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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,
erosion control 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.

This tutorial provides a mapping methodology to evaluate the importance of forests for soil
stabilization and limiting soil erosion, using a simple quantitative approach. In this example,
importance is evaluated as a function of slope, rainfall and the presence of something important
downstream that could be adversely affected by soil erosion, such as a dam or water body. For
example, forests may play an important role in soil stabilization on steep slopes in areas of high
rainfall, with important downstream activities that benefit from clear water such as population
centres, hydroelectric plants and navigation routes. Such an analysis can be used to help answer
questions such as:

» Where is forest loss likely to result in erosion and consequent sedimentation — and where is
this important?

» Where might retaining or restoring forests in areas play an important role in retaining
soil/reducing sedimentation?

The analysis is undertaken by using an overlay approach, where data on mean precipitation (annual or
the average for a subset of particular months if just the wet season is used), slope, and dam
catchment are generated and combined with forest data. The process involves generation of single
layers with 3 classes (low medium and high) for mean precipitation and for slope. A binary layer is
generated for the presence or absence of a dam catchment. These can then be combined additively.
Since there are 3 classes for slope (1-3), 3 classes for mean precipitation (1-3) and 2 for the presence
or absence of a dam catchment (0-1) the resulting output has a maximum value of 8, and a minimum
value of 2, and therefore 7 classes. These classes represent a low — high potential importance of
forests for soil stabilization and limiting soil erosion. Highest values represent higher erosion impact in
the absence or degradation of forests. No weighting is used in this approach — the relative importance
of high precipitation is the same as that for steep slopes. This approach could be further refined for
example by adding in additional layers such as soil type.
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2. The importance of forests for soil stabilization and limiting soil erosion
2.1. Introduction to SAGA

SAGA (System for Automated Geoscientific Analyses) is an open source GIS software that runs under
Windows and Linux operating systems. One of Its strengths is that it has a wealth of easy to use
spatial algorithms which run quickly and efficiently. SAGA algorithms can be accessed through the
SEXTANTE plugin in QGIS 1.8, however at the time of writing this tutorial some of the tools failed to
run in QGIS.

On opening SAGA the user is presented with the Graphical User Interface below. On the Left there are
3 tabs (Modules, Data and Maps) and on the right Object Properties. In the middle is the area where
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c. Click on the Maps tab to see the map displays that have been created

drosheds'
File Modules Map in
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G Maps
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2.2. Data requirements

Download void-filled hydroSHEDS DEM data at 3 arc second resolution from:
http://hydrosheds.cr.usgs.gov/datadownload.php?regdata=3demg

The 3 arc second data is served in 1-degree tiles; therefore more than 1 tile will be needed, depending
on the size of the required study area.

A void-filled DEM has been modified to fill in areas of no-data (i.e. over large water bodies). The
existence of no-data in a DEM causes significant problems for deriving hydrological products, which
require continuous flow surfaces. Therefore, a void-filling procedure is applied to provide a
continuous DEM for HydroSHEDS. A conditioned DEM has had a number of conditioning procedures
applied to it (e.g. sink filling, stream burning, deepening of open water surfaces). The conditioning
process alters the original DEM and may render it incorrect for applications other than deriving
drainage directions.

***¥IMPORTANT*** when using HydroSHEDS data to undertake the analysis described below, a
void-filled DEM must be used.

» Download WorldClim precipitation data at 30 arc seconds from:
http://www.worldclim.org/current as ESRI grid files. This data is available on large tiles or

at global extent. The download for global precipitation data is around 700MB and consists
of 12 global monthly data grids.

» Download dams data from:
http://sedac.ciesin.columbia.edu/data/set/grand-vl-dams-rev01

The examples above are global data and can easily be substituted if better data are available.



http://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=3demg
http://www.worldclim.org/current
http://sedac.ciesin.columbia.edu/data/set/grand-v1-dams-rev01
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2.3. Prepare raster and vector data layers in QGIS

2.3.1. Merge DEM tiles into a single raster and clip to area of interest

This first step will be done in QGIS as there currently appears to be an error in the ‘merge’ function
in SAGA which means that it does not combine the DEM tiles together properly (leaving a 1 pixel
space between the tiles)

a. Open QGIS
b. Click on the add raster data button

/i QGIS 2.6.0-Brighton
Project Edit View

i —

Layer Settings Plugins Vector Raster

L EEYERE.
-&, W [_-]ﬁ"” Cfi /&

g Ffnd ] HE ven =

¢. Navigate to the hydrosheds void filled DEM
folder and add the first raster. These data
are in ESRI ArcInfo Grid format so in order to

&

% % co |nteract |

Leyers load it into QGIS, navigate into the individual
[ grid folder and pick the w001001.adf file (it is
the file with the largest size)
e,
f — R — Bl
f . Open a GDAL Supparted Raster Data Source n—
[ #]  — o om— L N
» )= < Kenya » silcsion » DEM » 00 dem » t0Rdem <[4y || seor ot cen |
Organize = MNew folder B= [ ®
ql ¥ Favorites e Mame : Date modified Type Size
@ M Deskiop | dblbnd.adf 18/11/2014 16:13 ADF File 1KB
18 Downloads | hdr.adf 18/11/2014 16:13 ADF File 1KB
] Recent Places 2] metadata 18/11/2014 16:13 HTML Document 20 KB
% =] metadata 18/11/2014 16:13 XML Document 11 KB
4 Libraries | pri.adf 18/11/2014 16:13 ADF File 1KB
% @ Documents | sta.adf 18/11/2014 16:13 ADF File 1KB
&) Music | ] vat.adf 18/11/2014 16:13 ADF File
,3 [] Pictures || 001001 adf 18/11/2014 16:13 ADF File ! 44,673 KB | l
v‘ B videos || w001001x.adf 18/11/2014 16:13 ADF File
-
E3
il Computer
&L, Local Disk (C3)
f! Metwork
18 ADMIN-PC
File name: w00100L.adf - [Anfiles ) -]
l Open Ivl l Cancel I

E
d. Click Open and the raster will appear in the table of contents

e. Add the other void-filled DEM raster datasets to QGIS (that cover the area of interest)
following steps a to d.

f. Once all the data are added click on the Zoom to full button.

The map window should now show all the map tiles and look similar to the image below.
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g. Next Add a vector layer to the QGIS project for the area of interest (e.g. country boundary),
make sure it is in geographic projection (i.e. EPSG 4326) as it will be used to clip the DEM
raster data which is in geographic.

(This is because QGIS cannot do any analyses with datasets if they are in different projections)

h. Next type merge in the Processing S ing Toolbax

toolbox window to filter

i. Double click on the GDAL merge tool\?--
- [GDAL] Miscellaneous

j. Click on the ... next to iput layers and tick El T e T T toslgorithms]

= Viector general tools
Lo Bl Merge vector lavers

all the DEM tiles to merge.
k. Navigate to an output folder and save as a
new output layer e.g. dem_merge_dd.tif
I. Click Run

Selectall

Clear selection

Input layers

3 elements selected

Grab pseudocolor table from Toggle selection

Layer stack

Qutput raster type
Float32

OK.

Output layer
C: fforworkingSession /outputdd /dem_merge_dd. tif

X| Open output file after running algorithm
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m. The merged grid shows all the tiles together in a mosaic covering the full extent of the study

area and is added to the table of contents called output layer. Don’t worry that QGIS has not
shaded it well at present.

Layers
M = @ @ [

Output layer

B S 088N ANS

Next search for clip tools in the processing toolbox Processing Toolban
Double click on GDAL Clip raster by mask layer |dip|

Set the Input layer to the merged dem created in th GDALJOGR. [34 geoslgorithme]

- [GDAL] Extraction

. AT R

previous step i.e. the one labelled Output layer in the

table of contents. D Clip raster by mask layer

i Clip vectors by extent

. . . . ge Clip vectors by polygon
interest e.g. outline_dd in this exgmple, the country | . # qeis geoalgorithms [85 geoalgerithms]

= Wertrr nverlay tonle

Set Mask layer to the shapefiilel of the area of

boundary polygon

- —
¢, Clip raster by mask layer N
2 Clip by aye ——|

Parameters Log Help

Input layer

Output layer [EPSG:4326] = :]

Mask lzyer

outline_dd [EPSG:4326] -
Modata value, leave as none to take the nodata value from input
none
Create and output alpha band
Keep resolution of output raster
Additional creation parameters [optional]

Output layer
C: fforWaorkingSessionfoutputdd/dem_aoi_dd. tif E]
¥ Open output file after running algorithm @ I

Run Close
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r.

a.

Navigate to an output folder and save as a new Output layer eg. Dem_aoi_dd.tif in this

example.
Click Run

A new Output layer is added to the top of the table of contents. Untick the other layers and

see that the new Output layer has been clipped to the area of interest

8 Find B |Vew 2

Vo oo =
=

Layers

2 = !

[+
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=] Output layer
-32768
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&
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S5 N0
4

S
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2054
= ¥ woo1001
Identifv Results | avers

GO | Interact b

[Fx]

(<]

More

Set Mask layer to the shapefiile of the area of interest e.g. outline_dd in this example, the

country boundary polygon

[

¥ Clip raster by mask layer “_

[

Parameters Log Help

Input layer

Output layer [EPSG:4326]
Mask layer

outline_dd [EPSG:4326]

Modata value, leave as none to take the nodata value from input

none
Create and output alpha band i
Keep resolution of output raster ||
Additional creation parameters [optional] i
[
Output layer I
C: fforworkingSessionfoutputdd/dem_aoi_dd. tif E]

® Open output file after running algorithm @ I
||
N

[ 0% ]

Run Close

= 4
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b. Itis not very helpful that QGIS calls the output

from the two tools Output layer so right click

. 'U _ Zoom to Layer
on 1*' Output layer>> datasets>> Properties L
'D Show in overview
c. Change the Layer name from Output layer to Zoom to Best Scale (100%)
. ) . .’5 Stretch Using Current Extent
the name in the Layer source. E.g. in this » 1 Remove
example dem_aoidd |7 K Le Duplicate
nd % ..... 165 Set Layer Scale Visibility
d. Repeat for the 2™ Output layer =N w001001 Set Layer CRS
@ """ 126 Set Project CRS from Layer
..... 2439
% = w001001 Save As...
— i 1047 Save As Layer Definition File...
@a 1753
w001001
, 497 Rename
:{: Layer Properlie:— Output layer | General &u
~ . -
x Gererdl w Layerinfo
Layer name | J displayed as | Output layer
Layer source | C: fforWworkingSession/outputdd/dem_aoi_dd. tif
I‘i Transparency Columns: 9596 Rows: 12108 Mo-Data Value: nfa
I ﬁ Pyramids
v Coordlate reference system -~
IS istogram EPSG: 4326 - WGS 84 Spedify...
| (i Metadata
v Scale dependent visibility
e. The table of contents should now look Layers
similar to the illustration right o o= ¥ @ @ [

dem_aoi_dd
-42,306
2194.07
dem_merge_dd
Il 32788

: 2424,26
outline_dd

= | B woo1o01

2.3.2. Add precipitation rasters to area of interest

a. Click on the Add Raster layer button and add the 12 monthly precipitation rasters to QGIS
project

b. Right click on each of the datasets>>properties and click on the General Tab, change the
layer name e.g. prec_1.

w Layerinfo

Layer name | [IIRETH] displayed as w00 1001

Layer source | C:YUsers\corinnar \Downloads\prec_30s_esri‘pr D01001.adf

Columns: 43200 Rows: 18000 No-Data Value: -32768

¥ Coordinate reference system

| Histogram

EPSG:4326 - WGS 84

() Metadata
b4 Scale dependent visibility

Minimum (=) [, | Maximum (G5 [T
(exdusive) - (1:100,000,000 | (inclusive) 4 [0

[ current current

Restore Default Style Save As Default Save Style...

Apply Help
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c. Do this for each of the v
12 precipitation ¥
rasters. (Prec_1 @, E E
represent Januaryand £ |2 %
prec_12 represents ) WS-
December) @ EDE
R |ox
% % | | outline_aoi_la
&) |2 % B siope_aoi_la
0-15
,ﬂ | 15-30
V| psampes
] ::me_r;oi_la'es‘
E 49,125
2.3.3. Batch clip monthly precipitation rasters
a.

Right click click on GDAL Clip raster by mask layer and click Execute as batch process

Processing Toolbox

dip

E)- Recently used algorithms
; Clip grid with palygon
Clip raster by mask layer
=3 E GDAL/OGR [34 geoalgorithms]
=+ [GDAL] Extraction
S oo Clip raster by extent
44 Clip raster by mask layer

[+ [OGR] Miscellaneous
Clip vectors by extent

Clip vectors by polygon
E- J{ QGIS geoalgorithms [85 geoalgarith

Execute as batch process

it rendering styles for outputs

b. Click on the ... in the first Input layer and click on Select from open layers and

C.

Select the 12 precipitation rasters

r' — —
1(: Batch Processing - Clip raster by mask Ia)re_

Parameters Log Help |
| Mask layer

Input layer

I

Select from open layers

Select from filesystem

.|.
i

Click on the ... in the first Mask layer and click

on select from open layers and Select the

- b
it MultipleseledionA M
idem aoi la Select all

%X prec_l

: prec_ﬁ Clear selection
prec_

: FF;::E_]Z-E Toggle selection

%X prec d oK

% prec S

X/ prec 6 Cancel

%X prec 7

X prec 8

%X prec 9
slope_aoi_la

AOI shapefile in geographic coordinate system. E.g. in this example outline_aoi_dd

ER==)

Select al

® ioutline aoi_dd
outline_aoi_la
water_bodies_la

Clear selection

Toggle selection
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j-

k.

click
heading
Mask Layer to auto-
populate the
outline_aoi_dd
down the column.
Click on the ... in the
first Output
and navigate to an

Double
Column

on

layer

output folder and in
the Filename type
_aoi.tif

Click Save

Organize «

Mew folder

‘Gl Recent Places =

= Libraries

@ Documents

J‘ Music
[E5] Pictures
B videos

1% Computer

&, Local Disk (C:)

MName

Date modified

Mo items match your search,

<

File name: Laoi.tif

Save as type: [TIF files(* tif)

= Hide Folders

Click Fill with parameter values and select Input layer as parameter to use

Set the Input layer to the
merged dem created in the
previous step i.e. the one
labelled Output layer in the

table of contents.
Click OK

Autofill mode

5 o sries | -

iFill with parameter values

Parameter to use  Input layer

: Batch Processing - Clip raster by mask layer ==

Parameters | Log | Hebp |
Input layer Mask layer Ve as none to take the nodat: | reate and band| Keep resolution of \dditional creation Output layer Load n Qels
prec_t outiine_aoi_dd none No B - [aciprec_var] .. Yes
prec_10 outline_aci_dd none No - No - soiprec_10.4f Yes.
prec_i1 outline_aci_dd none No - No - soiprec_11.6f . Yes.
prec_12 outline_aoi_dd none No v No v a0iprec_12.4if Yes
prec_2 outline_aci_dd none No |~ No v _aoiprec_2.tif Yes
prec_3 outline_aci_dd none No - No - _aciprec_3.4f Yes.
prec_4 outline_aci_dd one No - No - _aciprec_4.4f . Yes.
prec_5 outline_aci_dd none No *  No v _aoiprec_5.if Yes
prec_6 outline_aci_dd none No |~ No v _aoiprec_6.tif Yes
prec_7 outline_aci_dd none No - No - _aoiprec_7.4f . Yes.
prec_8 outline_aci_dd one No - No - _aciprec_8. tf . Yes.
prec_9 outline_aci_dd none No *  No v _aoiprec_9.tif Yes
£l 10
0 o ]
Run addrow | | Delete row Close
Click Run and the tool will run in
/i Batch Processing - Clip raster by mask layer - ‘ B = B B 1

batch mode.
Click Ok and close
once complete

Parameters | Log | Help |

Algorithm Clip raster by mask layer starting...

Algarithm Clip raster by mask layer correctly executed. ..

rithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algarithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algarithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algarithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algorithm Clip raster by mask layer correctly executed. ..

Algorithm Clip raster by mask layer starting...

Algarithm Clip raster by mask layer correctly executed. ..

Processing algorithm 12/12... -— [Loading resulting layers]

£, Batch pm(essillg‘ =]

@ Batch processing successfully completed!
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2.3.4.

See that there are 12 datasets added to the Layers
table of contents all called “Output Layer”. 3 O

3+

Right Click and goto properties on each of the

=@

datasets and rename them S

&

oo -
£/[36] [3€] (36 (3¢ (3¢ 3¢/ 3¢/ (3¢ 3¢/ (3¢ 3¢/ 3¢/ [%¢]

.....

Iﬁ@:’ya\kﬂ!ﬁ

- =]

Calculate average annual precipitation

From the main menu click Raster>>Raster Calculator

In the expression box add the expression ("_aoiprec_1@1" + " _aoiprec 2@1" +
" aoiprec_3@1" + " _aoiprec_4@1" + " _aoiprec 5@1" + " _aoiprec_ 6@1" +
_aoiprec_7@1" + " _aoiprec_8@1" + " _aoiprec 9@1" + " _aoiprec_10@1" +
" aoiprec_11@1" +" _aoiprec_12@1")/ 12

n n n

n n

Navigate to an output folder and name the new raster av_an_prec_aoi_dd.tif.

Click on one of the input precipitation layers and click on the current layer extent to ensure
the Raster Calculator is looking at the correct extent

|| Raster bands Result layer

"slope_zoi_la@1" Output layer ifoutput_ddfav_an_prec_aoi_dd. tif E]
|| " _aoiprec_l@1"
"_aoiprec_10@1"

*aniprec_11@1" Current layer extent
" aoiprec_12@1” = =
" aoiprec_2@1" ¥ min 33.91055 + XMax | 41.90898 -
"_aoiprec_3@1” = =
"_aoiprec_4@1” ¥ min -4.67921 ~ fmax 5.41091 =
"_aoiprec_S@1” - -
"_aoiprec_f@1" Columns | 960 ~| Rows 1211 =
"_aoiprec_T7@1"
" aoiprec_8@1" QOutput format GeoTIFF -
" aoiprec_9@1” '
"Sum@1” ®/ Add result to project
W Operators
+ * sgrt sin -~ acos ({
- ! cos asin tan atan ]
< = = <= = AND OR
Raster caloulator expression
("_aoiprec_1@1" +"_aoiprec_2@1"+"_aoiprec_3@1" +"_aoiprec_4@1"+"_aociprec_S5@1" +
" _aoiprec_6@1" +"_aoiprec_7@1" +"_aciprec_8@1" +"_aoiprec_9@1" +"_aociprec_10@1" +
" aciprec_11@1"+" _aociprec_12@1" )/ 12
Expression valid
0K Cancel

14
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e.

2.3.1.

Click OK

Layers
o = ¥ @@

E‘ o 'Eav an_prec_aoi_dd - |

0
123,202
_aoiprec_9
_aoiprec_8
_aoiprec_7
_aoiprec_6
_aoiprec_5
_aoiprec_4
_aoiprec_3
_aoiprec_2
_aociprec_12
_aoiprec_11
_aoiprec_10
' _aciprec_1
outline_aoi_dd

BT :
prec_11

Reclassify mean annual precipitation raster into 3 classes

SDOVNMANS

a. Right click on the average annual precipitation raster>>Properties
b. Click on Style

r ™
EEr—r
% ]

., General W Band rendering

ID

Render type | Singleband pseudocolor | v

L‘ Transparency Band Band 1 (Gray) Generate new color map

ﬁ Pyramids Color interpolation Discrete - Purples - Invert

= FEDEEE el ceCE
Histogram

Min | 0 Max | 218.75

| Value | Color | Label
~40,000000 0-40 Classify
~ 100.000000 40 - 100

218750000 [ 100 - 219 Min { max origin:

ri Metadata

Exact min / max of full extent.

Load min/max values

Cumulative -
count cut 20 |¥
Min / max

Mean +-
standard deviation =

-
-

2.00

Extent Accuracy

® Ful ® Estimate (faster)
Current Actual (slower)

Load
Clip

Restore Default Style Save As Default Load Style... Save Style...

e —

c. Change Render Type to Singleband Pseudocolor

d. Change Mode to Equal Interval

e. Change color interpolation to Discrete

f. Change Load min/max values to Min/max and Extent to Full and Actual (slower)
g. Click Load

15
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Click Classify and then Manually change the Values and labels to appropriate class

breaks for low medium and high precipitation

Click OK. This visualized the class breaks on screen

Now run the Reclassify grid values tool to reclass the values to 1, 2 and 3.

Parameters

Grid

| Log | Help |

(=] W

av_an_prec_aoi_dd [EP5G:4326]

L]

| 4

Method

[2] simple table [~

0.000000

new value (for single value change)

1.000000

operator {ﬁar single value change)

old value (for single value change)

4 b

m

Mirimum v
Add row
0.000000| [ Minimum maximum & ]
maximum ] Remowve row
40 100 2
1.000000 ]
e a9 3

new value
2.000000 Cancel

operator (for range) |

[0] <=

Lookup Table

Fixed table 3x3

operator (for table)

[0] min <= value < max -

replace no data values B

new value for no data values

0,000000

replace other values

new value for other values

0,000000

[i

4

Redassified Grid
C: fforPaulusfcorrectedfav_an_prec_3dass. tif

| Open output file after running algorithm

KD

Run Close

16
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2.3.2. Project raster layers from geographic coordinate system to a projected CRS

It is important to now save the data in a projected coordinate system (such as lambert azimuthal
equal area projection (with a Centre latitude and Centre longitude as the centre of the area of
interest). The dataset cannot be left in geographic EPSG 4326 as the units of the data for the next
processing steps need to be in meters.

— —
/¢ Custom Coordinate Reference System Definition _ &u
. s i

The easiest way to

Define
project the data in QGIS _ 3
|| You can define your own custom Coordinate Reference System (CRS) here. The definition must
is to rightclick on each of conform to the proj4 format for specifying a CRS.
the datasets and save as. || | |Name Parameters

First you may need to
create a custom CRS if

you are using lambert
azimuthal equal area for
your area of interest as it
is not one of the QGIS
default projections.

Mame:

a. From the main
menu click on

Parameters:

Settings>>

Copy

Test

b. Click on Copy

existing CRS Use the text boxes below to test the CRS definition you are creating. Enter a coordinate where both
the latflong and the transformed result are known (for example by reading off a map). Then press the
calculate button to see if the CRS definition you are creating is accurate.

Geographic [ WGE584 Destination CRS

Calculate

oK Cancel Help

c. To create a custom lambert azimuthal equal area CRS for example, filter by typing lambert in
the filter box. See that there is an existing lambert azimuthal equal area projection for the
North Pole that can be modified.

17
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£ Coordinate Reference System Selecto EE

X
Filter | lam &

Recently used coordinate reference systems

I Coordinate Reference System Authaority ID

‘Morth Pole Lambert Azimuthal Equal Are 'EPSG: 102017

[ |[a]»
Coordinate reference systems of the world Hide deprecated CRSs
Coordinate Reference System Autharity ID B
- NADE3(NSRS2007) / Oreqon Lambert EPSG:3643
- NADS3(NSRS2007) / Oregon Lambert (ft) EPSG:3644
- NADS3(NSRS2007) [ Texas Centric Lambert Conformal EPSG: 3666
- NADE3(NSRS2007) [ Virginia Lambert EPSG:3970
- NEAT4 Moumea [ Moumea Lambert EP5G:3165
- NEAT4 Moumea [ Moumea Lambert 2 EPSG:3166
- NTF (Paris) / Lambert Centre France EPSG:27562
~NTF (Paris) f Lambert Corse EPSG: 27564 |:|
- NTF (Paris)  Lambert Nord France EPSG: 27561
- NTF (Paris) f Lambert Sud France EPSG:27563
- NTF (Paris)  Lambert zone I EPSG:27571
~NTF (Paris) f Lambert zone I EPSG:5707 @
ErTT i | L 'y TT ot T P T ] e o 1

[« eI

Selected CRS: | Morth_Pole_Lambert_Azimuthal_Fqual_Area

+proj=laea Hat_0=90 Hon_0=0 +x_0=0 +y_0=0 +datum=W3E554 +units=m +no_defs

£ 0K Cancel Help

d. Inthe bottom panel you can see fhe syntax for the projection
e. Click OK
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f.

g.

Change the name from new CRS e.g. in this example to LAEA_lon37_lat0 as the centre lon
and lat of the area of interest is 37 and 0

In the Parameters box change the +lat_0=90 +lon_0=0 to flat_0=0 +lon_0=37 in this example

-
.; Custom Coordinate Reference System Definition &u

Define

You can define your own custom Coordinate Refereglce System (CRS)
| conform to the proj4 format for spedfying a CRS.

re. The definition must

Mame Parameters / /

“new CRS +proj=laea Hat_0=90 Hgh_0=0 +x_0=0 +y 0=0 +datum=W3E534 +units=...
@ Add new CRS (=] Remove
Mame: LAEA_lon37_latd

Parameters: +proj=laea Hat] ki 0=0 +y_0=0 +datum=WGE584 +units=m

+no_defz
Copy
existing CRS
Test

Uge the text boxes below to test the CRS definition you are creating. Enter a coordinate where both
the latflong and the transformed result are known (for example by reading off a map). Then press the
calculate button to see if the CRS definition you are creating is accurate.

Geographic [ WE584 Destination CRS

Calculate

Click OK

Next right click on the DEM that has been clipped to the aoi. i.e. in this example dem_aoi_dd
Set Format to GTiff

Click on Browse and chose a folder to save to and save dem_aoi_la.tif for example.

For the CRS click on Change and pick the Lamber azimuthal equal area projection you
created in the previous step
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West —343868.9[i
|

W Resolution {mrrJ

® Horizontal |9

Qutput mode @ Raw data Rendered image

Format | GTiff [ Create VRT
Sawve as | C:fforWorkingSession/output_la/dem_aoi_la. tif Browse... |
CR5 | Selected (LAEA_lon37 _latd , USER: 100006) 7 Change...

w Extent (current: layer)

Define this layer's coordinate reference system:
This layer appears to have no projection specification. By default, this laygfwill now have its projection set to that of the
project, but you may override this by selecting a different projection belg

Filter

Recently used coordinate reference systems

Authority ID
EPSG: 102017

Coordinate Reference System
Morth_Pole_Lambert_Azimuthal_Equal_Area

LAEA lon37 latD USER.: 100008
Columns E
v Create Optic < [[«]*]
Profile [Default |v]
| Mame Value | [ + ] [ - ]

Validate @
carc

m. Then click OK and OK to close both windows
n. The new dataset is not automatically added to the project so click on Add Raster dataset

button and

add the clipped and projected dem to the project i.e. dem_aoi_la.tif

0. Repeat steps | — n for saving the 3-class average annual precipitation raster in the projected

CRS

20
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2.3.3. Save vector layers from geographic coordinate system to a projected CRS

p. Next Right click on each vetor layer and save the vector layers from geographic to lambert
azimuthal equal area projection.

g. Save the area of interest vector layer e.g. outline_dd in this example and save as e.g.
outline_aoi_la.shp

Format | ESRI Shapefile

Save as | C:fforWorkingSession foutput_lajoutline_aoi_la.shp Browse

. (|
r. Save the project. From the =5 [Eaaw

main menu Click on LAEA_Jon37_Jat0
File>>Project>>Save

Encoding
project>> —l ’

[ save only selected features

s. Navigate to an output folder P IR ET
X Add saved file to map

a nd save as eg Symbology expart Mo symbology

soilerosion.qgs Scale 1:50000
t. Add lakes and dam points > 1B i = )

into QGIS and save these also =St

in the same Lambert

. W Layer Options

Azimuthal Equal Area

projection. If dam points are b Custom Options

in multiple shapefiles use the

Merge Vector layers tool in

the processing toolbox

merge v
u. Right click on the Dam points >>open - Recently used algorithms
. - ¥ Merge vector layers

attribute table = ;_-"g QGIS geoalgorithms [85 geoalgorithms]
v. Inthe attribute table window J =+ Vector general tools

click on the editing button ¥ Merge vector layers
w. Click on the calculator button

X. Create a new field e.g. called ID
And in the expression box type Srownum
y. Click OK

z. Repeat steps s-w for the water bodies shapefile

The Geographic layers can now be removed from the QGIS project so that just the _la ones
remain
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2.3.4. Generate slope from projected DEM

Run the GDAL Slope tool g, N,
a. The output layer that is Ji | Poromete Loa L tieb | n

added to QGIS defaults to ek

dem_aoi_la [USER: 100006] = E
the name Output file in Ej"""““"ﬁ’ =
the table of contents Computz edges

. . . Use ZevenbergenThorne formula (instead of the Horn's one)
Right Click on Output file e e
Scale (ratio of vert. units to horiz.)

>>Properties

1.000000 = E]
Output file
CifforWorkingSession foutput_la/slope_aai_la. tif E]

b. Cha nge the Layer name % Open output file after running algorithm
from Output file to be the
same as the Layer source

]

Run Close

i.e. slope_aoi_la

w Layer info

Layer name Ibutput file T— I displayed as | Output file

Layer source | C:/fforworkingSession /output_la/slope_aoi_la. ti

& Transparency Columns: 9573 Rows: 12135 No-Data Value: -9999

| ﬁ Pyramids

w Coordinate reference system

I Histogram

USER: 100006 - LAEA_lon37_lato Specify...
() vetadats
v Scale dependent visibility

Minimum
(exdusive)

@

&;‘% (100,000,000 [7) Gy B [x:0 [~

[ current l [ current l

c. Click OK
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2.3.5. Reclassify slope into 3 classes

. Rightclickon [ o s

t h es | (o] pe raSte r %, General E‘ Band rendering

|»

>>Pr0perties Render type | Singleband pseudocolor |+
I. Clickon StY|e IL‘ s Ay Band Band 1 (Gray) Generate new color map

BB Pyramids Color interpolation Linear Ml viorar [l Invert

| . E] @ D Mode |Egual interval «  Classes 3 z
== am -

Min |0 Max | 89,7125

|Va\ue | Color ILEbE|
15 0-15 Classify
30 15-30
- 89,712500 30 Min / max origin:

€ vetadata

Exact min / max of full extent.

Load min/max values

Cumulative 2.0
count cut

® Min [ max

Mean +/-
standard deviation x

Extent Accuracy

o Ful Estimate (faster)
Current @ Actual (slower)

Load
Clip

:

Restore Default Style Save As Default Load Style. .. Save Style...

m. Change Render Type to Singleband Pseudocolor

n. Change Mode to Equal Interval

o. Change color interpolation to Discrete

p. Change Load min/max values to Min/max and Extent to Full and Actual (slower)
g. Click Load

r.  Click Classify
s. Manually change the Values and labels to appropriate class breaks for low medium and

high slope
t. Click OK

Layers
Iﬁﬂ";?gﬁn

x i outline_aoi_dd

= slope aci la

b 0-15

i B 15 -30

- av_an_prec_aoi_dd

outline_aoi_la

8 dams_hydro_la
water_bodies_la

B- dem_aoi_la

-l 49125

e 219448
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u. Once you are happy with the class breaks use the Reclassify Grid values tool to create a
3 class slope raster. Chose to reclass by look-up-table

e
EErT .
Parameters Log Help
o< - G
Lookup Table
. Fixed Table
o -
0 minimum maximum new Add row
0 15
ne Remove row
15 30 2
. = -
20 219 3 oK
L]
Cancel
ne
: L]
Redassified Grid
C: fforPauluscorrected/fav_an iff ”I]
% Open output file after running algorithm vy

g

g
g
&

4

B G808 8NANS
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2.4. Running hydrological analysis steps

2.4.1. Fill the projected DEM and generate hydrological datasets

The next steps generate hydrological datasets from the dem_aoi_la DEM file.

1
| ¥¥*¥*EXMPORTANT: IN WORKING SESSION SKIP steps a-f highlighted in yellow. THIS PROCESS AND
I USE FILE PREPARED IN ADVANCE AS IT CAN TAKE 12 hours or more to run at a country scale*****

a. Search for Sink Removal in processing toolbox
b. Double click on Sink Removal

I

Parameters | Log | Help |

DEM
dem_aoi_la [USER: 10000&]
Sink Route [optional]

[Mot selected]
Method

[1] Fill Sinks

Threshold

Threshold Height

100, 000000
Preprocessed DEM

C: fforPaulusfcorrected/dem_aoi_la_prepro, tif
¥ Open output file after running algorithm

c. Set the DEM for the merged dem which has been clipped to the area of interest e.g.
dem_gdalmerge_ken.tif in this example
Leave Sink Route as Not Set
Set the Preprocessed DEM so that the sink filling does not make changes that will overwrite
the original DEM

f. Leave Method as Fill Sinks
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2.4.1. Generate stream order raster from sink filled DEM

a. Search for the Strahler order tool in the processsing toolbox and double click to run
the tool

b. Set the Elevation to be the sink-filled DEM. The sinkfilled version necessary for
correct generation of the stream orders.

[ ™y

Parameters Log Help |

Elevation

dem_gdalmerge_ken_sinkfill_la [USER.: 100006] - :]
Strahler Order

C: fforPaulus/dem_gdalmerge _ken_sinkfill_strahler_ls. tif [I]

X Open output file after running algorithm

()]

g

Run Close
L S

You may get an error when running this is run, in which case you will need to split the sink illed DEM

/
TR
?}\%ﬁﬁu L

2.4.2. Buffer Dam points so the dam points overlap with Stream orders and
convert to raster

into two smaller sections run this step on the two section seperately

a. Check it looks correct (it ;___:p'-" -

should look similar to the
illustration to the right)

Next the Dam points need to overlap the stream order lines generated from the DEM. The points will
be converted to Raster and expanded to ensure they overlap correctly (otherwise the catchments
created later on will generate incorrectly)
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[llustration of dam points and Stream order lines:-

ol

.

10

[
. =

It is very important that the dams fit the closest stream of the highest order —i.e. in the figure
(above), the point when converted to raster should overlap the yellow square, not the green one
— or the upstream catchments will not be generated correctly — they will be too small.

a. Zoom in on the Dam points and see how closely they fall on the Stream order raster. Decide
on how much to buffer the point by. E.g. as the DEM cells are 92m suggest to try 200m The
points need to fall exactly on the nearest high order stream (as in the diagram above).

b. From the main menu click Vector>>GeoprocessingTools>>Buffer(s)

c. Setthe shapes to the
projected dam points
Select Buffer distance
Set Buffer Distance to
fixed value e.g. 200

f. Set an output shapefile.

g. Click Okay to run

Input vector layer

dams_hydro_la |~

Use only selected features

Segments to approximate 5 :
® Buffer distance 200

Buffer distance field
[ name |~

Dissolve buffer results

Cutput shapefile

C:fforPaulus/correctedfdams_hydro_la_buf.shp

| Add result to canvas

( 0% | oK Close
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h. Right click on the Buffers and add to the Strahler
orders map. Check to see if the buffer size is
appropriate

'-.I

-

-

i. Next search for the Shapes to Grid tool or GDAL rasterize (vector to raster) to and and use it

™

to convert the dams buffers shapefile to a raster

j. Set Shapes to The buffered dams
k. Set Attribute to ID
I. Set Preferred Target Grid Type to Integer (4 Byte)

Parameters Log Help |

Shapes

ﬁr;:s_hydro_la_buf [USER: 100008]
Attripute

53

Method for Multiple Values
[0] first

Method for Lines
[0] thin

l Preferred Target Grid Type l
Output extent (xmin, xmax, ymin, ymax)
-343921,13486,545920, 360737, -531027.992353 593936, 330355

Cellsize

(EET |

m. Set the output extent to the same as the sink filled DEM i.e. dem_ken_sinkfilled_la
n. Set the Cellsize to 92 (make sure this is the exact cellsize used for the sinkfilled dem)
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Navigate to the
output folder and the
the new output grid a
name e.g.
dambufgrid.tif

Click Run

The output added to
the display is called
‘Grid’ rename it to
damsbufgrid_la.tif

Parameters Log Help

Shapes
water_bodies_la [USER: 100007]
Attribute
D
Method for Multiple Values
[0] first
Method for Lines
[0] thin
Preferred Target Grid Type
[0] Integer (1 byte)

" 2]
[ ]

r. RepeatstepsitoOto i ,
Output extent (xmin, xmax, ymin, ymax)
convert the water -343921. 18486, 545929, 369737,-531027,992853, 598986. 330365
bodies shapefile to Cellsize
Raster 92.000000 (-]
Grid
waterbodies_la_grid IE]
% Open output file after running algorithm
0%
Run Close
2.4.3. Merge Dam and water bodies rasters into a single raster
a. Search for Merge
in the processing
Parameters Log Help
toolbox and '
Double click on AR
2 elements selected
th e G DAL: Merge Grab pseudocolor table from first layer
Use it to mosaic Layer stack
the Dam and Qutputraster type
Int1s
water bodies into Output layer
a Single raster. C:/fforPaulus/corrected/damsbufgrid__waterbodies_la. tif
¥ Open output file after running algorithm
b. Select the Input
layers i.e. Dams
and water bodies rasters
c. Set the raster output type to intl6
d. Give the dataset a new name
e. Click RUN
f. Rename the Merged Grid to damsbufgrid__waterbodies_la
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2.4.4. Generate upstream catchments of dams and water bodies

The next step will generates upstream catchments of dams and/or water bodies by determining
the contributing area above a set of dam and water body cells (i.e. the upstream catchment of
dams and lakes)

Processing Toolbox

a. Search for upslope in the geoprocessing upslope &

toolbox. El ' GRASS commands [158 geoalgorithms]

b. Double click on Upslope Area located in the - Raster (%)
Terrain Analysis — Hydrology tools Ly w rflow - Construction of slope aur...

=]
= &5 SAGA [227 geoalgorithms]
[=1- Terrain Analysis - Hydrol

== e )

Parameters | log | Help |

arget Area [optonal]
damsbufgrid__waterbodies_la [USER: 100008] ]

0.000000

Target Y coordinate

0.000000

alla

4k

[Mot selected] -
Method

[0] Deterministic & =
Convergence

1.100000

4k

apa

Upslope Area
C:fforPaulus/correctedupslope_dam_waterbodies_la. tif
X Open output file after running algorithm

Run Close

c. Setthe Target Area to be the Merged Dams and water bodies raster
Set the Elevation to be the Sink filled DEM
Navigate to an output folder and save the Upslope Area raster to a new name

If you get the following message you need to change the grid extent of the Merged water

bodies and dam -
Jf: Unable to execute algorthm . u

Input layers do not have the same grid extent,
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Right click on the Sink filled DEM and click on the Metadata tab.

/7 Layer Properties - dem_ken_: lled_la
I —

.. General w Description

Title
Abstract

Keyword list

Data Url Format -

P Attribution

P Metadatalrl

P Legendurl

W_Properties

92.1934,-92.1934 I B

-99999

Data Type

Float32 - Thirty two bit floating paint
Pyramid overviews

Layer Spatial Reference System

+proj=laea Hat_0=0 Hon_0=37 +x_0=0 +y_0=0 +datum=WG584 +units=m +no_defs

Layer Extent (Jlayer original source projection)

-343921.1548604931146838,-531027.9928526221774518 : 545529.3657368563152850,598986.3303653337061405

Restore Default Style Save As Default Load Style... Save Style...

Check the cellsize and extent and copy them into a notepad. Do the same for the combined

waterbodies and dams raster

Notice in this example there are some differences in cellsize and extent

| Untitled - Note [ESREERr=

File Edit Format Wiew Help

92.1934,-92.1934 i

-343921.1848604931146838,-531027.9928526221774518 : 545929, 3697368563152850,598986. 3303653337061405
-343921.1848599999793805,-531027.9928529999451712 : 545902. 8151400000788271,599008. 007147000054 8288|

92,-92

Right click on the dams and waterbodies raster and click save as
For the extent change it so it mataches itentically with the sinkfilled dem
Change the Cellsize so it matches identically with the sinkfilled dem
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1 Cutput mode @ Raw data Rendered image
Farmat | GTiff [~ Create VRT
Save as | C:fforPaulus/correctedfcombinedwater_dambuf_la_extentfixed. tif Browse... i
CRS | Layer (LAEA_lon37_latl , USER: 10000&) | Change...
Extent {current: user defined) \[3

Morth | 558986, 330365333706 1405

West -343921.1848604931146838 East 545929, 3697368563152850
South | -531027.9928526221774518 }
Layer extent Map view extent

W Resolution {current: user defined)

® Horizontalj] 92,1334 viertical | 92,1934 Layer resolution

Columns [9652 ]F‘.nws [1225? ] | Layer size

v Create Options

Profile [Default | v]

| Name Value 1L+ ] - |

g

I. Click OK
m. Add the new raster (combinedwater_dambuf_la_extentfixed) to the QGIS session
n. Now return to step a try and run the analysis using this file. This time it should work
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2.5. In QGIS combine outputs
2.5.1. Sum the slope and precipitation raster

a. From the Raster menu >> Raster calculator
b. Add an expression to Sum the 3class slope and 3 class precipitation rasters
c. "slope_3class_la@1" + "slp3_plus_prec3_la@1"

,

Raster bands Result layer

“slope_3dass_la@1" Output layer iriWorkingSessionfoutput_dd/slp3_plus_prec3_la E |
"av_an_prec_3dass_la@1”
“dem_aoi_la@1"

Current layer extent

Xmin | -343869,39961 = XMax | 546067.74704 =
Ymin | -517741, 70787 = ¥ max | 598323.76614 =
Columns | 890 = Rows 1116 =]
Output format GeoTIFF -
¥ Add result to project
W Operators
+ =3 sqrt sin o acos (
- ! cos asin tan atan )
< > = <= »= AND OR
Raster calculator expression
"slope_3dass_la@1" + "av_an_prec_3dass_la@1”
Expression valid
CK Cancel

d. Clip the result of the above sum of the slope and precipitation to forest extent

k

-
. Clip grid with polygon

Parameters Log Help |

Input
slp3_plus_prec3_la [USER: 100006] -

[ ]
Polygons

ke_forests_la [USER: 100007] -
Output

C:fforPaulus/corrected/slp3_plus_prec3_dip_for_la.tif E]
® Open output file after running algarithm

Run Close
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e. The result should be a raster with a minimum of 2 and a maximum of 6

EI o ' slp3_plus_prec3_clip_for_la
> 2 Low slope, Low precipitation
" & High slope, High Precipitation

2.5.2, Combined Slope and Precipitation rasters with upstream catchments of
dams and waterbodies

The next step will be to clip combined slope and precipitation layer with the upslope catchment area.
You can then display this subset in the same values ( 2 — 6) but using a different colour ramp .

In discussion you may chose to combine the data together in different ways.
You may also want to use other water related point or polygon data in addition to the dam/hydro
points and water bodies
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Example map for Tanzania
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