
INTRODUCTION 
 A knowledge of the elements of land measurement is important to resource managers.  Surveying is making 
field measurements that are used to determine the lengths and directions of lines on the earth's surface.  If a survey 
covers such a small area that the earth's curvature may be disregarded, it is termed plane surveying.  For larger 
regions, where the curvature of the earth must be considered, geodetic surveys are required.  For this class, we will 
be concerned with plane surveying - the measurement of distances and angles, the location of boundaries, and the 
estimation of areas. 
 
UNITS OF MEASUREMENT 
 Land measurement involves the determination of length, elevation, area, volume, and angles, all of which 
require a standard unit.  Two common systems of unit measurement include the English system (feet) and the 
International System of Units (SI) (meters).   
English versus Metric Systems 
 In spite of its disadvantages, the English system persists as the primary basis of measurements in the United 
States.  For this course, you are expected to be familiar with both systems of measurement. 
 
Linear Measure 

1 rod = 1 pole = 1 perch = 16.5 feet = 5.5 yards 
1 Gunter's chain = 66 feet = 100 links = 4 rods = 23.76 varas 
1 mile = 5280 feet = 80 chains = 320 rods = 1900.8 varas* 
1 Texas vara = 33.3333 inches = 2.7778 feet = 4.2088 links 
 To convert varas to feet, divide by 0.36 
 To convert feet to varas, multiply by 0.36 
36 Texas varas = 100 feet 
5802.4 varas = 1 league (U.S.) 
5000.0 varas = 1 league (Texas) 
1 meter = 39.37 inches = 3.2808 feet* 
  To convert feet to meters, multiply by 0.3048 
  To convert meters to feet, divide by 0.3048 
1 inch = 2.54 centimeters* 
 
*You are responsible for those items that are marked. 

 
Area Measure 

1 square foot = 144 square inches = 0.1296 square varas 
1 square yard = 9 square feet = 1296 square inches 
1 square vara = 7.716 square feet     
           To convert square varas to acres, multiply by 0.000177 
            To convert acres to square varas, divide by 0.000177 
          (Both yield approximations) 
1 acre = 10 square chains = 43560 square feet = 4840 square yards* 
            = 160 square rods = 5645.37 square varas 
1 square mile = 640 acres = 1 section (Public Land Survey) 
1,000,000 square varas = 1 labor = 177.136 acres 
1 league = 1 sitio = 25,000,000 square varas = 4428.40 acres 
5 leagues or sitios = 1 hacienda 
1 centare = 1 square meter 
1 are = 100 square meters 
1 hectare = 100 ares = 10,000 square meters = 2.471 acres* 
           To convert acres to hectares, divide by 2.471 
           To convert hectares to acres, multiply by 2.471 
 
*You are responsible for the items that are marked. 

 



Special Conversions 
To convert square feet of basal area per acre to square meters per hectare, multiply by 0.2296 or 0.23.  To convert 
square meters per hectare to square feet per acre, divide by 0.2296 or 0.23.  Number of stems per acre multiplied by 
2.471 = number of stems per hectare.  Other useful conversions: 
 

English units to metric system 
1 in. or 1000 mils                = 2.5400 cm 
1 ft or 12 in.                    = 30.4800 cm 
1 yd or 3 ft                       = 0.9144 m 
1 U.S. statute mile or 5280 ft  = 1.6093 km 
1 acre or 43,560 sq ft           = 0.4047 ha 
1 cu ft or 1728 cu in.           = 0.0283 cu m  
 
Metric system to English units 
1 cm or 10 mm                    = 0.3937 in 
1 dm or 10 cm                     = 3.9370 in 
1 m or 10 dm                      = 39.3700 in 
1 km or 1000 m                   = 0.6214 U.S. statute mile 
1 ha or 10,000 sq m                = 2.4710 ac 
1 cu m or 1,000,000 cu cm      = 35.3147 cu ft 
 

Significant Figures 
 Measurement precision in land measurement is limited to a fixed number of significant figures; that is, the 
number of digits in the measured value that can be stated with reasonable certainty.  Significant figures are counted 
from left to right, beginning with first nonzero digit; thus, in a decimal figure smaller that 1.0, all digits between the 
decimal point and the first nonzero digit are not significant.  Zeros at the end of a decimal number are significant.  
Example: 
 

 393.069 has 6 significant figures. 
 16.0008 has 6 significant figures. 
 0.0005300 has four significant figures. 
 9.0 has 2 significant figures. 

Rounding 
 Most of us are familiar with the rounding rule that if a digit is greater than 5, round up; if it is less than 5, 
round down.  A problem arises when the digit is exactly 5.  Most people would round up in this case.  In surveying, 
such a technique would result in a systematic error (bias upward).  To avoid this, a convention used by surveyors 
will compensate rather than accumulate in making measurements.   Rule:  if the digit beyond the digit being rounded 
is exactly 5, round to make the preceding digit even.  Example: 
 

The value 0.023945, rounded to 4 significant figures, is 0.02394;  the value 26.75, rounded to 3 
significant figures, is 26.8.  Note that the first case is rounded down, the second is rounded up. 

 
Accuracy and Precision 
 Most people tend to use "accuracy" and "precision" interchangeably.  A very accurate measurement is one 
whose value is close to the true value (Note:  a problem with accuracy is that the true value of any measurement is 
rarely known).  A very precise measurement of something is one whose value lies very close to the average of a 
large number of repeated measurements of that same thing.   
 
LINEAR DISTANCES 
Pacing Horizontal Distances 
 Pacing is perhaps the simplest of all techniques for determining distances in the field.  Accurate pacing is 
an asset to the resource manager.  A pace is defined as the average length of 2 natural steps (a count is made each 
time the same foot touches the ground).   
Chaining Horizontal Distances 
 Two persons, a head chainman and a rear chainman, are needed for accurate measurement with a tape.  On 
level terrain, the chain can be stretched on the ground.  On rough terrain, plumb bobs may be used at each end to aid 



in accurate measurement of each interval.  Principal sources of error in chaining are (1) allowing the chain to sag 
instead of keeping it taut at the moment of measurement, (2) incorrect alignment (not keeping on proper compass 
bearing, (3) mistakes in counting segments being measured, and (4) reading or recording wrong numbers. 
Electronic Distance Measurement (EDM) 
 Tape measurement is slow and subject to a large number of errors.  An EDM provides accurate distance 
readings.  An EDM determines the round-trip distance between 2 points in terms of the number of wavelengths of 
modulated electromagnetic energy (light or microwave).   
 
DIRECTIONS 
Meridians, Azimuths, and Bearings 
Meridians - any great circle passing through the earth's north and south geographic poles.  True north is the direction 
of the geographic north pole along the true meridian.  True direction is always referenced to a true meridian.  
Longitude means how far west of the zero meridian.  The prime meridian passes through Greenwich, England. 
Azimuths - azimuths are comparable angles measured clockwise from due north, thus reading from 0° to 360°. 
Bearings - bearings are horizontal angles that are referenced to one of the quadrants of the compass (NE, SE, SW, or 
NW).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nomenclature of the Compass 
 A compass consists of a magnetized needle on a pivot point enclosed in a circular housing that is graduated 
in degrees.  Because the earth acts as a huge magnet, compass needles in the northern hemisphere point in the 
direction of the horizontal component of the magnetic field termed magnetic north.  If a sighting base is attached to 
the compass housing, it is then possible to measure the angle between the line of sight and the position of the needle.  
Such angles are referred to as magnetic bearings or azimuths. 



Magnetic Declination  
 In North America, correction may be required for either east or west declinations, the former when the 
north magnetic pole is east of true north and the latter when it is west of true north.  Points having equal declination 
are connected by lines known as isogons. The line of zero declination (no corrections required) is an agonic line.  
Declination varies from year to year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Allowance for Declination 
 In establishing or retracing property lines, angles should be recorded as true bearings or azimuths.  Some 
compasses allow declination to be set, thus, true readings may be recorded. 
Magnetic Disturbances  
 Local magnetic directions can be substantial in error due to fixed or variable disturbances in the local 
magnetic field.  Examples include powerlines, fence rows, or an automobile.   
Use of the Compass 
 In running a traverse, backsights (180°) should be taken to check all compass bearings.  When such 
backsights fail to agree with foresights, it is likely that some form of local attraction is present.  It may be necessary 
to shorten or prolong the bearing line in question so that a new turning point can be used.  To ensure precise 
compass readings, users should see that (1) the compass is perfectly level, (2) the sights are properly aligned, (3) the 
needle swings freely before settling, and (4) all readings are taken from the north end of the needle.  
 
COORDINATE SYSTEMS 
Grid Coordinates 
 Most of us are familiar with the Cartesian coordinate system.  With the grid system, the horizontal grid line 
going from west to east, is called the x-coordinate.  The vertical, going from south to north, is the y-coordinate.  
Because the lines make rectangles, surveyors speak of them as rectangular coordinates. 
Latitude and Longitude 
 If the world were flat, rectangular coordinates would serve all map purposes.  But with a globular world we 
develop a set of coordinates which fit it as well as possible.  The system of latitude and longitude is a circular 
coordinate system.  Any point on the globe is delineated on the north-south axis by a latitude coordinate and on the 
east-west axis by a longitude coordinate.  Both coordinates are measured in degrees, minutes, and seconds. 
Universal Transverse Mercator (UTM) Coordinate System 
 The Universal Transverse Mercator (UTM) Coordinate System is a worldwide rectangular coordinate 
system used to locate a point on the earth's surface.  UTM coordinates are not continuos over the entire globe.  UTM 
coordinates consist of two 7-digit numbers, with units in meters.  The numbers increase as one moves east and north. 
 
State Plane Coordinate System 
 The State Plane-Coordinate System is a rectangular coordinate system.   Each state has it own separate 
coordinate system with geodetic controls.  Coordinates are measured in feet. 
AREA DETERMINATION 
Traverse 



 The most reliable property corner or point of interest is selected as a starting point.  The traverse may be 
run clockwise or counterclockwise around the tract from this origin.  Backsights and frontsights should be taken on 
each line as well as distances.  Upon completion of the traverse, interior angles should be computed.  If bearings 
have been properly read and recorded, the sum of all interior angles should be equal to (n-2)*180°, where n is the 
number of sides in the traverse.  At this point, the tract area can be computed using any of the following methods: 
 

DMD (Double Meridian Distance) 
DPD (Double Parallel Determination) 
Rectangular Coordinates 

 
Procedures on the actual calculations are included in the back of this chapter. 
Graphical Area Determination 
 If a compass traverse is plotted at a given scale on grid paper, the amount of actual area per grid can be 
calculated.  The total acreage is determined by counting all small squares enclosed.  Where less than one-half of a 
square is inside the tract boundary, it is ignored.  Squares bisected by an exterior line are alternately counted and 
disregarded.   
Dot Grids 
 If a piece of clear tracing material were placed over a sheet of cross-section paper and pin holes were 
punched at all grid intersections, the result would be a dot grid.  Thus the dot grid and graphical methods of area 
determination are based on the same principle; dots representing squares or rectangular areas are merely counted in 
lieu of the squares themselves. 
Planimeters 
 A planimeter is composed of three basic parts:  a weighted polar arm of fixed length, a tracer arm hinged on 
the unweighted end of the polar arm, and a rolling wheel that rests on the map and to which is attached a vernier 
scale.  The pointer of the instrument traces the area of interest, and from the vernier scale, the area in square inches 
is read directly and converted to desired area units. 
Transects 
 The transect method is a technique for proportioning a know area among various types of land 
classifications, such as forests, farmland, and urban areas.  An engineer's scale is aligned on a photograph or map so 
as to cross topography and drainage at right angles.  The length of each type is determined to the nearest 0.1 in.  
Proportions are developed by relating the total measure of a given classification to the total linear distance.  
Weight-Apportioning Method 
 Areas may be determined by directly cutting out and weighing the various units.  Assuming that the 
thickness of the paper is constant, the weight of the unit will be directly proportional to its surface area.  This 
method was developed by the U.S. Soil Conservation Service, and has been found to be efficient and accurate. 
 
SCALE 
 Scale is a ratio of a distance on a photograph or map to its corresponding distance on the ground.  The scale 
of a photograph varies from point to point due to displacement caused by tilt and relief.  Scale may be expressed as a 
ratio, 1:24,000;  a representative fraction (RF) 1/24,000; or an equivalent, 1 in. = 2,000 ft.  The reciprocal of a 
representative fraction is called the photo scale reciprocal (PSR) and is commonly used number when calculating 
distances.  Units used in the calculation of RF or PSR must be the same. 

 
RF = photo distance/ground distance 
PSR = ground distance/photo distance 



 



  


