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INTRODUCTION

This work flow process was partially supported through generous funding provided by
the National Fish and Wildlife Foundation’s (NFWF’s) Chesapeake Bay Stewardship Fund
(Grant No. 0603.14.045237/Marcellus Shale Sediment Control Project: 2014 — 2017).

Schematic Diagram of Morphology Types Used to Compile Topographic Wetness Index

The process described herein uses a type of digital terrain analysis (DTA) resulting in a
Topographic Wetness Index (TWI) that quantifies topographic controls of basic hydrological
processes (Schillaci et al., 2015). TWI is derived through interactions of fine-scale landform

coupled to the up-gradient contributing land surface area according to the following relationship
(Beven et al., 1979):

TWI=In [CA/Slope]
where; CA is the local upslope catchment area that drains through a grid cell and Slope is the

steepest outward slope for each grid cell measured as drop/distance, i.e., tan of the slope angle
(Tarboton, 1997).
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Upon completion, TWI raw output is displayed as a dimensionless linear color gradient,
with starting and ending point colors based on the minimum and maximum flowpath intensities
unique to each catchment. Part of the NFWF study included evaluation of TWI qualitative as
well as quantitative field trial verification. Repeated field trial visual assessments of hydrologic
indicators, in-situ soil moisture measurements, and laboratory soil moisture quantification results
(Khalequzzaman, unpublished) all converged to identify the color gradient equivalent numeric
value of “11” as the reliable threshold for TWI that is consistent with preferential storm
flowpaths. The color-equivalent value “11” also equated to the 99th percentile (P99) flowpath
intensity of TWI output.
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Examples of Paired TWI Model Output and Field Trial Site Photographs

TWI was applied in the Marcellus Shale Sediment Control Project as a probability-based
surrogate for preferential flowpaths during storm events, although TWI offers the utility to serve
a broad array of purposes.

ACKNOWLEDGEMENT

This procedure was adapted from the methodology(s) described by Cody M. Fink in
Chapter 4 of his thesis entitled Dynamic Soil Property Change in Response to Natural Gas
Development in Pennsylvania.

Fink, Cody M. 2013. Dynamic Soil Property Change in Response to Natural Gas Development
in Pennsylvania. Pennsylvania State University, College of Agricultural Sciences.
University Park, Pennsylvania.
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A. Download LiDAR LAS Data from PASDA Website

1. Download the “PAMAP Program — Tile Index North/South” shapefiles here:
http://www.pasda.psu.edu/uci/DataSummary.aspx?dataset=266 or
http://www.pasda.psu.edu/uci/DataSummary.aspx?dataset=267

2. Unzip the Tile Index shapefile

3. In ArcMap, overlay the Tile Index shapefile on a study area to determine necessary
LiDAR LAS datasets

4. Navigate to the PASDA homepage at http://www.pasda.psu.edu/

5. Click the LiDAR & Elevation Data Shortcut

CCESS

[ g Ll
Open GIS Data Access for the Commonwealth of Pennsylvania

Pennsylvania Spatial Data Ac PASDA) is the official public aci
information clearinghouse for the Commonwealth of Pennsylvania

SEARCH BY KEYWORD(S) ! |

Imagery LIDAR & Elevation

Submit
SEARCH BY DATA PROVIDER Q\ ﬁ
— (_ >
|~
L Hydrology Transportation
Submit

6. Click the “PAMAP Program — LiDAR LAS files” link

:‘.‘.‘. P A s D A ?E'\IFHSYWANIASPATIALDATA.}\EEF_i,ﬁ

Return to Search Page

Date Title Provider
2006 |Allegheny County - Contours Allegheny County
2006 |Allegheny County - Spot Elevation Allegheny County
2004 |Philadelphia Contours 10ft City of Philadelphia
1996 |Philadelphia Topographic Contours City of Philadelphia

2006 - |PAMAP Program - DEM Mosaics by Lidar

2008 | Delivery Zones DCNR PAMAP Program

2008_ PAMAP Program - LIiDAR Breaklines DCNR PAMAP Program
2006 - |PAMAP Program - 3.2 ft Digital Elevation

2008 |Model DCNR PAMAP Program
2006 - -

2008 PAMAP Program - LIDAR LAS files DCNR PAMAP Program

7. On the PASDA PAMAP Program - LiDAR LAS files Data Summary web page, click
on the “Download” link
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8.

PENNSYLVANIA SPATIAL DATA ACCESS

The Pennsylvania Geospatial Data Clearinghouse

PAMAP Program - LIDAR LAS files
2006 - 2008 - DCNR PAMAP Program

st

API
nia

ADDITIONAL RESOURCES
Online Viewer Application: hitp://maps. psiee. psu.edu/imageryNavigator/

ABSTRACT

This dataset consists of classified LIDAR (Light Detection and Ranging) elevation points produced by the PAMAP Program. Additional
information is available at the PAMAP website: www.dcnr state.pa.usfiopogeo/pamap. PAMAP data are organized info blocks, which
do not have gaps or overiaps, that represent 10,000 feet by 10,000 feet on the ground. The coordinate system for blocks in the
nortnern half of the state is Pennsylvania State Plane North (datum'NADS2, units: feet); blocks in the southern nalf of the state are in
Pennsylvania Stale Plane South. A block name is formed by concatenating the first four digits of the State Plane northing and easting
defining the block's northwest comner, the State identifier "PA", and the State Plane zone designator "N” or "S" (e.g. 45001210PAS)

QUICK LINKS EVENTS SPOTLIGHT

+ PAMAP Tile Index North « Lancaster County GIS Day + PA Mine Map Atlas
+ PAMAP Tile Index South « Central PA GIS Day + PA DCNR Interactive Maps

On the FTP directory web page, click the “LAS” directory link

9. On the next FTP directory web page, click either the “North” or “South” directory

link

10. Navigate to the appropriate FTP directories to download the necessary LAS datasets

11.

Unzip the LAS datasets

B. Convert the LAS Data to a Digital Elevation Model (DEM)

12.

13

In ArcMap, click the Customize dropdown menu and select ‘Extensions...’

. Activate the 3D Analyst extension
14.
15.
16.
17.
18.

Open the ArcToolbox window

Expand the 3D Analyst Tools toolbox

Expand the Conversion toolset

Expand the From File toolset

Open the LAS to Multipoint geoprocessing tool

ArcToolbox
& ArcToolbox
= B 30 Analyst Tools
& 30 Features
= % Conversion
[+ B From Feature Class
= & From File
#, ASCI 3D to Feature Class

#, LAS to Multipoint

%, Point bile Infermation
= %5 From LAS Dataset
[+ B From Raster
%5 From Terrain
= & From TIN
"I-% Layer 3D to Feature Class
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19. Add all of the LAS dataset files as inputs

20. Specify the output feature class

21. Set the Average Point Spacing to 4.6 feet (1.4 meters)
22. Add the following Input Class Codes: 2, 8,9, 15

" Untitled - Notepad . =

File Edit Format View Help

Entity_and_Attribute_Information: Overview_Description: . . . X . ) X
Entity_and_Attribute oOverview: Each LAS file contains the following fields for each point: class; Northing; Easting; Elevation; Intensity;
Flight Line #; Echo Number; Echo Type.

The class field is defined as:

class 1 (pefault) - These are the points that are a mixture of the remaining points after the ground classification. These would contain
bridges, overpasses, buildings, cars, parts of vegetation, etc.

class 2 (Ground) - These are points on the bare earth surface. They are from the automated processing, as well as the manual surface
review.

Class 8 (Model Key) - These are the educated, thinned points to represent the final bare earth surface. This is from our automated
processing. These are the points that we have used to generate the final contours.

Class 9 (water) - These are points inside of hydrographic features, as collected by photogrammetric methods. These are from automated
processing, as well as the manual surface review.

Class 12 (Mon-Ground) - These are points that are identified as first of many return or intermediate of many returns from the LIDAR pulse.
These are points that are most Tikely vegetation returns or points identified to be not on the ground surface.

class 15 (Road Edges) - These are the points that fall within +/- 1.5" of road break lines.

23. Set the X,Y Coordinate System to Pennsylvania State Plane North (US Feet), NADS3
24. Accept the default values for the remaining parameters

e Input Return Values — Any Returns

e Input Attribute Names — None

e File Suffix — las

e ZFactor—1
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@‘\ LAS to Multipoint

Input

Browse for: [Files

4

S:\WFWF_LIDAR \Blockhouse_LASY47002120PAN. las
S:\WFWF_LIDAR \Blockhouse_LASY47002130PAN.las
S:\WFWF_LIDAR \Blockhouse_LASY48002110PAN.las
S \NFWF_LIDAR \Blockhouse_LAS\48002120PAN. las
S:\NFWF_LDAR \Blockhouse_LAS\48002130PAN, las

CIEINEIIE RN

[ Include Subfolders {optional)

Qutput Feature Class
Sy\NFWF_LIDAR \Blockhouse_LAS'\Blockhouse_LAS.gdb\LAS_Blockh

Average Point Spadng

Input Class Codes (optional)

@)

o
=}

15

CINEIREINED

Input Return Values {optional)

ANY_RETURNS

| »

m

1 m

] »

m

J[ unselectal |

Names (optional)

Add Value

=
Keyword MName
x
1|
+
< | m | ¥
Coordinate System (optional)
File Suffix (optional)
las
Z Factor {optional) _ |
1
ok |[ cancel | [Environments... || <<HideHel

25. Click OK to execute the LAS to Multipoint geoprocessing tool
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26. In ArcMap, click the Customize dropdown menu and select ‘Extensions...’

27. Activate the Spatial Analyst extension
28. Open the ArcToolbox window

29. Expand the Spatial Analyst Tools toolbox
30. Expand the Interpolation toolset

31. Open the IDW geoprocessing tool

= @ Spatial Analyst Tools
[ & Conditional
i & Density
[+ &y Distance
[+ By Extraction
= By Generalization
£ %1 Groundwater
& & Hydrology

&, RIIging

"’x\\ Matural Meighbor
‘H:\\ Spline

7 Spline with Barriers
‘ir«\\_ Topo to Raster

"’x\\’ Topo to Raster by File
‘H:\\ Trend

32. Add the LAS multipoint feature class as the Input point features by clicking the folder

icon

33. Specify an Output raster with a file extension of .tif

34. Select ‘Shape.Z” as the Z value field
35. Set the Output cell size to 3.2

36. Set the Power to 2.5
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37. Use a Fixed Search radius with a distance of 164 feet (50 meters) and no minimum

points

Input point features

S:\WFWF_LiDAR \Blockhouse_LAS\Blockhouse_LAS.gdbYLAS_Blockhouse @
2 value field

Shape.2 -
Qutput raster

75’: i\lﬁ'\}l’z_rl.'i[iAR‘;EIadmouse_\Jlg\E\};dch_demd’if @

QOutput cell size (optional)

3.2 @]

Power (optional)

Search radius (optional)

Search Radius Settings

Distance: 164

Minimum number of points:

Input barrier polyline features {optional)

I = &

-

[ oc || cencal | [Envionments.. || <<hiderep |

38. Click OK to execute the IDW geoprocessing tool (NOTE — this may take a long time

to complete depending on the size of the study area)

TR B Ve Boatormis amt ) Seicoan ooty Colaios Wevdors T
HEEEED 3¢ 1 i L BBy
S8 Ty + & MAE e Ey e

0 BTy A e

39. Open the ArcToolbox window

40. Expand the Spatial Analyst Tools toolbox

41. Expand the Neighborhood toolset

42. Open the Focal Statistics geoprocessing tool to smooth the DEM
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?& Spatial Analyst Tools
& Conditional
&3] %3 Density
3] ﬁ'g Distance
& Extraction
& Generalization
& &y Groundwater
3] % Hydrology
=] & Interpolation
& Local
£ % Map Algebra
[ & Math
[ B Multivariate
=] &g Meighborhood
;\ Block Statistics

%, Filter
K o g Chy

#., Focal Statistics

“, Line Statistics
x‘% Point Statistics

43. Add the DEM as the Input Raster
44. Specify an Output raster with a file extension of .tif

45. Choose a Circle for the Neighborhood with a radius of 13.12 feet (4 meters) in map

units
46. Select MEAN for the Statistics type

Input raster
i SANFWF_LIDAR\Blockhouse LAS\Block_dem.tif
Qutput raster
;3:\NFWF_LiDAR\,BIodchouse_LAS\,BIodd:)El‘d_sm JAif
Neighborhood (optional)
Cirde hd ]

Meighborhood Settings

Radius: 13120000

Units: ) Cell @ Map

Statistics type (optional)
MEAMN

lgnore NoData in calculations (optional)

[ Ok ] [ Cancel ] [Envlronments...] [ << Hide Help

47. Click OK to execute the Focal Statistics geoprocessing tool
48. Save and close ArcMap
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C. Use TauDEM Extension to Generate D-Infinity Slope and Contributing Area

49. Open a web browser and navigate to the Utah State University TauDEM Version 5
download web page at http://hydrology.usu.edu/taudem/taudemS/downloads5.0.html
50. Download the appropriate TauDEM Install Package

UtahState

UNIVERSITY

Hydrologic terrain analysis with parallel processing
developed with support from the US Army Corps of
Engineers, System Wide Water Resources Program

Home Downloads

TAUDEM VERSION 5.0 AND 5.1 DOWNLOADS

These versicns are deprecated and sme eded Ov
HPC Pack 2012 MS-MPI libraries from h

* Program
= For ArcGIS 1U
LI E: 5
L ]

= For ArcGIS

1.1. These versions of TauDEM were compiled using I
en downloadidetails.aspx?id=36045.

51. Install the TauDEM extension and any necessary prerequisite software

52. In ArcMap, open ArcToolbox

53. Right-click the ArcToolbox folder at the top of the window and select ‘Add Toolbox’
54. Navigate to C:\Program Files\TauDEM\TauDEMS5Arc and select ‘TauDEM Tools.tbx
55. Expand the TauDEM Tools toolbox

56. Expand the Basic Grid Analysis toolset

57. Open the Pit Remove script to remove sinks in the smoothed DEM

[= & TauDEM Tools
= By Basic Grid Analysis
& D-Infinity Contributing Area
! D-Infinity Flow Directions
" D& Contributing Area
DE Flow Directions

Ay Ay

58. Add the smoothed DEM as the Input Elevation Grid
59. Use the default (8) Input Number of Processes
60. Specify an Output Pit Removed Elevation Grid with a file extension of .tif

10
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7 Pit Remove

Input Elevation Grid {(must be . tif)

l SAMFWE_LIDAR\Blockhouse_LAS\BlockDEM_s.tif

Input Number of Processes

Output Pit Removed Elevation Grid {must be .tif)
S:\WFWF_LIDAR \Blockhouse_LAS\BlockDEM _sfel. tif

[

0K

] [ Cancel

] [Environmenis... ] [ Show Help => ]

61. Click OK to execute the Pit Remove script

62. In ArcToolbox, TauDEM Tools toolbox, Basic Grid Analysis toolset, open the D-

Infinity Flow Directions script

63. Add the Pit Removed Elevation Grid as the Input

64. Use the default (8) Input Number of Processes

65. Specify an Output D-Infinity Flow Direction Grid with a file extension of .tif
66. Specify an Output D-Infinity Slope Grid with a file extension of .tif

& D-Infinity Flow Directions

Input Pit Fllled Elevation Grid {must be . tif)

| S\NFWF_LIDAR\Blockhouse_LAS\BlockDEM_fil tif

Input Number of Processes

Output D-Infinity Flow Direction Grid {must be . tif)
S \NFWF_LIDAR \Blockhouse_L AS\BlockhDEM_FDR. tif
QOutput D-Infinity Slope Grid {must be . tif)
S:\NFWF_LIDAR \Blockhouse_L AS\BlockhDEM_SLP. tif

3

=
=

= g

[

OK

][ Cancel

| [Envirorments... | [ <<tidetelp |

67. Click OK to execute the D-Infinity Flow Directions script
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File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

OD2Es =) L] v | 1114678 -m@m ol 5 o BB
CRONEG - IEEEH 15 KO B2 MR 0+ @AM O Z o

Drawing - K- (=) O-A- 0] Arial -0 -8 UlA-D. B -

[Fable Of Contents 2 x §

EEEE

Bl = Layers

= & Blockhouse Cr. Watershed
o
=] BlockDEM _SLP if|
Value
High: 5.21879

Low:0

68. In ArcToolbox, TauDEM Tools toolbox, Basic Grid Analysis toolset, open the D-
Infinity Contributing Area script

69. Add the D-Infinity Flow Direction Grid as an Input

70. Use the default (8) Input Number of Processes

71. Specify an Output D-Infinity Specific Catchment Area Grid with a file extension of
tif

3 Drnfinity Contributing Aree

Input D-Infinity Flow Direction Grid (must be . tif)
1 SANFWF_LIDAR\Blockhouse_LAS\BlockDEM_FDR.tif
Input Qutlets Shapefile {must be .shp) {optional)

]

Input Weight Grid {must be .tif) {optional)

J

[¥] Check for Edge Contamination
Input Number of Processes
8
Qutput D-Infinity Specific Catchment Area Grid (must be . tif)
SH\NFWF_LIDAR \Blockhouse_LAS'\BlockDEM_FDRsca. tif
| OK ] | Cancel ] | Environments... I [ Show Help == ]

72. Click OK to execute the D-Infinity Contributing Area script

12
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D. Calculate the Topographic Wetness Index (TWI)

73. In ArcToolbox, Spatial Analyst Tools toolbox, Map Algebra toolset, open the Raster
Calculator geoprocessing tool

74. Add the following natural logarithm (Ln) equation in the expression window:
Ln(Contributing Area/Slope)

75. Specify an Output TWI raster

,.r‘ Raster Calculator

=
Map Algebra expression

Layers and variables
<> BlockDEM_CA. tif

<>Top0 Wetness Index . . B . B E .

> BlockDEM_TWI. tif
<> BlockDEM_SLP. tif
Crortho_1-1_1n_s_pa081_2013_1.sid

»

(|

Ln("ElockDEM_CA. tif" / "BlockDEM_SLP. tif?)

Quiput raster
S:\NFWF_LIDAR Blockhouse_LAS\BlockhDEM_TWLtf

[ 0K I [ Cancel I [En\rironmenis... ] [ << Hide Help

76. Click OK to execute the Raster Calculator geoprocessing tool

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help

B 0 oo d e 1450 w0 3 7 : BB
L 2K RO BEASS By +$WLEAI;I—‘E; Edetor -
O-A - @A 0 - B2 ylA-B-Bd. .
-
o

5 [ Netural Ges Infrestructure
= [ BlockDEM_CA
Value
High: 3.27859¢ +008
Low:32
= @ Topo Wetness Index
Value
W weT
" DRY
= [ Blo<kDEM_TWLSH
<VALUE>
1238319397 - 6162716255
(B 6.182718256 - 7 418817965
[ 741881797 - 8654517683
[I8654917684 - 10.2281355
I 10.22813551 - 1303745303
I 13.03745304 - 2978098553
= [ BlockDEM_SLP.cif
Value
i Hioh: 2187
Low:0

= O ortho 1-1 1n_s_padl_2013 1.5id
RGE
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