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How to Read a Topographic Map and Delineate a
Watershed

Interpreting Topographic Maps

In order to successfully delineate a watershed boundary, the evaluator will need to visualize the
landscape as represented by a topographic map. This is not difficult once the following basic
concepts of the topographic maps are understood.

Each contour line on a topographic map represents a ground elevation or vertical distance
above a reference point such as sea level. A contour line is level with respect to the earth's
surface just like the top of a building foundation. All points along any one contour line are at the
same elevation.

The difference in elevation between two adjacent contours is called the contour interval. This is
typically given in the map legend. It represents the vertical distance you would need to climb or
descend from one contour elevation to the next.

The horizontal distance between contours, on the other hand, is determined by the steepness of
the landscape and can vary greatly on a given map. On relatively flat ground, two 20 foot
contours can be far apart horizontally.

On a steep cliff face two 20 foot contours might be directly above and below each other. In each
case the vertical distance between the contour lines would still be twenty feet.

One of the easiest landscapes to visualize on a

,— topographic map is an isolated hill. i this hill is more or
P A ‘ less circular the map will show it as a series of more or
e f,f""f:"“ e | less concentric circles (Figure E-1). Imagine that a
b wE ——?;\\ . surveyor actually marks these contour lines onto the
b .i SN N % D ground. If two people start walking in opposite directions
Do) @/ | \ | | onthe same contour line, beginning at point A, they wil
l;’ / ~ f/ A /' /1 eventually meet face to face.
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"t\\ \ e / If_these same two people start out in opposite directions on
— e different contours, beginning at points A and B
—— respectively, they will pass each other somewhere on the

hill and their vertical distance apart would remain 20 feet.
_ ) Their horizontal distance apart could be great or small
Figure E-1: Isolated Hill depending on the steepness of the hillside where they
pass.

The USDA Natural Resources Conservation Service is an equal opportunity provider and employer.



A rather more complicated situation is one where two hills are connected by a saddle (Figure E-
2). Here each hill is circled by contours but at some point toward the base of the hills, contours
begin to circle both hills.

How do contours relate to water flow? A general rule
of thumb is that water flow is perpendicular to
contour lines. In the case of the isolated hill, water )
flows down on all sides of the hill. Water flows from Ve |
the top of the saddle or ridge, down each side in the e
same way water flows down each side of a garden
wall (See arrow on Figure E-2).

As the water continues downhill it flows into
progressively larger watercourses and ultimately into
the ocean. Any point on a watercourse can be used
to define a watershed. That is, the entire drainage
area of a major river like the Mississippi can be
considered a watershed, but the drainage areas of
each of its tributaries are also watersheds.

Each tributary in turn has tributaries, and each one of '
these tributaries has a watershed. This process of KEY: < — Suftace Waer Fiow
subdivision can continue until very small, local S

watersheds are defined which might only drain a few
acres, and might not contain a defined watercourse.

Figure E-2: Saddle

Figure E-3 shows an idealized watershed of a small
stream. Water always flows downhill perpendicular
to the contour lines. As one proceeds upstream,
successively higher and higher contour lines first
parallel then cross the stream. This is because the
floor of ariver valley rises as you go upstream. Like-
wise the valley slopes upward on each side of the
stream. A general rule of thumb is that topographic
lines always point upstream. With that in mind, it is
not difficult to make out drainage patterns and the
direction of flow on the landscape even when there
is no stream depicted on the map. In Figure E-3, for
example, the direction of streamflow is from point A
to point B.

Ultimately, you must reach the highest point
upstream. This is the head of the watershed,
beyond which the land slopes away into another
watershed. At each point on the stream the land
slopes up on each side to some high point then

down into another watershed. If you were to join all
KEY: ‘ of these high points around the stream you would
Stream — « + — have the watershed boundary. (High points are
Watershed Boundary — — — ‘ generally hill tops, ridge lines, or saddles).

Figure E-3: Idealized Watershed Boundary
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Delineating a Watershed

The following procedure and example will help you locate and connect all of the high points
around a watershed on a topographic map shown in Figure F-4 below. Visualizing the
landscape represented by the topographic map will make the process much easier than simply

trying to follow a method by rote.

1

Draw a circle at the outlet or downstream point of
the wetland in question (the wetland is the hatched
area shown in Figure E-4 to the right)

Put small "X's" at the high points along both sides of
the watercourse, working your way upstream
towards the headwaters of the watershed.

Starting at the circle that was made in step one,
draw a line connecting the "X's" along one side of
the watercourse (Figure E-5, below left). This line
should always cross the contours at right angles (i.e.
it should be perpendicular to each contour line it
Crosses).

Continue the line until it passes around the head of
the watershed and down the opposite side of the
watercourse. Eventually it will connect with the circle

from which you started.

At this point you have delineated the watershed of the

wetland being evaluated.

Figure E-5: Delineating a Watershed Boundary - Step 2

Figure E-4: Delineating a Watershed Boundary - Step 1

The delineation appears as a solid line around
the watercourse. Generally, surface water
runoff from rain falling anywhere in this area
flows into and out of the wetland being
evaluated. This means that the wetland has
the potential to modify and attenuate sediment
and nutrient loads from this watershed as well
as to store runoff which might otherwise result
in downstream flooding.

Measuring Watershed Areas

There are several available methods for
measuring the area of a watershed: a) Dot Grid
Method, b) Planimeter, and c¢) Computer
programs such as ArcGIS.

a) The dot grid method is a simple technique which does not require any expensive
equipment. In this method the user places a sheet of acetate or mylar, which has a
series of dots about the size of the period at the end of this sentence printed on it, over
the map area to be measured. The user counts the dots which fall within the areato be
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measured and multiplies by a factor to determine the area. A hand held, mechanical
counting device is available to speed up this procedure.

b) Another method involves using a planimeter, which is a small device having a hinged
mechanical arm. One end of the arm is fixed to a weighted base while the other end has
an attached magnifying lens with a cross hair or other pointer. The user spreads the map
with the delineated area on a flat surface. After placing the base of the planimeter in a
convenient location the user traces around the area to be measured with the pointer. A
dial or other readout registers the area being measured.

c) Computer programs such as ArcGIS have measure tools that can be used to determine
the area of the watershed.

For more information on Minnesota NRCS conservation planning and other
technical references, visit https://www.nrcs.usda.qov/.
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