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1. Introduction

REDD+ has the potential to deliver multiple benefits beyond carbon. For example, it can promote
biodiversity conservation and secure ecosystem services from forests such as water regulation and
non-timber forest products. Some of the potential benefits from REDD+, such as biodiversity
conservation, can be enhanced through identifying areas where REDD+ actions might have the
greatest impact using spatial analysis.

Open Source GIS software can be used to undertake spatial analysis of datasets of relevance to
multiple benefits and environmental safeguards for REDD+. Open-source software is released under
a license that allow software to be freely used, modified, and shared (http://opensource.org/licenses).
Therefore, using open source software has great potential in building sustainable capacity and critical
mass of experts with limited financial resources.

The capacity of forest to control soil erosion is also regarded as a key potential REDD+ benefit. Wind
erosion, in particular, constitutes a key component in soil degradation processes in arid areas; as it
can cause degradation of sedimentation crusts on the surface of stripped soils, as well as reducing the
capacity of soils to store nutrients and water (FAO 1996). Even though the importance of the
contributing factors are locally dependent, it is widely recognized that the amount of soil loss by wind
erosion at a regional scale is mainly dependent on four key factors: climate, soil, topography and
vegetation cover (Shao & Leslie 1997).

This tutorial provides a methodology to conduct a preliminary spatial assessment of the relative
importance of forest in protecting against wind erosion by mapping these key factors, using Paraguay
as a study area. The analysis is undertaken by using an overlay approach, where data on wind speed,
precipitation, evapotranspiration, soil characteristics and topographical complexity are generated and
combined with forest data. The method described here is partly based on the USDA’s Universal Wind
Erosion Equation (Wooddruf & Siddoway, 1965), as well as on Mezosi et al. (2015), Tsogtbaarar &
Khudulmur (2014), and FAO (1979).

This method is not designed to predict exact locations of wind erosion occurrence or making
guantitative estimates of potential soil erosion — it serves to assess the role of forests to wind erosion
control based on the general sensitivity of the land to wind erosion, taking into account the
dominant/general climate, soil and topographical conditions of the area. The resulting map may be
suitable for regional land use management and identify wind erosion-prone areas, where more
detailed quantitative risk mapping may be needed.

The analysis runs entirely from QGIS version 2.18, R Software and R Studio, which needs to be installed
in order to execute this analysis.
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2. Methodology

The first step will be to prepare, download and process all the necessary layers in order to have the
required variables to estimate the relative importance of forest for wind erosion control. Using the
formula from Woodruff and Siddoway (1965) as a starting point, we have designed and adapted a
formula which uses an overlay approach to calculate the importance of forest for wind erosion control
at a regional scale as a function of 4 thematic layers’ parameters:

Climate: Wind speed and humidity are the main climatic controlling factors. It is generally assumed
that wind speed at values above 6 — 9 m/s wind erosion occurs (Mezosi et al. 2015). Similarly, the
sensitivity to wind erosion increase with aridity, as humid soil particles are more resistant to be
displaced by wind (Shao & Leslie 1997).

Soil characteristics: Texture and gran size distribution are assumed to determine soil erosion
sensitivity. Coarse-textured soils, such as sandy soils, are known to be more prone to wind erosion
than fine-textured ones, such as clay soils (Fryrear et al. 1998).

Topography: The more “rough” the surface is, the lower is the wind speed, and hence the wind
erodibility will decrease (Shao 2008).

Vegetation cover: Vegetation acts as a protection layer that prevents the wind to displace soil
particles. The density of the vegetation determines the level of protection.

The method described in this document goes through the steps required to develop the spatial layers
for the first three factors listed above. A final map showing the relative importance of forest for wind
erosion control, is produced by combining all the layers developed. This method assumes that the user
has a forest cover layer available for analysis, which is utilized in this tutorial as a substitute of the
vegetation cover.

Below an image showing the workflow including the steps required to carry out this analysis.

‘Topography |
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3. Prepare the climate, soil characteristics and topography layers.

3.1 Create the Climate factor (C') layer

Climate erosivity is assessed in this method using the formula suggested by FAO (1979) for the
Universal Wind Erosion Equation (Wooddruf & Sidoway, 1965):

L = 3(PETi—Pi)d
= — X L —
100 Z 1” PETi
1=

Where:

u = monthly average wind speed (m/s)
PETi = monthly potential evaporation (mm)
Pi = monthly average precipitation (mm)

d =the number of days in a month.

Spatial layers will be developed for each parameter included in the equation above, and will then be
used as input layers in Raster Calculator to produce a climate erosivity map.

3.1.1. Compute the monthly average wind speed layer (u)

Twelve layers, representing monthly average wind speed values for the area of interest, will be
developed for the “u” component of the formula. If no spatial modelled surface for wind velocity are
available for your study area, you can develop one using daily wind speed station data from NOAA's
National Climatic Data Center website. This data will be used in this tutorial to create average wind
speed maps for each month of the year in the study area, by using geostatistical methods in QGIS and
statistical analyses in RStudio.

Steps to download the daily wind speed data

1. Go to: https://www.climate.gov/maps-data, and then click on to Dataset Gallery on the top
of the page.

2. On the left side of the page, under Refine by Coverage, click on Global and then search for
Daily Weather Statistics (Graph or Data table).


https://www.climate.gov/data/maps-and-data
https://www.climate.gov/data/maps-and-data
https://www.climate.gov/maps-data
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Recent Precipitation and Temperature (including Normals and
Anomalies) - Maps

Monitoring & Data - Precipitatio[yand Temperature

This site offers a huge assortment of maps and charts that put recent precipitation
and temperatures in a climate context. Maps show how current conditions compare
to Normal (long-term averages) for various time periods for...

Daily Weather Statistics - Graph or Data table

Daily Observational Data

! 53‘1,""' - TR Daily observational data—measurements of weather conditions—show how
1 weather varies across the globe. This site uses a map-based portal to help you find
and view or download weather data from locations around. ..

3. Go to Data Access and click on the link under Daily Observational Data in the Subsetting
Service Row.

Daily Weather Statistics - Graph or Data table B
Daily Observational Data e e

General How-To DataAccess Technical EMWWMMUWW’

Data formatf{s): TXT (ASCII), CSV, PDF

Addnnadnodsad sy

Direct link: Daily Observational Data

Daily

g:?\:s R e e Map viewer Data type: Land-based station
Data @') Coverage: Global
NO’GTA N.CDC: After selections are made on the map and Get Selected Data is
Download  Cart: Daily — : -
Summaries checked, the Cart will display with options for data access.

4. A pop up window will open, click on All Maps and then on Daily Observational Data. A map
viewer will automatically open.

Climate at a Glance -
Alaska

Annual Observational Climate at a Glance
Data

e SR M
Climate Indices Climate Indices - Daily Observational
Beta Data

[ Maintain the current map view/location when switching between maps
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5. Once the map viewer is open, Search for a location, Paraguay in this case, and tick the box
next to Global Summary of the Day on the left side of the map.
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6. Click on the tools icon next to Global Summary of the Day and then to Polygon to select the
area of interest. This will allow you to draw a polygon and select the weather stations for your
area of interest. Fbr a more accurate execution of the interpolation that will Ne carried out
later on, it is advided to also select weather station in the surrounding area of\our area of
interest. In this example, we will draw a polygon around Paraguay.
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7. On the left side of the map the list of the stations included in the polygon will appear. Select
just the stations with at least five years of data and then click on Access Data at the bottom.
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In the following window, click on “Agree”.

8. In the next window, you will be asked to select the date range of the weather records of the
station selected. Select 01/01/1949 and leave the date in the “To” row as it is. Select “comma
delimited” under “Select output format”. Mark the box under “I am not a robot” and then

click continue.
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9. The dataset of the records selected will then available for download as a csv. Click on the link
to the text file and select “Save link as” and save it in your working file
(“data_dowmoaded.txt”).

D:NOAA Logo, National Environmental Satellite, Data, and D}National Climatic Data
Information Service) Center, U.S. Department of

|| search NCDC |

-Based Data / NNDC CDO / Product Search / Help

N“PC CLIMATE DATA ONLINE
Climage Data Online, Data Qutput

) |

CDO6155967852223 X
e ——

Qicon Data format documentation
D]icon Station List
|- Dividing Line
EiPrivacy Policy mfonnation]:]USA Gov logo;}Dmdaimer information
ividing Line

https://www7.nede.noaa.gov/CDO/edodata.cmd

Downloaded Thu Feb 21 03:36:18 EST 2019

Production Version

If you have questions or comments, please contact our support team.

Steps to compute historical monthly wind speed averages from the daily wind speed data

Now that we have downloaded all the required data, we need to compute historical monthly wind
speed averages from it. We will use R Software and R Studio (an R user interface) to do this.

1. Open R Studio and set your working directory by going to Session > Set Working Directory >

Choose Directory. Select the folder in which you have saved the weather data.

File Edit Code View Plots | Session | Bui Debug Tools  Help

Q- =~ = | [ A Interrupt R
Restart R

Ctrl+5Shift+F10

Source ﬂD| Environment = Hisl

= | | [#Impo

Terminate R...

Console C:/Users/xavierd/AppDa es/Content.Outlook=— 7 |

To Source File Location

Set Working Directory
R version 3.2.0 (2015-(
Copyright (C) 2015 The Load Workspace...
Platform: x86_64-w6d-mi

To Files Pane Location

Save Workspace As.., Choose Directory... Ctrl+Shift+H

R is free software and
You are welcome to redi
Type "license()’ or "licence()’ fTor distribution details.

Clear Workspace...

R 15 a collaborative project with many contributors.
Type 'contributors()’ for more information and Files Plots Pac
‘citation()’ on how to cite R or R packages in publications. | Blinstan | @ up
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2. Now we are going to import the weather dataset file, “data_downloaded.txt”. Under the
‘Environment’ tab in R studio window, click on “Import Dataset” and select “From Text
(base)”

Environment History  Connections

= H “ Import Dataset = &

1 ez From Text (base)...
From Text (readr)...
From Excel... Environment is.
From SPSS...

From SAS.

From Stata...

3. Select the dataset and ensure that the “Separator”’ is set as “Comma”, “Decimal” is set as
“Period” and “na.strings” to “999.9”, which is the value to which our dataset assigns the
missing values. Then click “Import”. You can change the name of the dataset to something
easier to work with (for example, WS).

Input File
data_downloaded STN---,WBAN , YEARMODA, TEMP, , DEWP, , SLP , a
837030,99999, 201%0101, &81.2,12, 72.8,12, 9939.9, (—
837030,99999, 20130102, &82.8,12, 71.3,12, 9993.9, C
837030,99999, 20130103,  &4.8,12, 70.3,12, 9993.9, C
Encoding 837030,93993, 20130104, 86.3,1Z2, 7i.1,1z, 9999.9, C
— — 837030,99999, 20130105, 75.8,12, 69.8,12, 9993.9, C
Heading  @)ves ( INo 837030,99999, 20130106, &83.2,12, 71.5,12, 9933.9, (=
- - 837030,99999, 20130107, &82.1,12, 70.7,12, 9933.9, (|~
837030,99999, 20130108, 79.6,11, 71.4,11, 99393.9, C
ROWM”"ES 837030,99993, 20130103, 84.2,12, 69.8,12, 9999.9, (
837030,99999, 20130110, &3.6,12, 63.8,12, 9993.9, C
~| Js37030,39993, 20190111, S80.2,12, 70.0,12, 9999.9, (
SEIEERD 837030,99999, 20130112, &80.9,12, 68.0,12, 9993.9, C
. - 837030,99999, 20130113, &80.3,12, 70.1,12, 9993.9, C
Decimal 837030,99999, 20130114, &82.1,12, 69.6,12, 9993.9, C
837030,99999, 20130115, &81.2,12, 71.5,12, 9939.9, (+
= R27n2n 8aa&a snianiia RE 7 17 fR 4 17 amaa & ¢
Quote Double quote (") - a ’T‘ b
Cemment Data Frame
na.strings STN... WEAN YEARMODA TEMP X DEWP X.1 SLF &
) 837030 99999 20190101  81.2 12 TF2.8 12 995
- Strings as factors 837030 99939 20190102  82.8 1z 7i.3 12 999
837030 99999 20190103  84.8 12 T7F0.3 12 EEE]
837030 99999 20190104  86.3 12 7Fi.1 12 EEE]
837030 99993 201390105 75.8 12 69.8 12 EEE]
837030 99999 20190106  83.2 12 TFi.5 12 995|=
837030 99999 20190107  82.1 12 7FO.7 12 EEE]
837030 99999 20190108 79.6 11 7Fi.4 11 EEE]
837030 99999 20190109  84.2 12 69.8 12 EEE]
837030 99999 20190110 83.6 12 63.8 12 EEE]
837030 99999 20180111  80.2 12 7F0.0 12 EEE]
837030 99999 20190112  80.% 12 6&8.0 12 EEE]
837030 99999 20190113  80.3 12 7F0.1 12 EEE]
837030 99999 20190114  82.1 12 69.6 12 EEE]
837030 99993 201390115 81.2 12 71.5 12 995 ~
R2TNIN Q994a9 nianiis RE 7 17 RE 4 17 aaqq
4 1 r
Import Cancel

You are now able to see the dataset in the viewer window. We are now going to select from
the dataset our parameters of interest: the Station Code Number (“STN...”), the date of the
observations (“YEARMODA") and the mean wind speed value (“WDSP”).
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4. Change the name of the station name column (STN...) to something simpler to work with

(fnamWSor example: STN). To do that, write the following formula in the console window:

- ]
5TN

235528
235528
235528
835528
235528
235528
235528
236528

Y- - <N N - (Y R - T I

235528

oy
=

235528

names (Ws) [names (WS)}=="STN... ' ]<-"STN'

WEBAN  YEARMODA  TEMP DEWP X1
So9999 19738383 76.7 &
So9999 19738384 75.8 &
So9999 19738387 3.8 4
99999 19738388 75.2 4
So9999 19738311 B5.2 9
So9999 19738312 B&.7 4
So9999 19738313 E9.8 12
99999 159738314 71.6 5
So9999 19738315 78.8 7
So9999 19738319 72.9 7

4|

] /

Displayed 1000 rows of 404,856 (403 855 crr‘i:j

Cow o AAGo A Do ot

> names (Ws) [names (Ws)=="5TN... ] =<- @

404 856 observations of 23 variables

S5LP

9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9

X2

@

@ @ & & @ @ @ @ @

5TP

9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9
9999.9

X3

@

@ @ & & @ @ @ @ @

(4

=]

5. Now, we are going to create a new data frame (WS1) containing only the three variables of
interest (STN, YEARMODA and WDSP). To do that, write the following command in the

console.

ws1<-wWs[c("STN", "YEARMODA", "WDSP")]

You should now see the following datasets (WS and WS1) in the Global Environment tab:

Environment = History

=1 [ | 22 Import Dataset~ | 3 Clear | (&
] Global Environment -

pata
Dws
Dwsl

400464 obs. of 23 variables
400464 obs. of 3 variables

List~

B 8

6. For computational purposes, the variable for the date of the observation (YEARMODA) must

be split into three: year, month and day of observation. To do this, write the following formula

into the Console window:

WS1SYEARMODA <- as.Date(as.character(WS1SYEARMODA) , format="%v%m¥%d')

WS1SYEAR <- format(WS1$YEARMODA,

‘sv")

WS1SMONTH <- format(WS1$YEARMODA, '%m')

WS13DAY <- format(WS1$YEARMODA,

"H%d')
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Right click on the WS1 data frame in RStudio’s data window to see the changes made in the

data frame.

Environment  Histol =]
2 [ | [ Impht Dataset~ | 3 Clear | (& List=
7} Global Envigfnment ~

Data

Ows 404856 obs. of 23 variables @
OWSI{D 404856 ohs. of 6 variables i)

The WS1 dataset now shows the new variables created, YEAR, MONTH and DAY:

.-:I i

STN YEARMODA WDSPQ_ YEAR  MONTH DAY
1 835528  1973-83-83 3.9 1973 2 as
2 835528  1973-83-84 2.9 1973 a3 a4
3 835528  1973-83-e7 z.@ 1973 a3 ar
4  B3552@  1973-83-83 999.9 1973 a3 as
5 835528  1973-83-11 @.8 1973 a3 11
6 835328  1973-83-12 2.9 1973 a3 1z
7 835528 1973-83-13 4.8 1973 a3 13
8 835528 1973-83-14 4.5 1973 a3 14

7. The WS dataset contains some no data values (recorded as 999.9). We need to remove these

values from the dataset before any other calculation is made. A new data frame will be created

(WS2), containing only valid observations. To do that, write the following command in the

console:

Ws2<- subset(wsl,wDsPI!="999.9")

Note that you can now see WS2 in the Data window. The number of observations (obs.)

included in WS2 has been reduced compared to WS1.

Environment = History - M

% [ | _#Import Dataset~ | 3 Clear (C List~

] Global Environment =

Data

Dws 404856 obs. of 23 variables @
D wsl 404856 obs. of 6 variables @
Dws2 403110 obs. of 6 variables @

10
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8. In the ‘metadata’ txt file downloaded in Step 8 of the section “Steps to download the daily
wind speed data”, you will see that wind speed values are in tenths of a knot (0.1 knots). The
formula requires these values to be converted to meters per second (m/s). To convert these
values to m/s and store them in a new column called “‘WDSP_MS’, write the following
command in the console:

WS2$WDSP_MS <- with(ws2, WDSP*0.514444)

In the WS2 data tab you can now see a new column ‘WDSP_MS’ with new values for wind
speed in m/s:

403,110 observations of 7 variables

row.names STN YEARMODA  WDSP YEAR MONTH DAY WDSP_MS i
1 1 835528 1973-@83-83 3.9 1973 a3 a3 Z2.8BB3316 l—l
2 2 835528 1973-@83-84 2.9 1973 a3 a4 1.4918876
3 3 83552@ 1973-a3-87 2.8 1973 a3 a7 1.8288880
4 5 83552@ 1973-83-11 8.6 1973 a3 11 @.38860004
5 6 835528@ 1973-83-12 2.9 1973 a3 12 1.4918876
6 7 835528 1973-83-13 4.8 1973 a3 13 Z.8577708
7 8 835528 1973-83-14 4.5 1973 a3 14 Z.3149988
2 a AAEETA 1073-A3-15 75 10732 Az 15 1 2RA1TT1AA

We can now compute mean monthly wind speed values for each of the stations of the dataset.

Steps to compute mean monthly wind speed values

1. We will carry out this operation using a dplyr package, which is not included in the core R
software. To install and load the dplyr package, write the following formula in the Console
tab:

install.packages ("dplyr")

The download process will start automatically. Once the process is finished, you should see
the text below in the Console window:

package ‘assertthat’ successfully unpacked and MD5 sums checked
package ‘R6’ successfully unpacked and MD5 sums checked

package ‘Rcpp’ successfully unpacked and MD5 sums checked
package ‘magrittr’ successfully unpacked and MD5 sums checked
package ‘lazyeval’ successfully unpacked and MD5 sums checked
package ‘DBI’ successfully unpacked and MD5 sums checked
package ‘BH’ successfully unpacked and MD5 sums checked

package ‘dplyr’ successfully unpacked and MD5 sums checked

The downloaded binary packages are in
C:\Users\yaras\AppData\Local\Temp\RtmpQVvlak4\downloaded_packages

This will also show you the directory of the downloaded package on your computer.
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Tibrary ("dplyr™)
2. Once the package is loaded, write the following command in the console:
= W53<- WS2 %%

+ group_by(STN,MONTH) %>%
+ summarize(mean_wdsp=mean (WDSP_MS))

This will calculate monthly average wind speed for each of the weather stations in the data
frame and store the values in a new data frame called WS3. The new data frame will then look

like this. In order to see the WS3 data frame, click on WS3 in the Global Environments window:

2] 728 observations of 3 vanables

: a
STN MONTH  mean wdsp

1 83520 @1 2.2755391

2 835520 @2 2.2527654

3 835528 @3 Z2.8482809

4 835528 ®4 2.355286B3

5 835520 @5 2.6584370

§ 835520 @5 2.8245274

7 835528 a7 2.952/125

8 835528 @8 3.2844489

Add the geographical coordinates of the weather stations into the dataset

We now have the average wind speed values we were looking for, but before exporting the dataset
we need to add further information in order to be able to perform the interpolation in QGIS. First, we
need to add the geographical coordinates of each station. To do that, follow these steps:

1. Download the coordinate system data from this link:
http://www1.ncdc.noaa.gov/pub/data/noaa/

This website will provide access to many datasets and folders grouped into different years. Select
the file called ‘isd_history.csv’ (or click here to download the data directly:
http://www1.ncdc.noaa.gov/pub/data/noaa/isd-history.csv). The data is downloaded as a .csv
file, comma delimited, which can be opened and viewed in R or Excel.

2. Open the csv data set, and save it as a text file, e.g. ‘isd.history-merge.txt’.

3. InR, use the Import button to import the txt file. Use the parameters as shown in the image
below:
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Import Dataset

MName

isd.history_merge

Quote Double quote (") hd

| Strings as factors

Input File

USAF -+ WBAN - STATION NAME -+ CTRY + STATE + ICAD + a
7018 + 99999 -« WXPOD 7018 + <+ -« =« 0 « 0 « 701
7026 + 99999 -« WXPOD 7026 + AF 4 <« =« 0 « 0 + 7
7070 + 99999 -« WXPOD 7070 + AF « =« 0 « 0 + 7
8260 + 99999 -« WXPODS270 # - <« A 0 « 0 + 0 =
8268 + 99999 -« WXPODS278 + AF -« =« =« 32,95 « 65,
8307 + 99999 « WXPOD 8318 « AF « =+ « 0 « 0 = 8=
8411 + 99999 « XM20 X A W W W W« 2016021
8414 + 99999 « XM18§ 4 W W W W A 2016021
8415 + 99999 -« XM21 4 W W W W A 2016021
8418 + 99999 « XM24 4 W W M W A 2016021
10000 + 99999 « BOGUS NORWAY  NO + - ENRS =« =
10010 + 99999 -« JAN MAYEN(NOR-NAVY) - NO = -+ ENJA
10013 + 99999 « ROST + NO =+ -« =+ =« -« =« 1986
10014 + 99999 « SORSTOKKEN + ND + -+ ENSD + 59.79:
10015 + 99999 « BRINGELAND ~ ND + -+ - G1.383 + =
ANN1E -« 99999 « RORVIK /BVIM -« WO - A R4 A .

< | 11 r
Data Frame

USAF WEAN STATION. NAME CTRY STATE ICAL »
7018 99939 WXPOD 7018 NA =
7026 999939 WXPOD 7026 AF NA

7070 99933 WXPOD 7070 AF NA

8260 99993 WXPODB270D NA

8268 99999 WXPODB27SB AF NA

8207 99993 WXPOD 8318 AF NA =
8411 99933 XM20 NA

8414 99933 XM1B NA

8415 99933 XM21 NA

8418 99933 XM24 NA

10000 99933 BOGUS NORWAY NO NA ENRS
10010 99993 JAN MAYEN(NOR-NAVY) NO NA ENJA
10013 99933 ROST NO NA

10014 99993 SORSTOKKEN NO NA ENSD
10015 99993 ERINGELAND MO NA -
1nn1e aqqaq ROBVTK /BRYVIM L al NA

4 1 P

Import Cancel

You should now see the data in the data viewing window (top left), like this:

Qjtestrx | [ ]wsx  [wsix []wszx []ws3x

- &l
USAF  WBAN  STATION.NAME
7885 99939 CWOS @7@es
7811 99995 CWOS @7ell
7818 99999  WXPOD 7818
7825 99999  CWOS @7@25
7026 99999  WXPOD 7826

1

2

3

4

5

6 7834 99999  CWOS @7e3s
7 7837 99993  CWOS @7e3’
8 7824 99393 CWOS @7esd
9 7847 99999  CWOS 87847
10 7852 99999  CWOS @7852
11 7859 99999  CWOS €7e59
12 7@E4 99933 (W05 @7@ES
13 7e7e 99999  WXPOD 7ere
14 7e72 99999  CWOS @ver2
15 7@76 99999  CWOS @7ers
16 7883 99939  (WOS @7@83
17 7834 99933  (WOS 87884
18 78%4 99999  (WOS 87894
19 8268 99999  WXPODE27E
20 8387 99999  WXPOD 8318
21 B4P@ 99999 XM@E
22 B49l 99993 XMeT
23 B4BZ 99399 XM@9

Displayed 1000 rows of 20,443 (26443 ormitted

CTRY  STATE ICAO LAT

AF

AF

AF
AF

)
2
3
=

NA na NA
NA nA NA
©.088  @.888  7813.9
A A A
@.ee2  e.eee  7@26.2
Na A A
Na A A
A A A
NA na NA
NA naA NA
A A A
A A A
@.ee2  e.eee  7e7e.2
Na A A
Na A A
NA na NA
NA nA NA
NA naA NA

Na A A
A A A

_|isd.history_station_list = | |isd.history % |isd.history_comma »

BEGIN END

28128127 | 20128127
28111825 28121129
28118383 20138730
2e12e127 20120127
2e12e713 20141128
2e121024 20121126
28111282 20121125
28128127 28128127
28128613 20128717
28121129 20121138
20128314 20120828
20121218 20121219
20148923 20150926
2e1112e2 20111282
20121214 20121217
28128713 28128717
28121214 | 28121217
28121217 | 20121217
20188513 20120323
28188221 20128421
2ee9e9l? 20111128
2e@99913 20121219
28898918 20118727

4. The station coordinate file (‘isd.history-merge.txt’) containing information of each station (its

name, the country where is located and the geographic coordinates LAT and LONG) has now

to be merged with the data frame containing information on mean_wdsp. R will use the
station code, STN, as the union element from the “WS3’ data frame and the station code USAF
from the ‘isd.history-merge.txt’ data frame. In order to perform this step write in the console

window the command shown below:

> WS4<-merge(WS3,isd.history_merge,by.x="STN”,by.y="“USAF”,al1=FALSE)
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This will create a new data frame, WS4, using the Station Code as a common key variable. The

new dataset will look something similar to this:

el |

STN
1 83552@
iz 83552@
3 835528
4 835528
5 83552@
6  B83552@
7 B3552@
8 835528
9 B3552e
10 835528

MONTH
a1
ez
a3

as
a8
a7
as
a9
18 N

728 observations of 7 variables

mean_wdsp  STATION.NAME CTR LAT LON
2.2755391 CORUMBA INTL BR -19.812  -57
2.2527654 CORUMBA INTL BR -19.812  -57
2.@4828809 CORUMBA INTL BR -19.812  -57
2.3552663 CORUMBA INTL BR -19.812  -57
2.658437@ CORUMBA INTL BR -19.812  -57
2.8245274 CORUMBA INTL BR -19.812  -57
2.9526125 CORUMBA INTL BR -19.812  -57
3.2844489 CORUMBA INTL BR -19.812  -57
3.2568018 CORUMBA INTL BR -19.812  -57
2.9672184 CORUMBA INTL BR -19.812  -57

.B73
.B73
.B73
.B73
.B73
.B73
.B73
.B73
.B73
.B73

.

[

5. To facilitate the steps of the analysis performed with QGIS, we now need to split the dataset

into one file for each month. To do that, write the following commands in the console:

W5_Jan
ws_Feb
W5_Mar
Ws_Apr
WS_May
W5_Jun
ws_Jul
W5_Aug
W5_5ep
ws_0ct
W5_Nov
wW5_Dec

<-subset (WS4 ,MONTH==

<-subset{Ws4 ,MONTH==" 02
<-subset(Ws4 ,MONTH=="03"
<-subset(Ws4 ,MONTH=="04"
<-subset(wWs4 ,MONTH=="05"
<-subset(Ws4 ,MONTH=="06"
<-subset(Ws4 ,MONTH=="07"
<-subset(Ws4 ,MONTH=="08"
<-subset(Ws4 ,MONTH=="09"
<-subset(Wsd ,MONTH=="10"
<-subset(Wsd ,MONTH=="11"
<-subset(Wsd ,MONTH=="12"

1)
)
)
)
)
)
)
)
)
)
)
)

Finally, export the datasets created through the following commands:

write.csvi{(ws_Jan, file='Mean_ws_Jan.
write.csv(ws_Feb, file='Mean_Ws_Feb.
write.csv(Ws_Mar, file="Mean_WS_Mar.
write.csv(Ws_Apr, file="Mean_ws_Apr
write.csv(Ws_May, file="Mean_WS_May.
write.csv{(ws_Jun, file='Mean_ws_Jun.
write.csv(Ws_Jul, file="Mean_w5s_Jul.
write.csv(Ws_Aug, file="Mean_WS_Aug.
write.csv(Ws_Sep, file="Mean_WS_Sep.
write.csv{(ws_oOct, file="Mean_Ws_Oct.
write.csv(WS_Nov, file="Mean_WS_Nov.
write.csvi{(ws_Dec, file='Mean_Ws_Dec.

csv')
csv')
csv')
csv')
csv')
csv')
csv')
csv')
csv')
csv')
csv')
csv')

This will create a separate csv file for each of the months, which will also be saved in the

workspace directory folder.
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Mean_WS_Apr.csv 22/06/2016 12:29 Microsoft Excel C... 6KB
| Mean_WS_Aug.csv 22/06/2016 12:29 Microsoft Excel C... 6 KB
Mean_WS_Dec.csv 22/06/2016 12:29 Microsoft Excel C... 6 KB
Mean_W5_Feb.csv 22/06/2016 12:29 Microsoft Excel C... 6 KB
Mean_WS_Jan.csv 22/06/2016 12:29 Microsoft Excel C... 6 KB
Mean_WS_Jul.csv 22/06/2016 12:29 Microsoft Excel C... TKB
Mean_WS_Jun.csv 22/06/2016 12:29 Microsoft Excel C... TKB
Mean_WS_Mar.csv 22/06/2016 12:29 Microsoft Excel C... TKB
Mean_W5_May.csv 22/06/2016 12:29 Microsoft Excel C... TKB
Mean_W5S_Mov.csv 22/06/2016 12:29 Microsoft Excel C... TKB
| Mean_WS_Oct.csv 22/06/2016 12:29 Microsoft Excel C... 6 KB
Mean_WS_Sep.csv 22/06/2016 12:29 Microsoft Excel C... TKB

Develop continuous mean monthly wind speed surfaces for the study area

To develop a final climate layer covering the whole area of interest, is now necessary to estimate the
average wind speed for the zones where weather stations are missing. To perform this analyses, we
need to interpolate wind speed values for all the study area using geostatistical techniques. The
preliminary step requires to import all the datasets exported in the previous step and convert them
into point shapefiles using QGIS.

Follow the steps below, repeating them for every file of monthly wind speeds. At the end of the
process you will have 12 separate files:

1. Select ‘Layer’ > ‘Add Layer’ > ‘Add delimited text layer’, as shown below:

Project Edit View [Layer | Settings Plugins Vector Raster Database Processing  Help
New 4 = Y = ~ §
0O BE Embed Layers and Groups... PARPLALRS & » »
'y ’ [_;i‘ E Add vector Layer... Chlashiftsy | wy = -wfj “'f; - v‘ﬁr
L ", Add Raster Layer... crl4shift+R 3 d
@, Add PostGIS Layers... Cirl 45hift+0
/7 Add Spatialite Layer... Ctri+Shift+L
-2 W AddMSSQL Spatial Layer..  Chl+Shift+M
[+ @, Add Oracle Spatial Layer... Ctrl+5hift+0
'u @) Add WMS/WMTS Layer... Ctrl+shift-+w
) Add wcs Layer..
.’b () Add WFS Layer...
»
Copy style
q Paste style
@ Open Attribute Table
#/ Toggle Editing
% [} save Layer Edits
# CurrentEdits 4
@ Save As...
Save Selection as Vector File...
¥ 4 Remove Layer(s) Cirl4D
[} Duplicate Layer(s)
\EE Set CRS of Layer(s) Crl45hift+C
% zr&:p?:::‘t‘(.m Tl 159.1,4.0 1298414723 |+

Select the parameters, using the CSV format (change the input layer name for each monthly
dataset, e.g. “Mean_WS_Jan”, “Mean_WS_Feb”, etc.) as shown in the image below, and then click
OK:
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y A : 2
W Create a Layer from a Delimited Text File :
File Name ources)G b aim w=proaress Wind_Erosion_Tutorial Data/Tutorial_data fwind_speed_QGIS_AnalysisMean_WS_Apr.csv Browse...
Layer ngife | Mean_WS_Apr Encoding | UTF-8 -
File forgnat Custom delimiters Regular expression delimiter
Record options Mumber of header lines to discard | 0 % %/ First record has field names
Field options Trim fields Discard empty fields Decdmal separator is comma
Geometry definition @ Point coordinates Well known text (WET) Mo geometry (attribute only table)
¥ field LON * Y field LAT - DMS coordinates
Layer settings Use spatial index Use subset index Watch file
field_1 | STM | MOMNTH mean_wdsp VWEAN STATION.NAME CTRY | STATE |ICAO LAT LON ELEV.M. BEGIN | *
1 |4 835520 |04 2,37156245876777 99999 | CORUMEA INTL ER SBCR [-19.012|-57.673 | 140.5 19310101
158 835540 |04 1.702436854499275 | 99999 | CORLUMBA (AEROPORTO) |BR -19 -57.667 [ 141 19770601
28 335110 |04 2,779510670535824 | 99399 | CAMPO GRANDE ER -20.45 |-54.617 530 19740313
|4 40 835120 |04 3,82135249599084 | 99999 | CAMPO GRAMNDE ER. SBCG |-20.469 [-54.673 | 558.7 19360824
| 5 |57 836726 |04 5.01448803222745 | 99999 |CASCAVEL BR SBCA |-25 -53.501|753.8 20070717 |
-

2. A Coordinate Reference System Selector will appear asking you to select a coordinate reference
system. Since the wind speed coordinates are in latitudes and longitudes, you should select WGS
84. Click OK.

You should now have the point data loaded in QGIS, as in the image below:

5D & ™G @@ @D BE@RGPRE@E VN o @ 1t 2= | B
N‘)\r‘ ?(ﬁf‘_‘ﬁ) o ° Cgfj\‘da\- a\"ig)d;/( Nl B (>Dﬂ\'ﬁ\'ﬂj¢ ﬂ'ﬁﬁ}‘\_w =]
Layers Panel [&)x
8T e @G
L
'{} % ® Mean WS Dec
©% © Mean_WS_Nov %
'u .- ® © Mean_WS_Oct
©® ® Mean_WS_Sep [
ﬁ: L% © Mean_WS_Aug @
-~ ® © Mean_WSs_Jul ®
R % ® Mean_WS_Jun ®
% O Mean_Ws_May .
q % ©® Mean_WS5_Apr
- ® ® Mean_WS_Mar *
@ | X ° MeanwsFeb
L% © Mean_WSs_Jan A4 *
@ . * ° e
. ® E
< M .
@ ¢t .
® L o
%
\V ® s ®
L
¢ * [
Vo~ & o %
[} L
& *
: * *
* *» o
(= s °
4
—F
Coordinate -69.75,-19.94 Seale | 1:5,907,355 |~ Rotation 0.0 : X Rem
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3. The layers need now to be projected into a projected coordinate system. Right click on each
layer and select “Save As...” a window will automatically appear. Select the folder to which
you want to save the file, give it a name and select an appropriate projected coordinate system
for your study area, in this case we will select WGS 84 UTM Zone 21S. Repeat for all twelve

layers.
Layers Panel /1 Save vector layer as... |> m
Yo d® T A RO
' Format | ESRI Shapefile -
~|®% ® Mean_WSs_Dec .
' - % © Mean_WS_Nov Save as | C:/Users/xavierd/Desktop/Wind Erosion Tutorial Testflan_215.shp Browse
) -3 ©® Mean_WS_Oct
X @ Mean WS _Sep CRS  EPSG:32721-WGS 84/ UTM zone 215 -
ﬂ, ® © Mean_WS_Aug |
X © Mean_WS_lul —
R - % ® Mean_WS_Jun " el
% © Mean_WS_May Encoding System v
q= /% @ Mean_WS_Apr [ save only selected features
~% ® Mean_WS_Mar .
q} _® © Mean WS_Feb Skip attribute creation
x| ea }:‘ T o e X Add saved file to map
@ Shaw in Overview Symbelogy export Mo symbalogy -
% [l Remove Scale 1:50000 =)
] Duplicate
o ¥ Geomet
@ Set Layer Scale Visibility 2
, Set Layer CRS Geometry type Automatic A
o Set Project CRS from Layer [ Force multi-type
Styles 4 J [ tndude z-dimension
Ve ~~ Open Attribute Table L3
<
a v Extent (current: layer)
&g Save As Layer Definition File... North [-18.317
Filter...
[ﬂ chow Feature Count west [-64.329 East [-53.501
Properties South |-27.583
Renarne
| | [ Layer extent ] [ Map view extent ]
—5F
W Layer Options @

4. We are now going to apply the Universal Kriging technique to interpolate the monthly mean
wind speed values. This particular technique has been chosen since is considered one of the
most accurate techniques to spatially interpolate this kind of variable (Luo et al. 2007). To
perform this analysis go to the processing toolbox and search for SAGA’s Universal Kriging
tool. Right click and select “Execute as batch process”.

Processing Toolbox

Search...

ntly used algorithms
& Redassify values
Count peoints in polygon

Execute

Execute as batch process th Tykhonov regularization.

-
W GDAL/OGR [47 ¢ Edit rendering styles for outputs
GRASS commanusT: TS

| LecoS {Landscape ecology statistics) [16 geoalgerithms]
- iﬁ Models [3 geoalgorithms]

1 ¥ QGIS geoalgorithms [107 geoalgorithms]

&% QMarxan Toolbox Algorithms [12 geoalgorithms]

5. This action will open a new window, insert each one of the projected point shapefiles
produced in the prior step. In Attribute, select the name of the column that contain the
monthly mean wind speed values. In the Resampling column, choose “Inverse Distance
Interpolation”. In Search Range, choose “global”. In Number of Points, select “All points
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within search distance”. In Cell Size, select 1000. Finally, in the Prediction and Quality
Measures columns specify the folder in which you want to save the output files and give each
file a name. Leave the other parameters as they are. (TIP: you can automatically fill the
columns with the value of the first row by double clicking the head of the column). Then click
Run.

{¥; Batch Processing - Universal kriging . R R B |
Parameters | log |
# == 8
Points Attribute Type of Quality Measure |Logarithmic Transformation Block Kriging

Jan_215 I mean_wdsp [0] standard deviation || Yes | Yes

l Feb_215 mean_wdsp [0] standard deviation v | Yes v | Yes
Mar_215 mean_wdsp [0] standard deviation v Yes v | Yes
Apr_215 mean_wdsp [0] standard deviation - | Yes - | Yes
May_215 mean_wdsp [0] standard deviation > | Yes - | Yes
Jun_218 mean_wdsp [0] standard deviation |+ | Yes ~ | Yes
Jul_215 mean_wdsp [0] standard deviation | | Yes - | Yes
Aug_215 mean_wdsp [0] standard deviation v | Yes - | Yes
Sep_215 mean_wdsp [0] standard deviation v Yes - | Yes
Oct_215 mean_wdsp [0] standard deviation v | Yes v | Yes
Nowv_215 mean_wdsp [0] standard deviation v Yes v | Yes
Dec_215 mean_wdsp [0] standard deviation > | Yes - | Yes
« an

] 0% ]
[N

The layer you are interested in is the Prediction one, the second layer generated (Quality
measures) just provides you with statistics on how well the prediction has been made.
Interpolation does not give accurate results outside the collection area, so let’s clip the
resulting surfaces with the study area boundary. To do that, we need to load a shapefile of
the area of interest. Click on ‘Layer’ > ‘Add Layer’ > ‘Add Vector Layer’.

Layens Panel &ix|
Volawra-san

L ey

5% Grd -
2004
oy

<

et DEARTRILSHSSAVIA

Go to Processing -> Toolbox and search for Clip raster by mask layer. Rick click and select
“Execute as a batch process”. In the Input layer column, select each of the recently created
wind speed raster layers, in consecutive order. In the Mask layer column, select the shapefile
of your study area. Then, select the folder and name of the 12 clipped layers in the Clipped
(mask) column. Select “Yes” under “Crop the extent of the target dataset to the extent of
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the cutline” and leave the other parameters as they are. Once done, click Run. The
interpolated data will now be cut to the region of interest:

Uy Panel &%

PYYYY AW E P
)
|

2 &

«

‘gt DEHSH

3.1.2 Extract Potential Evapotranspiration (PETi) data

To be able to make the calculation as per the initial formula for climate erosivity (see Page 2), we
need monthly potential evaporation data PETi (mm).

1. PET data can be downloaded from the CGIAR-CSI Global PET Database.

gshare Browse Search on figshare Login Sign up
——
P

/r"‘v‘ <
B ) {

3 _" ARCHIVE ARCHIVE
£

:
GlobalPET jpg (266.44 kB) global-et0_monthl._. zip ()92.48 MB) global-et0_annual tif zip (210.96 MB) Global AI_PET v2... pdf (346 kB)

Download all (1.59 GB) Share Embed  + Collect (you need to log in first) sfles1/2 < > BEm =

Global Aridity Index and Potential Evapotranspiration
(ETO) Climate Database v2 1269

views downloads citations

Version 3 v  Fileset posted on 18.01.2019, 11:30 by Antonio Trabucco, Robert Zomer

CATFGORIFS

2. Select the “global_et0_monthly.tif.zip” to download and save in your working folder. Unzip
the files.
3. Openthe 12 raster files in QGIS. Select the 12 tif files (the number corresponds to the month).
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et0_01.thw 23/11/2018 03:22 TFW File 1KB

"% et0_01 23/11/2018 03:23 TIF File 85125 KB
2 et0_OLtif.aux 23/11/2018 03:23 XML Document 47 KB
et0_0ltifvatcpg 23/11/2018 03:23 CPG File 1kB
et0_01.tif.vat.dbf 23/11/2018 03:23 DBF File 15KB

2] et0_0L4if 29/11/2018 02:48 XML Document 19 kB
23/11/2018 03:29 TFW File 1KB

23/11/2018 03:30 TIF File 85,637 KB

23/11/2018 03:30 XML Document 34 KB

et0_02.tif.vat.cpg 23/11/2018 03:30 CPG File 1KB
et0_02.tif.vat.dbf 23/11/2018 03:30 DBF File 11KB

&) et0_02.if 29/11/2018 02:48 XML Document 19 KB
et0_03.tfw 23/11/2018 03:31 TFW File 1KB

= et0_03 23/11/2018 03:32 TIF File 94,717 kB
2] et0_03.tif.aux 23/11/2018 03:32 XML Document 36 KB
et0_03.tif.vat.cpg 23/11/2018 03:32 CPG File 1KB
et0_03.tifvat.dbf 23/11/2018 03:32 DBF File 11KB

2 et0_03.tif 29/11/2018 02:48 XML Document 19KB
et0_04.tfw 23/11/2018 03:33 TFW File 1KB

= et0_04 23/11/2018 03:33 TIF File 101466 KB
2 et0_04.tif.aux 23/11/2018 03:34 XML Document 38 KB
et0_O4.tifvatcpg 23/11/2018 03:33 CPG File 1ke

4,

Once all PET files are open, we need to clip them to the study area border. Open a shapefile
of the study area and ensure that it is in the same projection as the PET layers (EPGS 4326).
To do that go to Processing -> Toolbox and search for Clip raster by mask layer. Right click on
it and select Execute as batch process.

e m—— o rm————

El ‘,‘ GDAL/OGR [47 geoalgarithms]
B [IZ_EDﬁ‘.L] Extraction

e

- & sa
=-

“Vector to raster

5.

/. Batch Proces:

Clip raster by extent

Clip raster by mask [; Ex 1
GA (2.1.2) [235 geoslgor

Execute as batch process

. li ter with pol
& Cip raster with poly Edit rendering styles for outpia

In the Input layer column, select each of the PET raster layers, in consecutive order. In the
mask layer column, select the shapefile of your study area. Then, select the folder and name
of the 12 clipped layers in the Clipped (mask) column. Leave the rest as it is. Once done, click
Run.

sing - Cip esterbymast e M % BT i JBR. = ]

Parameters | Log |

& & =

— [s
Input layer Mask layer Nodata value, leave blank to take the noc
pet_he_1 py_border_4325
Pet_he_2 py_border_4326
pet_he_3 py_border_4326
pet_he_4 py_border_4326
pet_he_5 py_border_4326
pet_he_& py_border_4325
pet_he_7 py_border_4326
pet_he_& py_border_4325
pet_he_ 3 py_barder_4326
pet_he_10 py_border_4325
pet_he_11 py_barder_4326
pet_he_12 py_border_4325
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6. QGIS will automatically clip the twelve PET layers to the shape of your study area and save the
resulting files in the folder that you specified. The result will be something similar to this:

yespenel
8 ®Y &-3 0
i mask [=]

o
215

® l Clipped (mask)
=

S iss

x l Clipped (mask)

W= /)
e 1e

% B Clipped (mask) J
o

L 162
% l Clipped (mask)
Mo

134
x l Clipped (mask)
W

s

® l Clipped (mask)
Mo

a7

x l Clipped (mask)
Mo

L s

% §¥ Ciipped (mask)
R B

L1
% l Clipped (mask)
s

S 165
% B Clipped (mask)
s

L
3¢ B Clinned (mack)

3.1.3 Extract monthly average precipitation (Pi) for your study area

The climate erosivity formula also requires monthly average precipitation (Pi) values. If a gridded
precipitation layer is not available for your study area, it is possible to extract this data from a
global dataset, called WorldClim, following the steps described below:

1. Go to WorldClim (www.worldclim.org), click Version 2.0.

WorldClim - Global Climate Data

Free climate data for ecological modeling and GIS

‘WorldClim

WorldClim is a set of global clirgafe layers (zridded climate data) with a spatial resolution of about 1 km?. These
data can be used for mappin® and spatial modeling.

The nef \v available (current climate only -— more coming soon)

The old version is Version 1.4.

For this version you can get data for past, current and future climates,

Read more

2. This will take you to the download page for climate data at different resolutions. Click on the
relative link to download raster data for precipitation at the required resolution, in this
example, we will select the 30 sec resolution.

variable 10 mii 5 mi 2.5 mi 30 seconds
minimum temperature (°C) tmin 10m tmin 5m tmin 2.5m tmin 30s.
maximum temperature (°C) tmax 10m tmax 5m tmax 2.5m tmax 30s

gmperature (*C) tavg 10m tavg 5m tavg 2.5m
precipitation (mm}) prec 10m prec 5m prec 2.5m
solar radiation (kJ m~2 day") srad 10m srad 5m srad 2.5m srad 30s
wind speed (m s7") wind 10m wind 5m wind 2.5m wind 30s
water vapor pressure (kPa) vapr 10m vapr 5m vapr 2.5m vapr 30s
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The download of a zip file including precipitation layers for each month of the year, numbered
1to 12, will start.

3. Unzip these files, upload them in QGIS and clip them to the shape of your study area following
the same steps described in the previous section.

3.1.4 Use Raster Calculator to compute the climatic ‘C’ factor layer

Now that we have all the required variables, we can calculate the C factor as per the initial
formula using Raster Calculator in QGIS:

12

L , (PETi — Pi) ;
=— X S
100 Z YA\ PETI

i=1

The 3 sets of monthly layers (windspeed, precipitation and EvapoTranspiration) prepared in the
previous steps will be used as input layers in Raster Calculator.
To perform the analysis follow the instructions below:

1. Openthe 3 set of layers in QGIS. Ensure that they all have the same extent, resolution and are
in the same projection.

2. Open the Raster Calculator tool in QGIS, clicking on ‘Raster’ = ‘Raster Calculator’.

3. Write the formula in the raster calculator expression, following the example below. Call the
output layer “C_factor” and saved it in your working folder.

((("ws_1@1"73) * (( "pet_1@1" - "prec_1@1") / "pet_1@1")*31) + (("ws_2@1""3) * (( "pet_2@1" - "prec_2@1") /
"pet_2@1")*28) + (("ws_3@1"73) * (( "pet_3@1" - "prec_3@1") / "pet_3@1")*31) + (("ws_4@1"*3) * (( "pet_4@1" -
"prec_4@1") / "pet_4@1")*30) + (("ws_5@1""3) * (( "pet_S5@1" - "prec_5@1") / "pet_5@1")*31) + (("ws_6@1""3) * ((
"pet_6@1" - "prec_6@1") / "pet_6@1")*30) + (("ws_7@1""3) * (( "pet_7@1" - "prec_7@1") / "pet_7@1")*31) +
(("ws_8@1"~3) * (( "pet_8@1" - "prec_8@1") / "pet_8@1")*31) + (("ws_9@1"3) * (( "pet_9@1" - "prec_9@1") /
"pet_9@1")*30) + (("ws_10@1""3) * (( "pet_10@1" - "prec_10@1") / "pet_10@1")*31) + (("ws_11@1""3) * (( "pet_11@1"
-"prec_11@1") / "pet_11@1")*30) + (("ws_12@1"73) * (( "pet_12@1" - "prec_12@1") / "pet_12@1")*31)) / 100

4. The resulting map will look resps &
& e V&R AO

similar to the one shown on the

o
side. The higher the value is (in
dark orange), the higher is
expected to be the climatic
tendency to produce conditions %Wi
conducive to wind erosion.
T e =
Identy Resks @)X
BRE =R -
[rowe e
B2-0 ws_1_prova
£ ws_1_prova
Band 1 19.5004444
(Derived)
O —— -
Mode | Topdown, v/ %/ Auto apen form
vew (eI
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3.1.5 Re-classify the ‘C’ factor layer into classes for analysis

Finally, we need to reclassify the C factor layer into classes, so as to be able to perform the final
function which will produce a layer with different classes of wind erosion sensitivity.

First, we will compute the interval classes that will be utilised to reclassify the C factor layer:

1. Inthe processing toolbox, open the r.quantile tool. This tool computes quantiles (intervals
that contains equal number of features) in a dataset. In Input raster layer select the
recently created C_factor layer. In Number of quantiles, enter “7”. Thick on Generate
recode values based on quantile-defined intervals. Finally in Quantiles (raw output) specify
the path where to save the output file.

/% rquantile - Compute quantiles using two passes. = @A ]
Parameters | Log | Help Run as bateh process...
C_factor [EP5G:32721] - E] B
Number of quanties
-
; a B
| GRASS GIS 7 region extent (xmin, xmax, ymin, ymax)
[Leave blank to use min covering extent] E]

¥ Advanced parameters

® Generate recode rules based on quantile-defined intervals
Quantiles

[Save to temporary file] E]

Quantiles {raw output)
C:finterpolation_windspeed/c_factor_dasses. txt

:

0 % ]

Run Close

2. There are various reclassification tools in QGIS. We will use the r.reclass tool, which requires
a text file (.txt) where the user defines the rules for reclassification. To prepare the
reclassification rule text file, open the text file created in the previous step and use the
intervals to specify the classes, as shown in the image below:

| c_factor_classes - Notepad -

File Edit Format View Help

-31.270357 thru -2.860856 =1
-2.869856 thru 11.2638932
11.263893 thru 24.645054
24.645054 thru 41.905608
41.905608 thru 60.755306
60.755306 thru 67.7061232
67.706123 thru 87.660675

=L e R

* Always ensure to reclassify values in ascending rank, the interval containing the highest
values is reclassified to “7”, the second one to “6”, and so on.

When done, save the file as C_factor_reclass_rule.txt
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3. Now open the r.reclass tool. In Input Raster window, enter the C_factor raster file and in
File containing reclass rules, select the reclass rule text file created in the previous step
(C_factor_reclass_rule.txt). Click Run. The output file would be similar to the one below.

P reciose B C ront ey T o T o e = reviassifcation of . MESIESE

Parameters | Log | Help
L |

Input raster layer

C_factor [EPSG:32721]
File containing redass rules [optional]
| | [ Crlinterpolation_windspeed\c_factor_redass_rule.tet
GRASS GIS 7 region extent {xmin, xmax, ymin, ymax)
[Leave blank to use min covering extent]
GRASS GIS 7 region cellsize (eave 0 for default)
0000000
Redassified
C:finterpolation_windspeed/C_factor_redass.tif

% Open output file after running algorithm

Aun as batch process...

O

O E

3.2.

Close

Create the soil wind erodibility (I’) layer

Layers Penel
Yo |l e T a3 D
% W Reclassified
1.000000
| 3.000000
[ s.000000
» [ 6.000000
- I 7.005000
@ o x ¥
2200
® 62967
10629567
@ | a7sasE00
- I 44463033
I - W 6138267
7301500
%
Ve ¥
8
]
¥
e
-

Soil wind erodibility is directly related to the percentage of soil aggregates larger than 0.84 mm in
diameter. Based on this indicator, the US Department of Agriculture (USDA), classified the soils into 7
soil wind erodibility classes, based on soil texture and soil carbonate content (CaCOs). The
classification goes from 1 (highly susceptible to wind erosion) to 7 (no susceptible to wind erosion).

Dry Soil Wind
Aggregates Erod.
=0.84mm Index (1)
WEG Properties of Soil Surface Layer Percent T/AclYr
1 Very fine sand, fine sand, sand, or coarse sand. 1 310 (a)
2 250
i 220
5 180
7 160
2 Loamy very fine sand, loamy fine sand, loamy 10 134
sand, loamy coarse sand, or sapric (1)
organic soil materials.
3 Very fine sandy loam, fine sandy loam, sandy 25 &6
loam, or coarse sandy loamy.
4 Clay, silty clay, noncalcareous clay loam, or 25 86
silty clay loam with =35 percent clay content.
4L Calcareous (b) loam, silt loam, clay loam, or 25 B6
silty clay loam.
5 MNon calcareous loam and silt loam with <20 40 56
percent clay content, or sandy clay loam,
sandy clay, and hemic (1) organic soil
materials.
6 Noncalcareous loam and silt loam with >20 45 48
percent clay content, or noncalcareous clay
loam with <35 percent clay content.
7 Silt, noncalcareous silty clay loam with 50 38
=35 percent clay content and fibric (1)
organic soil material.
8 Soils not susceptible to wind erosion due to - 0

coarse fragments or wetness

In order to create the soil wind erodibility layer, you would need a soil map for the study area with
information on soil texture and carbonate content. This part of the tutorial will show you how to
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obtain this data from the Harmonized World Soil Database (HWSDA). The HWSD is a 30 arc-second
raster database that combines existing regional and national updates of soil information worldwide.

1. Go to http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-
database/HTML/index.htm|?sb=1 and click on Download Data only.

Harmonized Werid Soil Database

zed World Soil Database v 1.2

PHWSD Home
Documentatlon
Do arand Data

own|oad Data Only

Supplementary data

Download Now

Land Cover Data Description NEW UPDATE!!

Land Cover Data

Soil Qualities Description 7 March, 2012 - Version 1.21 is a minor release that fixes a few issues in
Soil Quality Data Version 1.20. Please uninstall the previous version before mstallmg this
Data Format Information new ve/Slon (For 2 full description of HSD updares through time, see the ‘Download

Terrain Data Description

Terrain Data

Data On. nkin the menu.)

2. The HWSD includes a raster image file and a linked attribute database. In the next window,
download the HWSD_RASTER.zip and the HWSD.mbd files.

3. We now need to query the HWSD.mbd database in Microsoft Access to obtain the Soil texture
values that will allow to determine to which Wind Erodibility Group they pertain. To do that,
open the HWSD.mb in Microsoft Access.

4. Then, go to the tab CREATE and click on QUERY DESIGN

FILE HOME ‘ EXTERMAL DATA
l—

B8 [

Application | Table Table SharePoint

Parts Design  Lists -
Templates Tables
Tables ® « Query [
Create a
B2 D_ADD_FROP view.
B b awc
You can
B D_COVERAGE dialog b

5. A new screen will automatically appear, in the table pick HWSD_DATA and click on Add
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6. The HWSD_DATA table will appear in the workspace. A small panel will appear, double click
in this order MU_GLOBAL, T_USDA_TEX_CLASS, T_CACO3 and T_CLAY. These 4 variables will
be added in the table located at the bottom. Now click on the Make Table command.

= W
Show Table
<

= Tables ‘ngﬂgs | Both |

HOME CREATE

D_COVERAGE -

HWsDDATA [y D_DRAINAGE

= E D_ISSO0IL
D_PHASE

¥ D_ROOTS
MU_GLOBAL D SWR
HUSOuREL D SwvaL4
MU_SOURCE2 D SYMBOLSS
15501L - D_SYMBOLS0
D_TEXTURE
D_USDA_TEX_CLASS Results
HWSD_DATA
HWSD_SMU =4

\
Il

7. Give the table a name (for example WEG) and click OK. Then click on the Run button on the
top bar.

BEHS d--= QUERY TOOLS. Access
ME CREATE EXTERNAL DATA % DATABASE TOOLS DESIGM
lEEH 2B Ko =
h

'\ @3 Pass-Through
Vi Run Select Make Append Update Crosstab Delete

vty

Z= InsertRows | " Insert Columns

% Delete Rows | 3 Delete Columns

- Table gDataDeﬁmt\on Ta;,: SN Builder E,@Retum: All
Re\lts Query Type Query Setup
Table¥ ® «
FH ©p_sDD_PROP [«] -
B pawc = - _ |
2 D_COVERAGE Make Taw W
EH D_DRAINAGE New Table [ﬁ
B on Table Name: |ws;\ lz“
_ Cancel
B3 p_sson @ Current Datzbase
9 D_pHase ® er Database:
B8 b Roots File: Name:N
=] D:SWR Browse...
FH p_symBOL
1 b symBoLT4
8. The new table will be created and will automatically appear in the table list at the left. Now,

right click on it, select Export and then Excel. Save it in your working folder. When done, open
the file in Microsoft Excel and save it in CSV format.

—_— e T I mou_rRur

B on T open a

EH psson b4 Design View

EH D_pHASE
- Import

B b_roots

B pswr
- =] Rename 1 SharePoint List

= ] 5o
D_SYMEOL

= - Hide in this Group L_m Word RTF File
D_SYMBOLT4

= - Delete ER PDFor XPS
D_SYMEBOLSS

2z D_SYMBOISO % Cut R Acces

= D_TE)(TURE B Copy 50 Teafie

= D_USDA TEX_CLASS it S XML Fil —
T = T2, ODEC Database

B HwsD_DATA & = -

= - L_'B HTML Document
A : Efr Word Merge

55 UspAlied Table Properties v L 9

i i1 or: |
9. Now, unzip HWSD_RASTER.zip and upload hwsd.bil in QGIS. Convert it into Geotiff format by

right clicking on the layer and selecting Save As...
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Mame Date modified Type Size
S —————

QL hwsd.bil 06/03/2012 17:26 BIL File 1,822,500 KB
L] hwsd.bhube  06/03/2012 17:26 BLW File 1 KB
] hwsdhdr  06/03/201217:23 HDR File 1KB
|| hwsd.she 20/01/2017 12:57 STX File 1KB

10. Upload a shapefile of your study area to cut out the hwsd.tiff file created in the previous
step to the shape of your study area using GDAL’s Clip Raster by mask layer tool.

=

| M|

Processing Toolbox

cently used algorithms
% w.surf.bspline - Bicubic or bilinear spline interpolation with Tykhonay reg...
& Clip raster with polygon
Clip raster by mask layer
& r.quantile - Compute quantile
o rredass - Creates a new ma
- gy Translate (convert format)

1 e rvan deven Fam ool 1

o Re

0 NAa £
Clip raster by mask layer oo 2re based u...

11. Now, we need to convert the output raster file to a point shapefile in order to join it with the
excel file created in Access before. To do that, go to the Processing Toolbox window and open
the Raster values to points tool in Saga. In the Grids window, select the raster layer created
in the previous step. In Type, select “cells”. In Shapes, specify the name of the output layer
and then click Run.

I Parameters Log
| Grids
‘1 elements selected |E
Polygons [optional]
(ot selected] ).
Exclude NoData Cells
Type
121 cells -
b Advanced
Shapes
D:/TemporaryGIS/hwsd_paraguay.shp E

Open output file after running algorithm

-m- _Close

12. When the process is finished, upload the output file in QGIS. Go to the processing toolbox and
open the Refactor fields tool. This tool is useful to edit the structure attribute table of vector
files. Change the name of the variable “clippedmask” to MU_GLOBAL and click on Run.

13. Now open the csv file containing the USDA soil texture values (remember to have previously
saved the Excel file exported from Access as csv file). To do that, go to Layer > Add Layer >
Add Delimited Text Layer. In Geometry Definition, select No Geometry (attribute only table).
Then, click OK.
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/i Create a Layer from a Delimited Text File e ad (x|
File Name | C:/Sail_wind_Erosion/WEG.csv Browge. ..
Layer name | WEG Encoding | 150-8859-5 -
File format ® CSY (comma separated values) Custom delimiters Regular expression delimiter
Record options Number of header lines to discard |0 +| % First record has field names
Field options Trim fields Discard empty fields Decimal separator is comma
Geometry definition Point coordinates Well known %}ct (WKT) @ Mo geometry (attribute only table)
Layer settings [ Use spatial index Uze subset index Watch file

MU_GLOBAL | T_USDA_TEX_CLASS |T_CACO3 |T_cLay
1 |7002 I
2 (7003
3 | 7004 3 1] 40

14. Now, right click on the point shapefile created in step 12 and go to Properties, and then Joins.
Then click on the green “+” sign button.

o e e T ——SS—
g

| 30in feld

| Target fickd |Memory cache | Prefix | J0ined filds ] |

15. | __ > = = = hin layer. In Join field (the common field

between both datasets), select MU_GLOBAL, and in Target field select MU_GLOBAL again.
Then, click Choose which fields are joined and select T_USDA_TEXT_CLASS, T_CACO3 and
T_CLAY. Save it under a new name and in a projected coordinate system.

./ Add vector join [ x]
Join layer WEG -
Join field 123MU_GLOBAL -
Target field 1.2 MU_GLOBAL -

®| Cache join layer in virtual memory
[ Create attribute index on join field

w (¥ Choose which fields are joined

MU_GLOBAL
% T_USDA_TEX_CLASS
® T CACO3

B

» Custom field name prefix

16. Now the soil texture and carbonate data will be used to reclassify the map into the Wind
Erodibility groups defined by the USDA. To do that you first need to know, how this
information is codified in the database. This is explained in the database documentation
(available at http://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-
database/HWSD Documentation.pdf), and is the following:
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T_USDA_TEX_CLASS: The values in this fields contains 13 possible classes of soil texture, which
are codified in the following way:

Code

EL=l- - = R W e P

10
11
12
13

Texture

clay (heavy)
silty clay

clay

silty clay loam
clay loam

silt

silt loam
sandy clay
loam

sandy clay loam
sandy loam
loamy sand
sand

T_CACO3: The values in this field represent % of weight. We will use this information to
determine if a soil is calcareous or non-calcareous, which is a parameter needed to determine
the corresponding wind erodibily group of some soil texture classes. For the purposes of this
work, we will assume that all soils with more than 15% of CaCO3 are calcareous, as defined
by the FAO (FAO 2016).

To be consistent in the re-classification process through this methodology, we will consider 7
classes of soil wind erodibiliy in ascending order, from 1 (low susceptibility to wind erosion)
to 7 (high susceptibility to wind erosion), as we did in the C factor map; therefore inverting
the classes described below (i.e. class 1 ‘very fine sand, fine sand, sand, or coarse sand’ will
become class 7 for our analysis, as sandy soils are most sensitive to wind erosion).

Dry Soil Wind
Aggregates Erod.
New =0 84mm Index (1)
classes WEG Properties of Soil Surface Layer Percent TIAc/YT
7 1 Very fine sand, fine sand, sand, or coarse sand. 1 310 (a)
2 250
3 220
5 180
6 7 160 Groups 4 and 4L
2 Loamy very fine sand, loamy fine sand, loamy 10 134 will be combined
sand, loamy coarse sand, or sapric (1) into one, group 4
organic soil materials. ’ ’
5 3 Very fine sandy loam, fine sandy loam, sandy 25 &6
/ s
4 Clay, silty clay, noncalcareous clay loam, or 25 &6

4 silty clay loam with =35 percent clay content.

4 4L Calcareous (b) loam, silt loam, clay loam, or 25 B6
silty clay loam.

3 5 Non calcareous loam and silt loam with <20 40 56
percent clay content, or sandy clay loam,
sandy clay, and hemic (1) organic soil
materials. ;

2 [ Noncalcareous loam and silt loam with =20 45 48 Grou.p 8is no.t relevant
percent clay content, or noncalcareous clay to this analysis and we
loam with <335 percent clay content. will therefore not

1 7 Silt, noncalcareous silty clay loam with consider it
=35 percent clay conten| .

: rTaterial.
NA @ Soils not susceptible to wind erosion due to - 0

coarse fragments or wetness
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To do that, open the attribute table of the point shapefile created in the step 15 and click on
field calculator._This tool allows to perform calculations on the basis of existing attributes
values or functions.

o
| ) = = = & =
/BREt(alsE0 wEe Po B|E o(&)
5 Dl
D X ¥ MU_GLOBAL WEG_T_USDA WEG_T_CACO

a -56,43333358280 -27,5833335830 | 19071.00000000... 4| 1.900000000000...
1 -56.4250004540 -27.5833335830 | 19071.00000000... 4| 1.500000000000...
3 -56.4166671610 -27.5833335830 | 19071.00000000... 4| 1.500000000000...
3 -56,4083338280 -27.5833335830 | 19071.00000000... 4| 1.900000000000...
a -56,4000004940 -27.5833335830 | 19071.00000000... 4| 1.900000000000...
5 -56.3916671610 -27.5833335830 | 19071.00000000... 4| 1.900000000000...
5 -56,3833338280 -27,5833335830 | 19071.00000000... 4| 1.900000000000...

17. Inthe next window, click on Create new field. In the Output field name insert WEG.

18

In the Expression window, insert the text below. This function will automatically compute the

corresponding WEG value based on the values of USDA texture classes, CaCOs; and Clay
content, as defined in the WEG table included in the previous page.

CASE WHEN "WEG_T_USDA_TEX_CLASS" =13

THEN 7

This part of the code, says: When

WHEN "WEG_T_USDA_TEX_CLASS" = 12

THEN 6

WHEN "WEG_T_USDA_TEX_CLASS" = 11

THEN 5

WHEN "WEG_T_USDA_TEX_CLASS" = 10

THEN3

WHEN "WEG_T_USDA_TEX_CLASS" = 9 AND "WEG_T_CACO3" > 15

THEN 4

WHEN "WEG_T_USDA_TEX_CLASS" =9 AND "WEG_T_CACO3" < 15

THEN3

WHEN "WEG_T_USDA_TEX_CLASS" = 8

THEN 3

WHEN "WEG_T_USDA_TEX_CLASS" = 7 AND "WEG_T_CLAY" <20

THEN 3

WHEN "WEG_T_USDA_TEX_CLASS" = 7 AND "WEG_T_CLAY" > 20

THEN 2

WHEN "WEG_T_USDA_TEX_CLASS" = 6

THEN 1

WHEN "WEG_T_USDA_TEX_CLASS" =5

THEN 4

the USDA Texture class is 13 (sand),
insert “7” (Highly susceptible to
wind erosion) in the WEG column.

This part of the code, says: When the

USDA Texture class is 9 (loam), and
\ CaCOs is higher than 15% (calcareous)

insert “4”. If USDA Texture class is 9
(loam), and CaCOs is smaller than 15%
(non-calcareous) then insert 3.

WHEN "WEG_T_USDA_TEX_CLASS" = 4 AND "WEG_T_CLAY" > 35 AND "WEG_T_CACO3" < 15

THEN 1

WHEN "WEG_T_USDA_TEX_CLASS" = 4 AND "WEG_T_CLAY" > 35 AND "WEG_T_CACO3" > 15

THEN 4

WHEN "WEG_T_USDA_TEX_CLASS" = 4 AND "WEG_T_CLAY" < 35

THEN 4

WHEN "WEG_T_USDA_TEX_CLASS" =3

THEN 4
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WHEN "WEG_T_USDA_TEX_CLASS" = 2

THENA This will classify all points for which
WHEN "WEG_T_USDA_TEX_CLASS" =1 USDA texture class is 1 (clay) as 4 in the
THEN 4 - WEG column and then close the

END function.

Then click OK. QGIS will create a column named “WEG” and automatically populate it
following the criteria established in the code. This may take a few minutes. Then click Save.

19. Once the previous step is completed, we need to convert the point shapefile layer into a raster
file again. The Rasterize (vector to raster) tool can be used to perform this step. In Input layer,
select the projected point shapefile created in the previous step. In Attribute field, select the
soil texture variable (WEG), then select an appropriate raster resolution for your study area.
In our case, we will set it to 1000 x 1000 meters. Give the output file a name and click Run.

iz Rasterie (vector to rastert —-— == ?| 8
Parameters | Log Runssbachpocss.. | pasterize (vector to raster)
Inputlayer 121 | 7his aigorition ks based an the GDAL gdal_rasterize
sd_paraguay_projected (EPSG:32721) -] el

Lpen - - Fer more info, see the madule help.
Atete fed
UsAtext_ -
setouputrastr sae grored f above opton s hedked)
[Eeer p———— =
Horizontal
1000.000000 a 2]
et I
1000000000 al5.]
Farce the generation of an assodated ESRT world file (, tfw)
» Advanced parameters
Rasterized
Cifsol_werd_Eromon)USDA_TEXT_Paraguoy.tf =)
% Open output fle after running algerithm
[T p——
ol rastenae - USDA_text_-ot Foat32 of GTF 1 1000 1000 -
co COMPRESS ~DEFLATE <o PREDTCTOR =1 <0 AEVEL 5 4
nsd paraguay_prejected
ol i s et Torow | |
( o |
| &un chse

You have just created a soil texture map for your study area, as it is shown in the image below.
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Note, in this analysis, there are only 6 classes because those are the soil types present in our

stu

3.3.

dy area, Paraguay.

Create the Topography (K’) layer

The more “rough” the surface is, the lower is the wind speed, hence the wind erodibility will decrease.
To estimate surface roughness, a DEM dataset can be used to compute the Terrain Ruggedness Index
(TRI) developed by Riley et al. (1999). This index computes the difference between the value of each
cell and the mean of an 8-cell neighbourhood of surrounding cells and classifies its values in seven

classes

(from “level” to “extremely rugged”). To create a Terrain Ruggedness Index map for your study

area, follow the steps described below:

1.

Upload a DEM  for your study area. If not available, go to
http://www.hydrosheds.org/download select Void-filled elevation and then Elevation 30 sec
resolution GRID. Then select the one that covers your study area (in the case of Paraguay, we
will choose sa_dem_30s_grip.zip

By downloading and using Hydro SHEDS data, you accept this License Agreement

Download single files by clicking on them or multiple files by using the checkboxes and the button below.

Dewnload selected files

~ (m Void-filled elevation (GRID and BIL format)
» [ | Elevation 15sec resolution BIL

b || Elevation 15sec resolution Grid

b [ | Elevati . ion BIL
¥ [/] Elevation 30sec resolution GRID

2.

b [ ] Elevation 3sec resolution BIL

» [ Elevation 3sec resolution GRID

This will download a zip file. You must store the file and extract all data (right click, then select
Extract All...) in order to open the DEM data in QGIS.

3. Open QGIS and add the DEM data as a ‘raster layer’. To do this, click on Layer in the tools bar
at the top of the document, then click Add Layer and select Add Raster Layer... from the drop-
down menu.

4. You canthen browse to the folder location where the DEM is saved. The DEM raster is located
within the sa_dem_30s sub-folder. Within that folder, click on any of the files, and click Open.

1 ‘Open a GDAL Supported Raster Data Source EX
® = 1 | » Computer » OS(C:} » Core datasets b DEM » sa_dem 30s grid b sa_dem 30s b sa_cem 30s v @& | Searchsa dem_30s o
Organise New folder =~ M @
b o) Music A Name : Date modified Type size
&= Pictures
‘._, dblbnd.adf 27/06/2016 12:10 ADF File 1KB
i Videas || hdr.adf 27/06/2016 1210 ADF File 1KB
|=| metadata htm 27/06/2016 1210 HTM File 20KB
'G Homegroup ]metadata xml 27/06/2016 1210 XML File 11 KB
- L prj.adf 2T/06/2016 1210 ADF File 1KB
u,:-Compuler || sta.adf 27/06/2016 1210 ADF File 1KB
?g:z(t:lry\magamzj e 27/06/2016 1210 ADF File 50 KB
Fi o orne o
* Raster Data_Storage (\\weme-gis-04) (R:)
52 Public (\iwemc-dats-03.internal.wemc) (S)
2 GIS (\weme-data-03) (T)
9 yaras (\weme-data-Dl.internalweme\home) (U:)
2 Data (\\wemc-gis-01) (W)
&2 |_Drive (\\weme-gis-01) (Z:)
File name: | dblbnd.adf v‘ Al files () ) V|

You will now have the DEM layer in your QGIS.
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5. Clip the DEM to the shape of your study area, using GDAL’s Clip Raster by mask layer tool as

done in previous steps.

6. Tocalculate the terrain ruggedness index, go to Raster > Terrain Analysis > Ruggedness Index.

Project

)

BAVNANS E

Edit View Layer Settings Plugins Vector

S
Layess Panel [
& e T &,-&@ L

45
813

- [3€] i paraguay dem

/i Ruggedness

[Raster | Database Web MMQGIS RasterStats Processing  Help
%= Raster Calculator... B O ~ @
Align Rasters... W0 e S
Georeferencer b
Heatmap 4
Interpolation .
MOLUSCE ’
Raster Colours .
.
»

Raster transparency
Slope
Zonal statistics Aspect...
Hilshade...
Relief...

,
Projections ’
Conversion ’
Extraction 3
,
s

Analysis
Miscellaneous
Gdalools Settings...

Load the Raster Terrain Analysis plugin in the Plugin Manager. Go to Raster > Terrain
Analysis > Ruggedness Index. Fill in the tool dialogue box as shown below and click OK:

V|-

Elevation layer
Output layer

Output format
Z factor 50000

% Add result to project

paraguay_dem -
C:/Terrain Ruggedness Index/TRI. tif

GeoTIFF A

//

DEM layer

Sl

\

Select a name for the
output file, e.g.:
“TRLtif”

Cancel

Layers Pansl &)

You should now have a new raster layer with values within the index. In our case, the values
range from 0 to 572.228

33



Using open source GIS software to support REDD+ planning

We now need to reclassify the final layer into 7 classes. We will use the classification suggested
by Riley et al. (the authors of this index) and re-classify the layer into 7 classes, where 7
indicates low ruggedness index values, meaning a higher sensitivity to wind erosion.

Ruggedness Classification

Ruggedness Index Value

Level 0—80m
MNearly Level 81 —116m
Slightly Rugged 117 — 161m
Intermediately Rugged 162 — 239m
Moderately Rugged 240 — 497m
Highly Rugged 498 — 958m
Extremely Rugged 959 — 4397Tm

(Source: https://planet.qgis.org/planet/tag/terrain%20analysis/)

To reclassify the layer, open a text editor and create a reclass rule text file, using the as
shown below:

"] Untitled - Notepad

File Edit Format View Help

0 thru B0 = 7

81 thru 116 = &
117 thru 161
162 thru 230
240 thru 497
498 thru 958
959 thru 4397 = 1]

[SSRVEIE S,

Then save the file with the name TRI-reclass.txt

Open the r.reclass tool to reclassify the Terrain Ruggedness Index into 7 classes.

1& r.reclass - Creates a new map layer whose category values are based upon a recl... m

Parameters Log Help Run as batch process. ..
Input raster layer / TRI Iayer
TRI2 [EPSG:32721] ——E—

File containing redass rules [optional]

C:\Terrain Ruggedness Index\Tri_redass. txt \Q

GRASS GIS 7 region extent (xmin, xmax, ymin, ymax) \ Location of the

[Leave blank to use min covering extent] E] reclass ru Ie flle
GRASS GIS 7 region celsize {(leave 0 for default)

-

0.000000

Redassified

C:/Terrain Ruggedness Index/TRI_reclass.tif Q

% Open output file after running algorithm \ Name of the
output file

You will obtain something similar to the image below:
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Layers Panel
N SR - e

2.000000
3.000000
4.000000
5.000000
6.000000
- I 7.000000
=] TRI2

572.228

B o

8- paraguay_dem
-
- 813

3.4. Combine layers to produce wind erosion sensitivity map

Now that we have all the layers we can perform the final analysis as per the original formula. We will
sum the C' (climate), I’ (soil erodibility) and K’ (soil roughness factor) factors using the Raster
Calculator tool to create a wind erosion sensitivity map.

First, ensure that the layers have all the same cell size, geographic projection and layer extent. Go to
Raster calculator and fill in the parameters as shown in the image below.

/, Raster calculator 0| . .
Name and desired location
Raster bands Result layer - L] X
= E— of the output file
K factor@1 i itivi
Cfamrr o Output Iayer Jwind_erosion_sensitivity. tif [
I factor@1 Output format GeoTIrT ' -

Current layer extent

X min -132724.26278 : XMax  808275.73724
¥ min 6920742.81564 : Ymax 7876742.81564

DCRCICETID

Columns | 941 2| Rows 956
Output CRS Selected CRS (EPSG:32721, WGS 8+
%) Add result to project

¥ Operators

+ = sart cos sin tan log10 (
/ ~ acos ssip atan In )
< > - 1= <= >= AND OR

Raster calculator expression

Formula to sum the 3 factor
Ikractur@1‘+'cracmr@1‘+‘1racmr@1‘ Iw layers

Expression valid

oK Cancel

The final map should look similar to the one below.
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Layers Panel (&%
&l L Ta &

3.5. Mask the wind erosion sensitivity map using the forest cover layer

The forest cover layer will now be used to mask the previously created wind erosion sensitivity
map to understand where the forests play an important role in controlling wind erosion. To do
that, load the forest cover layer in QGIS, and use the Raster masking tool to cut the wind erosion
sensitivity map to only show areas with forest cover.

1. Search Raster masking in the Processing toolbox, and open it. In Grid, enter the wind
erosion sensitivity layer, in Mask, enter the forest cover layer and in Masked Grid enter
the name and desired location of the output file. Then click Run.

e masking . i
|
| [ [l
Grid

[}[wnd erosion sensitivity [EPSG:32721] - ]@
Mask
[Forest cover [EPSG:32721] v ]m
Masked Grid

[C:fl’errain Ruggedness Index/forest_wind_erosion. tif ]m
%/ Open output file after running algorithm

We have now created the final map, a layer that indicates the relative importance of
forests to control wind erosion from 21 (maximum importance) to 3 (minimum
importance).

36



Using open source GIS software to support REDD+ planning

2. Now, right click on the layer and choose Properties. Then go to Style. In Render Type,
select “Singleband pseudocolor”, select a color ramp that you like, in Mode select
“Equal Interval”, in classes select “6” and then click Apply.

o pops -t i e -

W AN ]
w Band rendering =
o vt gty
|6 Transparency Band Band 1 - new color map
Color interpolation | Linear - T viorer 1= | Edit | Cmvert
FEErEEE o o) coma 15
@ e o [color [iatel Min (5 | Max |20 ]
5 Sooo0 o [ Cassfy
[ ey —
iﬁ"ﬁﬁ“ﬂa_ i
~Load min/max
O S 20 19 - [mo 3w
® Min / max
St devaton x 1200 %]
Extent v
o Ful ® Estimate (faster)
Current ) Actusl {slower)
[ aip -Load
w Color rendering
Slending mode | Normal -
argnmess | canpast
Saturation O | Grayscale | off =
e Clcdre [T svenstn omEnE |
stle - ok || comel [ my || kb |

The resulting file indicates the relative importance of forest to control wind soil erosion in 6

classes, from Low to High.

Leyers Panel
4 e T &~k B O

x| Masked Grid
Pl Low

o
' wind erosion sensitivity
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