MAPPING TERRAIN ROUGHNESS FOR OLYMPICS
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Goals

Uniformity 3
<- 1 <-Slope e i
Your task is to help propose location for Winter Olympic 3 o
Games in South Korea. o
Slope
"roughnes” 2.Raster Calculator
& reclassify

“Let's agree to avoid the rough spots and try to come
toaether wherever we can do so as smoothlv as possible”

So our basic task is to map the smoothest part and propose it as the ideal
place for holding this event.

Understanding of the Roughness w overall \ sin
BN (oiginc:: BN Roughnes PEEM pougiess; DE "™

<-2<- <-1<-

Before we did the project, we should at first define the word “roughness”,
<- 2 <- elevation

especially for an Olympic Games.

<-2<-

What kind of roughness Translation in GIS
Athletes can't competeina  Slope “Roughness”-the slope should be small and

steep place uniformed in the neighborhood
Bridges should be avoided Elevation "Roughnees”- the site shouldn't be in a Aspect
higher ridge than its neighborhood R°”gg”ess
Rough land surface are Elevation "Roughness"2-the site shouldn't deviate -
going to be avoided too much from its neighborhood's
Athletes Aspect "“Roughness”-the aspect should be
uniformed in the neighborhood.
Final Step of Solution — Reclassify of all “Roughness” uniormity

<- 1 <- aspect

Based on the requirement and understanding of the roughness, our final step . .
should weight all different kinds of roughness according to their importance Environment Preparatlon
in holding Olympics. Then we use raster calculator to sum up a total score of

each pixels, and use reclassify to categorize them as “roughest”, “smoothest", % Environment Settings X
"in-between". et 2
A Output Coordinates
Since final step mentions the weight of different roughness, we have to give Oufiif o= Sy =
the weight according to its importance for holding the event. Eemiarbnis e
WGS_1984_UTM_Zone_52N
Roughness Slope Elevation Elevation Aspect GeogrephicTransformations
Roughness  Roughness  Roughness2  Roughness Before we do the major steps in ArcMap, we should set “Environment Settings-
Weight 4 Avoid ridges 3 1 Processing Extent-Same as layer elevation”, so that we will not miss any

content of the elevation.
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Also, we should at first exclude all the pixels of “0"s, because they are below
sea level and can not be used for siting the event under any circumstances.

* Raster Calculator

Map Algebra expression The formula is:

Layers and variables

< elevation SetNull(“elevation” == 0, “elevation”)

ElEE
EEE
[IEE]
e

This formula will make sure that we
exclude the 0 pixels.

| sethwuil(elevation” == 0, "elevation’)

Factor 1: Slope Roughness

Legend
hs_slope
degree

B o-s.szsszaT

[0 nsassies
¢ N [ 16 vamr009 - 20 6oz
. Elevation ‘5 [ oneremess saansiass
Value };.X?Br [ 2¢.2¢1s2886 - 27.7ea117e.

? High : 1569 e [ 2773511721 - 31 23470505

4 [ 51 aeronar 357750981
o I o 2rscaz -sassnonont

 Legend

Low : 1

[Step 1-2: Reclassify|

* Reclassify
Input raster
IhS_sIope
Redass field
VALUE
Redassification
Old values New values ~
0-10 1
10 - 20 2
20-30 3
30 - 40 4
40 - 50 )
50-60 6 Legend
NoData NoData K
v /2

B S p a c¢c e
Step 1-3: Focal Statistics-VARIETY]

#, Focal Statistics

Input raster

il
P |h5_slope_rec
Output raster

IC: \Users'Kevin Long\Documents\Penn\18 Spring\LARP-741

Neighborhood (optional)
orce g
Neighborhood Settings

Radius:

Units:

Statistics type (optional)

VARIETY

[ lanore NoData in calculations (optional)

fAttention: Considering the scale of
the event, all the focal statistics use
the same neighborhood method:
Circle with radius 5 cells.
In real world, it covers about 53,000
m?2,

Step 1-4: Reclassify|

* Reclassify
Input raster
|h5_s|op_f
Redass field
Value
Redassification
Old values New values
1 1
2 1
3 2
4 2
5 3
6 3
NoData NoData
Reverseen vl

Legend

h5_slop_focal

Value
High : 6

Low:1

Legend

- 1-Smoothest
[ 2-in-between
- 3-Roughness
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Factor 2: E/evat/on Roughness
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In this factor, we are looking at the elevation in the neighborhood, and try to
exclude the ridge pixels, which seems inappropriate for an Olympic event to
happen. Thus, the ridge pixels we find can consider "roughest"” in the task.

Step 2-1: Focal Statistics-MEAN]|

# Focal Statistics

Input raster

IhS_ele
Output raster
|C:\UsersV(evin Long\Documents\Penn\18 Spring\L

Ngighbmhood (optional)
|orde %
Neighborhood Settings

S

Units: @ Cell (O Map

Statistics type (optional)

| MEAN

lanore NoData in calculations (optional)

Step 2-2:Focal Statistics-MIN&MAX|
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Step 2-3:Raster Calculator]

* Raster Calculator

Map Algebra expression

Layers and variables A
<> h5_elerough 17 i
<> h5_minele L
<>h5_maxele [
<>hs_meanele =
<>h5_slope-ﬁnal l
<> hs_slop_focal ‘
<{>hs slope rec ¥ 1,

("h5_meanele” - "h5_minele”) / ("h5_maxele” - "h5_minele”)

The formula is:
(“h5_meanele”-"h5_minele")/(*
h5_maxele"-"h5_minele")

Basically, the higher the resulted value,
the pixel is more likely to be a ridging
nlace.

Low: 1

Do the same focal statistics, but change the “standard type” to “MAX" and

“MIN" to find the maximum & minimum of the neighborhood

Step 2-4 : Reclassify|

Legend

. h5_maxele
~ Value

High : 1569

Low :1

# Reclassify

Input raster
IhS_eIerough

Redass field
[vaLuE

Redassification

Old values

0.012329-06 ——»0

06-0987654 1 —p 1
NoData

Legend

h5_elerough

Value
High : 0.987654

- Low : 0.0123291

Legend

0-other

- 1-ridgeplace
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Factor 3: E/evation RoughnessZ

Step 3-1: Focal Statistics-STD(Standard Dewatlon)

# Focal Statistics
Input raster
|hs_ele <
Output raster
IC:\Users\Kevin Long\Documents\Penn\18 Spring\LA
Neighborhood (optional)
[Cirde v :
Neighborhood Settings
o
Units: @cCel O Map " Legend
. Elevation
Value
i High : 1569
|
kil Low : 1
Statistics type (optional)
STD
Ignore NoData in calculations {optional)
Step 3-2: Reclassify|
* Reclassify
Input raster
]hS_elesld
Redass field
VALUE
Redassification = Legend
A hs_elestd
0-20 1 Standard Deviation
o = High : 85.8049
40-90 3 | Low: 0
NoData NoData
v
Load... ‘ Save... Reverse New Valuesﬂi
' Legend
Value
I 1-smoothest
[ ] 2n-between
|

S p a ¢

Factor 4: Aspect Roughness

Step 4-1: Aspect]
Create an aspect layer using elevation
raster

E Nort: 10:22.

Step 4-2: Reclassify
‘\ Reclassify

Input raster
|h 5_aspe
Redass field
VALUE
Redassification

Old values New values A

-1--0.000001 1
-0.000001-22.5
225-67.5
67.5-1125
112.5-157.5
157.5-202.5
202.5-247.5
247.5-2925

RN TS PN

| Load... | ‘Save... ‘ Reverse New Values

Step 4-3: Focal Statistics-Variety|

# Focal Statistics

Input raster

[ Nortresst (22.567.5)

[ Jemersran

Nort 337.5-280;

Legend
hS5_as1_recl

A

|h5_as1
Output raster
[ C:\Users\Kevin Long\Documents\ArcGIS\Default.gdh
Neighborhood (optional)

crde 2

Neighborhood Settings

war ]

Units: @Cel (O Map
Statistics type (optional)

[vartETY

[ lgnore NoData in calculations {optional)

Step 4-4: Reclassify|

We reclassify (1-4)->1
(5-7)->2

(8-10)->3

Legend
Focal vanety
[ ad

Low : 1

! Aspecy_roughness
B -smotest
I:! 2-In-between
2 [l 3-Roughness
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Final Step: Generatmg Roughness Map

Factor 1

Step 1: Raster Calculator]

# Raster Calculator

Factor 3

Map Algebra expression

Layers and variables A
<> 04_h5_aspe_final
<> h5_aspe_foc
<> h5_as1
<> h5_aspe
<{>03_h5_avoi
<> 02_hs_stdfinal
<Ohs elestd b

Legend

I 1-smoothest
[ 2n-between
I 3-Roughness

"01_h5_slope-final™ * 4 + "02_h5_stdfinal” * 3 + "04_h5_aspe_final”

The formula is :
Factorl * 4 + Factor3 » 3 + Factor 4 * 1

(o}

e

Legend Legend

Value

I 1-Smoothest
[ ] 2in-betwesn
I :-Roughness

Aspecy_roughness
I -smothest
I:l 2-In-between
- 3-Roughness

Step 2: Reclassify|

* Reclassify
Input raster
{hs final
Redass field
Value
Redassification
Old values New values A
8 1 Legend
8.0001-20 2 roughness_scol
20.0001-24 3 ! Value
NoData NoData R
Smoothest

Step 3: Overlapping with factor 2|

Change the grey color in final raster of factor
2 and set the grey as hollow, and change the
ridge color the same as “roughest” category

in the step 2. Finally overlap this map to the

reclassified map, and we get the target grid.

The red circle is the right place to make this
event happen!!!

Legend
O-other

B -idgeplace

* Legend

i [:] 0-other

B i-idge place
' roughness_reclassify
Value

1-smoothest
[:' 2-in_between
* - 3-roughest

N o 25 5 10 15 20
A O e \iles

-




