled finished products 

Application 

- Processing plants (flooring strips, furniture, doors and windows, etc.) 

- Prior to packaging 

- Finished products warehouses 

- Prior to assembly 

Material 

- Surfaced 

- Milled 

- Edged 

- Trimmed 

Product examples 

- Flooring strips 

- Mouldings 

- Furniture 

- Interior/exterior sheathing 

The procedures outlined in Table 13 are used to take measurements on non-stacked material. 

 

Table 13 Adapted procedures for measuring the MC of finished products 
 

 
Basic Procedure 

 
Sampling 

 
Points to Consider 

 
Action 

 

Oven-drying 

method (6.1) 

 

 Remove the finishing 

product from the samples 

that will be oven-dried. 

  Must wait for results.  

 

 

 

DC-resistance 

moisture meter 

(6.2) 

 

 Minimum of 1 reading per 

face. 

 Insert the needles on a 

surface that is not coated 

with a finishing product. 

 The temperature of 

warehousing facilities can 

affect wood temperature. 

 Possibility of a moisture 

gradient. 

 Check moisture content at 

different depths. 

 

 

 

 

 

 

Dielectric 

moisture meter 

(6.3.1 or 6.3.2) 

 

 Reading(s) on a full, flat 

face that is not coated with 

a finishing product. 

 The temperature of 

warehousing facilities can 

affect wood temperature. 

 Possibility of a moisture 

gradient. 

 Underestimation of the MC 

of narrow or very thin 

pieces or with non-

rectangular sections (not 

recommended). 

 Determine a correction 

factor for narrow semi-

finished or very thin 

products or use meter with 

a smaller sensor plate 
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8 Basic statistical concepts  
The most important basic statistical concepts for assessing moisture content are briefly described in this 

chapter. Given the potential for moisture content variations within and between pieces, it is important to 

take a sufficient number of readings to adequately estimate the moisture content of a batch of lumber. 

Certain statistical concepts are used to analyse and interpret data, whereas sampling techniques serve to 

determine the minimum number of measurements that will provide reliable results. There is a large 

amount of reference material available to study these concepts in greater depth.  

 

8.1 Population 

The term "population" refers to the set of all the pieces of lumber in a production batch. It is usually 

difficult, if not impossible, to take readings on each piece of a given production batch at all processing 

stages. 

 

8.2 Sample 

A sample is a subset of the study population. In general, MC assessment is carried out on a sample of a 

given population. The sample must therefore be as representative as possible of the population in order to 

obtain the most reliable results. 

 

8.3 Average 

The average is the most common measure of central tendency used to describe a set of MC calculations. 

The average is equal to the sum of all readings divided by the total number of readings. 

 

Example 

MC meter reading: Piece No. 1 = 6.6%   Piece No. 7 = 7.1% 

   Piece No. 2 = 8.6%   Piece No. 8 = 7.1% 

   Piece No. 3 = 7.9%   Piece No. 9 = 7.7% 

   Piece No. 4 = 6.7%   Piece No. 10 = 6.8% 

   Piece No. 6 = 6.4%   Piece No. 11 = 7.4% 

   Piece No. 6 = 7.5%   Piece No. 12 = 8.1% 

 

  Average = (6.6 + 8.6 + 7.9 + 6.7 + 6.4 + 7.5 + 7.1 +7.1 + 7.7 + 6.8 + 7.4 + 8.1) / 12 

 

    = 87.9 / 12 = 7.3% 

 

8.4 Range  

The range, that is the difference between the greatest and least values of a frequency distribution, is a 

measure of dispersion frequently used to express the uniformity or non-uniformity of a batch of pieces. In 

the preceding example, the range for the readings is 2.2% (from 6.4 to 8.6%) moisture content. 

 

8.5 Standard deviation 

The standard deviation is a statistical concept of dispersion widely used in lumber drying. It provides for 

the mathematical determination of the dispersion of readings with respect to the average of a normal 

distribution. In such a case, the proportion of pieces included between the average and a standard 
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deviation of plus or minus 1, 2 and 3 corresponds to 68.3%, 95.4% and 99.7% respectively of the sample 

pieces. Because the calculation of the standard deviation is relatively complex, it will not be discussed 

here. Spreadsheets, such as Excel, and various calculators allow the calculation of standard deviations 

using predefined functions. Moreover, certain moisture meters allow storing a set of readings and the 

display of average and standard deviation values. In the preceding example, the standard deviation is 

0.67% MC. 

 

8.6 Coefficient of variation 

The coefficient of variation is another measure of dispersion used to determine the uniformity of readings 

with respect to the average. It is calculated by dividing the standard deviation by the average value of the 

readings and expressed as a percentage. The coefficient of variation makes it possible to compare the 

dispersion of groups of readings with different average MC values. The value of the coefficient of 

variation in the preceding example is 9.1% ( (0.67/7.3) * 100 = 9.1% ). 

 

8.7 Proportion of pieces within a target range 

A simple technique for assessing MC uniformity is to determine the proportion of pieces where MC falls 

within a given moisture content range as determined by the requirements of the manufacturing process or 

by the end-use of the product. The MC range depends on the minimum and maximum MC values that can 

be tolerated for a given product. For example, for a specific product, it has been noted that when 

machining pieces below 6.5% MC frequent machining difficulties develop (e.g., machining results in a 

greater amount of torn grain) and that when the MC is higher than 8% problems arise with gluing. 

Therefore the proportion of pieces between 6.5% and 8% MC is a good measure of the MC distribution 

within a bundle of lumber. In the preceding example, the proportion of pieces in this target range is 75%. 

 

8.8 Frequency distribution 

A frequency distribution presents MC data (readings) in the form of a chart. In general, the histogram is 

the most common type of chart. This is a simple and practical way to present an overview of MC 

readings. Figure 17 shows the frequency distribution for the readings in the preceding example. 
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Figure 17 Example of a frequency distribution 
 

8.9 Development of a sampling plan 

The development of a sampling plan is a complex issue and it must be adapted to the products and the 

manufacturing processes. Several sampling methods can be used for a given process. The plan must meet 

the requirements in each particular situation. Determining sampling techniques is a discipline in and of 

itself and can only be briefly covered in a publication such as this. We recommend paying special 
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attention to the selection of sample pieces and to the number of pieces in the sample to ensure a valid 

interpretation of the results. 

 

Certain factors must be taken into account: 

• The greater the population variability, the larger the sample must be; 

• A certain sampling consistency (number of readings and their location) is required to obtain 

consistent and comparable results; 

• Theoretically, sample size must be representative of the population; 

• In practice, sample size is the result of a compromise between two divergent factors: the desired 

level of statistical accuracy and the cost of sampling. 

 

For example, Table 14 determines sample size in terms of population uniformity (standard deviation) and 

accuracy (accepted level of error) of the estimated average moisture content. It can be seen that the 

number of samples increases significantly as population uniformity decreases (high standard deviation) 

and the desired level of accuracy (low acceptable error). 

 

Table 14 Example of the number of samples required to assess the average MC for a 

population 
 

 
Standard deviation 
for the population 

 
Number1 of samples as a function of an accepted level of error for an average 

moisture content of 

 

 
±0.1% MC 

 

 
±0.5% MC 

 

 
±1% MC 

 

0.5 96 4 1 

1 384 15 4 

2 1,537 61 15 

3 3,457 138 35 
1 Confidence interval of 95%. 

 

Previous experience and taking a small test sample will help identify what sort of standard deviation to 

expect for the population you are dealing with.  Although sample size seems small when the standard 

deviation is 0.5% MC, it must be remembered that people targeting that small a variation in MC will also 

want to have an accurate estimate of the average.  If they want to estimate MC to within 0.1% of what the 

oven-dry MC would be, they will need to take 96 samples.  On the other hand, a softwood mill that 

experiences a larger standard deviation (i.e. 3%) would be content with achieving an accuracy of +/- 0.5% 

on their estimates.  The suggested sample size in both of these cases turns out to be quite similar. 

 

8.10 Factors to consider when interpreting statistical data 

It should be noted that certain factors affect the statistical concepts discussed above. 

 

The average is: 

o influenced by the value of each reading; 

o biased by the presence of extreme errors (high or low). It is therefore sensitive to the 

presence of inconsistent data; 
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o not representative if readings show too large a variation. 

 

The range is: 

o very sensitive to extreme errors (high or low). A single high or low reading will distort 

the range. It is therefore sensitive to the presence of inconsistent data.  

 

The standard deviation is: 

o influenced by the value of each reading; 

o biased by the presence of extreme errors (high or low). It is therefore sensitive to the 

presence of inconsistent data; 

o very useful in the case of a normal distribution. 

 

The coefficient of variation is 

o useful to compare trials with different averages. 

 

The proportion of pieces within a target range is 

o less affected by the presence of extreme errors (high or low). It is therefore less sensitive 

to the presence of inconsistent data. 

 

 

9 Conclusions and recommendations 
This report outlines basic procedures and adapted procedures for assessing the moisture content of wood 

in various states and at various stages of the manufacturing process. Following these procedures will 

reduce the risk of obtaining inaccurate assessments of moisture content. The procedures will also provide 

results, from the raw material to the finished product stage, that can be compared by the various 

stakeholders in the manufacturing process. 

 

The report also introduced several basic statistical concepts. Determining sampling techniques is a 

discipline in and of itself and cannot be fully covered in a publication like this. We recommend paying 

close attention to the selection of pieces and number of samples required for an accurate assessment of the 

moisture content.  “Off target” MC that is not detected will cause problems downstream at a point and 

time where significant value has been added to the material.  Conversely, “on target” material that is 

designated as “off target” results in needless waste of material and causes people to react to a problem 

situation that did not exist.  Errors in MC assessment can therefore be costly and the time and equipment 

to conduct thorough checks will pay off. 
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