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Before Getting Started

The movement of water over land surfacesis an important environmental factor
that isgoverned primarily by terrain shape. The Watershed processin TNTmips®
analyzes an elevation model and defines drainage networks and the boundaries
between different drainage areas (watersheds) along with related attributes. The
exercisesin thisbookl et |ead you through the main proceduresinvolved in water-
shed modeling with the Watershed process.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercises
in Getting Started: Displaying Geospatial Data and Getting Sarted: Navigating.
Those exercisesintroduce essential skills and basic techniques that are not cov-
ered again here. Please consult those booklets and the TNTmipsreference manual
for any review you need.

Sample Data The exercises presented in this booklet use sample data that is
distributed withthe TNT products. If you do not have accessto aTNT products
CD, you can download the data from Microlmages Web site. In particular, this
booklet uses the sampl e file watrRsHED in the TERRAIN data collection.

More Documentation Thisbooklet isintended only asan introduction to water-
shed modeling. Consult the TNTmips reference manual, which contains more
than 35 pages on the watershed process, for more information.

TNTmips and TNTIite® TNTmips comesin two versions: the professional ver-
sion and the free TNTIite version. This booklet refers to both versions as
“TNTmips.” If you did not purchase the professional version (which requiresa
hardware key), TNTmipsoperatesin TNTIlite mode, which limitsthe size of your
objects and does not allow export.

The Watershed processis hot available in TNTview or TNTatlas. All the exer-
cises can be completed in TNTIite using the sample geodata provided.

Randall B. Smith, Ph.D., 16 August 2001

It may be difficult to identify the important points in some illustrations without a
color copy of this booklet. You can print or read this booklet in color from
Microlmages’ Web site. The Web site is also your source for the newest Getting
Started booklets on other topics. You can download an installation guide, sample
data, and the latest version of TNTlite.

http://www.microimages.com
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Welcome to Modeling Watersheds

The Watershed process addresses the influence of
terrain on surface water hydrology by modeling the
movement of water over the land surface. The input
data for the process is a DEM (Digital Elevation
Model), a regular grid of elevation values stored as a
raster object.

The Watershed process computes the local directions
of flow and the gradual accumulation of water mov-
ing downslope across the landscape. From these
intermediate results the process then computes the
stream network and the boundaries between water-
sheds, the areas drained by particular stream systems.
Watersheds can be further subdivided into basins as-
sociated with particular branches of the stream
network. The flow path network, watershed bound-
aries, and basins are created as separate temporary
vector objects. You can adjust several processing
parameters to vary the level of detail in these objects
before saving the final results. Varied attribute in-
formation is also created and saved with the flow
paths and watersheds. The information created by
these area-wide computations can be used as input
for further analysis of water resource issues, flood
and erosion hazard, and movement of pollutants.

An interactive tool is also provided to generate flow
paths and basins for particular point locations in the
elevation model. This tool is useful for analyzing
the impacts of point-source pollutants within a wa-
tershed.

A sequential processing option is available for fill-
ing depressions in the elevation model prior to
determining the flow routing. This procedure may
be useful in assessing the influence of any natural
depressions in the landscape.

Additional terrain analysis processes in TNTmips
are introduced in a companion booklet, Getting
Started: Analyzing Terrain and Surfaces.

G

M choose Process / Raster
|/ Elevation / Watershed
from the main menu

A 3D perspective view of a
relief-shaded DEM with
watershed boundaries
(orange) and flow lines
(blue) produced by the
Watershed process.

An introduction to
computing flow paths and
watersheds is provided on
pages 4-6, followed by a
discussion of the effects of
adjusting flow path and
basin parameters on pages
7-8. Computed stream
orders are explained on
page 9. Page 10 shows
how to generate flow paths
and basins from seed
points. The adjusted
elevation raster and other
products are explained on
pages 11-12. Pages 13-14
discuss the use of null
values and masks.
Sequential processing is
covered on pages 15-19.
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Modeling Watersheds

Begin Watershed Analysis

STEPS

M press [Input Object...] in
the Watershed Analysis
window

M use the Select Object
dialog to select pem_w1
from the WATERSHD
Project File in the TERRAIN
data collection

M check that the Fill All
Depressions toggle
button on the General
panel is turned on

M press the Run v
icon button ﬁ?l

You can also use the Open icon

button to select the DEM.

= Hatersned Analysis

Starting the Watershed process opens the Watershed
Analysis, Watershed Analysis View, and Layer Con-
trols windows. The View window automatically
displays the DEM you select for analysis and, after
processing, selected results of the process.

The quickest way to fully delineate watersheds and
flow paths in a DEM is to use the Fill All Depres-
sions option, which is turned on by default. (We
will explore the impact of this choice on processing
in later exercises.) The Watershed process creates a
series of temporary vector and raster objects that
present different aspects of the results. To save any
or all of these objects, press the Save As icon button
on the Watershed Analysis window.

= Hatershed Analysis Vieuw

View Tool LegendView Options Layer

Input Object. .. [data/terrain/uatershd,rvc / DEN_HL |\

_I Conpute Databases I” Conpute Basins

- Conpute Ridges

General | Hask | Depression | Flow Path and Basin |

7 Fill All Depressions I Compute Flou Paths

Tine to process: 1 Hinute

Each temporary vector object
created by the Watershed pro-
cess is displayed with a
pre-assigned color. You can
change the color or line width
by clicking the Vector icon but-
ton for a layer to open the
Vector Layer Controls window.

= Hate

Group Lafer Options

2|5
@ B/ .- & & < Standard basins

@ [§ = < Standard flow paths

@ [ (e Hatershed polygons and pour points
@ B - {E & DEM for first Matershed Analysis

¥

1=

le:| 156041 ¢ [ §| 4509375.00 <] 72500334 n

- Second |
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Modeling Watersheds

Flow Paths and Watersheds

After you run the Watershed process using the Fill | STEPS
All Depressions option, two vector objects depict- | @ in the Layer Controls
window, click on 1

ing standard basins (named sTpBASIN) and standard
flow paths (storLowrath) are displayed over the in-
put DEM in the View window. Other output vector
and raster objects are listed in the Layer Controls
window but are initially hidden. We will return to
the standard basins object later, but for the moment
we will hide it and instead show the vector object

the Hide/Show oo
icon button for the
STANDARD BASINS vector
object to hide it

repeat for the 1
WATERSHED (30 ]
POLYGONS object to

show it

representing watershed polygons (WATERSHED).

The lines in the flow paths \ ;
vector (shown in cyan color) T
represent the computed net-
work of actual and potential
stream channels that drain
each watershed. The bound-
aries of the watersheds are
shown as blue polygons in the
watershed vector object. The
watershed boundaries follow
topographic divides between
different drainage systems.

Use the Hide / Show icon
buttons to control which of
the available layers are
currently displayed. The
glasses icon is cyan for a
displayed layer and gray for
a hidden layer.

=Hatershe:! Analysis Layer Controls
Group Layer Options

e ) N I o 8 )
@ [ (oo Standard basins

@ [F b« Standard Flou paths
@ [F .- j& oo ¢ Matershed polygons and pour points
@ B .o DEH for first Watershed Analysis
=)

Each object’s description is used by default
for its layer name in the Layer Controls
window. If you wish, you can select Default
Layer Name from the window’s Options
menu to change the layer names to either
Object Name or File Name / Object Name.
This change does not take effect until you
exit and restart the process.
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Modeling Watersheds

Watershed Properties

STEPS

M press the
Watershed
Attributes icon button in
the Attributes toolbar on
the Watershed Analysis
window

M press the Select
Watershed icon 553
button at the top
of the View window

M left-click with the mouse
inside the large central
watershed polygon

EHatershed Analysis Yi

&

View Tool Legend¥iew Options Layer

The Watershed Attributes window presents a scroll-
ing list of the basic properties of the watersheds that
were found by the process. When all depressions
are filled, each watershed drains to the edge of the
raster object (or to the boundary between valid and
null raster values, which can be used to represent a
coastline). Each watershed in this case has neither
inflow from an upstream watershed nor outflow to a
downstream watershed, as indicated by the Outflow
/ Inflow column in the window. Watersheds that drain
beyond the edge of the raster in the same direction
may in fact join downstream and form parts of larger
regional watersheds.

The watershed attributes include elevation values
(minimum and maximum elevations within the wa-
CEx] tershed, plus minimum
fele | boundary elevation), and the

L R EE E R E RSN L T R

| area (in square meters) and
[’M ¥ perimeter (in meters).

/N =Matershed Attributes 1T}

Hatershed
Hatershed Outflow fArea Hin Z  Boundary : talerl‘s e —
Inflow | Perineter | Hax 2 | Hin 2 @iz=lg
Acti :I
10| NG 532331] 1293.00] 1299.00] chive 45
o | 3622 134000 Lover Pours
[ 8368114[ 1251.00] 1251.00] Lhntrs 0
14690 1351,00 Index: []
[ 1a7818] 1251 00] 1z5100] | ||| U0 — D
[ o] sin.00] k] |
13 N 157030] 1284,00] 1284.00] Upper Pours
| TR R Hunber: 0
14 QN0  1108631] 1268,00] 1268,00] Index: o
Current: o
5062] 1361.00
| 4. s
395149100] 1012.00] 1012,00] 2=
119677 1394.00
\ ! . Elusel Help

\

The area and perimeter of
each watershed are computed
using the georeference
information associated with the
DEM or from the raster cell
size if the DEM is not
georeferenced. If no cell size
has been specified, the line

vieus| 1,0 Scales:|

156041 gl [+ $]  4509975,00 <

725003,34 n and column cell size are

Tine to drau; 1 Second

I assumed to be 1 meter.
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Modeling Watersheds

Flow Path Parameters

If you closely examine the watershed and flow path
vector objects, you will see that flow paths do not
extend all the way upstream to the watershed bound-
aries. Also, no flow paths are shown for some smaller
watersheds around the edges of the DEM. The pa-
rameter values shown on the Flow Path and Basin
panel are default thresholds that were used by the
process to compute the current flow path and basin
vectors. You can modify these parameter values and
recompute new flow path and basin vector objects
that show greater or lesser detail.

In order to generate flow paths, the Watershed pro-
cess computes the number of upstream cells that
contribute flow to each cell in the DEM. These flow
accumulation values are used in part

to trace flow paths upstream, begin- [~

STEPS

M close the Watershed
Attributes window

M click on the Flow Path
and Basin tab to expose
its panel

Increase the value of the
Outlet parameter if you
don’t want to create flow
paths for smaller
watersheds around the
periphery of the DEM that
currently show them.

=Hatershed Analysis

Help

ning with the highest accumulation
values where streams reach the

Z|H] 5B preribute:

g 15| Preferences: i

boundaries of the area. The Outlet

Input l]bject...Fata/te/rain/uatershd.rvc 4 DEH_H1

parameter sets the flow accumula-

tion threshold for initiating a flow || Threshold 3

General | Hask | Deprjsinn Flow Path and Basin |

I Jeparate Yalley Polygons

path at the edge of the raster. Only

Outlet: I

1
256 Inlet:| 32

Branchz: I

boundary cells with flow accumula-

128 Basin: | / 378

tion values greater than the Outlet

Tine to process: 5l Secn\ds

/. ]

threshold are used to initiate a flow
path.

The Inlet parameter determines how far upstream
each flow path is traced toward its headwaters. A
flow path terminates when the flow accumulation
value for the next upstream cell falls below the Inlet
parameter value.

The Branch parameter controls the upstream split-
ting of flow paths at potential junctions between
tributaries or branches. A branch flow path is cre-
ated when the flow accumulation value at the mouth
of the tributary is greater than the Branch parameter
value.

\/

Decrease the values of the
Inlet and Branch
parameters if you want to
extend flow paths closer to
the upper watershed
boundaries and increase
the number of tributary flow
paths shown.

To restore the default
values for the Flow Path
and Basin parameters, click
the Set to Defaults i
icon button. gﬂ
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Modeling Watersheds

Recompute Flow Paths and Basins

STEPS

M use the Show / Hide
icons in the Layer
Controls window to hide
the wATERSHED vector
layer and unhide the
BASINS layer

change the value of the
Inlet parameter to 16
change the value of the
Branch parameter to 64
change the value of the
Basin parameter to 256
press the Run

icon button

if you don’t want

to save the previous
process results, click
[No] in the Verify window,
otherwise click [Yes] and
name the output objects

H B ® ®H H

Ll

The polygons in the standard basins vector object
(shown in yellow in the illustration on page 4) show
subdivisions within larger watersheds. Each basin
(subwatershed) is the area drained by a network of
branches of the main stream. The lowest elevation
in each basin is the junction between its stream net-
work and a larger stream.

The Basin parameter sets an area threshold for gen-
erating basin polygons within each watershed. A
basin polygon is created for each branch system that
drains an area (expressed as a number of cells) greater
than or equal to the value set for the Basin param-
eter. Because flow accumulation is expressed as the
number of cells contributing flow, the area of a ba-
sin is equivalent to the flow accumulation value of
the cell at the mouth of its tributary system.

The changes you make to the
flow path and basin parame-
ters in this exercise create a

ook

denser, more detailed flow
path network with more nu-
merous and longer branches,
and more numerous and
smaller basins.

Threshold ﬁ'

General I Hask I Depression Flow Path and Basin |

! Separate Yalley Polygons

Outlet: I

256 Inlet:| 16

Branchz: I

64 Basin:| 256

If you turn on the Separate
Valley Polygons toggle before

. recomputing flow paths and

basins, large elongate basins
associated with master
streams are partitioned into
separate polygons at branch
intersections. The minimum
size of these polygons is also
set by the Basin parameter
value.




Modeling Watersheds

Stream Order

STEPS
M in the Layer

Since stream segments in each watershed join down-

stream to form larger streams, the relative importance
of each segment can be expressed as a numerical rank
or order within the stream network. The Watershed
process computes stream order for each line element
in the standard flow path vector object using four
different ordering systems that are described and il-
lustrated below. The resulting values are stored in
the STREAM_ORDER table.

Strahler: The smallest headwater segments are assigned
order 1. Order increases downstream by 1 whenever two
streams of equal order join. For example, two streams of
order 2 join to form a third-order stream. But the order
number does not increase when a higher-order stream is
joined by a lower-order stream.

Horton: This system begins with the same ordering
scheme as the Strahler system, but the main stream
maintains the same order number all the way upstream to
a single headwater source. The order of major tributaries
is treated in the same way. At each junction where two
segments of equal Strahler order meet, the longest or most
direct upstream segment is renumbered to the higher order
of the main stream or branch.

Shreve: The order or “magnitude” of a stream

Controls window,
click the Details
icon button for the
STANDARD FLOW PATHS layer
click the Show Tables
icon button for
lines

click the View
Table icon button

for the table EI
STREAM_ORDER

in the STREAM_ORDER table
window, select Single
Record View from the
Table menu

press the Select icon
button in the View h

window and

select a segment

of the stream that drains
toward the lower right
corner of the DEM as
shown in the illustration

= STOFLOWPATH / LineData / STREAH_ORDEM M E3

segment formed at a junction is the sum of the Table Edit Re
magnitudes of the two tributaries. For example, |F Attached|Record

the confluence of a magnitude 1 and magnitude 0:
3 stream forms a magnitude 4 stream. The Horton:
magnitude of any stream segment equals the Strahler:
number of its magnitude 1 sources, which means Shreves:

e |
725003.34 n

Scheid, : |52

that the Shreve magnitude is more simply related j—
to predicted flood flow than other ordering |e—00 «|
systems. |

Scheidegger: This system defines for each segment an “associated integer” (shown in
the sTREAM_ORDER table) that is twice the Shreve magnitude. The Scheidegger stream
order is the logarithm to the base 2 of the associated integer.

Strahler
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Modeling Watersheds

Basins and Flow Paths from Seed Points

STEPS

M choose Close from the
Table menu in the
STREAM_ORDER table
window

M click the icon
button for the
Seed Points tool at the
top of the View window

M left-click in the bottom of
the major valley near the
center of the area; a
cross-in-circle cursor
appears and the Add
New Point button
becomes active in the
Point Edit Controls
window

M reposition the cursor if
necessary to place it on
the existing flow line,
then click the Add New
Point button to add the
point

M left-click on a flow path in
one of the smaller
valleys

M click the Add New Point
button to add the point

M press the Apply button
on the Point Edit
Controls window, then
[No] in the Verify window

M when you are ready to return to
computing flow paths and basins for
the entire DEM, simply select another
tool (such as the Zoom Box)
from the View window toolbar

a

In some instances you may want to know the extent
of the watershed upstream from a designated point.
For example, the point might represent a stream
sample locality where a chemical anomaly was de-
tected and the upstream watershed represents the
region containing the potential source. On the other
hand, if a point source of pollution has been identi-
fied, you would want to predict the downstream
flowpath along which the pollutant would be dis-
persed.

The Seed Points tool allows you to place one or more
seed points that can be used to compute a downstream
flow path, upstream basin, or both for each point.
These options are controlled by the corresponding
toggle buttons on the General panel in the Water-

shed Analysis window.

If you select the Quick-Add
option, each left-click adds a
seed point. Although this option

=Point Edit Contro i
Hulti-Point
o) 24| *a | %¢| | #Point: 3 / 3

is faster, you don’t have the

opportunity to reposition the

I Hanual Entry
Apply Help

Marked seed point.

Cursor marking
prospective seed
point location.

Computed basins
and flow paths for
two seed points.

prospective point before adding.

Q
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Modeling Watersheds

Adjusted Elevation

Depressions are areas in a DEM that are completely
surrounded by higher elevation values. Subsidence,
movement along geologic faults, and the advance and
retreat of glaciers can create sizeable natural depres-
sions, and activities such as mining and quarrying
create smaller man-made depressions. But natural
depressions are rare in common landscapes that are
shaped primarily by stream flow, and consequently
most depressions in a DEM do not represent real
landscape features. They are data errors, or result
from the averaging involved in assigning elevation
values to cells of finite area. These spurious depres-
sions interfere with the correct routing of flow paths
during the watershed analysis, especially in areas of
low relief.

The Watershed process solves this problem by first
locating and “filling” the depressions. It increases
the values of cells inside each depression to the el-
evation of the lowest bounding cell (the pour point
or outlet), simulating the natural filling of depres-
sions with water to form ponds and lakes. When
you run the Watershed process with the Fill All De-
pressions option turned on, a depressionless version
ofthe DEM (ELEVATION, with object description “Ad-
justed elevation”) is created. This depressionless
DEM is used to compute the flow paths, basins, and
watersheds.

Perspective view of a relief-  Perspective view of the
shaded DEM with a large  corresponding area of the
natural depression partially  depressionless DEM. El-
filled by water to formapond  evations in the depression
(uniform gray surface in  have been raised to the
center). The water level is level of the lowest pour
lower than the lowest natural  point, simulating complete
outlet (pour point). filling with water.

STEPS

M on the Flow Path and
Basin panel, press the
Set to Default i
icon button §H

M on the General
panel, turn on the
Compute Ridges toggle
button

M click the Runicon %
button, then [No] El
in the Verify window

M use the Hide / Show icon
buttons in the Layer
Controls window to hide
the STANDARD FLOW PATHS,
STANDARD BASINS, and input
DEM layers

M use the same controls to
show the ADJUSTED
ELEVATION raster (which
will display without relief
shading)

pem_w1 includes no large
natural depressions like the
one illustrated below. It
does have many small
spurious depressions, but
you would need to look very
closely to see any notice-
able differences between it
and the depressionless
DEM.

Computed flow paths over-
laid on the depressionless
DEM. Flow paths are routed
across the flat areas created
by filling depressions, linking
inlet streams and outlet
streams.
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Modeling Watersheds

Other Watershed Products

STEPS

M use the Layer Controls
to show the STANDARD
RIDGES object

M hide the STANDARD RIDGES
and ADJUSTED ELEVATION

layers, then show the
other layers discussed
below

pattern of potential flow paths. This intermediate object
is used to generate the flow path vector object and the
watershed and basin boundaries.

Two other temporary raster objects are created in the
Watershed process. Values in the Flow directions raster
(shown to the right) encode the local direction of flow
relative to the surrounding 8 cells. The direction value

The Watershed process also produces one other vec-
tor object and several raster objects. Some of these
products show particular aspects of the terrain and
may be useful for specialized analysis, but others are
primarily intermediate objects used to produce the
objects discussed previously. More detailed infor-
mation about these objects can be found in the
TNTmips Reference Manual.

Lines in the Standard ridges vector object (displayed here
over the depressionless DEM) follow the topographic
divides that separate different watersheds and basins.
Portions of the basin boundaries that cross uniform slopes
or flat areas are not included as ridge line segments.

Brighter tones in the Flow
accumulation raster indicate
higher flow accumulation values
and trace out the branching

The Flat areas and extrema points raster indicates the
location and type of locally-significant elevation values in
the original DEM. To assess its signficance, each elevation
is compared to that of its 8 nearest neighbors. The majority
of cells are not significant and are shown in gray. Cells that
have isolated (single) local maximum or minimum values
are shown in bright red and bright blue, respectively. Cells
that are part of contiguous groups forming local maxima or
minima are shown in dark red and dark blue. Flat areas are
in yellow.

increases clockwise from top right to top. This raster is used
along with the Flow accumulation raster to produce the final
flow path and basin vector objects. The Watershed raster

(not shown) contains a unique cell value for each watershed. £
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Modeling Watersheds

Use Null Values to Limit Processing

The Watershed process traces watersheds, flow paths,
and basins to the edge of the DEM raster or to the
boundary between valid elevation values and null
values. A null value is a specifically-designated
numerical value that is usually used to represent
“blank” or “no data” cells in a raster object. For
example, a DEM that has been resampled to a map
projection may be rotated so that valid elevation val-
ues do not fill the full rectangular extents of the raster
object, leaving “blank” areas at the edges and cor-
ners that are represented by a null value. These null
areas are automatically excluded from processing in
the Watershed process, and they are displayed trans-
parently in the View window.

In a DEM of a coastal area the ocean is normally
represented by cells with a value of 0, which of course
is the elevation value that repre-

=Hatershed Analysis View

sents mean sea level. But since View Tool LegendVieu Options Layer Help

STEPS

M press [Input Object...]in
the Watershed Analysis
window, then [No] in the
Verify window

M use the Select Object
dialog to select beEm_w2
from the wATERSHD
Project File

M turn off the Compute
Ridges toggle button on
the General panel

M press the Run r
icon button i'l}

Standard Flow Paths for
peM_w2 (Standard Basins
layer has been hidden).

real drainage systems terminate s EEE R EE R R YL R

at the coastline, there is no rea-
son to include the ocean areas
in the analysis. As shown by the
DEM in this exercise, by setting
the null value for the DEM to 0
you can automatically exclude
the ocean areas from processing.
(DEMs are usually signed 16-bit
rasters with a default null value
of-32768).

You can set a value as null for a
raster object using the Project File
Maintenance process (Support /
Maintenance / Project File). Select |ocean

the desired object and click the Edit | area

icon button to open the Edit Object | displayed
Information window. Turn on the | transparent
Has Null Value toggle button and

enter the desired value in the text

ol
viewz| 1.0 Scale:| 70540 1| [+ §[ 4041476.88 <] 599007.56 n

field next to the toggle.

Tine to drau: 1 Second
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Modeling Watersheds

Mask Parts of the DEM

STEPS Another way to limit processing to parts of a DEM

M press [Input Object...] in : : 1
the Watershed Analysis is to use the masking capability of the Watershed

window, then [No] in the | Process. A mask is a binary raster that contains a

Verify window value of 1 for each cell that will be processed and a
M use the Select Object value of 0 for cells that will be excluded. You can

dialog to select bem_w3 | ;6 4 magk to exclude a particular area that spans a

from the wATERSHD )

Project File range of elevation values. In the Crater Lake (Or-
M onthe Mask panel, click | egon, USA) example used in this exercise, we might
“ [EX;|Ude]I o be interested in drainage patterns in the area sur-

in the Select Object rounding the crater and want to exclude the lake

window, select the .

BASINREGION region surface and inner crater walls.

object from the
WAJTERSHED Project File You can load a mask raster that you have prepared

M if the View window does | outside the Watershed process by pressing the Load
not redraw automatically | button on the Mask panel. The option used instead

to show the masked in this exercise is to use a temporary internal mask
area transparent,

press the Redraw @I raster created from one or more region objects. A
icon button region object can modify the internal mask to desig-

] presi the Run ﬁ?l nate the area to include in processing or an area to
icon button exclude from processing.

You can generate region objects within the
Watershed process using a variety of standard
methods; for more information, see the booklet
Getting Started: Interactive Region Analysts
You must save any newly-
created region to a Project
File before you can select
it using the Include or
Exclude buttons.

General Hask |I]epressinn | Flou Path and Basin |

Hask Raster: Lnad Save, I Inuert
Include Hlll
Region To Hask: Include ﬂ, Exclude ALL

The region used
in this exercise
was created by
using the Basin
region genera-
tion method.

Press [Include] to select a | )
region that outlines an area
that you want to include in
the processing.




Modeling Watersheds

Process Depressions Sequentially

When you run the Watershed process with the Fill
All Depressions option turned off, the process takes
a sequential approach to filling depressions and find-
ing watersheds. In the initial run the process fills all
single-cell depressions in the original DEM surface
to create an Adjusted Elevation raster. If you press
the Run button again, the process attempts to fill all
remaining depressions. In many cases, however,
small depressions may be nested inside larger ones.
As these small depressions are filled they merge into
a residual larger depression. These complex rela-
tionships may not be resolved in a single processing
pass, so it may take several runs to fill all depres-
sions. Only when all depressions are filled does the
process compute and display flow paths and basins.

If all depressions are not filled at the end of a run, a
set of watershed polygons are displayed automati-
cally in the View window. Some of these watersheds
drain to the edges of the raster (or to a null bound-
ary), while others drain into a
remaining depression in the ad-
justed DEM. Yellow point
symbols in the watershed vector
object indicate the locations of
pour points along the boundaries
of watersheds containing a de-
pression. A pour point is the
point through which water would
spill over into the downstream |
watershed if the depression were
completely filled.

By running the Watershed pro-
cess sequentially, you can
investigate the characteristics of
watersheds and depressions at
each stage and identify depres-
sions that are natural features of
the landscape rather than DEM
artifacts.

STEPS

M press [Input Object...]

M click [No] in the Verify
window if you don’t want
to save your previous
results

M select bpem_w4 from the
WATERSHD Project File

M turn off the Fill All
Depressions toggle
button on the General

panel
M press the Run 4 |

icon button ﬁ?
The DEM used in this series
of exercises has a cell size
of 30 meters and shows a
mountainous terrain which

has been modified greatly by
glacial erosion. Natural

depressions and lakes are
common in glacially-eroded
valleys such as these.
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Modeling Watersheds

Watershed Relationships

STEPS

M press the Select I
Watershed icon ’D
button at the top of the
View window

left-click with the mouse

inside the large
watershed polygon at the
center of the DEM

click on the

Watershed ﬁl
Attributes icon

button on the Watershed
Analysis window

selected upper
watershed and pour
point (magenta)

upper watershed and
pour point (purple)

=Hatershed Attributes

When depressions remain in the adjusted elevation
raster, a single large watershed may be divided into
anumber of individual watershed polygons. A par-
ticular watershed polygon may have one or more
upstream watersheds that would drain into it if their
depressions were filled. The same watershed may
also drain into a downstream watershed (or less com-
monly more than one) if its depression is filled. These
relationships are displayed graphically when you use
the Select Watershed tool to select a watershed poly-
gon. The active watershed and its upper and lower
neighbors are shown in different highlight colors.

| selected lower
@ watershed and
pour point
(bright green)

Hatershed | Outflow Area

Inflow | Perineter

Hin 2
Hax 2

Boundary
Hin 2

_ ufves |

7799400] 2294,00] 2301,00]

[ ves | 16920 3411.00

12 || 135900] 2974,00] 2974.00]
[ W | 2100] 3054.00

13 [ 1806300 2230,00] 2230,00]
[ ves | 10380]_2907.00

14 ¥ES. | 1317600 22d1,00] 2242,00]

[ ves | 9000] 2794.00

| s ves |

213300

2241, 00

[ 2242.00]

3300

2775,00

14530800

2346, 00

[ 2348.00]

One neighboring upper watershed
(if any) is automatically designated
the selected upper watershed and
shown in a different highlight color
than the remaining upper water-
sheds; the same system is used for
multiple lower watersheds.

You can use the icon buttons on the
Watershed Attributes window (illus-
trated below) to use these hydrologic
relationships to change the active
watershed selection.

Hatershed

Total: I—B3
Active: l—:lB

Lower Pours

Previous Lower Pour

Move Through
Lower Pour

Humber:
Index:

Current:

Next Lower Pour

Hunber:
Inden:
Current:

Previous Upper Pour

Move Through
Upper Pour

23700

3568, 00

Next Upper Pour




Modeling Watersheds

Depression and Pour Point Attributes
STEPS

The Depression panel on the Watershed Analysis
window shows the total number of depressions and
pour points for the current stage of analysis. The
area and volume of individual depressions is shown
in the Depression Attributes window, where depres-
sions are identified by the number of their watershed
polygon. The active watershed is highlighted in the
Depression Attributes and Watershed Attributes win-
dows in the same color used in the View window.
For example, the watershed selected in the previous
exercise is number 16, and its included depression
covers 10,800 square meters. The input DEM has a

o

o

click on the Depression
tab on the Watershed
Analysis window

press the

Depression ﬁl
Attributes icon

button on the Watershed
Analysis window

press the Pour

Attributes icon ﬁl
button

scroll down in the Pour
Attributes window to
show pour point 23

cell size of 30 meters, so the area of

=l Depression Attributes

asingle cell is 900 square meters. Di-

il Depression
viding the depression area by the cell batorshed|  Rrea | Volwe I8/,
area shows that this depression cov- : i: H i:zss H ::::EZ: fotive 5
ers 12 raster cells. | 1 5000 so00] | || 15

] 15]| 2700 2700
General | Hask Depression |F10u Path and Basin || 10800 15300|
Depressions:l—?;E - Fill Upper Depressions —13" 64800 228600
Total Pnurs:l—?n? - Fill Lower Depressions 19" 1800” 1800|
Double Pours:[ 3 | Fill Double Depressions 20| 6300 9500]
] 21| 5400 5400]
Identification numbers of the upper : 23 H :;EE H :;32:
and lower pour points for the active [ ] =0 Z5000] Closo |
watershed are highlighted in the Pour 4| vere
Attributes window in the appropri-
ate colors. The columns Left and |SeESEEEES Sk
Right list the numbers of the wa- ||| Pour | Lebe |Flow] Right | 2 (|35
tersheds that lie on the respective |||L_17] ul=p | 10] 2301.00] ||| 35
sides of the vector line separating |||[—2[__24/<=| 9] 2252.00] I"“”"l" -
them (relative to the arbitrary di- : ;2 H ;Z:g} 1: H 222223: fictive
rection of that line in the vector o H)=D | m| a?1s:oo| Luer g
topology). The arrows indicate the |||z a]¢=| 20 253400 | | 23
direction of potential flow through || |23 16]= | 21 2348.00] | ||| UPPER
the pour point. In this example, || 24| 30| 4P | 29| 2434.00] I :
pour point 23 is the selected lower |||L_251 30 ¢= | 31[ 2509.00]
pour point for watershed 16, which : :?H 23:2} :;H E:;:EE:
: - Close I
drains to watershed 21. 2] =D 0 TPl
p |
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Modeling Watersheds

Fill Depressions Selectively

STEPS

M close the Pour Attributes,
Depression Attributes,
and Watershed
Attributes windows by
pressing their respective
Close buttons

M on the Depression panel
in the Watershed
Analysis window, turn on
the Fill Lower
Depressions toggle
button

M press the Run x
icon button, then &l
[No] in the Verify
window

To save watershed, depression, and
pour point data as attached database
tables, turn on the Compute Databases
toggle before running the watershed analysis.

When you have selected a watershed polygon with
the Select Watershed tool, you can run the water-
shed process again to fill only the depression in that
watershed or those in watersheds hydrologically re-
lated to it as well. These options are controlled by
toggle buttons on the Depression panel.

General | Hask Depression |Flou Path and Basin |
I]epressiuns:l—zﬁ -l Fill Upper Depressions
Total Pours:|—25 7 Fill Lower Depressions

Double PDUPS:I—E I Fill Double Depressions

The Fill Upper Depressions option fills depressions
in the selected watershed polygon and in all water-
sheds upstream from it. The Fill Lower Depressions
option fills depressions in the selected watershed
polygon and in all watersheds
downstream from it. If neither
of these toggle buttons is turned
on, then only the depression in
the selected polygon is filled. (If
no watershed polygons are se-
lected, all watershed polygons
are processed).

New watershed polygon
created by filling depressions
in the selected watershed
polygon and in those
downstream from it. Other
watersheds were unaffected.

General |I1ask | Depresszion | Flow Path and Baszin
¥ Fill A1l Depressions I Conpute Flow Paths
| Conpute Databases " Conpute Basins

- Conpute Ridges
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Modeling Watersheds

Double Depressions and Pour Points

If two adjacent depressions share a pour point, and
neither has another pour point that is lower in eleva-
tion than the shared one, then the two depressions
form a double depression. The pour point that they
share is termed a double pour point. 1f either of these
depressions is filled, it will spill over through
the double pour into the other member of the
double depression. Only when both members
are filled will flow continue to downstream wa-
tersheds.

The watershed and depression selected in this
exercise form part of a double depression. Pour
point 24 is the double pour point linking the
two members. Double pour points are indi-
cated in the Pour Attributes window by a blue
double-headed arrow.

[ 23 20]¢= | 77| ese2,00]
| 54| 4= | 42| 2515.00]
[ o5 az|=> | 36 3123.00]

You can choose to fill only double depressions by

turning on the Fill Double Depressions toggle but-

ton and then running the process. This options fills

all double depression pairs within the DEM without

regard to any set of watershed polygons you may

have selected (unlike the other toggle buttons on the
' Depression panel).

h..,\ D Y
Final flow paths for the DEM.

STEPS

M select the small
watershed polygon near
the center bottom of the
DEM, as shown in the
illustration below

click the Pour

Attributes icon ﬁl
button

in the Pour Attributes
window, scroll down to
show pour point 24

on the Depressions
tabbed panel of the
Watershed Analysis
window, turn off the Fill
Lower Depressions
toggle and turn on the Fill
Double Depressions
toggle button §
press the Run _l
icon button, then ﬁ}
[No] in the Verify window

M turn off the Fill Double

Depressions toggle

M press the Run ﬁ}

icon button, then

[No] in the Verify
window; this run should
produce flow paths

Filling merges the double depressions. For the
example above the merged watershed drains
northeast through a pour point to the major valley.
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Advanced Software for Geospatial Analysis

Microlmages, Inc. publishes a complete line of proféssional: software for advanced geospatial”
datavisualization, analysis, and publishing. Contact usor visit our web site for detailed prod-
uct information.

TNTmips  TNTmipsisaprofessional system for fully integrated GIS, image analysis, CAD,
TIN, desktop cartography, and geospatial database management.

TNTedit  TNTedit providesinteractive toolsto create, georeference, and edit vector,
image, CAD, TIN, and relational database project materialsin awide variety of formats..

TNTview TNTview hasthe same powerful display features as TNTmipsandis perfect for
those who do not need the technical processing and preparation features of TNTmips.

TNTatlas TNTatlaslets you publish and distribute your spatial project materials on CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform.

TNTserver TNTserver lets you publish TNTatlases on the Internet or on your intranet.
Navigate through geodata atlases with your web browser and the TNTclient Java applet.

TNTIlite  TNTIiteisafree version of TNTmipsfor students and professionals with'small .-«
projects. You can download TNTlite from Microlmages web site, or you can order
TNTIite on CD-ROM.

wWOmMInIm-H>=

Index )
Kadjusted elevation........ccceveiiiieieeeninins 11 flow path......coooiiiiiiiiiiiiiieieeee 5,7,8h

basin from seed point........ccoveeeierincicneninenne 10
from seed point inlet parameter...........
parameter Mask raster..........ooooevvvvviiinnneeiieiiinnnn.
polygons null values.........cceviviiiiiiiiciiee,
basins object outlet parameter.
branch parameter pour point...............
depression attributes......
attributes.... double........cccoiiiiii
double MAgES. ..o
filling seed points, watershed....
sequential filling.... stream order...................
tabbed panel watershed polygons.. ..5,6,13,15-19
flow accumulation attributes...... ....6,16
flow directions. SElECHING. ...eeeveeeieieeeee e 6,16
fEE Mcrol mages, Inc.
‘ ‘ I I 11th Floor - Sharp Tower
206 South 13th Street
Lincoln, Nebraska 68508-2010 USA
Voice: (402) 477-9554 email: info@microimages.com

FAX: (402) 477-9559 internet: Www,microi mages.com
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