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Skills Essential for the Successful Completion of the Forest Measurements Section of the 

MSU Forestry Summer Field Program 

Community College students who transfer to the MSU Forestry program are expected to enroll in 

the Summer Field Program course, FO3015, during the summer immediately after they transfer. 

To successfully complete this course, students must have had a course in basic Statistics and a 

course in Forest Measurements. The Forest Measurements course must cover content that is 

similar to that covered in the Forest Measurements course at MSU. The MSU Forest 

Measurements course outline is given in Appendix I. The following is a summary of the essential 

skills: 

A. General Skills 

 Report writing 

 Use of Microsoft Word to write and edit text and Tables 

 Use of the functionalities in Microsoft Excel. At a minimum - sum, average, sort, 

use of the formula function, producing and editing graphs 

 Basic algebra and arithmetic – add, subtract, multiply, divide, and their order of 

operation 

 

B. Basic Statistics and Linear Regression 

 Calculate: 

o Mean 

o Variance 

o Standard Deviation 

o Coefficient of Variation 

o Standard Error of a mean 

o Confidence Interval of a mean 

 Do a linear regression to estimate the coefficients of an equation of the form 

𝑌 = 𝑏0 + 𝑏1𝑋 

where 𝑏0 and 𝑏1 are the coefficients 

Useful basic Statistics and Regression formulas are given in Appendix II. 
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C. Forest Land Measurement 

 Map reading and interpretation 

 Map scale representation and calculation 

 Area estimation from maps and aerial photographs 

 Estimating area and precision of the area estimate from a closed traverse - Use of 

the Double Meridian Distance (DMD) method 

 General Land Office (GLO) description of land tracts 

Useful formulas are given in Appendix III. 

 

D. Individual Tree Measurement 

 Calculate for a given tree: 

o Error in height measurement 

o Girard Form Class 

o Bark ratio and inside bark diameter (DIB) 

o Basal Area 

o Cubic foot or Board foot volume using: 

 Huber’s, Smalian’s, or Newton’s cubic foot volume formulas 

 Doyle, Scribner, or International board foot volume formulas  

 A volume equation 

Some of the useful formulas are given in Appendix III. 

 

E. Measurement of Forest Stands 

 Calculate site index from a site index equation 

 Knowledge of sampling techniques for estimating stand level attributes e.g. 

number of trees and volume of timber in a stand 

o Strip cruise 

o Plot cruise 

o Point cruise 
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 Construct stand and stock tables

 Calculate sampling error

 Calculate quadratic mean diameter of a stand

 Do a stand table projection

Some of the useful formulas are given in Appendix IV. 

Further information can be found on the MSU Forestry Courses website at 

http://www.cfr.msstate.edu/students/forestrypages/fo2213.asp  and 

http://www.cfr.msstate.edu/students/forestrypages/fo3015.asp 

If you have any questions, please contact: 

Joshua J. Granger

Department of Forestry 

775 Stone Blvd.

P.O. Box 9681

Mississippi State, MS 39762

Office: (662)325-0596

Email: joshua.j.granger@msstate.edu

http://www.catalog.msstate.edu/undergraduate/collegesanddegreeprograms/collegeofforestresources/departmentofforestry/#coursestext
http://www.catalog.msstate.edu/undergraduate/collegesanddegreeprograms/collegeofforestresources/departmentofforestry/#coursestext
mailto:charles.sabatia@msstate.edu
mailto:joshua.j.granger@msstate.edu


Appendix I 

 

Outline of the MSU Forest Measurements Course 
 

 Introduction to Forest Measurements 

 Fundamentals of Forest Measurements 

 Land Measurements – Horizontal Distances 

 Land Measurements – Bearings and Azimuths 

 Land Measurements – Maps and Scales 

 Land Measurements – Area Determination 

 Land Measurements – The GLO Land Subdivision System 

 Tree Height, Diameter, and Crown Measurements; Age Determination 

 Tree Cubic Foot Volume Determination 

 Tree Board Foot Volume Determination 

 Tree Biomass Determination 

 Volume Tables; Tree Volume and Biomass Functions 

 Application of Simple Linear Regression to Tree Measurement Problems: Volume Equations, 

Biomass Equations 

 Application of Simple Linear Regression to Tree Measurement Problems: Volume Table 

Construction, DIB-DOB Relationship, DBH-BA Growth Relationship 

 Application of Simple Linear Regression to Tree Measurement Problems: Height – DBH 

Equations 

 Forest Stand Level Measurements 

 Stand Density Measurements 

 Site Index Curves and Equations 

 Site Index Curve Construction 

 Introduction to Forest Inventory 

 Statistical Methods Applied to Forest Inventory 

 Forest Inventory With Fixed Area Plots: Stand & Tract Estimates 

 Forest Inventory With Fixed Area Plots: Stand & Stock Tables  

 Forest Inventory With Variable Area Plots: Stand & Tract Estimates 

 Forest Inventory With Variables Area Plots: Stand & Stock Tables  

 Forest Inventory Using Strips 

 Forest Inventory With Point Samples: Concepts & Nomenclature 

 Forest Inventory With Point Samples: Implementation 

 Forest Inventory With Point Samples: Stand & Stock Tables 

 Forest Inventory: Sample Size Determination 

 Forest Inventory: Stratification 

 Forest Inventory: Stratification Computations 

 Stand Table Projection: Concept and Implementation 

 Stand Table Projection: Computations 

 Conducting a Forest Inventory – Planning & Implementation 

 Conducting a Forest Inventory – Computations & Reporting 

 Application of  Computing & Geospatial Technology to Forest Inventory Problems: An Overview
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Basic Statistics and Linear Regression Formulas 
 

Basic Statistics 

Given n observations x1, x2, …, xn; 

1. Mean (𝑥̅) 

𝑥̅ =  
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
 

 

2. Variance (s
2
) 

𝑠2 =  
∑ 𝑥𝑖

2𝑛
𝑖=1 −

(∑ 𝑥𝑖
𝑛
𝑖=1 )2

𝑛
𝑛 − 1

 

 

3. Standard Deviation (s) 

𝑠 = √𝑠2 

 

4. Coefficient of Variation (CV) 

 

𝐶𝑉 =
𝑠

𝑥̅
 

 

𝐶𝑉% = 𝐶𝑉 × 100 
 

5. Standard error of the mean (𝑠𝑥̅) 

 

𝑠𝑥̅ = √
𝑠2

𝑛
 

 

 

6. Confidence interval of a mean (CI) 

 

𝐶𝐼 = 𝑥̅ ± 𝑡(𝛼,   𝑑𝑓) × 𝑠𝑥̅ 

 

where 𝑡(𝛼,   𝑑𝑓) is the value of the t statistical 

distribution (see Appendix V) for an α % 

significance level and df, where df = n-1, 

number of degrees of freedom. The 

confidence interval is described as the (1- 𝛼) 

% confidence interval. 

Linear Regression 

Given n dependent observations y1, y2, …, yn 

and n independent observations  x1, x2, …, xn 

that can be related by a linear equation of 

the form  

𝑦𝑖 = 𝑏0 + 𝑏1𝑥𝑖; 

𝑏1 =
𝑆𝑃𝑥𝑦

𝑆𝑆𝑥
  

 

and 

 

𝑏0 = 𝑦̅ − 𝑏1𝑥̅ , 

 

 

where 

 

𝑆𝑃𝑥𝑦 = ∑ 𝑥𝑖𝑦𝑖

𝑛

𝑖=1
−

(∑ 𝑥𝑖)
𝑛
𝑖=1 (∑ 𝑦𝑖)

𝑛
𝑖=1

𝑛
 

 

and 

 

𝑆𝑆𝑥 = ∑ 𝑥𝑖
2

𝑛

𝑖=1

−
(∑ 𝑥𝑖

𝑛
𝑖=1 )2

𝑛
 

 

 

Computing R
2
 of the regression 

  

𝑅2 =
𝑅𝑆𝑆

𝑇𝑆𝑆
 

 

where 𝑅𝑆𝑆 = 𝑏1 × 𝑆𝑃𝑥𝑦 

 

and  

 

𝑇𝑆𝑆 = 𝑆𝑆𝑦 = ∑ 𝑦𝑖
2

𝑛

𝑖=1

−
(∑ 𝑦𝑖

𝑛
𝑖=1 )2

𝑛
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Land and Individual Tree Measurement Formulas 
 

Land Measurement 

Closed traverse area calculation by the 

DMD method:  

  

 
 

where: 

Dep is departure 

Lat is latitude 

DepAdj is adjusted departure 

LatAdj is adjusted latitude    

Acc.Dep is Accumulated departure 

Acc.Lat is Accumulated latitude 

 

𝐴𝑟𝑒𝑎 =
𝐷𝑜𝑢𝑏𝑙𝑒𝐴𝑟𝑒𝑎

2
 

 

 

Individual Tree Measurement 

1. Bark Ratio =  𝟏 −
𝐃𝐁𝐇𝐢𝐛

𝐃𝐁𝐇𝐨𝐛
 

where DBHib = DBHob − (2 × BT)  

 

2. Girard Form Class (FCg) 

 

𝐅𝐂𝐠 =
𝐃𝐈𝐁@𝟏𝟕′

𝐃𝐁𝐇
 if no allowance for trim 

and 

𝐅𝐂𝐠 =
𝐃𝐈𝐁@𝟏𝟕.𝟑′

𝐃𝐁𝐇
 with a 0.3 ft trim 

allowance 

 

3. Log cubic foot volume 

Huber’s Formula 

𝑉 = 𝐴0.5 × 𝐿  

 

Smalian’s Formula 

𝑉 =
𝐴𝐿𝐸 + 𝐴𝑆𝐸

2
× 𝐿 

 

Newton’s Formula 

𝑉 =
𝐴𝐿𝐸 + 4𝐴0.5 + 𝐴𝑆𝐸

6
× 𝐿 

where 

 ALE is the large end section area, ASE is the 

small end section area, A0.5 is the section 

area at half the log length, and L is the log 

length 

 

4. Board foot volume 

 
where D is the log scaling diameter
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Formulas for Measurement of Forest Stands 
 

Sample size (n) determination 

1. Finite population 

𝑛 =
1

1
𝑁 + (

𝐴𝑆𝐸%
𝑡(𝛼,   𝑑𝑓) × 𝐶𝑉%)

2 

 

2. Infinite population 

 

𝑛 = (
𝑡(𝛼,   𝑑𝑓) × 𝐶𝑉%

𝐴𝑆𝐸%
)

2

 

 

where: 

𝑡(𝛼,   𝑑𝑓) is the value of the t statistical 

distribution (see Appendix V) for an α % 

significance level and df, where df = ∞ 

 

CV% is the percent  coefficient of variation 

 

ASE% is the percent allowable sampling 

error 

 

 

Strip Cruise 

1. Percent Nominal Cruise Intensity (NC%) 

𝑁𝐶% =
𝑆𝑡𝑟𝑖𝑝 𝑊𝑖𝑑𝑡ℎ

𝑆𝑡𝑟𝑖𝑝 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙
× 100 

 

2. Actual Cruise Percentage (AC%) 

𝐴𝐶% =
𝐴𝑐𝑟𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑆𝑡𝑟𝑖𝑝

𝐴𝑐𝑟𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑇𝑟𝑎𝑐𝑡
× 100 

 

3. Per Acre Expansion Factor (EF) 

𝐸𝐹 =
100%

𝐴𝐶%
=

𝐴𝑐𝑟𝑒𝑠 𝑖𝑛 𝑇𝑟𝑎𝑐𝑡

𝐴𝑐𝑟𝑒𝑠 𝑖𝑛 𝑆𝑡𝑟𝑖𝑝
 

 

 

Plot Cruise 

1. Radius of a circular plot (in ft) 

𝑅𝑎𝑑𝑖𝑢𝑠 = √
43 560 × 𝑃𝑙𝑜𝑡 𝐴𝑟𝑒𝑎

𝜋
 

 

2. Acres to be sampled (Sample Area) 

𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑟𝑒𝑎 = 𝐷𝑁𝐶% × 𝑇𝑟𝑎𝑐𝑡 𝐴𝑟𝑒𝑎  

where DNC% is the desired nominal cruise 

intensity 

 

3. Number of Acres represented by 1 

sample plot (Rep Acres) 

𝑅𝑒𝑝 𝐴𝑐𝑟𝑒𝑠 =
𝑇𝑟𝑎𝑐𝑡 𝐴𝑟𝑒𝑎

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑙𝑜𝑡𝑠
 

 

4. Per Acre Expansion Factor (EF) 

𝐸𝐹 =
1

𝑃𝑙𝑜𝑡 𝐴𝑟𝑒𝑎
 

 

 

Point Cruise 

1. A tree’s plot Area (in acres) 

𝑃𝑙𝑜𝑡 𝑠𝑖𝑧𝑒 𝑓𝑜𝑟 𝑡𝑟𝑒𝑒 =
0.005454 × 𝐷𝐵𝐻2

𝐵𝐴𝐹
 

where BAF is the prism’s basal area factor 

 

2. Plot Radius Factor (PRF) 

𝑃𝑅𝐹 =
8.696

√𝐵𝐴𝐹
 

 

3. Per Acre Expansion Factor (EF) 

𝐸𝐹 =
1

𝑃𝑙𝑜𝑡 𝑠𝑖𝑧𝑒 𝑓𝑜𝑟 𝑡𝑟𝑒𝑒
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Formulas for Measurement of Forest Stands 
 

 

Sampling Error 

For a cruise on n strip segments, sample 

plots, or sample points; 

Percent Sampling Error (SE%) 

𝑆𝐸% = (
𝑡(𝛼,   𝑑𝑓) × 𝑠𝑉̅

𝑉̅
) × 100 

 

where 

 𝑡(𝛼,   𝑑𝑓) is the value of the t statistical 

distribution (see Appendix V) for an α % 

significance level and df, where df = n-1, 

number of degrees of freedom 

 

𝑉̅ is the mean value (based on the n 

observations) of the stand attribute e.g. 

volume 

 

𝑠𝑉̅ is the standard error of the mean stand 

attribute 
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Table of Probabilities for the t-Distribution 
 

 


