Tutorlal

I\/Iodellng
Watershed
Geomorphology

with'

TNTmlps®



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 thisbooklet lead you through the main proceduresinvolved in water-
shed modeling with the Watershed process.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercises
inthetutorial booklets Displaying Geospatial Data and TNT Product Concepts.
Those exercisesintroduce essential skills and basic techniques that are not cov-
ered again here. Please consult those booklets 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
DVD, you can download the datafrom Microlmages Web site. In particular, this
booklet uses the samplefile watrsHED in the TERRAIN data collection.

More Documentation Thisbooklet isintended only asan introduction to water-
shed modeling. Details of the processes described here can befound in avariety
of Technica Guidesand QuickGuides, which areall availablefrom Microlmage's
web site.

TNTmips® Pro and TNTmips Free TNTmips (the Map and Image Processing
System) comesin threeversions: theprofessiona version of TNTmips(TNTmips
Pro), the low-cost TNTmips Basic version, and the TNTmips Free version. All
versionsrun exactly the same codefromthe TNT products DV D and have nearly
the same features. If you did not purchase the professional version (which re-
quires a software license key) or TNTmips Basic, then TNTmips operates in
TNTmipsFree mode.

The Watershed processis not available in TNTview or TNTatlas. All the exer-
cises can be completed in TNTmips Free using the sample geodata provided.

Randall B. Smith, Ph.D., 21 August 2013
©Microlmages, Inc., 2000-2013

You can print or read this booklet in color from Microlmages’ Web site. The
Web site is also your source for the newest tutorial booklets on other topics.
You can download an installation guide, sample data, and the latest version
of TNTmips.

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 theland surface. Theinput
data for the process is a DEM (Digital Elevation
Model), aregular grid of elevation valuesstored asa
raster object.

The Watershed process computesthelocal 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 areasdrained by particular stream systems.
Watersheds can befurther subdivided into basinsas-
sociated with particular branches of the stream
network. Theflow path network, watershed bound-
aries, and basins are created as separate temporary
vector objects. You can adjust several processing
parametersto vary thelevel of detail inthese 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.

Aninteractivetool isalso provided to generate flow
paths and basinsfor particular point locations inthe
elevation model. Thistool is useful for analyzing
the impacts of point-source pollutants within awa-
tershed.

A sequentia 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
depressionsin the landscape.

Additiond terrain analysisprocessesin TNTmipsare
introduced in acompanion tutorial booklet Analyz-
ing Terrain and Surfaces.

M choose Terrain /
Watershed from the
TNTmips 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 4-9, followed by a
discussion of the database
attributes computed for
these features on pages 10-
13. Other objects computed
by the watershed process
are described on pages 14-
16. Pages 17-18 discuss
methods for filling and
draining depressions. The
use of null cells and masks
to control processing is
covered on pages 19-20.
Pages 21-22 describe
methods for segmenting
flow path lines. Sequential
processing is covered on
pages 23-27.
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Modeling Watersheds

Begin Watershed Analysis

STEPS

M press the Open
icon button 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
Depressions toggle
button on the General
panel is turned on

M press the Runicon :x
button ﬁ}

Press the Save Results
icon button to choose
which of the temporary
watershed layers you
want to save to a Project

= Hatershed Mnalysis

2 ¥ [ | 23 3| 6

Starting the Watershed process opens the Water-
shed Analysis and Watershed Analysis View
windows. TheView window automatically displays
the DEM you select for analysis and, after process-
ing, selected results of the process.

The quickest way to fully delineate watersheds and
flow pathsin a DEM isto use the Fill Depressions
option, which isturned on by default. (We will ex-
ploretheimpact of thischoiceon processingin later
exercises.) The Watershed process creates a series
of temporary vector and raster objects that present
different aspects of theresults. To saveany or al of
these objects, press the Save Results icon button
on the Watershed Analysis window.

= latershed Analysis View [0 x]

Yiew Tools Options HotKeys

@O$RRQAHW AW 5 T* =@ BAk YEEG -

Tnput [uatershd,rve / DEH_H1

K Fill Depressions

General | Depression | Flowpath and Basin | Options |

—Conpute
K Floupaths M Basins i Ridges

-l Specific Catchment Area . Conpound Topographic Index

Flou Distance _ Haximun Upstrean . Dounstrean

Geonorphic Attributes _f Basins i Matersheds

o

M press the Layer
Manager icon
button on the View
window to open the
Layer Manager

fi&

= Layer Hanaper
Group Layer

Rl PEEEE S|

ﬂﬁtandard basins

ﬂ.Standard flow paths

@ _|EfNatershed polygons and pour pein
o BEN for first watershed analysis
_ | Hatershed polygons

_|EAF1ou accumulations

_ |@AF1lou directions

J.Flat areas and extrema points

o =

[1:132098 |
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Modeling Watersheds

Flow Paths and Watersheds

After you run the Watershed process using the Fill
Depressions option, two vector objects depicting
standard basins (named stpeAsiN) and standard flow
paths (stoFLowraTH) are displayed over the input
DEM intheView window. Other output vector and
raster objects are listed in the Layer Manager win-
dow but areinitially hidden. We will return to the
standard basins object later, but for the moment we
will hideit and instead show the vector object repre-
senting watershed polygons (WATERSHED).
Thelinesintheflow pathsvec- \ [/
tor (shown in cyan color) Sy
represent the computed net- {
work of actual and potential
stream channelsthat drain each
watershed. The boundaries of g
the watersheds are shown as (il
blue polygonsinthewatershed §
vector object. The watershed
boundariesfollow topographic
dividesbetween different drain-
age systems.

Use the Show / Hide checkboxes
to control which of the available
layers are currently displayed.

.Standard basins
gf-‘jtandard flow paths
gf.llatershed polygons and pour poin
H BB for First watershed analysis
_ | Matershed polygons

_|EFlow accunulations

_|iFlou directions

_|iF1at areas and extrena points /
- i -

—The type of layer names shown for the watershed
objects in the Layer Manager depend on your De-
fault Layer Name setting in the Display process.

The illustrations here show object descriptions
rather than object names as the layer names. Each
temporary vector object created by the Watershed

STEPS
M in the Layer Manager
window, click on the

o Show / Hide

checkbox for the
STANDARD BASINS Vector
object to uncheck it and
hide this layer

M turn on the checkbox for
the WATERSHED POLYGONS
vector layer

process is displayed with a pre-assigned color. You
can change the color or line width by clicking the
Vector icon button for a layer to open its Vector
Layer Controls window.
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Modeling Watersheds

Watershed Properties

STEPS

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

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

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

The selected polygon is
highlighted in color in the
View and in the Watershed
Attributes window.

= Hatershed fnalysis View
View Tools Optiont HotKey

The Watershed Attributes window presents alist of
thebasic propertiesof thewatershedsthat werefound
by the process. When all depressionsarefilled, each
watershed drainsto the edge of the raster object (or
tothe 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, asindicated by the lack of check marks
in the Outflow and Inflow columnsin 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-
m— tershed, plus minimum

boundary €elevation), and the

P H H 96 20 12 N 40 42 43

BOSROCQAESAGNEE X =»@ OQA K ZE(E0 - area(ing:]uare meters) and pe-

rimeter (inmeters).

= Hatershed R h £s _|O]x

Hatershed [Inflow [Dutflow |Area |Perineter |t | Hatershed
26 147818 1007 [[% | |Total | 96
27 | H 82121 1450 Retive| 31
28 197080 2172
2 476301 36az|| |[ Lover Pours
30 | W 98545 1a52|| || [Hunber 0
31 | H 394483921 120775 J Index o
32 1018299 a702 Current o
33 | l 229938 2532 | el
34 65697 1265
35 38545 1adz|| |[Ueper Pours
36| W 435240 s072[| ||Mumber 0
37| ] 32848 725 Index o
38 98545 1627[| ||Current [}
ig H H 73808 1267 : a5

/22121 1265 .
~ I - Close

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
and column cell size are

12129323 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 theway upstream to the watershed bound-
aries. Also, noflow pathsare shown for somesmaller
watersheds around the edges of the DEM. The pa-
rameter values shown on the Flowpath 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 valuesand
recompute new flow path and basin vector objects
that show greater or lesser detail.

In order to generate flow paths, the
Watershed process computes for

i (| R 0|

STEPS

M close the Watershed
Attributes window

M click on the Flowpath
and Basin to expose its
panel

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

each DEM cdll the number of up-
stream cells that contribute flow to
that cell. These flow accumulation
valuesare used in part to trace flow

Threshold

e

i Separate Valle

Tnput [uatershd,rvc 7 DEH_WL

General | Depression Flowgath and Basin | Options

—Flowpath Segnentation
Paranmeter |Hone

|

Units |Cells

paths upstream, beginning with the

Inlet | 16 gells

]
—

=

highest accumulation values where
streams reach the boundaries of the _
area. The Outlet parameter setsthe | 2] i

Outlet|

128 cells

Hranchl 64 cells

boundary value = A =
2%n, where boundary nunber
n=1, 2, ... an

nunber entered above.

flow accumulation threshold for initiating aflow path
at the edge of the raster. Only boundary cells with
flow accumulation values greater than the Outlet
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
valuefor the next upstream cell fallsbelow the Inlet
parameter value.

The Branch parameter controls the upstream split-
ting of flow paths at potentia junctions between
tributaries (branches). A branch flow pathiscreated
when the flow accumulation value at the mouth of
thetributary exceedsthe 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 n 3

icon button. E

of these parameters

The Flowpath and Basin threshold values are computed internally with raster cells
as the area units, but you can use the Units menu to choose from a standard set of
area units (including square kilometers, hectares, and others) to use for the values
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Modeling Watersheds

Recompute Flow Paths and Basins

STEPS

)

H B ®H H

|

use the Show / Hide
checkboxes in the Layer
Manager window to hide
the waTERSHED Vvector
layer and show the
BASINS layer
on the Flowpath and
Basin panel, change the
value of the Inlet
parameter to 32 cells
change the value of the
Branch parameter to 128
change the value of the
Basin parameter to 256
press the Run icon 3
button ﬁ}
if you don’t want to
save the previous
process results, click
[No] in the Question
window, otherwise
click [Yes] and name the
output objects

L

AN
(K%-

o

The polygons in the standard basins vector object
(showninyellow intheillustration 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 isthejunction between its stream net-
work and alarger stream.

TheBasin parameter sets an areathreshold for gen-
erating basin polygons within each watershed. A
basin polygoniscreated for each branch system that
drains an area greater than or equal to the value set
for the Basin parameter. Becauseflow accumulation
isexpressed asthe number of cellscontributing flow,
theareaof abasinisequivalent to the flow accumu-
lation value of the cell at the mouth of its tributary
system.

The changes you make to the flow path and basin
parametersin this exercise create aless dense, less
detailed flow path network with
less numerous and shorter
branchesand lessnumerousand
larger basins.

Threshold
ﬂ .V Separate Yalley

Units |Cells

Inlet cells

Outlet cells

Branch cells

Basin cells

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

Basins and Flow Paths from Seed Points

In someinstances 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. Ontheother
hand, if apoint 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 Pointstool allowsyou to place seed points
that can be used to compute adownstream flow path,
upstream basin, or both for each point. These op-
tions are controlled by the corresponding toggle
buttons on the Genera panel intheWatershed Analy-
siswindow.

Skraphic Toul Controls i) Seed points are
listed on the Manual
= v ] panel of the Graphic
]_1‘ 55935980537 |75, 4551111512 x| Tool Controls. You
\mddi 73978175013‘555.709552754 l]‘x can delete' a poorly-
\ located point by
pressing
its Delete
icon
button.

Controls Hanual |

Marked seed point

Cursor marking
prospective seed
point location

Computed basins
and flow paths for
two seed points.

STEPS

M choose Manual from the
Seed Points menu at the
bottom of the Flowpath
and Basin tabbed panel

M press 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

M reposition the cursor if
necessary to place it on
the existing flow line,
then right-click to add
the point and compute
the flowpath and basin
(answer [No] in the
Question window)

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

M right-click to add the
point and compute an
additional flowpath and
basin for the new point

M when you are ready to return to
computing flow paths and basins
for the entire DEM, simply
choose Automatic from the Seed
Points Mode menu
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Modeling Watersheds

Flow Path Attributes

STEPS The Watershed process can compute many hydro-
M tumonallofthe toggle | |gic and geomorphic attributesfor theflow pathlines
buttons in the Compute .
pane on the General and the watershed and basin polygons. A
panel STREAM_PROPERTIES table is produced automatically
M press the Run icon ij} whenever flowpath lines are computed. Thistable
tbh“;tgl'j(g;’gn['\\fv‘i’r]“'jgw =" | presents stream line attributes rel ated to topography
® in the Layer Manager and hydrology: maximum and minimum elevations
window, press the (elevationsat upstream and downstream ends, respec-
EXDa”d / C]?”aﬁse icon | tively), elevation drop, average slope, linelength as
utton [ for the projected to the XY mapping plane, and the sinuos-
STANDARD FLOW PATHS Iayer . . . .. . .
M repeat for the line ity ratio (line length divided by the straight-line
element entry for this distance between endpoints). All of thesevaluesare
= layer to ihogh'ts fab'k‘fls computed fields (asindicated by the bluefield names)
i‘f]rgcigéxefor e Table 1 that read or compute their values from field values
STREAM_PROPERTIES stored in various other tables.
table = STOFLOMPATH / Linellatahase / STRERH_PROPERTIES _[CO[¢}
M in the sToFLOWPATH Table Edit Record Field Help
table window, turn on |+ 7 Gl E@E
the View All HininunZ |HaxinunZ |ElevationDrop |LengthXY |AverageSlope |SinuosityRatio |
Records ﬁ| || 120300 1302,00 99,00 2971.62 1.91 1.15 |\
_J 121200 121300 1.00 584,29 0.10 1.13 B
button | 1213.00] 1237.00 24,00| 1207.79 1.14 1.04
M repeat for the 1237, 00 130200 £5,00[ 2057,20 1.81 1,50
1237.00| 1279.00 42.00| 1188.29 2.02 1.14
STREAM_DISTANCES j 1213,00| 122900 16,00 384,49 2.38 1,00
table RS TeyevroaEve EREEREA N ST AT ATy renril
330 of 330 records shown

All of the spatial layers
created and displayed by the
Watershed process have
DataTips enabled by default.
When you pause the cursor
over the View, you get a
DataTip listing a cell value or
salient attribute value from
each layer.

atershed Area: 394483921 w?
Elevation: 1282 t
own Flow: 26490,25391 n
axinun Up Flou: 0,00000 n

5 opographic Index: 10.76981
Catchnent Area: 91,24538

atershed Polygon ID: 31
low Accunulation: 0 cells |
low Direction: Left
~|Extrema: Hormal
M Ad justed Elevation: 1282
§ e L T

A sTREAM_DISTANCES tableiscomputed whenever you
have turned on either of the Flow Distance options
on the General panel. Since each stream line hasa
finitelength, separate distance values are computed
for each end of aline (MinimumUp and Maximum
Down for the upstream end, and MaximumUp and
MinimumDown for the downstream end), along with
averagevauesfor aline'smidpoaint.

= STIFLONPATH / LineDatabase / STREAM_DISTRANCES
Table Edit Record Field

M =E
Help

DR sl

HininunUp |Averagelp |HaxinunUp |Hini

Down|A I |Haxi

|| 0,00 1937.40| 3520,44 0,00 145206 290412 ﬁ
|| 000 2982.47| 4370.73 0,00 244,08 488.16
| | 2674.77| 3175.,58] 3754.40 488,16 10392.06 1695.96
| | 617.57| 1544.62| 2546.61 1695.96 2724.56 3753.16
| | 872,65 1383,15 1969,.69 1695,96 2290,10 2884,24
|| 3239.26| 3335.38| 3495.59 488,16 680,41 872,65

[ oza aal _1aia oal w10 09 979 e 207E_na 7977 an |/
330 of 330 records shoun
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Modeling Watersheds

Stream Order

Since stream segmentsin each watershed join down- | STEPS

streamtoform larger streams, therelativeimportance | & um off the Show Table
of each segment can be expressed asanumerical 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 systemsthat 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

= STIFLOWPATH / Linelatabase /7 STREAH_ORDERS m]E3
Table Edit Record

checkboxes for the
STREAM_PROPERﬂEsand
STREAM_DISTANCES tables
turn on the Show Table
checkbox for the table
STREAM_ORDER

in the sTREAM_ORDER table
window, select Switch to
Single Record view from
the Table menu

press the Select

icon button in the h’
View window and
select a segment of the
stream that drains
toward the lower right
corner of the DEM as

shown in the illustration

Help

source. The order of major tributaries is

treated in the same way. At each junction B Httached|Record 284 of 330 (1/1 attached)

where two segments of equal Strahler order || HATERSHED_ID:
meet, the longest or most direct upstream Horton:
segment is renumbered to the higher order SrElilers
of the main stream or branch.

Shreve:

Scheidegger:

Shreve: The order or “magnitude” of a

stream segment formed at a junction is the

sum of the magnitudes of the two tributaries. For example,
the confluence of a magnitude 1 and magnitude 3 stream
forms a magnitude 4 stream. The magnitude of any stream
segment equals the number of its magnitude 1 sources,
which means that the Shreve magnitude is more simply
related to predicted flood flow than other ordering systems.

M close the sTREAM_ORDER

table

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




Modeling Watersheds

Watershed and Basin Attributes

STEPS
M press the Expand /

Collapse icon button

for the sTANDARD BASINS
layer

M repeat for the polygon
element entry for this
layer to show its tables

M turn on the Show Table
checkbox for the
ATTRIBUTES table

M inthe aTTRIBUTES table

window, select Switch to
Single Record view from

the Table menu

M repeat for the table
ATTRIBUTES BY ORDERS
use the select tool to
select one of the basin
polygons in the View

= STDBASIN / Polygonilatabase / ATTRIBUTES _1C[x]

You can have the Watershed process compute a set
of hydrologic attributes for basin and/or watershed
polygonswhen you turn on the Geomorphic Attribute
toggle for the respective polygon type on the Gen-
eral tabbed panel. The atTriBUTES table for each
polygon typerecords attribute valuesfor each entire
polygon, while the ATTRIBUTES BY ORDER table parti-
tionsthe attributesfor each polygon by stream order,
with onerecord for each stream order represented in
aparticular polygon.

Thesetablesrecord several simpleattributes such as
the number of stream lines, total stream length in
meters, and average stream length in meters. They
also record anumber of more complex attributes:
Drainage Density: total stream line length divided by the
polygon area.

Constant of Channel Maintenance:

Table Edit Record

Help

L ‘Recnrd 60 of 87 (171 attached}

BASTH_TD> [go
HUMBER OF STREANS: [24

AVERAGE LENGTH OF STREAN:|1301,87

LEANGTH RATIO: |1 318

LEHGTH OF OVERLAHD FLOM: (585,06
BASIN LENGTH: 16396, 45
ELOMGATION RATIO: [g,42

BASIN RELIEF:|309.00
RELIEF RATIO: |, 02

TOTAL STREAH LENGTH:|31244,83
BIFURCATION RATIO: 1,264

DRAINAGE DENSITY:|0,000855
CONSTANT OF CHANNEL HATHTEHANCE:|1170,12

STREAH FREQUEHCY: |0, 00000066

FORH RATIO: [0,1360

RUGGEDNESS HUHBER: |0,264075
HEAN STREAH SLOPE: |0,001206

S
=

polygon area divided by the total stream
length (reciprocal of drainage density).

Length of Overland Flow:. reciprocal of (2
* drainage density).

Stream Frequency: total number of
streams divided by the polygon area.

=1STIBASIN / Polygonllatabase / ATTRIBUTES BY (=]

Table Edit Record Help

L3 |Record 87 of 142 {1/4 attached}
BRSIN_ID> 60

STREAH ORDER BY STRAHLER: |1

NUHBER OF STREAHS: 5

TOTAL STREAM LENGTH: [12471.15  n  —

RVERAGE LENGTH OF STREAH: [1558.89 "

DRAINRGE AREA: 1187467472 w®

Basin Length: maximum polygon dimension measured from the stream outlet.
Form Ratio: polygon area divided by the square of the basin length.
Elongation Ratio: ratio of the diameter of a circle with area equal to the basin area to the

basin length.

Ruggedness Number. basin relief times drainage density.

Bifurcation Ratio: the mean (for all stream orders) of the number of streams of a given
order divided by the the number of streams of the next higher order.

Length Ratio: the mean (for all stream orders) of the average stream length of a given
stream order divided by the average length of the next higher order.
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Modeling Watersheds

Hydrologic Connectivity Tables

Stream linesin the standard flow pathsvector forma
connected 3D line network inwhich tributary stream
lines merge in the downstream direction. The
subcatchments (standard basins) associated with
these stream lineslikewise are ordered by the direc-
tion of stream flow and the merging of tributaries.

The connectivity of these hydrologic elements is
captured by the Watershed process in a series of
tables that are automatically created for the stan-
dard flow paths and standard basins vectors. Each
flow path line can flow into only one downstream
line element; the ID number of that line element is
recorded in the pownrFLow tablefor each stream line.
A Basins tableis also created for the standard flow
path vector if you have chosen to create the stan-
dard basins vector; thistable recordsthe | D number
of the basin polygon in which each stream linelies.

= STFLINPA ellatahas: ] 0 M m|E3

Table Edit Record Fiellgtlllill il ellatabase / BRASTHS Ms]Ed
Ly R R el i 4 Table Edit Record Field Help
DOHNFLOH_FLOWPATH LR i B
|1 BASIN_ID
1 | 60 oy
| | J
1 of 330 records shown - 1] | ]

Two hydrologic connectivity tables are created for
the standard basins polygons. Each basin polygon
contributes flow to only one downstream basin; the
ID number of that downstream polygon is provided
inthesasinstable. Theflowpathstable hasarecord
for each flow path line showing the corresponding
basin ID. Larger basins may contain a number of
stream lines, so multiple records may be attached to

e @ single basin
Table Edit Record Field Help po|ygon
R el b | B
FLOHPATH_ID |BASIH_ID |
e & =ISTOBASTN / Polygonllatabase / BRSTHG MEE
| 148 60 Table Edit Record Field Help
-] 14 £0 DR e ] T
= 5 e Sz l=
0 e = BASTH_ID |DOHNFLON_BASIN_ID |
= = 50 70 Y
|
24 of 330 records shown - 24 re.

STEPS

M close the artriBUTES and
ATTRIBUTES BY ORDERS
tables

M turn on the Show Table
checkbox for the Basins
and FLowpaTHs tables in
the STANDARD BAsINS layer

M inthe sTANDARD FLOW
PATHS layer, turn on the
Show Table checkbox for
the powNFLow and BASINS
tables

The hydrologic connectivity
tables and their record
attachments to flowpath and
basin elements allow you to
use the standard flow path
and standard basins vector
objects to perform higher-
level spatial analysis and
modeling that relate specific
flowpath elements to
corresponding areas of the
landscape.

M press the Unmark @
All icon button in
the View and close all
of the open tables
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Modeling Watersheds

Other Watershed Products

STEPS

M use the Layer Manager
to hide the sTanDARD
BASINS and STANDARD FLOW
PATHs layers and show
the STANDARD RIDGES layer

M hide the STANDARD RIDGES

and pewm layers, then
show the other raster
layers discussed below

object is used to generate the flow path vector
object and the watershed and basin boundaries.

The Watershed process al so produces one other op-
tional vector object and several raster objects. Some
of these products show particular aspects of the ter-
rain and may be useful for specialized analysis, but
othersare primarily intermediate objectsused to pro-
duce the objects discussed previously. The
illustrations below show the northwest (upper 1eft)
guarter of some of these objects.

Lines in the Standard ridges vector object (shown in
magenta) 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 pattern of potential
flow paths. This intermediate

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.

Two other intermediate 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
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.

page 14



Modeling Watersheds

Hydrologic Properties

Toggle buttons on the Compute pane of the Water-
shed Analysiswindow’s General tabbed panel allow
you to chooseto produce anumber of additional ras-
ter objects that are not required to compute
watersheds and flowpaths but nevertheless record
significant hydrologic properties of the terrain.
Thesefour raster objectsare described andillustrated
below.

Compound Topographic Index
(CTI), also referred to as a
wetness index, predicts zones
of increased soil moisture where the landscape area
contributing runoff is large and the local slopes are low,
such as at the base of hillsides and in valley bottoms.
The index value for each cell is computed as:

CTI = natural log (Flow Accumulation / tan (slope) ).
This property is used in soil landscape modeling and in
analysis of vegetation patterns.

Downstream Flow Distance maps the flow distance
downstream from each cell to the outlet of its watershed.
This distance has applications in the analysis of
downstream dispersal of pollutants and sediment.

of the Terrain

STEPS

M use the Layer Manager
to show the additional
raster layers discussed
below

Specific Catchment Area depicts for each cell the upslope
contributing area per unit flow width perpendicular to the
flow direction. This value is computed from the local flow
accumulation and flow direction values and the cell
dimensions. This property is used as a parameter in
modeling hillslope runoff and resulting soil erosion.

Maximum Upstream Flow Distance maps the longest flow
distance from any part of the upstream watershed boundary
to the current cell. This property can be used in modeling
erosion rates and sediment yield.

b
I
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Modeling Watersheds

Adjusted Elevation

STEPS

M use the Layer Manger
controls to hide the
raster objects examined
on the previous page
and show the AbjusTeD
ELEVATION raster (which
displays 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.

= -
L!.‘,,‘

S

= s "_ :;‘;--:
Feraces BUaGS

[ ~———

Perspective view of a relief-
shaded DEM with a large
natural depression partially
filled by water to form a pond
(uniform gray surface in
center). The water level is
lower than the lowest natural
outlet (pour point).

s S

DepressionsareareasinaDEM that are completely
surrounded by higher elevation values. Some natu-
ral processes can form sizeable natural depressions,
and human activities such as mining and quarrying
create smaller depressions. But natural depressions
arerare in common landscapes that are shaped pri-
marily by stream flow, and consequently most
depressions in a DEM do not represent real land-
scape features. They are dataerrors, or result from
theaveraginginvolved in assigning el evation values
to cells of finite area. These spurious depressions
interfere with the correct routing of flow paths dur-
ing thewatershed analysis, especially in areasof low
relief.

The Watershed process solves this problem by first
locating and “filling” the depressions. It increases
the values of cellsinside 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 processwith the Fill Depres-
sions option turned on, a depressionless version of
the DEM (ELEVATION, With object description “Ad-
justed elevation”) is created. This depressionless
DEM isused to computetheflow paths, basins, and
watersheds.

- -

Perspective view of the
corresponding area of the
depressionless DEM. El-
evations in the depression
have been raised to the
level of the lowest pour
point, simulating complete
filling with water.

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

Filling Depressions

Thefilling of depressionsis controlled by areaand
depth thresholds that you set on the Depressions
tabbed panel. The Areaand Null Areafields allow
you to set themaximum number of cellsand themaxi-
mum number of null cells, respectively, for a
depression to be filled. The Depth field sets the
maximum depth allowed for adepression to befilled.
An additional depth parameter setsthethreshold de-
pression size abovewhich the depth limit isapplied;
smaller depressions of any depth arefilled.

The DEM inthisexerciseincludesashallow depres-
sioninthe upland area between the major drainages.
This depression is larger than the Area value we
intially set (5000 cells) and soisnot filled inthefirst
Run. With the Put null cell at bottom of unfilled
depressions toggle turned off, the result is that no
flowpaths are computed and only watershed poly-
gonsaredisplayed. Thewatershed polygonwiththe
yellow point symbol on its northern boundary in-
cludesthe unfilled depression. You can examinethe
Depression attributes (see page 25) to investigate
depression size. In this case increasing the Area
threshold in the second run fills the depression and
allowsflowpathsto be computed.

|Input I]h_jent...luatershd.rvc # DEH_HFD

General Depression | Flowpath and Basin | Options |

rea

rea 5000 cells  Hull Area g cells

Fill Haxima Per Depression
R
Depth 20 with area not less than|1000 cells

- Put null cell at botton of unfilled depressions

Watershed with
unfilled depresssion ~

Routing flow across the
flat areas formed by
large filled depressions
can produce artificially —
straight flow paths
across those areas.

STEPS

M press the Open -
icon button, then
[No] in the Question
window

M in the Select Object
window, choose object
pemM_wrD and press [OK]

M on the General panel,
turn off all of the toggle
buttons except Fill
Depressions and
Flowpaths

M on the Depression panel
turn off the Put null cell
at bottom of unfilled
depressions toggle

M in the Fill Maxima Per
Depression control group
set the Area value to

5000
M press the Run icon :=
button E'*

M note the watershed with
yellow pour point in left
center of the area

M increase the Area value
to 10000

M press the Run icon zz
button, then [No] in E'*
the Question window

o 1"-5‘
10000 cells  Hull AR 34

’7Fill Haxina Per Depression
A
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Modeling Watersheds

Draining Depressions

STEPS -

M press the Open
icon button, then (=
[No] in the Question
window

M in the Select Object
window, choose object
pemM_wpb and press [OK]

M on the Depression panel,
turn on the Put null cell
at bottom of unfilled
depressions toggle

M in the Fill Maxima Per
Depression control group
set the Area value to 500

M set the cell number
threshold for the Depth
setting to 100

M press the Run icon 3
button

M turn on the Watershed
polygons vector layer

The DEM in this exercise includes several natural
depressions caused by chemical weathering of the
limestone that underlies the area and which is ex-
posed at lower elevations. Within these depressions,
surface water drains inward and some streams dis-
appear into sinkholesthat connect to cave systems.

In order to replicate the internal drainage of these
depressions in the Watershed process, we have ad-
justed the depression-filling settingsto prevent these
small depressions from being automatically filled
(reduced the maximum depression area and the
threshold for triggering the depth limit). We' vealso
toggled on the option to put anull cell at the bottom
of unfilled depressions. When flowpaths are found,
each of these null cells acts as an outlet or drain to
nucleate a drainage network within the depression
(see the following

page).

‘ Input Object...luatershd.rvc / DEH_HDD

General Depression | Flowpath and Bacin | Options |

rea 500 cells Hull Area 400 cells
Depth| 20 uith area not less than| 100 cells

’7Fill Haxima Per Depression
R

® Put null cell at bottom of unfilled depressions

Magnified views of several closed
depressions. Arrows indicate null
cells placed in bottom of each.




Modeling Watersheds

Use Null Cells to Limit Processing

TheWatershed processtraceswatersheds, flow paths,
and basins to the edge of the DEM raster or to the
boundary between valid elevation values and null
cells. Anull cell isa“blank” or “no data”’ cell ina
raster object. For example, a DEM that has been
resampled to amap projection may berotated so that
valid elevation valuesdo not fill thefull rectangular
extents of theraster object, leaving “blank” areas at
the edgesand cornersthat areset asnull cells. (Null
cellsmay bedesignated by areserved numerical value
intheraster or by anull mask.) Thesenull areasare
automatically excluded from processing in the Wa-
tershed and other TNT processes, and they are
displayed transparently in the View window.

In a DEM of a coastal areathe ocean is normally
represented by cellswith avaueof O, which of course
isthe elevation valuethat represents mean sealevel.
But sincereal drainage systems
terminate at the coastline, there
isno reason toincludethe ocean
areasintheanalysis. Asshown
by the DEM inthisexercise, by
designating the cells in the
ocean areaas null you can auto-
matically exclude them from
processing.

You can usethe Mask Editor to
edit the null mask to designate
null areas for a DEM or any
other raster object. You can ac-
cess the Mask Editor from the
TNTmips menu (Image/ Utili-
ties / Edit Mask) or from the
Layer Manager in the Display
Process (by right-clicking on

the DEM’s layer entry and se- 3{§;ayed

lecting Mask Editor from the  transparent
dropdown menu).

b

N TR
Wy

STEPS

M press the Open o |
icon button, then E?
[No] in the Question
window

M use the Select Object
dialog to select pem_w2
from the waATERSHD
Project File

M press the Run -
icon button ij}

Standard Flow Paths for
DEM_W2
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Modeling Watersheds

Mask Parts of the DEM

STEPS -

M press the Open
icon button, then E?
[No] in the Question
window

M use the Select Object
dialog to select bpem_w3
from the WATERSHD
Project File

M on the General panel,
turn Off the Basins
toggle

M on the Flowpath and
Basin panel, set the
Branch value to 128

M on the Options tabbed
panel, press [Mask...]

M in the Select Object
window, select the
mask_w3 object from the
WATERSHD Project File

M turn on the toggle next to
the Mask button

M note the Crater Lake
area is masked out and
is transparent in the
View

M press the Run
icon button ﬁ}

Another way to limit processing to particular parts
of a DEM is to use the masking capability of the
Watershed process. A mask isabinary raster object
that contains a value of 1 for each cell that will be
processed and avalue of O for cellsthat will be ex-
cluded. You can use amask to exclude a particular
area that spans arange of elevation values. In the
Crater Lake (Oregon, USA) example used in this
exercise, we might beinterested in drainage patterns
in the area surrounding the crater and want to ex-
clude the lake surface and inner crater walls. The
lake occupies a crater at the summit of an extinct
volcano.

You can load a mask raster that you have prepared
outside the Watershed process by pressing the Mask
button on the Options panel and turning on the adja-
cent toggle button to apply the mask inthe View and
for processing. Thispand alsoincludesamenu for
setting compression options for the raster objects
created by the Watershed process.

Input [uatershd,rve / DEH_HE

General | Depression | Flowpath and Basin Options |

®

Hask...|watershd.rvc / HASK_H3

DEM
without
mask

The mask used
here was
produced using
a region object
created with the
Basin region
generation
method.

Flowpaths computed for the terrain
outside the rim of Crater Lake; the crater
walls and lake surface were excluded
from the analysis using the mask.
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Segment Flow Paths by Elevation

TheWatershed process providesthe option to create
a segmented flowpath vector object in addition to
the standard flowpath vector. A segmented flowpath
vector has additional nodes inserted to divide line
elementsbased on values of either elevation or flow
accumulation. All attributes of the flowpath lines
are recomputed for lines that have been split by the
segmentation procedure.

General | Depression Flowpath and Basin I[Iptiuns |

Threshold——— —Floupath Segmentation

43 1 Separate Valley ||Paraneter|Elevation 1
—l— Interval [Equal
Inlet 6 cells nterva. qua. x|

Outlet 128 cells 500

Branch] 128 cells oo & Goral

intervals,
Basin 128 cells

In this exercise we segment flowpaths based on el-
evation, using an equal elevation interval of 500
meters. The flowpath lines extend from an eleva-
tion of 1068 meters to maximum of 2406 meters.
Our segmentation results in line elements in three
elevation ranges: 1068 to 1500 m, 1500 to 2000 m,
and 2000 to 2406 m. The segmentation procedure
produces aRangetablewith arecord for each range,
and each record is attached to all corresponding
' i = flowpathlines.
The steps in
this exercise
show how you
can use the
range values
asthebasisfor
styling the
segmented
lines By At-
tribute.

Spread Color

Style By|Spread Color |
Ftart Color End Color

STEPS

M on the Flowpath and
Basin tabbed panel, set
the Parameter menu
under Flowpath
Segmentation to
Elevation

M set the Interval menu for
segmentation to Equal
and enter 500 in the field
below the menu

M press the Run ’}
icon button ij

M in the Layer Manager,
turn on the Show/Hide
toggle for the sEGMENTED
FLOw PATHS layer and left-
click on its Layer
Controls icon button

M on the Lines
tabbed panel of n
the Vector Layer
Controls window,
choose New - By
Attribute from the Style
menu and press the
adjacent Specify button

M in the Select Table/Field
window that appears,
choose RANGE from the
Table list and Minimum
from the Field list, then
press [OK]

M on the Automatic tabbed
panel of the Assign
Styles window, under
Style Options choose
RGB from the Color
Path menu

M use the Start Color and

End Color buttons to

choose cyan and

yellow colors,
respectively as shown
M press [OK] on the
Assign Styles,
New Table, and
Layer Controls

1! Color Path|RGB = windows
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Segment by Flow Accumulation

STEPS
M press the Open
icon button, then
[No] in the Question
window
M select bpem_w1l from the
WATERSHD Project File
M on the Flowpath and
Basin tabbed panel, set
the Parameter menu
under Flowpath
Segmentation to Flow
Accumulation
set the Interval menu for
segmentation to
Exponential and enter
2000 in the field below

the menu
M press the Run x
icon button H}
in the Layer Manager
turn on the SEGMENTED
FLow PATHs layer and
open its Layer Controls
on the Lines tabbed
panel of the Vector
Layer Controls
window, choose New
- By Attribute from the
Style menu and press
the adjacent Specify
button
in the Select Table/Field
window that appears,
choose RANGE from
the Table list and
Minimum from the Field
list, then press [OK]
on the Automatic tabbed
panel of the Assign
Styles window, choose
All Same from the Style
By menu
under Size, set the
second Width value to
1.50
press [OK] on the Assign
Styles, New Table, and
Layer Controls windows

EISEMIFLIMPATH / Linellal | |

Table Edit Record Fiy

W R ] el lie [E

Segmenting flow paths by flow accumulation val-
ues relates the segments to the upstream area that
contributes flow to each segment. Sinceflow accu-
mulation valuesincrease rapidly downstream along
flow lines, it is appropriate
to usethe Exponentid inter-
val selection for thistype of
segmentation. With thisop-
tion the interval value you
enter is used to define the
sizeof thefirst flowpath interval; inthisexamplean
interval value of 2000 resultsinaninitial valuerange
of 0to 1999. But each successive flow accumula-
tioninterval istwice aslarge asthe previous one, as
shown by the illustration below of the Range table
created for thisexercise. Thelater stepsinthisexer-
cise show how you can set up styling By Attribute
based on the Rangetablewith differing widths (rather
than colors) set for the different flow accumulation
ranges. -

—Flowpath Segnentation

Paraneter [Flow Hccunulatinnﬂ
Interval |Expenential |
2000

Segnent boundary value = A
# 2*n, where boundary
nusber n =1, 2, .., and
A = nunber entered above.

e

4

Hininun  |Haxinun |
1933
2999
7993
15999
31993 %
48036 [

0
2000
4000
8000

16000
32000

|
|
|
|
|
3

of 6 records shod

Range table
created in this
exercise.

Style Options

Style By|All Same

Color N
Line Color Segmented flow paths
Size ith differi
= styled with differing

line widths based on
flow accumulation
range.

Hidth| 0,31 to] |

1,50 [nillineters
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Modeling Watersheds

Process Depressions Sequentially

When you run the Watershed process with the Fill
Depressions option turned off, the process takes a
sequential approach to filling depressions and find-
ing watersheds. Intheinitial run the process finds
depressionsin the original DEM and creates water-
shed polygons. If you press the Run button again,
theprocessattemptstofill al remaining depressions.
In many cases, however, small depressions may be
nested inside larger ones. As these small depres-
sions are filled they merge into a residual larger
depression. These complex relationships may not
be resolved in a single processing pass, so it may
take several runstofill al depressions. Only when
all depressions are filled does the process compute
and display flow paths and basins.

If all depressionsarenot filled at theend of arun, a
set of watershed polygons are displayed automati-
caly intheView window. Some of thesewatersheds
drain to the edges of the raster (or to a null bound-
ary), while othersdrain into aremaining depression
in the adjusted DEM. Yellow point symbolsin the
watershed vector object indicatethelo-
cations of pour points along the
boundaries of watersheds containing a
depression. 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 process se-
guentially, you can investigate the
characteristics of watersheds and de-
pressions at each stage and identify
depressionsthat are natural features of
the landscape rather than DEM arti-
facts.

STEPS

M press the Open Cr |
icon button, then E?
[No] in the Question
window

M select bpem_w4 from the
WATERSHD Project File

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

General ||]epression |

- Fill Depressions

M press the Run 5
icon button ij}
The DEM used in this series
of exercises has a cell size
of 30 meters and shows a
mountainous terrain that has
been modified greatly by
glacial erosion. Natural

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




Modeling Watersheds

Watershed Relationships

STEPS When depressions remain in the adjusted elevation
& 5&2?;;22 dsii'gr‘jt 3 | raster, asinglelarge watershed may be divided into
button at the top of the a_\number of individual watershed polygons. A par-
View window ticular watershed polygon may have one or more
M left-click with the mouse | upstream watershedsthat would drainintoit if their

inside the large o .
watershed polygon at the depressions were filled. The same watershed may

center of the DEM aso draininto adownstream watershed (or lesscom-
M press the monly morethan one) if itsdepressionisfilled. These
Watershed l:ﬁ rel ationships are displayed graphically when you use

Attributes icon
button on the Watershed the Select Watershed tool to select awatershed poly-

Analysis window gon. The active watershed and its upper and lower
neighbors are shown in different highlight colors.
One neighboring upper watershed
(if any) isautomatically designated
the selected upper watershed and
showninadifferent highlight color
than the remaining upper water-
sheds; the same system is used for
multiplelower watersheds.

selected upper
watershed and pour |
point (magenta)

You can usetheicon buttonson the
Watershed Attributeswindow (illus-
trated below) to usethese hydrologic
relationships to change the active
watershed selection.

L ¥ selected lower
watershed and
pour point
(bright green)

pour point (purple)

= Matershed Rttributes ] E3

Hatershed |Inl‘].ou |l]utl‘lou |Hrea |Perineter |I‘Iin F —Hatershed
19 9772200[ 19920 1| Total 113 Previous Lower Pour
20[ | ¥ 891900 4620 3 ||Active 19
2y o 2ran00 14100 4 —Lower Pours— Move Through
22\ ¥ 1356300 6780 zJ
73] ¥ 285300 qz20| o | [Humber |y Lower Pour
24 | ] 134400 2100 4 ||Index 4
25| v 5219100 15600) g ||Current 0 Next Lower Pour
26[ | v 224100 2400 3 ol
27 287100 2620 3 v v
28| | v 1017900 5580 4 |[ Vpper Tours .
v, v; 34200 1500 o ||Munber 1 Previous Upper Pour
EY; ¥ 112500 1980 d || Index A
I 42300 1680 4 ||Current 2=~ Move Through
32|y v 166500 2580 E g;w.w; Upper Pour
ECIV, LA ﬁﬁmn 1aon 9/
- - Close| | ™ Next Upper Pour
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Depression and Pour Point Attributes

The Depression Attributeswindow liststhe ID num-
bersof all of the watersheds containing depressions,
along with each depression’sareaand volume. If a
watershed containing adepressionisselected in the
View, itsrecordishighlightedinthelistinred. For
exampl e, the watershed selected in the previous ex-
ercise is number 19, and its included depression
covers 10,800 sgquare meters (a fraction of the wa-
tershed ared). Theinput DEM has acell size of 30
meters, so the area of a single cell is 900 square
meters. Dividing thedepression areaby thecell area
shows that this depression covers 12 raster cells.

= Depreszion Attributes HmE
Hatershed |Hrea |U'nlune | —Depression—
16 900 27005 | | Total
17[ 134100 475200 | 76
18 5400 5400 | | | fetive
19 10800 15300 |—19
20 900 900
21 900 900
22 900 2700
23 900 900
25 31500 64800
26 1800 2700 )./ Close|

| dentification numbers of the upper and lower pour
pointsfor the active watershed are highlighted inthe
Pour Attributes window in the appropriate colors.
The columns Left and Right list the numbers of the
watershedsthat lie on the respective sides of the vec-
tor line separating them (relative to the arbitrary
direction of that line in the vector topology). The
arrows indicate the direction

STEPS
M press the

Depression ﬁ

Attributes icon button on
the Watershed Analysis
window

scroll down in the
Depression Attributes
window to show
watershed 19

press the Pour
Attributes icon ;}a
button

scroll down in the Pour
Attributes window to
show the two pour points
whose entries are
highlighted in color

= Poar Rttributes |_ ||
of potential flow through the | [Faw Trere Fiow  JRight 2 — Pour
i i 6 10 <= 14 2277.00[% | | Total
pour poi nt. In_ this example, o LIS 27w —
pour point 10 is the selected 8 15 <« 7 2301.00J Double
lower pour point for watershed 13 i; : ig gjggg [ 9
19, which drainsto watershed u 2 = [ 3034.00 Ttv_eo
12 22 <= 21 2461.00
18. The upper pour for Wat_er— e O e e
shed 19 is number 13, which 14 B <= 22|  2398.00 10
. . 15 21| <= 26 3267 ,00 Upper
drainsinto watershed 19 from e IR 27| s.oof [
watershed 23 17 29 <= 30| 2483.00
: 19 o1 i= Da 2477 onld Close|




Modeling Watersheds

Fill Depressions Selectively

STEPS

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

M in the Manual Filling
section of the
Depression panel in the
Watershed Analysis
window, turn on the
Lower toggle button

M press the Run
icon button, then
[No] in the Question
window

g

When you have selected a watershed polygon with
the Select Watershed tool, you can run the water-
shed processagain tofill only the depressionin that
watershed or thosein watersheds hydrologically re-
lated to it aswell. These options are controlled by
the Manual Filling toggle buttons on the Depression
panel.

® Put null cell at botton of unfilled depressions

Hanual Filling
’: Upper X Lower _I Double

With the Upper manual filling option on, the pro-
cess attempts to fill depressions in the selected
watershed polygon and in all watersheds upstream
from it. The Lower manual filling option fills de-
pressions in the selected watershed polygon and in
all watershedsdownstreasm fromit. If neither of these
toggle buttonsisturned on, then only the depression
inthe selected polygon isfilled.
(If no watershed polygons are
sdlected, all watershed polygons
are processed). In any of these
cases, depression-filling stopsif
the process encountersadouble
depression (see next page).

New watershed polygon
created by filling depressions
in the selected watershed
polygon and in those
downstream from it (until a
double depression was
encountered). Other
watersheds were unaffected.




Modeling Watersheds

Double Depressions and Pour Points

If two adjacent depressions share a pour point, and
neither has another pour point that islower in eleva-
tion than the shared one, then the two depressions
form adouble depression. The pour point that they
shareistermed adouble pour point. If either of these

depressions is filled, it will spill over through the [SEL

double pour into the other member of the double
depression. Only when both membersarefilled will
flow continue to downstream watersheds.

Thewatershed and depression sel ected in thisexer-
cise form part of a double depression. Pour point
53 is the double pour point linking the two mem-
bers. Double pour

po' nts are I ndl - Pour  |Left |Flow |Right |2

cated in the Pour sl mf = 76[ 2535.00
h3 79 {=> 81 25915, 00

Attributes window o < 2l 26200

by adouble-headed s6| 73] < 79| z0z7.00
Lr) 81 <= 85 2529, 00

arrow in the Flow sl 7] < g6 3194.00

C0| umn L] 89 => 79 3123,00

You can choose to fill only double depressions by
turning on the Double manual filling toggle button
and then running the process. This optionsfillsall
double depression pairs within the DEM without
regard to any set of watershed polygons you may
have sel ected (unlike the other manual filling toggle
buttons).

) Final flow paths
% for the DEM

STEPS

select the watershed
polygon with ID 81 near
the center bottom of the
DEM, as shown in the
illustration below

)

|

|

press the Pour
Attributes icon ;ja
button
in the Pour Attributes
window, scroll down to
show pour point 53
on the Depressions
tabbed panel of the
Watershed Analysis
window, turn off the
Lower manual filling
toggle and turn on the
Double toggle button

e

press the Run icon
button, then [No] in
the Question window

Filling merges the double
depressions. For this
example the merged
watershed drains northeast
through a pour point to the
major valley.

“

|

turn off the Double
manual filling toggle
press the Run icon
button, then [No] in ij}
the Question window;
this run should produce
flow paths
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Advanced Software for Geospatial Analysis

Microl mages, Inc. publishes acomplete line of proféssional software for advanced gedspatial”

datavisualization, analysis, and publishing. Contact usor visit our web sitefor detailed prod-
uct information.

TNTmipsPro TNTmipsProisaprofessional systemforfully integrated GIS, image
analysis, CAD, TIN, desktop cartography, and geospatial database management.

TNTmipsBasic  TNTmipsBasicisalow-cost version of TNTmipsfor small projects.

TNTmipsFree TNTmips Freeisafreeversion of TNTmipsfor students and profession-
alswith small projects. You can download TNTmips Free from Microlmages web site.

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

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

TNTatlas TNTatlasletsyou publish and distribute your spatial project materialson CD or

DVD at low cost. TNTatlas CDS/DV Ds can be used on any popular computing platform:;-.»

I ndex _
@usted elevation........ccoceeeeeniiiiienene 16 hydrologic connectivity................... h
basin inlet parameter.

from seed point........cccceeviviierniieennnn. 9 mask raster
parameter.........oooeiiiiiiiieenen 8 null cells.....ooooiiiiiii
POIYQONS....cceiiiieieeieeiene 5,8,9,12,13 outlet parameter..........ccoceeereriererienerennens 7
branch parameter.... pour point...........
depression............... attributes..

segment flow paths

sequential filling by elevation
flow accumulation by flow accumulation
flow directions. Sream OFder........ccvvveeveveiireereeersses
flow path . watershed polygons..........
from seed point.......cccceeeveeneeieneene. 9 attributes........coooeeviiie
SElECHING. ....eeveeiieieeeeee e
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