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PREFACE

This third edition, prepared with a co-author, is, in essence, an expanded ver-
sion of the first edition (1967) of Forest Measurements. Emphasis is on tim-
berland inventory. Although the assessment of nontimber resources is not cov-
ered, it is relevant to note that the measurement principles and techniques
discussed in this book apply equally well to any inventory that involves timber
assessment, regardless of whether that inventory is conducted for timber, wild-
life, recreation, watershed, or other management objectives.

With an introductory text of this nature, the final arbiters of what should
and should not be included are the course instructors who adopt and use the
book for their classes. In accordance with this concept, the contents of this third
edition were determined largely through a detailed questionnaire sent to 113
forestry instructors in the United States and Canada. The overall response to
our mail survey, which included both professional and technician schools, was
nearly 60 percent.

Most of the respondents specifically requested a return to the first edition
format, and a majority also wanted to return to English units of measurement
rather than the metric units that characterized the second edition. This has
been done, although metric equivalents or examples are also given in some
instances. It is virtually impossible to give both systems equal treatment in
books of this nature, because many basic tree measurements are not directly
comparable in English and metric units. As of this writing, most organizations
and agencies in the United States are still strongly resisting the voluntary
(though inevitable?) changeover to the International System of Units.

New material found in this edition includes chapters on volumes and
weights of trees, 3P sampling, and growth and yield models. Those schools that
offer a two-course sequence in forest measurements may thus find that this
expanded text will serve for both courses. As with previous editions, we have
attempted to present the subject matter in a straightforward fashion that is
easily grasped by students. It is presumed that readers will have some back-
ground in algebra and plane trigonometry; a prior knowledge of basic statistics
and sampling methods will also be helpful, although elementary concepts are
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xvill PREFACE

reviewed herein. A knowledge of calculus, while not essential, will be useful for
some of the material. Explanations which assume a background in calculus are
placed in separate sections which can be omitted without loss of continuity.

In those occasional instances where masculine pronouns are used for suc-
cinctness, these pronouns are intended to refer to both males and females.

We would like to extend our thanks to those instructors in the United States
and Canada who responded to our mail questionnaire; it was your suggestions
that ultimately determined the contents of this book. We are also grateful to
the Literary Executor of the late Sir Ronald A. Fisher, F.R.S., to Dr. Frank
Yates, F.R.S., and to Longman Group Ltd., London, for permission to reprint
Appendix Table 6 (The distribution of #) from their book, Statistical Tables
for Biological, Agricultural, and Medical Research (6th Edition, 1974).

The following persons deserve special mention for providing illustrative
materials and/or reviewing certain sections of the book manuscript: James P.
Barrett, University of New Hampshire; John F. Bell, Oregon State University;
Thomas E. Burk, Virginia Polytechnic Institute and State University; Frank
Freese, U.S. Forest Service (retired); Ellis V. Hunt, Stephen F. Austin State
University; Timothy A. Max, U.S. Forest Service; Roy A. Mead, Virginia
Polytechnic Institute and State University; David P. Meador, Wayne Com-
munity College; Robert W. Neelands, U.S. Forest Service; Richard G. Oder-
wald, Virginia Polytechnic Institute and State University; David W. Robinson,
Oklahoma State University; Marion R. Reynolds, Virginia Polytechnic Insti-
tute and State University; and James L. Smith, Virginia Polytechnic Institute
and State University.

Finally, for on-the-job support, we wish to express our gratitude to our
administrative and professional colleagues at Texas A & M University and at
Virginia Polytechnic Institute and State University, respectively.

Thomas Eugene Avery
Harold E. Burkhart



CONTENTS

PREFACE

1 INTRODUCTION

1-1 PURPOSE OF BOOK
1-2 JUSTIFICATION FOR MEASUREMENTS
1-3 MEASUREMENT COST CONSIDERATIONS
1-4 ENGLISH VERSUS METRIC SYSTEMS
1-5 PREPARATION OF GRAPHS
1-6 PREPARATION OF TECHNICAL REPORTS
1-7 REVIEWS OF TECHNICAL LITERATURE
PROBLEMS
REFERENCES

2 LAND MEASUREMENTS

2-1 APPLICATIONS OF SURVEYING

2-2 PACING HORIZONTAL DISTANCES
2-3 CHAINING HORIZONTAL DISTANCES
2-4 METHODS OF TAPE GRADUATION
2-5 NOMENCLATURE OF THE COMPASS
2-6 MAGNETIC DECLINATION

2-7 ALLOWANCE FOR DECLINATION

2-8 USE OF THE COMPASS

Area Determination
2-9 A SIMPLE CLOSED TRAVERSE
2-10 GRAPHICAL AREA DETERMINATION
2-11 DOT GRIDS
2-12 PLANIMETERS
2-13 TRANSECTS
2-14 TOPOGRAPHIC MAPS

xvlii

O NNOOBNN - b -

©

10
11
1
12
13
15
15

16
16
17
17
18
19
19

vil



CONTENTS

Colonial Land Subdivision
2-15 METES AND BOUNDS SURVEYS

The U.S. Public Land Survey
2-16 HISTORY
2-17 THE METHOD OF SUBDIVISION
2-18 THE 24-MILE TRACTS
2-19 TOWNSHIPS
2-20 ESTABLISHMENT OF SECTIONS AND LOTS
2-21 SURVEY FIELD NOTES
2-22 MARKING LAND SURVEY LINES
PROBLEMS
REFERENCES

3 CUBIC VOLUME, CORD MEASURE,
AND WEIGHT SCALING

3-1 ABBREVIATIONS AND SYMBOLS

Cubic Volumes of Logs
3-2 LOGS, BOLTS, AND SCALING UNITS
3-3 LOG VOLUMES AND GEOMETRIC SOLIDS
3-4 COMMERCIAL SCALING BY THE CUBIC FOOT
3-5 INSCRIBED SQUARE TIMBERS

Measuring Stacked Wood and Chips
3-6 THE CORD
3-7 SOLID CONTENTS OF STACKED WOOD
3-8 AN IDEAL MEASURE
3-9 INVENTORIES OF CHIP PILES

Weight Scaling of Pulpwood
3-10 THE APPEAL OF WEIGHT SCALING
3-11 VARIATIONS IN WEIGHT
3-12 WOOD DENSITY AND WEIGHT RATIOS
3-13 ADVANTAGES OF WEIGHT SCALING
PROBLEMS
REFERENCES

4 LOG RULES AND SCALING PRACTICES

4-1 THE BOARD-FOOT ANOMALY

4-2 GENERAL FEATURES OF BOARD-FOOT LOG RULES

Derivation of Log Rules
4-3 MILL-TALLY LOG RULES
4-4 BOARD FOOT-CUBIC FOOT RATIOS
4-5 SCRIBNER LOG RULE

21
21

21
21
23
23
23
25
25
26
26
27

28
28

29
29
29
31
32

32
32
33
35
36

37
37
38
38
40
40
41

43

43
44

45
45
45
46



CONTENTS Ix

4-6 DOYLE LOG RULE 46
4-7 INTERNATIONAL LOG RULE 48
4-8 OVERRUN AND UNDERRUN 51
4-9 BOARD-FOOT VOLUME CONVERSIONS 52
Board-Foot Log Scaling 52

4-10 SCALING STRAIGHT, SOUND LOGS 52
4-11 LOG DEFECTS 53
4-12 BOARD-FOOT DEDUCTION METHODS 55
4-13 CULL PERCENT DEDUCTION METHODS 58
4-14 MERCHANTABLE VERSUS CULL LOGS 60
4-15 SCALING RECORDS 60
4-16 AUTOMATED LOG SCALING 60
Weight Scaling of Sawlogs 61

4-17 ADVANTAGES AND LIMITATIONS 61
4-18 VOLUME-WEIGHT RELATIONSHIPS FOR SAWLOGS 62
PROBLEMS 64
REFERENCES 65

5 MEASURING STANDING TREES 67
5-1 TREE DIAMETERS 67
5-2 DIAMETER AT BREAST HEIGHT FOR IRREGULAR TREES 69
5-3 MEASURING BARK THICKNESS 72
5-4 TREE DIAMETER CLASSES 73
5-5 UPPER-STEM DIAMETERS 73
Tree Heights 75

5-6 HEIGHT MEASUREMENT PRINCIPLES 75
5-7 MERRITT HYPSOMETER 76
5-8 TOTAL VERSUS MERCHANTABLE HEIGHTS 76
5-9 SAWLOG MERCHANTABILITY FOR IRREGULAR STEMS 77
5-10 TREE TALLIES 79
Tree Form Expressions 79

5-11 TAPER TABLES AND FUNCTIONS 79
5-12 FORM FACTORS AND QUOTIENTS 81
5-13 GIRARD FORM CLASS 82
5-14 IMPORTANCE OF FORM MEASUREMENTS 82
Tree Age 84

5-15 DEFINITIONS 84
5-16 AGE FROM ANNUAL RINGS 85
5-17 AGE WITHOUT ANNUAL RINGS 85
PROBLEMS 87

REFERENCES 88



X CONTENTS

6 VOLUMES AND WEIGHTS OF STANDING TREES 89
6-1 PURPOSE OF VOLUME AND WEIGHT TABLES 89
6-2 TYPES OF TREE VOLUME AND WEIGHT TABLES 90

Muitiple-Entry Volume Tables 90
6-3 FORM-CLASS VERSUS NON-FORM-CLASS TABLES 90
6-4 COMPILATION OF MESAVAGE-GIRARD FORM-CLASS TABLES 92
6-5 CONSTRUCTING MULTIPLE-ENTRY VOLUME TABLES 92
6-6 SELECTING A MULTIPLE-ENTRY VOLUME TABLE 96
6-7 ALLOWING FOR VARIOUS UTILIZATION STANDARDS 97
6-8 TREE VOLUMES FROM TAPER EQUATIONS 98
6-9 INTEGRATING TAPER FUNCTIONS 99
Single-Entry Volume Tables 101
6-10 ADVANTAGES AND LIMITATIONS 101
6-11 CONSTRUCTING A SINGLE-ENTRY TABLE FROM
MEASUREMENTS OF FELLED TREES 102
6-12 CONSTRUCTION FROM A MULTIPLE-ENTRY TABLE 105
Tree Weight Tables 109
6-13 FIELD TALLIES BY WEIGHT 109
6-14 WEIGHT TABLES FOR TREE BOLES 109
6-15 BIOMASS TABLES 110
PROBLEMS 112
REFERENCES 112

7 SPECIALTY WOOD PRODUCTS 115

7-1 SPECIALTY PRODUCTS DEFINED 115

Veneer Logs 115
7-2 SIZE AND QUALITY STANDARDS 115
7-3 COMPUTING YIELDS FROM VENEER LOGS 116

Products Purchased In Individual Units 117
7-4 POLES AND PILING 117
7-5 FENCE POSTS 118
7-6 RAILROAD TIES 120

Products Purchased in Bulk Form 121
7-7 MINE TIMBERS 121
7-8 STUMPS FOR THE WOOD NAVAL-STORES INDUSTRY 122
7-9 BOLTS AND BILLETS 122

7-10 FUEL WOOD 123



CONTENTS

Sales of Standing Timber
7-11 STUMPAGE VALUE
7-12 METHODS OF SELLING STANDING TIMBER
7-13 TIMBER-SALE CONTRACTS

PROBLEMS

REFERENCES

8 SAMPLING AND ESTIMATION

8-1 INTRODUCTION

8-2 ROUNDING OFF NUMBERS

8-3 BIAS, ACCURACY, AND PRECISION

8-4 RULES FOR CALCULATING PROBABILITIES

8-5 FACTORIAL NOTATION, PERMUTATIONS, AND COMBINATIONS

Statistical Concepts
8-6 NECESSITY FOR SAMPLING
8-7 POPULATIONS, PARAMETERS, AND VARIABLES
8-8 FREQUENCY DISTRIBUTIONS

Elementary Computations

8-9 MODE, MEDIAN, AND MEAN
8-10 THE RANGE AND AVERAGE DEVIATION
8-11 STANDARD DEVIATION
8-12 COEFFICIENT OF VARIATION
8-13 STANDARD ERROR OF THE MEAN
8-14 COMNFIDENCE LIMITS
8-15 SAMPLING INTENSITY
8-16 COVARIANCE
8-17 SIMPLE CORRELATION COEFFICIENT
8-18 EXPANSION OF MEANS AND STANDARD ERRORS
8-19 EFFECT OF PLOT SIZE ON VARIABILITY

Common Sampling Designs
8-20 THE SAMPLING FRAME
8-21 SIMPLE RANDOM SAMPLING
8-22 SYSTEMATIC SAMPLING
8-23 STRATIFIED RANDOM SAMPLING
8-24 PROPORTIONAL ALLOCATION OF FIELD PLOTS
8-25 OPTIMUM ALLOCATION OF FIELD PLOTS
8-26 RELATIVE EFFICIENCIES OF SAMPLING PLANS

Simple Linear Regression
8-27 DEFINITIONS
8-28 A LINEAR EQUATION

xi

124
124
125
126
128
128

130

130
130
131
131
132

133
133
134
135

135
135
136
137
138
138
139
141
143
143
144
144

147
147
148
150
150
151
152
154

155
155
156



CONTENTS

8-29 A SAMPLE PROBLEM
8-30 INDICATORS OF FIT
8-31 REGRESSION THROUGH THE ORIGIN
8-32 HAZARDS OF INTERPRETATION
PROBLEMS
REFERENCES

9 INVENTORIES WITH SAMPLE STRIPS OR PLOTS

9-1 INTRODUCTION
9-2 CLASSES OF TIMBER SURVEYS
9-3 RENEWABLE RESOURCES EVALUATION

Special Inventory Considerations
9-4 METHODS OF TALLYING TIMBER
9-5 TREE-DEFECT ESTIMATION
9-6 THE COMPLETE TREE TALLY
9-7 ORGANIZING THE COMPLETE TREE TALLY
9-8 TIMBER INVENTORY AS A SAMPLING PROCESS

Strip System of Cruising
9-9 STRIP-CRUISE LAYOUT
9-10 COMPUTING TRACT ACREAGE FROM SAMPLE STRIPS
9-11 FIELD PROCEDURE FOR STRIP CRUISING
9-12 PROS AND CONS OF STRIP CRUISING

Line-Plot System of Cruising
9-13 THE TRADITIONAL APPROACH
9-14 SAMPLING INTENSITY AND DESIGN
9-15 CRUISING TECHNIQUES
9-16 BOUNDARY OVERLAP
9-17 MERITS OF THE PLOT SYSTEM

Summaries of Cruise Data
9-18 STAND AND STOCK TABLES
9-19 TIMBER VOLUMES FROM STUMP DIAMETERS

Use of Permanent Sample Plots
9-20 CRITERIA FOR INVENTORY PLOTS
9-21 SAMPLE UNITS: SIZE, SHAPE, AND NUMBER
9-22 FIELD-PLOT ESTABLISHMENT
9-23 FIELD-PLOT MEASUREMENTS
9-24 PERIODIC REINVENTORIES
PROBLEMS
REFERENCES

157
159
160
161
162
162

164

164
164
165

166
166
166
167
168
168

169
169
169
170
171

172
172
173
174
175
176

177
177
177

178
178
179
179
180
181
182
183



10 INVENTORIES WITH POINT SAMPLES

10-1 THE CONCEPT OF POINT SAMPLING
10-2 SELECTING A SIGHTING ANGLE
10-3 PLOT RADIUS FACTOR

How Point Sampling Works
10-4 IMAGINARY TREE ZONES
10-5 EQUALITY OF TREES ON A PER-ACRE BASIS

Instruments for Point Sampling

10-6 THE STICK-TYPE ANGLE GAUGE

10-7 THE SPIEGEL RELASCOPE

10-8 THE WEDGE PRISM

10-9 CALIBRATION OF PRISMS OR ANGLE GAUGES
10-10 CORRECTIONS FOR SLOPE
10-11 DOUBTFUL TREES, LIMITING DISTANCES, AND BIAS
10-12 BOUNDARY OVERLAP
10-13 CHOICE OF INSTRUMENTS

Volume Calculations
10-14 EXAMPLE OF COMPUTATIONAL PROCEDURES
10-15 BASAL AREA PER ACRE
10-16 TREES PER ACRE
10-17 VOLUME PER ACRE BY THE STAND-TABLE METHOD
10-18 VOLUME PER ACRE BY THE VOLUME/BASAL-AREA
RATIOS APPROACH
10-19 FIELD TALLY BY HEIGHT CLASS

Point-Sample Cruising Intensity
10-20 COMPARISONS WITH CONVENTIONAL PLOTS
10-21 NUMBER OF SAMPLING POINTS NEEDED
10-22 POINT SAMPLES VERSUS PLOTS
10-23 ATTRIBUTES AND LIMITATIONS

PROBLEMS

REFERENCES

11 INVENTORIES WITH 3P SAMPLING

11-1 INTRODUCTION
11-2 COMPONENTS OF 3P INVENTORY

How 3P Is Applied
11-3 TIMBER SALE EXAMPLE
11-4 PRELIMINARY STEPS

CONTENTS

185

185
185
186

187
187
188

189
189
190
190
191
193
194
196
196

197
197
197
197
198

199
200

202
202
202
202
203
203
205

206

206
206

208
208
208



xiv

CONTENTS

11-5 FIELD PROCEDURE
11-6 SAMPLE-TREE MEASUREMENT
11-7 3P COMPUTATIONS
11-8 NUMERIC EXAMPLE

Extensions, Attributes, and Limitations of
Basic 3P Sampling
11-9 EXTENSIONS OF BASIC 3P SAMPLING
11-10 ATTRIBUTES AND LIMITATIONS OF 3P SAMPLING
PROBLEMS
REFERENCES

12 USING AERIAL PHOTOGRAPHS

12-1 PURPOSE OF CHAPTER

12-2 TYPES OF AERIAL PHOTOGRAPHS

12-3 BLACK-AND-WHITE AERIAL FILMS

12-4 COLOR AERIAL FILMS

12-5 SEASONS FOR AERIAL PHOTOGRAPHY

12-6 ALIGNING PRINTS FOR STEREOSCOPIC STUDY

Cover-Type ldentification and Mapping
12-7 FOREST TYPE RECOGNITION
12-8 IDENTIFYING INDIVIDUAL SPECIES
12-9 TIMBER TYPE MAPS
12-10 RESOURCE INFORMATION SYSTEMS

Basic Measurements
12-11 DETERMINING PHOTOGRAPHIC SCALES
12-12 USING PHOTOS FOR FIELD TRAVEL
12-13 MEASURING HEIGHTS BY PARALLAX
12-14 PARALLAX MEASURING DEVICES
12-15 TREE-CROWN DIAMETERS
12-16 INDIVIDUAL-TREE VOLUMES
12-17 AERIAL STAND-VOLUME TABLES
12-18 CROWN CLOSURE
12-19 STAND-VOLUME ESTIMATES
12-20 ADJUSTING PHOTO VOLUMES BY FIELD CHECKS

Obtaining Aerial Photographs
12-21 THE OPTIONS
12-22 PHOTOGRAPHY FROM COMMERCIAL FIRMS
12-23 PHOTOGRAPHY FROM THE U.S. GOVERNMENT
12-24 PHOTOGRAPHY FROM THE CANADIAN GOVERNMENT

210
21
212
213

215

215
216
216
217

219

219
219
220
222
222
223

224
224
226
227
227

228
228
229
230
230
232
233
234
235
237
237

238
238
238
238
239



CONTENTS XV

12-25 TAKING YOUR OWN PICTURES 239
12-26 CONTRACTING FOR NEW PHOTOGRAPHY 242
PROBLEMS 242
REFERENCES 243
13 SITE, STOCKING, AND STAND DENSITY 245
13-1 THE CONCEPT OF SITE 245
13-2 EVALUATIONS OF SITE 245
13-3 FIELD MEASUREMENT OF SITE INDEX 248
13-4 CONSTRUCTION OF SITE-INDEX CURVES 249
13-5 LIMITATIONS OF SITE INDEX 251
Stocking and Stand Density 252
13-6 DEFINITIONS 252
13-7 MEASURES OF STOCKING 252
13-8 BASAL AREA PER ACRE 253
13-9 TREES PER ACRE 253
13-10 STAND-DENSITY INDEX 253
13-11 CROWN COMPETITION FACTOR 255
PROBLEMS 256
REFERENCES 258
14 TREE-GROWTH AND STAND-TABLE PROJECTION 260
14-1 INCREASES IN TREE DIAMETER 260
14-2 INCREASES IN TREE HEIGHT 260
14-3 PERIODIC AND MEAN ANNUAL GROWTH 261
14-4 PAST GROWTH FROM COMPLETE STEM ANALYSIS 262
14-5 TREE GROWTH AS A PERCENTAGE VALUE 264
14-6 PREDICTIONS OF TREE GROWTH 265
14-7 FUTURE YIELDS FROM GROWTH PERCENTAGE 265
14-8 GROWTH PREDICTION FROM DIAMETER
AND HEIGHT INCREASES 266
Stand-Table Projection 268
14-9 COMPONENTS OF STAND GROWTH 268
14-10 CHARACTERISTICS OF STAND-TABLE PROJECTION 268
14-11 DIAMETER GROWTH 269
14-12 STAND MORTALITY AND INGROWTH 270
14-13 A SAMPLE STAND PROJECTION 271
PROBLEMS 273

REFERENCES 273



xvi

CONTENTS

15 GROWTH AND YIELD MODELS

15-1 INTRODUCTION

15-2 GROWTH AND YIELD RELATIONSHIPS

15-3 MATHEMATICAL RELATIONSHIPS BETWEEN GROWTH
AND YIELD

Growth and Yield Models for Even-Aged Stands
15-4 NORMAL YIELD TABLES
15-5 EMPIRICAL YIELD TABLES
15-6 VARIABLE-DENSITY GROWTH AND YIELD EQUATIONS
15-7 SIZE-CLASS DISTRIBUTION MODELS
15-8 EXAMPLE OF COMPUTATIONS FOR SIZE-CLASS
DISTRIBUTION MODEL
15-9 INDIVIDUAL-TREE MODELS

Growth and Yield Models for Uneven-Aged Stands
15-10 DIFFICULTIES IN MODELING UNEVEN-AGED STANDS
15-11 GROWTH AND YIELD EQUATIONS
15-12 SIZE-CLASS DISTRIBUTION MODELS
15-13 INDIVIDUAL-TREE MODELS

Applying Growth and Yield Models

15-14 CHOOSING AN APPROPRIATE GROWTH AND YIELD MODEL

15-15 A WORD OF CAUTION
PROBLEMS
REFERENCES
APPENDIX TABLES

INDEX

275

275
276

277

278
278
280
280
285

287
295

298
298
298
300
302

303
303
303
304
305

309

325



CHAPTER

INTRODUCTION

1-1 Purpose of Book This book is intended for introductory courses in
forest measurements. Although a “how-to-do-it” approach is employed, there
are still many measurement problems for which no satisfactory solutions exist.
Furthermore, there is room for considerable improvement in currently
employed techniques and instruments. During recent years, new ideas have
been responsible for such practices as weight scaling of wood, 3P sampling,
and adaptation of electronic computers to mensurational problems. To a large
degree, however, we are still measuring timber volumes, tree form, growth, cull
factors, and mortality much as foresters did 5 decades ago. The continued need
for personnel with imagination and inventiveness is clearly apparent.

1-2 Justification for Measurements Organizations that depend on wood
as a raw material often have large capital investments in land and standing
timber. Periodic inventories of these lands are required for tax records, for jus-
tification of various forest management expenditures, and for determining the
amount and quality of wood available for utilization. Some inventories are con-
cerned with plantation survival counts, some with wood stockpiles and land
appraisal, and still others with studies of tree growth or site evaluation.

Forest inventories and measurement of cut-wood products are justified pri-
marily as conveniences in making purchases and sales, or as aids in formulating
timber management plans. When log scaling is relied upon as a basis for a
business transaction, it is recognized that the estimate of board-foot volume is
less accurate than that obtained from a tally of sawed lumber. However, it is

1



2 FOREST MEASUREMENTS

equally obvious that each truckload of logs cannot be individually tagged,
sawed, and tallied when scores of such transactions are involved daily. Fur-
thermore, payments to some wood suppliers might be delayed for weeks until
their logs had been processed. The convenience and continued application of
such activities as log scaling are thus established.

1-3 Measurement Cost Considerations In almost all resource invento-
ries, cost factors are of primary importance; the forester must continually seek
out more efficient methods for counting, measuring, and appraisal. The basic
objective of most inventories is to obtain an estimate of acceptable statistical
precision for the lowest possible expenditure. To achieve this objective requires
a sound knowledge of sampling methods, because once the specific needs of
management have been determined, the resource inventory becomes essentially
a sampling problem.

The measurement of various resource parameters adds no real value to the
materials or benefits being assessed; therefore, such measurements are
regarded as service functions rather than control functions. Measuring tech-
niques must be subordinate to the productive or beneficial phases of an oper-
ation, for the operation itself cannot be modified just to accommodate an inven-
tory requirement. For example, every visitor to a crowded public campground
cannot be delayed and required to complete a detailed questionnaire on rec-
reational preferences—nor can a sawmill be shut down in order to measure or
weigh a recent delivery of logs. Instead, an appropriate sampling scheme must
be designed and employed to obtain the essential resource measurements with-
out disrupting normal activities.

It is an obvious though commonly overlooked fact that the amount expended
for a given inventory task should be geared to the value of the products or
services being measured. Also, the nearer one approaches the finished product
or ultimate benefit, the greater can be the allowable cost of measurement. Thus
the measurement of high-quality black walnut trees, which may be worth sev-
eral thousand dollars each, justifies a much greater unit expense than the
assessment of small pine trees for pulpwood (Fig. 1-1). Similarly, the value of
finished lumber warrants a greater inventory cost than the scaling of logs, The
forest manager who becomes “cost conscious” early in his career has an attrib-
ute that will be highly respected by his employer.

1-4 English versus Metric Systems In spite of its obvious complexities
and disadvantages, the English system persists as the primary basis for mea-
surements in the United States. The more logical metric system, devised and
adpoted in France around 1790, has gained limited acceptance in scientific
research, but foresters are still surveying by feet and acres rather than meters
and hectares. Bills requiring universal adoption of the metric system have been



