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Introduction

Landslides and rockfall are a dangerous natural hazard common in Yosemite National Park in central
California. In 2015, there were 66 documented rockfall events within the park (National Park Service) . As
a risk to park visitors and wildlife, predicting landslides in common areas such as roads and camping sites
is necessary for protection.

The goal of this project is to provide a landslide risk assessment throughout Yosemite park using GIS’s
Spatial Analysist at a resolution of 30 m2. That is, where is it most likely for a landslide to happen within
Yosemite? To do this, we need to identify what triggers landslides. Geologic processes such as erosion and
earthquakes are important factors to consider.

To account for erosion in the area, several factors need to be considered such as slope, geology, and loss
of vegetation. A study by the USGS correlated higher temperatures to higher chances of rock fall (USGS,

2016). This is due to cracking of the rock under high temperatures.

Data Collection

The following files were collected for the landslide risk assessment of Yosemite National Park.

Layer Name Source Description File Type
Yosemite Park ArcGlIS Online A simple boundary layer. Shapefile
Boundary
Tree Cover Loss | ArcGIS Online, This data set provides a disaggregation of total forest | Raster
NASA loss to annual time scales between 2001-2014.
Geology of USGS A conversion of the published 2010 Geologic Map of Shapefile
California California for publication online. The original map and
data are prepared and published for use at a 1:750,000
scale.
DEM USGS National This is a combination of two 1 arc-second resolution tiles | Raster
Elevation Dataset from the National Elevation Dataset (NED). The NED
(NED) provides basic elevation information for earth science
studies and mapping applications in the United States
Mean WorldClim — Global | Compilation of observed mean temperatures in the area | Raster
Temperature Climate Data representative of 1960-1990. Chose the month of
August, the hottest month in California.
Earthquake USGS National The NSHM display earthquake ground motions for | Shapefile
probability Seismic Hazard various probability levels across the U.S. It is derived
Maps (NSHM) from seismic hazard curves calculated on a grid of sites
across the U.S. that describe the annual frequency of
exceeding a set of ground motions. It depicts
probabilistic ground motions with a 2 % probability of
exceedance in 50 years.




Data Preprocessing

Most of the files had a different spatial reference from each other so | used the Project and Project Raster
(Data Management) tool to change them all into the NAD_1983_California_Teale_Albers Projection.

Tree Cover Loss

1) Clip (Data Management)

“ Clip - [m] X
Input Raster
[ Tree Cover Loss (Hansen\UMD\Google\USGS\NASA) = &
Output Extent (optional)
[Park_Boundary\Park_Boundary = &
Rectangle
Y Maximum

4605640.271787

X Minimum X Maximum
13345699.365339 | | -13268758.474353

Y Minimum

4507420.106774 Clear

Use Input Features for Clipping Geometry {optional)

Output Raster Dataset
[ F2\GIS Applications Project\New Fie adb\TreeCover_ =

NoData Value (optional)

[] Maintain Clipping Extent (optional)

OK Cancel Environments... Show Help >>

2) Resampling tool. Changed cell size to 30x30.

Geology of California

1) Clip (analysis) tool

* Clip - u] X
Input Features
| cageol_poly_dd =]
Clip Features
[Park_Boundary\Park_Boundary = & B
[ <all other values>
Output Feature Class ROCKTYPE1
[Faas : jectNew Fie _ = Elalluvium
XY Tolerance (optional) [andesite
s ™ [Margillite
[ felsic volcanic rock
[ gabbro
[ glacial drift
[ granodiorite
[1hornfels
[ intermediate volcanic rock
[ limestone
D schist
[ water
[ox ]| cancel | [Envionments... || Showtep>>




2)

3)

Dissolve tool. Went from 118 attributes to 12 attributes. This will work well when
reclassifying the data.

“ Dissolve o X Table T ax
E- -8 x
Input Features. AN Geology X
[ Geology =] BJ [ ]_un_UnK | SouRce UNIT_AGE ROCKTYPE1 ~
Output Feature Class Camp CAODT [ Early Proterozoi to Cretaceous ot o
- | CAgb20 | CAODT | Triassic o Crelaceous gabbro &
[Eas tiew Fie db\Geo_dssolve_ | &l [ chcbz0[CAoST [Trssicto Crelaceous saies &
Dissoive_Fied(s) (optiona) CAUZV30 | CAODT | Triassicto Crefaceous felsic volcanic rock ini
T Isonil o~ CAwater,0 | CAODT | Holocene water
LABEL CAwater,0 | CAODT | Holocene, ater
[ unIT_Lmnk CAwater,0 | CAO01 | Holocene water
[ source CAQg0 CA001 | Pleistocene ‘glacialdrift
D UNIT_AGE CAM0 CA001 Early Proterozoic to Cretaceous schist ar ¥
= >
ROCKTYPEL
[ rockTYPE2 "o 1 om =3 | (0out of 118 Selected)
[0 shape_Length | Geology |
[ shape_area
v
< >
- —_— ox
Select All Unselect All | AddField & x
Statistics Field(s) (optional) Geo_dissolve i
7] i
j OBJECTID * Shape * ROCKTYPE1 SHIW‘LM Shape_Area ~
1 » 1| Polygon alluvium 0464891 |  0.002729 |
Field Statstc Type +| 2 [Poygon | andeste 0225599 | 0000847
3 | Polygon argilite. 590399 003564
x 4 Polygon | felsic volcanic rock 151395 04608
S | Polygon gabbro 430378
1t [ Polygon | glacial arif Tr2785
7 [Polygon | granodirte 12577576
3 & [ Polygon | hornfels 0.184025
9 | Polygon intermediate volcanic rock 0357117
10 | Polygon limestone. 0.082219 0.000205 ¥,
< > "o 1> n ]S ©outof 125electea)
[ Create mutipart features (optional) | Geology | Geo_dissolve |
v
[ Unspl fines (optional)
|I| Cancel | |Environments... | | ShowHelp >> |

‘(\ Feature to Raster

Feature to Raster tool. Output cell size needs to be 30.

Input features

| Geo_P
Field

[rockrvPEL
Output raster

l E:\ThirdTry.gdb\Geo_raster

Output cell size (optional)

[3

ok || cancel | |Environments...

| | ShowHelp>> |




DEM

1) Mosaic to New Raster tool. | downloaded USGS NED grdn38w120 and grdn39w120 grids because
not just one grid covered the entirety of the park. So, | needed to mesh the two together.

# Mosaic To New Raster = a X

Input Rasters

[ = &l
<ogrdn39w120_1 @
x|
t
hd

<»grdn38w120_1

Output Location
| F:\GIS Applications\Project\New File Geodatabase.gdb I r@l
Raster Dataset Name with Extension

DEM_ |
Spatial Reference for Raster (optional)
[ Ges_North_american_1383] | [@
Pixel T3 ti

32_BIT_UNSIGNED v |

Cellsize (option:
0.00027777778 |

Number of Bands

[ ok || concel || Environments...| | ShowHep>> |

2) Slope tool, using Park boundary as mask.

* Slope . [m] X

Input raster

[DEM_P_30 =&l
Output raster -
[Ex\ThirdTry.gdb\Siope_ | &
QOutput measurement i

DEGREE v|

Z factor (optional) I
1

[ 0 - 6.671554865

[ 6.671554866 - 12.67595424
[ 12.67595425 - 18.34677588
[ 18.34677589 - 24.01759751
[124.01759752 - 30.02199689
30.0219969 - 36.69355176
I 36.69355177 - 44.69941759
[l 44.6994176 - 55.37390538
I 55.37390539 - 85.06232452

o | ] S|

3) Resampling tool. Changed cell size to 30x30.




Mean Temperature

1) Clip (data management) tool

* Clip — [} X
Input Raster
ItmeanS_P __'_I ]
Output Extent (optional) .
|Park_P = e
Rectangle
Y Maximum
[18788.933500
X Minimum X Maximum
10066.009800 ] | 70399743400
¥ Minimum
-58333.636200 [Fael

[[] Use Input Features for Clipping Geometry {optional)
Output Raster Dataset

I \\austin.utexas.edujib-public\PublicRedirected$\er 24996 \Documents\ArcGIS Defaulhgdb\h'neanS_P_CI B

NoData Value {option:
32767

I

[[] Maintain Clipping Extent {optional)

| OK | | cancel

1 ‘VEnvironmenis‘.. I Show Help >> [

2) Resampling tool. Changed cell size to 30x30.

Earthquake Probability

1) Clip (analysis) tool.

# Clip

= [m] X

Input Features
| uspga230poly LI é
Clip Features 7
| Park_Boundary\Park_Boundary 1_] E
Output Feature Class ‘
| F:\GIS Applications\Project\New File Geodatabase.gdb\USPGA250_dlip |
XY Tolerance (option: i

| Meters M

ok || cancel | [Envionments... || showkep>> |

=] USPGA250_clip

ACC_VAL
J J20
{ =130
=140

2) Feature to Raster tool. Output cell size needs to be 30.



ArcGIS Processing

Now, for the fun part. The following table describes the ranking schematic | created to understand the
risk assessment for landslides in Yosemite, followed by a brief explanation.

Rank Tree Geology Slope Mean Earthquake
Cover Loss Temperature | Probability
(°Q)
0 No Water - -- -
1 -- Gabbro, granodiorite, argillite, <10° 5.7-12.0 20
hornfels, schist
2 -- Andesite, intermediate volcanic, 10° - 25° 12.0-17.0 30
volcanic rock felsic, Limestone
3 Yes Alluvium, Glacial drift 25°-90° 17.0-25.0 40

1) Tree Loss Cover: No loss means that there is vegetation still in the area, and thus has no effect on
landslides (Rank = 0).

2) Geology: For this, | gave the intrusive and metamorphic rocks the least effect on landslides, since
they are more resistant to erosion. Then, the extrusive igneous and sedimentary rocks follow
under rank 2. Finally, the most susceptible to erosion would be the unconsolidated material.

3) Slope: Since | am only working with three rankings, | decided that the best way to represent slope
would be to separate the data according to its distribution. Refer to the figure below.

Classification Classification Statistics

Method: | Manual ¥ | count: 3361723

Classes: 3 Minimum: 0

Maximum: 85.06232452
Data Exdusion

Sum: 58,501,345.49
B Eeeriae Mean: 17.40219093
Standard Deviation: 11.92363698
Columns: 100 % [ show Std. Dev. [Jshow Mean
Break Values %
150000 o 9 2 "710 -
25
90
100000+
50000+
0 T T T 1 oK
2126558113 4253116226 63.79674339 85.0623245;
[Jsnap breaks to data values Cancel

4) Mean Temperature: A similar step to 3) done here.
5) Earthquake Probability: There were only three categories. In fact, | decided to split everything
into 3 meaningful rankings because of this file.



After using the Resampling tool on each file following the ranking system, | used the raster calculator tool
to add the layers together. | assumed all five layers weighted the same.

# Raster Calculator = O X

Map Algebra expression

Layers and variables ~ Conditional A

<>rastercalc3 Con
<> temp_redlass = Pick
<> TC_redassify2 4 5 5 = Sethull
<> PGA_reds Math
5 = A
gslope_red d 2 3 < |I= Abs
geo_redassify Ex
o P
OT1ep v ¢ | [ R P v

Cumin

W
v
I

“temp_reclass” + "PGA_reds” + “slope_red” + "geo_redassify” + "TC_redassify2"

Output raster
l E:\ThirdTry.gdb\rastercalc3 l

oK Cancel Environments... Show Help >>

Conclusion

The resulting map showed some interesting results. Even before starting the project, it was obvious that
Yosemite Valley would be an area of high landslide risk. Seeing these results on the map | created
increments the credibility of other sites that exhibit similar high risk behavior.

It's good to see that most roads and campsites within Yosemite park are at the lower side of risk potential.
However, there are some that do not. For instance, the campsite at the foremost right lies within a
medium risk potential. This area is known as Tuolumne Meadows through the Tioga road. If they haven’t
been implemented already, extra security measures on potential landslides should be provided.

Further analysis would be to include a trail hike shapefile to the map. | was not able to find one, so perhaps
| could create one from a preexisting map found in the Yosemite National Park website.
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