WORKSHOP SESSIONEMvacting landscape metrics for tectonic interpretandHilley &
Arrowsmith)

The following is a cookbook that will lead you through some of the functionality thatgn use in the
StanfordStandardOptionLandscape Modeling and Analysis Environm@OJLAME) You are

welcome to use the binaries or source for your own use. Itis free. However, asowithny things in

life, you generally get what you pay for. Thysy car2get mad at me or hold me responsible for

problems in the code or issues with compilation on exotic platforMg.hope is that the tools provided

in LAME are general enough to be ugeadd improved upon) broadly. Thus, if you make any
improvements to the code, please send me a copy so that | can bundle it up with the newest distribution
of LAME.

LAME was written (and continues to be written) by myself and Ehefe§ If you use it and like it,
please thank us by buying us a beer at one of the national meetings.

Section 1: Preprocessing steps to get ALSM data ready for LAME

Steps in preparing DEM for LAME analysis (These have been done for you for expediency):

1) Import gridded ALSM data into ArcGIS (preferably Arc/INFO), and georeference to a distance
basedcoordinate system such as UTM.

2) Fillany NODATA values in interior of analysis area if necessary.

3) Smooth data if necessary.

4) Export data as a floating point grid.

5) Import floating point grid into RiverTools.

6) Calculate Ddased flow directions using iteratiVimking method in RiverTools.

7) Calculate upstream areas and HoriBirahler order using RiverTools.

Step 1: Import gridded ALSM data into ArcGIS (preferably Arc/INFO), and georeference to a distance
based coordinate system such as UTM.

The procedure usedtcomplete this step will vary depending on the specifics of the data that you are

using. For example, if filtered point cloud data are used as your initial input, you will need to interpolate

these to a regular grid using the algorithm of your choiceagitg, as implemented in GSLIB, provides a

means of interpolating irregular data to a regular grithis package is still free the last time | checked

and provides a variety of variogram models and visualization tools that may be used to interpolate data

in many dimensions. Once a gridded dataset has been produced, LAME réduites projected using

units consistent with the elevation units of your dataset. For example, if your interpolated Digital
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elevation units are in feet, you must project the DEM into a distéve®ed coordinate system (such as



UTM in which the horizontal coordinates are Easting and Northing in units of meters), and adjust the
vertical units appropriately.

Step2: Fill any NODATA values in the interior of the analysis area if necessary

In many cases, DEMs produceddoynmercial vendors have NODATA in the interior of the DEM that
reflect the fact that no groundeturn pointswere identified within a particular pixel. However, when

such values are encountered by flow routing algorithms, they are often treated as sinks in the
topography, and so flow routing and estimates of basin area at all points downstream of these NODATA
values may be impacted by their presence. Thus, to ensure continuity of flow across the grid, values for
these NODATA points must be interpolated from surrounding points.

The most straightforward way to do this is using the GRID module of Arc/INFO.tHis, dpen a

command prompt, and navigate to the directory containing your DEM (which should be stored as an
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Grid: interpdem = con(isnull(dem),focalmean(dem,rectangle,ata)jdem)

GKSNB GRSYé¢ Aa (folnatyDEMN. Shiscdmmargl findd aDaf thesNODATA values in

the DEM, and then fills them with the mean of the surrounding values that actually have data. However,
you can imagine that there may be positionglie DEM where there NODATA values are surrounding a
point on all sides, which would register a NODATA value as a result of this operation. Thus, it may be
necessary to repeat this command several times to progressively fill in large NODATA patches in yo
dataset.

To check if the operation indeed filled all NODATA values within the DEM, you can use the following
O2YYlIyRa |G GKS GDNRARYEé LINBYLIY

Grid: mapextent interpdem
Grid: test = isnull(interpdem)
Grid: image test

You will see a map displayed that ltady one of two colors: black for points in the DEM that have valid
data, and white for points that still contain NODATA. If you see NODATA points present in the area you
wish to analyze, repeat the interpolation operation as follows:

Grid: interpdem2 =a@n(isnull(interpdem),focalmean(interpdem,rectangle,3,3,data),interpdem)

Grid: kill interpdem ALL



Grid: rename interpdem?2 interpdem
Grid: kill test ALL

Then, repeat the check described above to see if NODATA values still exist within the area of the DEM
that you would like to analyze.

Step3: Smooth data if necessary

In some cases, ALSdérived DEMs will have a significant amount of noise on the topographic surface,
which can be seen most clearly in a hillshade rendering of the elevation model. Sesétii

desirable to damp some of this noise by computing averaged values at each point based on surrounding
points. Additionally, you could use a lpass filter with an assigned caff frequency, but it is easiest

(and often adequate) to simply useighbor averaging of elevation values to damp much of the noise.

To do this, enter the GRID module of Arc/INFO as described above, and use the following command to
perform a neighborhood averaging of the elevation values:

Grid: filtdem = focalmean(intergan,rectangle,3,3,data)
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the grid. If you wish to smooth by averaging points from farther distances than the surrounding cells,

you can increase these luas accordingly.

Step 4: Export data as a floating point grid.

Once the DEM has been ppeocessed in Arc/INFO, you can export it as a floating point grid that you
can then read into RiverTools for further processing. To do this, type the following auarah the Arc:
prompt:

Arc: gridfloat filtdem filtdem.flt

Where filtdem is the name of the processed DEM in GRID format. NOTE: If you find yourself stuck in the
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Step 5:Import floating point grid into RiverTools.

Next, you will need to import the floating point grid that you exported from Arc/INFO into RiverTools.
To do this, first start RiverTools, where you will be met by the following dialog:



## RiverTools 3.0
File  Prepare Extract Display Analyze Window User Help

EEDEET |

Restored " .sav" files in Menu folder:
C:~Programn Files~RIVIX~RiverTool=s 3 0-menu~topoflow. sav

Loaded =aved preferences.

The RiverTools home directory is:
C:“Program Files~RIVI¥“RiwverTools 3 0%

RiverTools Version 3.0.3
Copyright () 1995-2005, RIVIE ILC.
411 rights reserwved

Directory: C:\Program Files\RVE2\RiverTools_3.0%basingt

This is the maiRiverTools dialog screen, which provides you with a set of menus that | will refer to
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(.flt+.hdr) as follows:



# RiverTools 3.0
Prepare Extract Display Analvze Window User Help

Open Data Set '-I
hange Basin Prefix

I
Import DEM ARC BIL Binary Raster {.bil + .hdr)
Export Grid ARC FLT Binary Raskter {flt + hdr) topof low . =aw
Expart Veckar » EMYI Binary Raster {.img + .hdr)
Flat Binary
RiverTools Binary (ho copy))

Wiew Data Set Info
Wigw DEM Info

YWieww Basin Info 11535 50TS Raster Prafile
Wi Text File k 11535 Standard ASCII
Set Colors DTED Level 0, 1, or 2

Set Preferences GeaTIFF

MOAAMNDS EEZ Bathymetry

Printer Set
Fincer etup EMT Raster (netCDF)

Printing Opti
Prfnt":g F_l':' s GROGE Raster (NGDC)
Prfnt = MCL& DEM For Mars {.img + .Ibl)
i SRTM DEM (.hgt)
Exdt AR Gridded ASCIT
Gridded ASCII

Irreqular ¥YZ ASCIT

Directony: C:\Program FileshBI1YE5RiverT ools_3.0\basing'

You will then ned to navigate through the directory structure to find the file that you exported from
Arc/INFO. Once you select the * flt file, you will be greeted by the following dialog:



* %] RiverTools 3.0

Wy 20

File Prepare Extract Display Analvze Window User  Help

Farmat infa: bw
IBinar_l,l and [e.g. ".flt) and ARC HDR file. [Floating paint]

Filename of selected DEM:
ID:'xSME_Liu:lar'xF!iverTn:n:nlshtiled'xtiled.flt

Filename of output DEM: [RiverT ools format]
ID:HSME_Lidar'xF!iverT anlz hled'thled.rtg

aE. | Browze [output) | Help | Cloze |

| suggest that when importing a .flt file, you should change the suffix oRitaeame of output DEM to
.rtg, since this is the standard suffix for a RiverTools Grid. Note that | have changed this suffix in the
RAIFItE23 1 02@0Ss fiK2dAK 08 RSTlIdA G wAigSNr22fa asSi

Sometimes, at fairly unpredictable imtals, RiverTools presents an error when importing a DEM. This
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warning from RiverTools when the import is completed:



Information

= W BRI
1)

Elervation units nok Found, Will assume LMERMCW!,

¥ou can use File = Wiew DEM Info ko update,

X]

# RiverTools 3.0:
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Frepare  Extrack

Open Daka Set
Zhange Basin Prefix

Irnport DEM
Export Grid
Export Yectar

Yiew Data Set Info

Wiew Basin Info

Wiew Text File

Set Colors
Set Preferences

Prinker Setup
Prinking Cpkions
Prink ko File
Prink

Exit

3

tiled . rtg

Display  Analvze Window User  Help
RIVIX“FiverTool=_ 3. 0~ ~
n 3.0 3
9-2005, RIVIX LIC.
=d .
ax walues in:
rTools~tiled~tiled f1t.
= = —61.5218
= = B22 324
ue = 4. 27167=-007
us = —8.54333e-007
ta = -99399 00
= 190.09561
rToolsstiled~tiled flt
rToolsstiled~tiled rtg. . .
rtg
rti
w

LEH =awed a= RTG file to:
D:~5MC_Lidar~EiverTools-tiled~tiled.

DEM info written to:
D:~SHMC Lidar~REiverTools~tiled~tiled.

Working directory 1= now:
D:~5MC_Lidar~EiverTools-tiled™

Current DEM file is:

Directon: D:ASMC_LidarsRiverT oolghtiledh,

G§KS GSNIA



This will open a dialog that looks something like this:

# DEM Information: tiled4.rti

Murnber of cols ¢ samps; [12742 Eoungli o e

Marth edge walue; | 4130404, 371637700100
Mumber of rows / ines; (11858

Data type: |Float [(4-byte] -

Bute arder: ¢ MSE &+ LSB

South edge value: | 4106588.371637700100

West edge value: | R51364.823750360050

East edge value: | 576648 823750360050

Pixel geometry: |Fi:-:eu:|-length - Uitz |meters j B |unkn|:|wn

H-gize: |2.0000000 [ rmeters |
Elewation unitz: | unknown -

Mir: |-61.5218 Max: 822,324

Y-zize: |2.0000000 [ meters |

Save Changes | Help | Check Info | Get kintdax | Cloze |
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UTM projection. Then, go ahead and save the changes to the DEM information, allowing the program to
overwrite the existing file.

While it is tempting to jump right into enforcing floacross the grid, | suggest always checking the
imported grid to make sure that the import was successful. You can do this by first plotting the DEM
dzaAy3d (MY KISRASRLIWSE AST tf20¢ FSFGdz2NE 2F wAOSNB 22f€ 3

# Shaded Relief Dialog

Light zource vectar; % Chow shaded relief
Compass angle [deg): |1 3 " Show brightriess matrix

Zenith angle [deg): |4|:|

Min. brightess [< 1] |EI.EI
E waggeration:

“erical scale factar: |'| A

Start | Help | Cloze |

[ Blue flats?

[ “hite peaks?

v Blue zea level?

[ IDL color table?

Gol KSIFR YR a{GFNIé¢ GKS 2LISNI GA2YS GKAOK gAtf 2Ly
look something like this:



&1 Shaded Relief: tile4.rtg
Options  Tools Info

2dz Ol y (KSyA=+dzd 91250 K52 20r€ 2 FiSa ( dzNB
DEM to see if the valuesamdeed realistic:




# Yalue Zoom: tiled.rtg
Options  Info

|299.51E |3nn.2zn |3nn.a?5 |3m.495 |3I]2.D85

|299.414 |3cu1n3n |3cu1559 |3c|1.2?4 |3c|1.asn

|EEIEI.1EE |299.s19 |3nn.4na |3m.un3 |3m.595

|29:3.n35 |2:a:3.531 |3nn.2a4 |3nn.a34 |3m.3:33

|EEIB.83? |299.5|33 |3nn.um |3nn.599 |3n1.111

% |552?5?.=32 Y |41 21795.4

4] »| 4] w| ol row) = 569, 4304

You can use the X and Y positions to check the RiverTools grid against the grid that was used to create
the floating point file that you imported into RiverTools from Arc/INFO. If the values match, the import
was successful. In nexperience, if the import is unsuccessful, the values of the DEM will be unrealistic
and so you can quickly tell if something went wrong by simply inspecting the values of the DEM using
0KS G+l fdzS %22Y¢é RAIFf230

Step 6: Calculate DBased flow directionsusing iterative linking method in RiverTools.

Once imported into RiverTools, you will need to correct the DEM for local sinks that may be produced by
the real topography, interpolation, and/or incomplete sampling of the topographic surface. This will
ensue that flow continuity is guaranteed across your DEM. It is important to point out that in many
cases, internal sinks may indeed be present in the real topography, and if you are interested in capturing
these features, you should identify and label thappropriately prior to carrying out this part of the

DEM correction. To fill pits in the DEM and calculate thd&®d flow direction (flow is routed to the
a0SSLISald 2F GKS y R2gyaf2LIS ySAIKO 2 MIYFBWDONRIR £
from the main RiverTools menu:

on



# RiverTools 3.0:

File Prepare NSAEES Display  Analvze window User Help
u | 1. Flaw Grid 1
g@ﬂ_ 2, Basin Outlet
D:~SHC Licg 3. RT Treefile d~tiled f1lt ~
to: |4, River Nebwork, )
DE\SHC_Llc d~tiled rtg. ..
Finished. | pghased Grid C
DEH =saved D-Infinity Grid »
D:~SMC_Tic  Mass Flux Grid P idntiled rtg
S fmi Finite Difference Grid  »
info w . .
D:\GHC Tigf Derived Grid ' lantiled rei
(ISSIEREE  Mask. g
D:~SMC_Tic Function L TR
Current DEF  Datafrom RTY File
tiled rtg Grid From Treefile
DEM m-=ize = 25.4840 Lkilometers.
DEM v—=ize = 23.7160 kilometers.
DEM info written to:
tiled rti
Feading data from tiled . rtg. ..
Reduction factor = 16
Hew number of cols = 796
Hew number of rows = 741
Finished reading data.
Computing surface normals. . .
Computing brightness wvalue=s. ..
Creating nev color table. . .
Finished with plot.
w
Directony: D:ASME_LidarsRiverT oolshtiled',

At this point, you may be alerted that a Raw DEM grid is missing. If this is the case, you can go ahead
FyR Of A0l da, Sa¢ (G2 0O02L® GKS AYLERNISR @SNBRAZ2Y 27F
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#| Extract Flow Grid Dialog

M arne of new flove grid file;
|ti|e¢1_f|n:nw.rtg

DEM Walues to lgnore

Madata threshald: |-3939.00

Pit Rezolubion Method:

' Fill all depressions

" Allow clozed basins

=

Flat R esalution Method:

o+ |terative linking
" Imposed gradients

" Imposed gradients plus

Start | Help | Cloze |

Here, you can specify the presence of closed basins identified by an internal sink point (which you must

tag in the original DEM using a particular, unique elevatidndz25 (2 ARSYGATe& Sl OK aAiy
FNB AYGSNBAGSR Ay Syada2NARy3d GKIG Ft2e Aa 02yySOGSR
RSLINBaaAz2yas o lfa2 6KAES wWAOGSNr22fa KIFIa aS@SNI ¢

theDEME [! a9 Oly 2yfté KFEyYyRfS (GKS GLOSNI GAGS [AYylAy3E
resolution method. Finally, it will make your life much easier if you leave RiverTools to assign the name

2T SFOK 3INAR Ay (GKAAa LINPasiHs &henadeof thehghdlow gidiile.yGdS G K S
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depending on the size of the DEM.

Step 7: Calculate upstream areas and Hori8trahler order using RiverTools

Finally, you will need to extract grids from the flow direction grid that represent the upstream
O2YNROGdzGAY A | NBF FyR &GN Kf SNI 2 NRSNJ ADSb&SedOK LIR2AY
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# RiverTools 3.0:

tile4

File  Prepare W& Window  User

Display  Analvze

Help

1. Flow Grid (D3
2, Basin Cutlek

L

psk Relief
Fun time for RT_Change FG_T pELTEA RElE

2.3300 seconds.
Basin Averages

Linkec 3. RT Treefis
Fun time £ 4, Rjver Netwark Codes =
1 minute,
Da-based Grid b| Upstream Areas
;;;;H;;I} D-Infinity Grid ¥ Flow Widths
Changing  Mass Flux Grid b Specfic Areas
Minimy Finite Difference Grid #|  Downstream Slopes
gaiimﬁ Derived Grid » Downskream Curvatures
Flow Distance
I_-DDELt 1 MESk, ' arid Increments
%Ee?nc Function g Mumber of Kids
the Di DatafromRTY File Horton-Strahler Order
Grid From Treefile Wakershed Subunits
Border s—ema—wnressrven

Longest Channel Length

Working directory 1= now:
D:~5SHC _Lidar~RiwverTools~tiled~

Current DEM file 1i=:
tiled rtg

Fun time for RT_Make Flow Grid =
1 minute, 5.0650 =econds.

363636 36 36 36 36 36 36 36 36 3636 36 36 36 36 36 36 36 36 36 3636 36 36 363636366

Finished extracting flowv grid.
36 36 36 3636 36 3636 35 36 3 36 36 3636 36 36 36 36 36 3636 36 36 336 333 3

Directory: D:ASMC_LidarsRiver T oolshtiledh,

This will produce a dialog box that looks like this:

# Extract Area Grid Dialog

Mame of new area gnd file:

|ti|e4_area.rtg
* |nsquare kilometers  © In pikels
Start | Help | Cloze |

al 1S adaNB G2 OFfOdzZ I 4S GKS

produce a grid whose values record the upstream basin area at each pdine DEM.
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#] RiverTools 3.0: tiled FEX

g Display  Analyze  Window  User  Help
[ | = aal. L.FlowaGrid (D)
g@ﬂ- 2, Basin Cutlet

24 3. RT Treefile 3718 951 -
25 4, River Network 2768 351
2t a7la 951
Se i 4 Upstream Areas
EE D-Infiniky Grid 3 Flawy \Widths
2C  Mass Flux Garid K Specific Areas
EE Finite Difference Grid  * Downskream Slopes
SE Derived Grid k| Downskream Curvatures
EE Mask R Flowy Distance
2E . - i R Grid Increments
%E HneHen Murnber of Kids
¢ Datafrom RTY File Horkon-Strahler Order
2E  Grid fram Treefile Watershed Subunits
EEE Eéia Upstream Relief
267 2769 Longest Channel Length
268 Jelg Basin &verages
2649 2826 TELH S
270 Jela 3485 134
271 3486 Jela 133
272 Jela 3493 126
273 3494 Jela 125
274 Jela 3545 74
275 354k Jela 73

Fun time for RT _Make Area Grid =
21 minute=s, 51 4300 =econd=.

JE -3 36 3E 3 3 IE I I I I IE I IE I IE NI IE I IE I I IE I I

Finished computing upstream areas.
636 36 3 3 36 3 36 36 36 3 3 36 336 3636 3 33633 NENEN

Directary: DoASMC_LidarRiverT oolztiledh,

This will initiate a dialog that lets you change the name of this dgfor ease, just leave this field

dzy 1 2 dzZOKSRZ FyR aSf SO0 a{dINIé¢ (2 O02YLMztS GKS &aidNB
stream order does not consider a threshold of channelization, and so each point contributes to the

stream order, whetheit is along a hillslope or within a channel.

This concludes the data preprocessing steps that are required to perform the topographic analysis in
LAME.



Section 2: Importing DEMs into Matlab and Displaying Data
There are two steps in importing data intnatlab:

1) Read each of the floating point files you created in RiverTools into Matlab using the command
line (files include the DEM, flow directions, basin areas, and stream orders).
2) Display the DEM as a shaded relief map.

Step 1: Read binary files into dlab

| have created a series of matlab scripts that are designed to interface RiverTools data with Matlab, and
can also import and export results to Arc/INFO. When combined with the MEX interfaces to LAME
described below, this can be used to carry owd tlifferent topographic analyses described and re

export the results to ArcGIS for plotting in a pleasant, géasyse environment. Alternatively, | have
provided a number of functions in LAME that can create desmisparent shaded relief maps atop
whichcan be plotted various continuous or point values derived from the topographic analysis. Itis
your choice as to how you wish to display the values of the topographic metrics and archive the results
for further analysis.

To read the binary files producdy RiverTools, start Matlab, and navigate to the working directory in
which your binary files are contained. Next, read them into Matlab using the following commands:

FH RSY I' NI WYAYLRNINI 6RSYOWOAYI NBEFAE SLINBTAEQOT

BH I NBIF ' NI @A YLRZONLTF NBFOWOoAY Il NEFAE SLINSTAE
BH 2NRSNIT NIYPAYLRNI2NRSNDOWOAYI NEFAESLINBTAEQOT
BH TR I' NIYAYLRNIFE260WOoOAYI NEFTAESLINBTFAEQOT

b2dS dGdKFd Ay SIOK 2F GKS F020S O02YYlyRa AaadszsSR
prefix of the basin names. These scripts automaticaltyoptthe appropriate suffix to the filename

l.j
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original name of the basin that you used in RiverTools. Make sure that the prefix is bounded by two
apostrophesas this is the format that Matlab requires for character strings. You can then save these
grids if you want as follows:

>> save mygrids dem area order fd

This command creates a MAT file in which it stores the different data structures that represent the
WAPGSNEr22faQ LINROSaasSR REGFO®



C Note that | have done all of these steps for you in the workshop exercises to save time and to
allow us to focus on the analysis. Thus, the preceding steps are for your reference when
processing your own data. We will stanetexercise with Step 2, described belaw

Step 2: Display the DEM as a shaded relief map.

LAME has a MEX module that will compute the RGB values of a colored, shaded relief map. As a side
note, there is similar function in the LAME MEX interface thiitadw any continuous grid to be

overlain transparently over the shaded relief DEM in Matlab. Each of the Matlab grid structures that
you created by importing the binary files from RiverTools contains the coordinate system information
(although not theprojection information). Thus, the units of the map will represent the easting and
northing coordinates of each point on the ground.

To display the shaded relief map, issue the following command at the Matlab command line:

>>plotgridandhs(<dem>,<azimutke]evation_angle>,<minimum_data_value>,<maximum_data_value>

);
Where <dem> is the name of the structure containing the DEM

<azimuth> is the azimuthal angle from which the sun is shining to create the shaded relief part
of the map.

<elevation_angle>is®h | y3t S 06Si6SSy (KS K2NRT2yGlFft FyR GF
shaded relief part of the map.

<minimum_data_value> is the lowest data value considered in the linear color ramp. Values of
the DEM less than this value will be colored blue.

<maximumdata_value> is the largest data value considered in the linear color ramp. Values of
the DEM greater than this value will be colored red.

An example of theutput produced bythis command is shown below:



) Figure 1 g@@

Fle Edt Wiew Insert Tools Desktop Window Help

D | M RIOVLEAL- |08 nD

Easting x10°

Now, go ahead and familiarize yourselves with tibygography using this image. If you would like to
color code the map according to a linear color ramp with a different range, you can clear the graphics

window by typing:
>> clf

At the Matlab prompt. Then, you can repeat the above command with a diffenaximum and

minimum data range. Additionally, you can manually change the color ramp itself in the

LX 20 3aANARI YRKA®Y aONA LI @ D2 KSIR FyR 2Ly (KS
directory)¢ it should look like this:

O



B Editor - D:\SMC_Lidar\matlab_scripts\plotgridandhs.m

File Edit Text Go Cel Tools Debug Desktop ‘Window Help N A X
NEHE|sRR20|o2- A€ kl-88808 88 s fx HOB 7O
BB [0 |+ | =1 ]x K0
1 Ifunc:t,ian plotgridandhs (gridstruct, A, E, datamin, datamax) =
2
3 - BEGE = calegridandhs (gridstruct.grid,gridstruct.xlleenter, ...
4 gridstruct.ylloenter, gridstruct.de, gridstruct.nodata, A, E, 1, ...
5 datamin, datsmax, jet(Z56)):
G
7 - ¥ = gridstruct.xlleenter:gridstruct.de: (gridstruct.xlleenter+(gridstruct.de* (gridstruct.nx-1)));
i - ¥ = gridstruct.¥lloenter:gridstruct.de: (gridscruct.vlleenter+(gridscruct.de® (gridscruct.ny-1)));
a
10 — colormap gray
11 — image (%, ¥, RGE) ;
1z — wlabel('Easting'):
13 — ylabel ('HNorthing'):
14
15 — a = gea:setia, ' vdic', 'normal'):
le — axis ecqual;axis image;
17
1a

compiletoals.m % | topoarcmatlab_calcareaslopeLength... = | topoarcmatiab_findareaslopelength_... x| AreaSlopelengthParameters.cpp ® | AreaSlopelengthParameters.h

plotgridandhs Ln

x | plotgridandhs.m
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ramp. There are others built into Matlab as wéllost of them are quite obnoxious, but you might try
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DEM, and you will see something like this:
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So, you can probably see why the script defaults to jet.
Also, you can use the zoom tools to investigate the topography in more detail, so go aheaglane ex

the features of the topography for several minutes:
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Section3: Performing the topographic analysis

The topographic analysis we will perform today will compute several metrics across the landscape, and
in the next section, we will combine the results of individual groups into a single database that we will
compare with various other geologic and geoctuotmgic information | have provided for this area.

There ardfive parts to this section:

1) Define basin outlets

2) Make areaslope plots to define channel concavities for individual basins and then compute
a reference concavity for all basins.

3) Map channel stepness values back onto the landscape and export these values to ArcGIS
for further plotting and analysis in the next section.

4) Calculate mean channel steepness values in each basin and use this to create a basin map of
mean channel steepness.

5) Calculate measlope angle and convexity for basins whose areas:dr&n?, but whose
maximum basin area in total is > 0.5%mat are nested within selected basins. Slope
angles and convexity values will be computed for planar, concave, and convex portions of
the landscape separately, in addition to mean values within these basins regardless of
convergence/divergence along hillslopes.

Step 1: Define the basin outlets.

Each group has been provided with one of four tiles of ALSM data from San Mateo County in the Bay
Area of California. The first step in analyzing the topography is to identify those portions of the
landscape that you wish to analyze. To do this, LAME contains some tools for both tracking flow
downslope from a particular point, as well as recursiveraeing the channel network upslope of a set
of designated points to find all locations draining to each of the outlets. This can be done interactively
with the Matlab MEX interface.

| have written a simple wrapper script which will help identify armlahe outlet points you may wish

to analyze as part of this exercise. First, make sure that you have an adequate view of the shaded relief
DEM as created by the plotgridandhs command described above. tiextthe followingat the Matlab
command prompto begin interative selection of outlet points:

>> [x0, yo] = selectoutletpoints(fd);

This will begin an outlet selection process within the active figure, which should be your ALSM map of
the area.
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The outlet selection process consists of two stefirst, you outline a flow path down the basin, and

then you click on the point along that flow path that you wish to define the outlet. This makes sure that
0KS 2dzif SG @2dz dzf GAYI GSte asStSOG fAS& mofezy3d GKS
locally draining point.

First, use the left button on your mouse to define the flow path. To do this, go to the headwaters of a

ol aAy F2N) 6KAOK @2dz ¢g2dZdZ R fA1S G2 RSFAYS |y 2dzif
dividet the recursivesearch algorithm will find the basin dividethe next step of this exercise. Just

click on a point that is close to define a flow path down the topography. That flow path will look

something like this:
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Next, you can select the outlet point alongatilow path with a second click of the left mouse button.
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number adjacent to the cross:
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If you wish to select additional outlets, keep using tHe beitton to first define the flow path and then
select the outlet. If instead you wish to stop the procedure, just use one of the other two buttons on
the mouse and the process will stop. Once you are done, the program will return the (x,y) coordinates
of each of the outlets that you selected in the variables you used to execute the command, in this case,

xo0 and yo. Here is an example of the above DEM in which | have successfully selected all of the basin
outlets | wish to analyze:
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Looking at theralues of xo and yo by typing their names at the Matlab command line, we can see that
the outlet easting and northing values are indeed present:

Fx MO
Xo =
1.0e+005 *
5.5223 5.5114 5.5279 5.5207 5.5318 5.5384
>> yo
yo =
1.0e+006 *

4.1476 4.1452 4.1442 4.1397 4.1377 4.1345




NOTE: This is common sense, but it is always prudent to save your work, especially your outlet points,
whichg At f 0SS dzaSR GKNRdzAK2dzi G(KS NBad 2F (KS SESNDA:
the Matlab command line to save the values of xo and yo in a file called outlets.mat.

Step 2: Make arealope plots to define channel concavities fordividual basins and then compute a
reference concavity for all basins.

We will now use the locations of each of the basin outlets to calculate channel steepness values across
the basins in which we are interested. Channel steepness is basically ath@triormalizes channel

slope at a particular location for the systematic changes that correlate with upstream basin area. This
allows us to reference some measure of the slope of a channel at each location in the basin to the value
that each channel sfie might assume if it were located at a particular reference basin area. For a
complete discussion of how this works, see Wobus et al. (2004). Basically, for portions of the channel
network that are devoid of the effects of debris flows, it is empinycaliserved that channel slopes
decrease as a power function of drainage area such that when the two are plotted in logarithmic space,
they can be regarded as somewhat linearly related to one another. The slope of this relationship in log
log space is refeed to as the channel concavity, while thényercept of the regressed data reveal the
channel steepnessa measure of the channel slope that might be expected at x = log(A) = 0. By using all
of the areaslope measurements within a drainage basin (or ppdhan entire DEM), the overall best

fitting channel concavity can be determined. If this concavity is assumed constant across the basin or
DEM, it can be used to calculate the steepness vahitéycept of the logtransformed areaslope

pairs) for eaclpoint in the landscape for which we measure basin area and channel slope to identify
spatial deviations in the relative steepness of channel links that cannot be explained by differences in
basin area. We might intuit that such changes might reflectiapariations in the rates of tectonic

rock uplift, communication of changing baselevels throughout a landscape, changes in the underlying
bedrock substrate or flow/sediment properties, variations in factors such as cligatkéor changes in

the natureof channel erosion processes.

Typically, even in ALSM data, deviations of DEM elevations from true elevations of the land surface can
cause fairly substantial mestimates of channel slopes, which can be quite small and thus susceptible
to noise. We follev the method of Wobus et al. (2004) in implementing a means of ameliorating this
effect (with some modifications of their original method to allow recursive calculation of channel
steepness throughout an entire drainage network). Briefly, channel segmithia the selected basin

are isolated according to Strahler order and elevation values sampled at a prescribed interval are used
to calculate a secondrder finite-difference approximation of slopes between these equal intervals.

This unevenly samplefiannel slopes across the landscape in that steep channel segments will be
sampled more frequently than those with low slopes. Once channel slope is calculated for a particular
point, the basin area draining to that point is interpolated along the chafmogi the Upstream Area

grid calculated in RiverTools. This process is repeated for each sampled point along each channel
segment, and the process is repeated recursively up the drainage network until a prescribed, minimum
Strahler order is encountered.hiB prevents the recursive algorithm from searching far onto the



hillslope of the landscape, thus saving significant computation time because of the deep recursions
required to sample these portions of the surface.

Luckily for you, all of this processrigplemented in a single command in the LAME package that has an
easyto-use MEX interface with MatlabThere are two separate steps for calculating channel steepness
across the DEM tile for the basins you selected. The first is the extraction of arskbbpadalues for

each of the basins, and the second is segregation of those points in the DEM that likely represent fluvial
channels from those that may be derived from other processes such as-flelariscour.

First, you must calculate the area and slepdues for points at which channel slope can reliably be
calculated. As discussed above, to do this, you will need to specify a sampling interval over which
channel slope will be calculated. Additionally, you will need to specify a minimum streamabxdeich

the recursive algorithm will no longer search the channel network. Again, this later parameter is
introduced to save both compute time and memory, as considering every point in a particular basin as a
channel introduces a heavy burden on compigat As an example, for this particular dataset, you

might set your sampling interval to five meter intervals, and consider points whose stream order is
greater than three when calculating area and slope points across the DEM. To do this, first define th
sampling interval and minimum stream order as follows using the Matlab command line:

>> si = 5; minorder = 3;

Then, you can calculate the location, area, and slope values at each sampled point within each basin
(defined by the outlets as described abobg)issuing the following command at the Matlab prompt:

>>[b, a, s, X,V, |, j, n] = topoarcmatlab_calcareaslope(dem,area,fd,order,xo,yo,si,minorder);

This will execute the LAME C++ module for determining area at slope (returned in variables a and s,
respectively) for each of the basins. The location of each of the points at which area and slope are

calculated are stored in x and y, and the indecies of the DEM matrix that correspond to the row and
O2fdzvyy 2F GK2a$S LAyl aQandj2épedtikel.yThe bashBumbdar B e Ay O
in the vector b. This vector contains a value corresponding to each area and slope value calculated at a

point (X,y), which denotes the basin number in which each point is contained. For example, #h@irst

values of x and y may have been derived from the first basin whose outlet you defined above, and so the
BSOG2N) aoé oAttt KIFI@S | GFtdzS 2F 2yS F2N GKSaS TAN
you identified above will have valuesdft ¢ = G KS GKANR Goé3X | yiRcod 2y o ¢
how many DEM cell values are contained between a particular sampled point and the next sampled

point above in the channel network. This value may be used to provide some declustering alchann
steepness values, since the algorithm will return these values in more abundance along steep channel
segments relative to those that are shallow. Again, you can save the results of this analysis using a save
command such as:

>> save areaslope b a s kjyn



In the second step of the channel steepness analysis, you will identify the range of areas over which
power-law areaslope relationships appear valid, and then use this range to calculate the channel
concavity for each basin, followed by calculating bestfit reference concavity for all basins.

Channel concavity is defined as the slope of the line that best defines the relationship between area and
slope in logarithmic space. For example, in the plot below, you can see how slope and areaexe rela
in a particular basin:
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Where the aaxis is the logransformed basin area at a point, and theyis is the logransformed

channel slope at a point. You can see that the points on the right define a relatively linear relationship
between area andlgpe, and those points clustered in the middle and left portion of the figure show a
somewhat linear relationship with a lower slope. Stock and Dietrich have interpreted this break in the
areaslope plot as the location in the landscape where processels asl debridlow scour and other
hillslope processes transition to fluvially dominated channels. We will follow with this supposition in
this exercise. Thus, to define the channel concavity, we first need to isolate those points that define
what we feelto be fluvial channels from those dominated by debris flow and hillslope processes. We
gAff laadzyS GKIG GKAA 2PONEARY OENRNBEIRVREYR2REGKS
those points dominated by debritow and hillslope processgpoints to the left of the rolbver) and

those points that may be dominated by fluvial processes (points to the right of thewe).

| have provided a Matlab function that will interactively allow you to select theora@l point, and then
manuallydefine the concavity for the small basin areas of the landscape, as well as théésigearea
portions. To start the process of defining the channel concavities, type the following command:



>>[conc_df,conc_chan,refconc_df,refconc_chan,type] = caleutaoncavity(b,a,s);

The function will return vectors of values for the concavity selected for the drasih areas (conc_df)

in each of the basins, the concavity selected for the ldrggin areas (conc_chan), the mean concavity

for the small basin arepoints for all of the selected basins you defined earlier weighted for the number

of points in each basin (refconc_df), the mean concavity for the large basin area points for all of ht

eselected basins you defined earlier weighted for the number of paingsach basin (refconc_chan),

and a vectors of ones and twos corresponding to the points in b, a, and s, which denotes if you defined a
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Once you type this command, and interactive session will be carried out for each of the basins you
selected. Each session will require four clicks from you, which will first identify the location of the
rollover, and then asitou to locate points that define the concavities of points to the left and right of
the rollover. After typing the command, you will be greeted by a screen that looks like this:
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The first click will define the location of the rollover. In this patticbasin, we can see that points with

log basin areas > ~5 appear to have a slightly different slope than those to the left. We therefore define
the location of the rollover by clicking on its location. Once you select this location, another window will
be created in place of the old:
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consider to be dominated by deb+ikow and hillslope processes are labeled as points. Also, for your
conveniencel have provided a bedit regression line in red that shows the bditchannel concavity

based on the location of the rollover you chose.

Next, you can define the overall kinked trend of the adjoining line segments that appear representative
of the aeaslope relationships in a particular basin. First, click on therieft point that defines the

trend of the smalbasin area/slope relationship. Second, click on the point along the rollover where the
channel concavity meets this trend. Finallygkclhn a third point to define the trend of the channel
concavity. This will make a kinked line consisting of two straight segments. For your reference, each
time you click, the program will plot the location of your click with a red cross. For exahwtaree

clicks made in the plot above (again from left to right) are shown in the following figure:
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Repeat this process for each of the basins you defined earlier. The function will return the concavities
calculated for each basin and for all basimghie variables conc_df, conc_chan, refconc_df,
refconc_chan, and will return a vector of numbers that denotes if a particular input (a,s) pair was
identified as being to the right (2) or left (1) of the rollover:

#» conc_df
conc_df =
0.2449 0.2412 0.2152 0.2930 0.3665 0.2557
»» conc_chan
conc_chan =
0.6765 0.7453 0.5195 0.6926 0.59:28 0.59z0
»» refconc df
refcone_df =
0.2696
#» refconc chan
refoconc_chan =
0.6722

X oo v




As discussed by Wobus et al. (2004gfarence concavity must be chosen to compare channel
steepness values at points throughout multiple basits.the next step, use the reference concavity

with the calc_chansteepness command described below to calculate a steepness value for each point i
the channel network.

To calculate steepness, | have provided you a command that will output a vector of steepness values as
follows:

>>ks = calc_chansteepness(a,s,type,refconc_df,refconc_chan);

This will calculate the channel steepness at each [fajg}, segregating steepness calculations by the
location of each point relative to the rollover in lodag s space.

Step 3: Map channel steepness values back onto the landscape and export these values to ArcGIS for
further plotting and analysis in thaext section.

In this next step, we will map a map of theepness valesacross the selected basingirst, to see the
relevant variation in the channel steepness values, use the following command:

>> plotkshistogram(ks,type)

This will produce a histogm of the logtransformed ks values that will allow you to define a range over
which you wish to plot a map of the ldtansformed values. For example, the above command will
produce a window similar to this:
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Here, you can see that most of the variatioriog ks for the small basins occurs between valueg of
and-1. Likewise, most of the variation in log ks for the large basins occurs between valbemdf4.

Next, to plot a colocoded plarview map that shows the spatial distribution of steepaevalues, type
the following command:

>> plotks(dem,ks,type,x,y,320,3@[-1],[-6 -4]);

The last four arguments to this command (320, 3D;1],[-6 -4]) allow you to set the way in which the
data are displayed on the map. The first of these argum@@8) is the azimuthal angle used to

produce the shaded relief map onto which steepness values are plotted. Likewise, the second (30) is the
elevation angle between the horizon and sun location. The next argument specifies the range of the
linear ramp ©ved when plotting the steepness values for the small basins. As seen above from the
histograms, most of the values are contained within the rang® ¢ -1, and so we use this argument

to clip the data to lie between this range. Points whose steepnals®s exceed or are less than this
range are set to the color that corresponds to the maximum and minimum value of the range,
respectively. Finally, the last argument specifies the range of the linear ramp used when plotting the
steepness values of tharge basins in an identical manner to the small basins. This command will
produce two maps: one shows the spatial distribution of channel steepness for the small basin points:
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While the other shows the spatial distribution of the large basin points:
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Hnally, you can export the values of steepness for each of the two defined basin types as acomma
delimited file that can be read into ArcGIS as follows:



>>export_ksdata('tile2lowres',x,y,ks,type);
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in two separate files to segregate those points identified with low concavity and small basin amea fro

those points thought to be part of the fluvial systeNOTE: values of ks exported in this process will be

recorded as logransformed values.

Step 4:Calculate mean channel steepness values in each basin and use this to create a basin map of
mean chanel steepness.

Next, we will create a map that shows the mearHicnsformed channel steepness value in each of the
basins that you selected. Because channel steepness has been calculated for both large and small basin
areas, we will create two differémaps that record the mean lagansformed value of ks for each of

these basin classes. To do this, use the following LAME command at the Matlab prompt:

>> [meanlogks_smallbasins, meanlogks_largebasins] = map_meanlogks(fd,xo,yo,ks,b,type);

This will crege two new grids, meanlogks_smallbasins and meanlogks_largebasins that will contain the
mean logtransformed values of ks when considering only points from small basin areas and large basin
areas, respectively. In these maps, the entire basin will assienealue of the mean legransformed

ks value.

Once created, these maps can be displayed usindoll@ving command:
>>plotgridandhs_valuegrid(meanlogks_smallbasins,dem,3242 30);

This command will create a shadeglief map of the ALSM topograplyer which is draped the mean
log-transformed value for ks for each basin:

For large basins:
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And small basins:



