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FIELD OBSERVER/DISPLAY PROCESSOR
I-244 Prestudy

The information in this prestudy package are critical to the
successful completion of the Field Observer/Display Processor
Course. The trainee should first read the prestudy materials and
then take the open-book prestudy exam and bring it to class. A
score of 80% or higher is required to enter the classroom portion
of this course. Trainees are expected to seek out instructional
assistance from within their work unit if they have difficulty
understanding how to use a compass or how to interpret maps.

In addition to passing the prestudy exam, each trainee must
successfully complete an orienteering skills test on the first
day of class. Key skills to be tested are pacing on flat ground
and up and down slopes, backsighting, and navigating and mapping
a course established by the instructors.

The prestudy package has been divided into three units. Each
unit contains several lessons:

Unit 1-Map Identification and Interpretation
Lesson 1 - Introduction to Maps

Lesson 2 - Map Interpretation Information

Lesson 3 - System of Land Description in the U.S.
Lesson 4 - Topographic Maps

Lesson 5 - ICS Map Display Symbols

Unit 2-Map Calculations
Lesson 1 - Determining Distance, Elevation, and Slope
Lesson 2 - Determining Area

Unit 3-Observation and Navigation Aids
Lesson 1 - Equipment for Measuring Elevation, Slope, and
Distance in the Field
Lesson 2 - Pacing
Lesson 3 - Compass and Protractor

Tools and equipment needed to complete this prestudy and which
you must bring to class are:

¢ 12" or 18" clear plastic rule (1/10th inch graduations)
¢ Suunto clinometer (graduated in degrees and percent)

¢+ Silva Ranger CL-15 type compass (360°)

¢+ 100 foot (preferred) or 30 meter measuring tape

¢ protractor

¢ calculator

¢

cajon quad included with this prestudy package (please DO NOT
WRITE ON THIS MAP or write very lightly in pencil)
¢+ dot grids or acreage overlay transparencies (optional)



UNIT 1
MAP IDENTIFICATION AND INTERPRETATION

LESSON 1 - Introduction to Maps

Objectives: 1. Define and classify maps.
2. Understand the use of planimetric, orthophoto,
and topographic maps.
3. Define and understand the use of the quadrangle
or "quad" on topographic maps.

A map is designed to permit you to visualize a portion of the
earth's surface with pertinent features properly positioned to
facilitate planning and organizing operations. Different types
of maps are used for different purposes.

Definition of a Map

A map is a line drawing, to some scale, of an area of the earth's
surface or of the works of humans. It shows objects and features
by conventional signs. A map is a graphic representation of a
portion of the earth's surface drawn to scale on a plane.
Although drawn to scale, maps are not absolutely accurate because
they represent a curved and uneven surface on a flat piece of
paper. The accuracy of a map depends on how big an area is
represented, and on the type of projection used to make it (some
projections are more accurate than others).

Classification of Maps

Generally, maps fall into two categories: 1) public records (such
as a subdivision map), and 2) maps used to describe the earth and
delineate the works of people.

Public record maps usually show the exact location and
description of a piece or many pieces of property, including
bearing and exact distance from known points (bench marks)
permanently fixed on or in the ground.

Maps used to describe the earth and that delineate the works of
people can be divided into three categories:

1. Planimetric Maps
A planimetric map is a map which does not depict the shape of

the land, or only incidentally shows it, but allows the user
to travel along roads, paths, utility lines, vegetation or
soil divisions, from one known point to another. A road map
is a commonly used planimetric map.

2. Orthophoto Maps .
An orthophoto map is a map depicting terrain and other

features by color-enhanced photographic images. It is an
aerial photograph of the land. Some orthophoto maps are
overlain with contour intervals and other features commonly
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associated with topographic maps. - Orthophoto maps can help
the user navigate from one location to another, and to map
incident progress. Orthophoto maps without contour intervals
can be difficult to use from the ground in densely vegetated
areas since points of reference identified aerially can be
difficult to distinguish while travelling on the ground.
orthophoto maps, however, are extremely useful when
navigating from aircraft.

Topographic Maps
A topographic map is a map depicting natural features such as

hills, valleys, lakes, and streams. A topographic map may
also depict principal human-made features such as structures,
roads, trails, powerlines, and wells. The topographic map is
the type of map most commonly used by persons travelling off
roads to a fire location or to map fire progress. The
majority of skills to be developed in this course will
require a detailed understanding of how to interpret
topographic maps.

Topographic maps are often referred to as quads or
quadrangles. The United States has been divided intec a large
number of rectangles known as quadrangles. The term "quad"
is an abbreviation of quadrangle. Each quad is a topographic
map covering a certain area, and is designated by the name of
a town or some natural feature within the area.



LESSON 2 - Map Interpretation Information

Objectives: 1. Determine the geographic area represented by a

map.

2. Define and determine map scale, comparison
scale, and representative fraction.

3. Determine cardinal directions on a map.

4. Interpret information from a map legend.

5. Locate the revision date on a map.

6. Determine which maps adjoin a known map.

Information needed to interpret a map includes the area
represented, the scale, and a legend which explains the symbols
used on the map. Other information may be necessary depending
upon the intended use of the map. This additional information
may include a grid system, adjoining maps, revision dates, legal
descriptions, contour lines, natural and human-made features, and
various other items.

Geographic Area
Geographic area represented may be determined by a narrative

description (Figure 1) such as one would find on a street atlas
or county map. Geographic area may be graphically displayed
(Figure 2) using a commonly known area or a given grid for
reference. Either way, determining the geographic area is the
first step in interpreting a map. The geographic area
information relates the specific area referred to by a map to a
much larger, relatively well-known area.

NARRATIVE DESCRIPTION GRAPHIC DESCRIPTION
SRS, o=y = : A Ci R ELFIQ
BTREET ATLAS # D
%4 3 ||_lcdunry l
}zo "’Q :_[ (,

UNITED BTATES

Figure 2: Graphical Represen-

Figure 1: Narrative Descrip-
tation of Geographic Area

tion of Geographic Area



Map Scale .
The scale of a map is the ratio of the horizontal distance on the

map to the corresponding horizontal distance on the ground. The
scale expresses the ratio of the map distance to the ground
distance. It is usually written as a fraction or ratio and
called the representative fraction (RF).

Example: Representative Fraction = _Map Distance
Ground Distance

RF = MD/GD or RF = MD:GD

A representative fraction is always written with the map distance

as 1 (one). A RF of 1/24,000 (1:24,000) means that one UNIT of
measurement (inches, millimeters, feet, etc) on the map is equal
to 24,000 of the SAME UNITS on the ground (see Figure 3). You

cannot mix units in a representative fraction. If it is one INCH
on the map, it is 24,000 INCHES on the ground.

A graphic or comparison scale is entirely different. It usually
compares inches to miles (or like scale figures). Usually
comparison scales are printed on the map and show you that so
many inches or millimeters equal so many feet, yards, chains, or
miles on the ground (see Figure 3). This type of scale is NOT a
representative fraction.

SCALE 1:24 000
1 8 o KILOMETERS 1 2
1000 [+ METERS 1000 2000
1 5 0 1
MILES
1000___ 0 1000 2000 3000 4000 8000 8000 7000 8000 9000 10 000
FEET

Figure 4: Representative Fraction and Comparison Scale



cardinal Directions

Most maps are oriented ‘with north at the top of the page. North
is usually delineated by an arrow pointing to the north or by a
cardinal wheel (Figure 4). If north is the top of the page, east
is oriented to the right margin, south is at the bottom, and west
is oriented to the left margin.

Figure 4: North Arrow
Map Legend
Most maps have a legend to help interpret the map. Legends
describe map symbols, such as what color line delineates a road
or land ownership boundary, or what figure represents a building,
stream, spring, or heliport (see Figure 5).

LEGEND
Netiona! Forest Boundary ====== Unimproved Rosd

— — Adjscent National Forsst Boundesy = Route Junction
— — —- RengerDisiitBoundery ~ TTTTTT Tral
/22l Game RetugeBoundery 0 TTTTTT National Recreation Trall
;Ag;ﬁg:rz%w#:-mummu ——s- Power Transmission Line
~ ~ — - State Boundary ——— Pipsine

@ U.S. Highway (O  Permanent Lookout Station

(=) s Highway A Heortzontal Control Station

Figure 5: Example of a Map Legend.

Revision Date .
Some maps have a revision date. This is the date the map was

last updated to reflect changes in the landscape and human
developments (Figure 6). If a map is very old it may not be very

accurate.

Mapped, edited, and published by the Geological Survey

PRODUCED BY THE UNITED STATES GEOLOGICAL SURVEY Control by USGS and USC&GS

CONTROLBY ....ccseaesaneccsansnsnannnses USGS, NOS/NOAA

COMPILED FROM AERIAL PHOTOGRAPHS TAKEN ......ocnvone 1584 Topography from serial photographs by photogrammetric methods
FIELD CHECKED. . .. .cuvne 1985, MAPEDITED ....covnveres 1588 Aerial photographs taken 1952. Field check 1956

Figure 6: Examples of Topographic Map Revision Dates.
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Adjoining Maps

Some areas are too large to be shown on a single map. Adjoining
maps are frequently indicated in the margin of a U.S. Geological
Survey (USGS) topographic map or by an adjoining quadrangle
legend on the map (Figure 7).

1 | 2 | 8 |1 Schonchin Butte - ; / 30 &
2 Cakdwell Butte 3 ?§t4§§’h?2 T
3 Perex e r_‘_lf {‘( A o
4 5 |4 Mihca Lux £ -'1”"'/’-‘riﬁ {)i))P, Nermaacady
zgortpuh;lnnem ‘-"W"Jl FE; ol Ao Ly ~ - :E
Border Mountain (CEDAR SPRINGS) % DAF
6 7 8 ; Hollenbeck 2552 Iv SE g LAKE .

ADJOINING 7.5 QUADRANGLE NAMES

Figure 7: Two Types of Adjoining Map Instructions Located on the
Margins of Topographic Maps.

Grid Reference

Some maps are divided into grids to help locate areas. Grids are
usually identified alpha-numerically (Figure 8). However, some
grids use only letters or only numbers. Many road maps and
atlases use a grid reference system to locate streets or other
features. An alphabetical index is usually included to help
locate an area. For example, in Figure 8. Kington, Wilse, and
Laport are located in grid unit 2E.

TYPICAL GRID

Figure 8: Typical Reference Grid.
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LESSON 3 - S8ystem of Land Description in the United States

Objectives: 1. Define baseline, principal meridian, and
Township, Range and Section used in describing
land.

2. Describe the Township numbering system.

3. Give the legal description of a fire location.

4. Divide Townships, Ranges and Sections and give
the amount of acres represented by these
divisions.

5. Be able to identify your location from
"location posters" found in the field.

6. Determine the latitude and longitude of a point
or area using a map.

The use of a map for locating an incident requires some knowledge
of the system of public land survey. In many areas, land is
subdivided into rectangular tracts, and a knowledge of this
system enables you to refer to or find blocks of land in the
mountains as simply as you find or refer to city blocks by the
street names and numbers.

The United States system of surveying public lands (often
referred to as the rectangular system) was instituted in 1784 by
the Continental Congress and remains in use today. This system
divides the land into squares that are defined by north-south and
east-west running lines. Before much of the United States was
developed, north-south running lines called meridians or
principal meridians, and east-west running lines called baselines
divided the country into blocks. Each meridian and baseline
originated from a known landscape feature such as a mountain
peak. When a meridian and baseline intersect, that spot on the
earth is called an initial or reference point and all further
subdivisions of the land are based on this system of initial
points.

Land surveys in California are based on one of three initial
points (see Figure 9 on the next page) known as the:

1. Humboldt Base and Meridian on Mount Pierce (HB&M) located in
northern coastal California

2. Mount Diablo Base and Meridian on Mount Diablo (MDB&M)
located in southern coastal California

3. San Bernardino Base and Meridian on Mount San Bernardino
(SBB&M) located in south central California

T,
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Initial or Reference Points in california and Base and
Principal Meridians

INITIAL OR REFERENCE POINTS

Figure 9:

HUMBOLDT HB&M

MOUNT DIABLO mDB&M — \

SAN BERNARDINO 8888M \_D

From these baselines and meridian reference points, land was
divided into approximately 6 mile by 6 mile squares known as
Townships. These Townships are numbered from the initial point,
starting with 1 and increasing as the Township falls further
north or south from the reference point (Figure 10). A row of
Townships running east-west is called a Range. Ranges are also
numbered from the reference point with Range 1 east (R1E) and
Range 1 west (R1W) lying closest to the reference point. Proper
descriptions of locations have the Township written first
followed by the Range. Often the baseline and meridian are
included; for example T45N, R3E (MDB&M).

TaM,
TaH R4E

Figure 10: Township-Range Grid
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Each Township has been divided into approximately 36 square
miles. Each one of the 36 square miles is called a Section of
land and contains approximately 640 acres or one square mile.
Townships and Sections are often smaller or larger where survey
corrections have been made.

Each section is numbered based on its position within the
Township. The rule of thumb is that Section 1 always lies in the
northeast (top right) corner and the numbering of the remaining
sections proceeds to the left, then to the right, left, and so on
as you progress south (down) the square (Figure 11). A properly
written section location (also called the legal description) in
Figure 11 would read: Section 22, T5N, R7W, MDB&M) .

8 6 4 3 2 1

7 8 9 |10] 11|12

18|17 | 18| 16 | 14 | 13

112021@2324

30|20 | 28| 27| 28 |26

TSN

31| 32| 33| 34| 36|38

R7W

Figure 11: Typical Township

A typical section of 640 acres may be readily divided into
smaller areas, each successively smaller piece having a unique
location description and from which size can be readily
calculated. Let's look at the simplest possible division first -

% section:

Example 1:

Sec. 22

The area identified by A would be described as W% Sec.
22, T5N, R7W, MDB&M; the area identified as B would be
described as E% Sec. 22, TSN, R7W, MDB&M. (Remember that,
unless otherwise noted, the top of the map is north, the
right is east, the left is west, and the bottom is
south). Half-sections A and B are each 320 acres (640 =+

2 «
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Example 2:

Sec. 22

Area C would be described as N% Sec 22, TSN, R7W, MDB&M.
Area D would be described as 8% Sec 22, T5N, R7W, MDB&M.
Each half of the section would be equal to 320 acres (640

+ 2).

Each section can be further divided into % sections (divisions
are not shown on field maps but must be envisioned or drawn by

the user) as shown in Figure 12.

. This is the northeast

These lines not normally .
shown on map. = 1 section comer,
\ abbreviated "NE cor."
1 1 Section number is
NWY4 NE/A/ placed In center.
8 - This Is the east quarter
comer, abbreviated
*EVs cor.”
Equivalent to: __— SWY SEa
Southwest quarter
of section.
40 ch.
1

s 1 mile or 80 chaln Se—————————

Figure 12: Subdivision of Section into Quarter-sections.
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Partial section divisions and combinations of divisions can also
be made:

Example 1: Example 2:
A B A B
c D o) D
Sec. 22 Sec. 22
Descriptions: Descriptions:
A/C = W% Sec 22; 320 ac A/B = N% Sec 22; 320 ac
B = NE% Sec 22; 160 ac C = SW% Sec 22; 160 ac
D = SE% Sec 22; 160 ac D = SE% Sec 22; 160 ac

Quarter-sections can be further divided into halves (80 acres
(160 + 2)) or quarters (40 acres (160 + 4)). Figure 13 shows how
a Quarter-section can be further subdivided into quarters.

These lines not normally
shown on map.
\anw NENW | NWNE NENE

N\

Section number is
SWNW .SENW SWNE SENE _— placed in center.

8

Equivelent to: Southeast NWSW NESW | NWSE NESE

quarter of Southwest ™| This Is a sixteenth comner
quarter or section. / (1/16 cor.) and In general
T 6 practice Is seldom
established.

SWSW SESW | SWSE SESE

20 che= i
1 mile or 80 chalns.

Figure 13: Subdivision of Quarter-sections
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In the example that follows a quarter-section of Sec. 8, T45N,
R3E, MDB&M has been subdivided. A quarter-section is % of 640
acres, or 160 acres.

Nw% of Sec. 8 (160 acres)

Each subdivision is part of the NW % of Section 8 and is
described below. Acreages are also calculated.

A = Wy, NW%, Nwk%, Sec 8, T45N, R3E, MDB&M;
¥ x % x % x 640 acres = 20 acres

- sk, NE%, NW%, Sec 8, T45N, R3E, MDB&M;

X x % x % x 640 acres = 20 acres

= NE%, SW%, Nw%, Sec 8, T45N, R3E, MDB&M;

% x % x % x 640 acres = 10 acres

W%, SE%, SWk%, Nw%, Sec 8, T45N, R3E, MDB&M ;

% x % x 640 acres = 5 acres

, SW4%, NW%, Sec 8, T45N, R3E, MDB&M;

% x % x 640 acres = 2.5 acres

[

6

4 B O N W
Il

Sec 8, T45N, R3E, MDB&M;
40 acres = 40 acres
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If you have trouble remembering what order the description is
written, replace the commas in your mind for OF THE or OF. For
example E above would be described as the southeast quarter of
the southeast quarter of the southwest quarter of the northwest
quarter of Section eight Township 45 north, Range 3 east, from
the Mount Diablo Base and Meridian. The key is to start from the
smallest parcel and progress to the successively larger parcel.

Sections can be reasonably divided into 10 acre parcels on a one-
half inch equals one mile map (1:126,720), and to 2.5 acre
parcels on one inch equals one mile (1:62,500) or larger scale
maps. Two and one-half acre parcels are the smallest that will
be used in this course.

To describe non-rectangular or non-square parcels and to
calculate their size you use the same principles described
previously but you must use the word "AND" in the description and
you must add together portions of known areas. For example, in
Figure 14, A is located in Sec. 3, T45N, R3E, MDB&M, and is
legally described as: N% AND SW%, SE%, Sec 3, T45N, R3E, MDB&M.
It can also be described as Wk AND NE%, SE%, Sec 3, T45N, R3E,
MDB&M. This area would be 120 acres ((% X 160) + (% x % x 160) =
(80 + 40) = 120 acres.

Figure 14
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If a Section is delineated on a map, comparison to it of an
unknown area such as a fire, makes estimating the size of the
fire easier. For example, Map #1 on page 16, has a fire mapped
on it; by comparison to a known area (Section 26 which is 640
acres) we can see that the fire occupies about % of a section
which is about 160 acres.

on Map #2 (page 17), the fire has purned an area outside of the
section lines, but the area of this fire can be estimated by

following these steps:

1. Note that a Section of a 7-% minute topographic map is
approximately 2-6/10 inches on a side or 2-6/10 inches =1
mile.

2. The fire is 3-4/10 inches long (over a 1-% mile long).

3. The fire is 1-9/10 inches wide (over % mile wide (1-3/10 inch
= % mile).

4. The fire is irregular in shape; this irregularity should be
considered.

5. The fire is smaller than a Section (640 acres) which is 2-
6/10 inches by 2-6/10 inches.

6. It approximates 3/4 of a Section (2-6/10" by 1-8/10") which
is 480 acres, but is a little longer (9/10"). This slightly
longer length compensates for the irregular shape. Therefore
it is safe to say that this fire is approximately 480 acres.

15
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Location posters
Location posters, sométimes called Section corner markers,

Section line markers, "K" tags, or cruiser tags (see Figures 15
and 16) are used by State and Federal agencies, lumber companies,
and private landowners to indicate the location of section
corners and points where roads or trails cross section lines.
These metal posters are 4% or 5 inches in size with black lines
on a yellow background. In recent years, unpainted aluminum tags
with the lines and lettering stamped on them have been used. The

Township, Range, and Section are marked on the poster. A tack
driven at the appropriate place on the poster shows where the
Usually,

poster is located according to the public land survey.
the distance to a section corner is marked on the poster. On the
map in Figure 17, points B and C would probably be identified in
the field by location posters similar to Figure 15, and point A

by a location poster similar to Figure 16.

(o & FOREST SERVICE o)

1550 LOGATION POSTER
Wt Tgs R 2ZIE

els5|4|3]|2]1
7|s|9lfnjr
slizTie| 1514113
19 [ 20|21 | 22| 23| 24
30|29 |28| 27| 26|25
31 [32|33]34|35(36

POINT INDICATED BY TACK 1S
QW= CORNER
o]

il Y,

Figure 15: Location Poster for Indicating Section Corners.
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(¢ FOREST SERVICE \o\

SUBDIVISION LOCATION POSTER
165 R 2/E8. /7
E : i |
et TEt SELIEEE ST TR TEE SRS
¢ ! | : ' Y
N : : ! | Q
) | ! : H
e it etk | Pt """"“"‘“"“‘."‘1 .
Q[ : : oS
390 e vty & [ A0 !
N an b e
B T A B B R
Rl | .- ] : !
o) ! | i | -
g |2 N S B
i E E IS
THIS POINT, IDICATED @Y TAOK,LOCATED BY
O\ SRR e :ﬁﬁﬁs— Jo

\ FoRM 458°A J

Figure 16: Location Poster for Indicating Section Lines.

Figure 16 is an example of a type of poster used at a road or
trail crossing of a section line, or at a gquarter-section corner.

A. Where roads cross section line.
B. At section corners.
C. At quarter section corners.

Figure 17: Portion of a Map Showing Typical Points Where Location
Posters are Commonly Placed.
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Latitude and Longitude

Many forest maps include rectangular blocks with sides parallel
to longitude and latitude lines. These lines with map scales aid
in comparing various scale maps.

If a fire or incident occurs, location should be referenced and
recorded by latitude and longitude for later use in completing

the individual fire report. Enter the latitude and longitude at
the point of the fire's origin. Report degrees in whole numbers
and minutes to the nearest tenth. In some aircraft, navigation

equipment (called a LORAN) that indicate latitude and longitude
are standard.

A description of latitude and longitude follows.

Latitude

Is measured in degrees, (0° through 90°), north and south of the

equator. Lines of latitude are parallel; therefore, the distance
between two lines of latitude remains constant (Figure 18). One

degree of latitude = 60 nautical miles (NM); one NM = 6075 feet,

or 1.15 statute mile.

Longitude
Is measured in degrees (0° through 180°), east and west of the

"prime meridian" which runs between the north and south poles,
through Greenwich, England (Figure 18). (When you invent the
system of latitude and longitude, as the British did, you get to
decide where the lines are.) Lines of longitude are not
parallel; the closer to the poles, the smaller the distance
between them.

When specifying a position, latitude is normally given first.
For instance, Boise, Idaho would be located as: 43° 35' (45
degrees, 35 minutes) north latitude, 116° 15' (116 degrees, 15
minutes) west longitude.

This will locate you within approximately 1 nautical mile (1
minute of latitude is equal to 1 nautical mile). By extending
the reading to 0.01 minute, the accuracy is down to approximately
60 feet (0.01 minute of latitude = 60.75 feet).
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