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The UN-REDD Programme is the United Nations Collaborative initiative on Reducing Emissions from
Deforestation and forest Degradation (REDD) in developing countries. The Programme was launched
in September 2008 to assist developing countries prepare and implement national REDD+ strategies,
and builds on the convening power and expertise of the Food and Agriculture Organization of the
United Nations (FAO), the United Nations Development Programme (UNDP) and the United Nations
Environment Programme (UNEP).

The United Nations Environment Programme World Conservation Monitoring Centre (UNEP-WCMC)
is the specialist biodiversity assessment centre of the United Nations Environment Programme
(UNEP), the world’s foremost intergovernmental environmental organisation. The Centre has been in
operation for over 30 years, combining scientific research with practical policy advice.

Prepared by Corinna Ravilious, Lisen Runsten, Matea Osti and Xavier de Lamo

Copyright: 2018 United Nations Environment Programme

Copyright release: This publication may be reproduced for educational or non-profit purposes
without special permission, provided acknowledgement to the source is made. Re-use of any figures
is subject to permission from the original rights holders. No use of this publication may be made for
resale or any other commercial purpose without permission in writing from UNEP. Applications for
permission, with a statement of purpose and extent of reproduction, should be sent to the Director,
UNEP-WCMC, 219 Huntingdon Road, Cambridge, CB3 ODL, UK.

Disclaimer: The contents of this report do not necessarily reflect the views or policies of UNEP,
contributory organisations or editors. The designations employed and the presentations of material in
this report do not imply the expression of any opinion whatsoever on the part of UNEP or
contributory organisations, editors or publishers concerning the legal status of any country, territory,
city area or its authorities, or concerning the delimitation of its frontiers or boundaries or the
designation of its name, frontiers or boundaries. The mention of a commercial entity or product in
this publication does not imply endorsement by UNEP.

We welcome comments on any errors or issues. Should readers wish to comment on this document,
they are encouraged to get in touch via: ccb@unep-wcmc.org.

Citation: Ravilious, C., Runsten, L. and Osti, M. (2014) Using spatial information to support decisions
on safeguards and multiple benefits for REDD+. Step-by-step tutorial v1.1: How to geo-reference a
scanned map or image with open source using QGIS 2.18. Prepared on behalf of the UN-REDD
Programme. UNEP World Conservation Monitoring Centre, Cambridge, UK.

Acknowledgements: With thanks to support provided by the Global Forest Resource Assessment of
the FAO, the FAO-Finland Technical Collaboration Programme, Tanzanian Forest Service, FAO
Tanzania and Sokoine University.

This tutorial has been produced from materials generated for working sessions held in Tanzania with
the National Forestry Resources Monitoring and Assessment of Tanzania, FAO Tanzania and Sokoine
University, to aid the production of multiple benefits maps to inform REDD+ planning and safeguards
policies using open source GIS software. The tutorial was then updated for training sessions in Liberia
and Myanmar.

Food and Agriculture UN {&j{

Organization of the
Un!i]ted Nations environment

T
Fany
U N 9y (()

environment WCMC

Empaered fves.
Resilent natians.


mailto:ccb@unep-wcmc.org

Using open source GIS software to support REDD+ planning

Contents

N [0 o Yo [0 d o Y TP PP 4

2. Georeferencing a scanned Map/ iIMAGE .......ceceeiieeiiieeieeiee ettt sae b 4
2.1. Technical SUMMArY ....cccuuiiiiiiiiiiiiiiiiieieiieisrreeeietreasistseasssssesssssssesssssssenssssssaness 4
2.2. The Georeferencing ProCEeSS ......cccceucerreeuiireenniereensseerennssssserassessennsssssenssesssenssssssennes 2
2.2. Determine the Coordinate system (projection) of the scanned map .......................... 2
2.3. Set the Project Coordinate Reference System (CRS) .....ccceeueeerrrenncerrennncererencerennneenens 3

2.4. Georeference the scanned map / image with the Georeferencer.........ccccceeeeeeeeeeennnns 4



Using open source GIS software to support REDD+ planning

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, originally produced using as operating system Open Foris Xubuntu Live with pre-installed
GIS, image processing and other open source software, has been updated using a windows
environment and the open source software QGIS 2.18. These materials enable a user to georeference
a scanned map or image in QGIS.

2. Georeferencing a scanned map/ image

These materials have been adapted from an online tutorial available at
http://qgis.spatialthoughts.com/2012/02/tutorial-geo referencing-topo-sheets.html?pfstyle=wp

2.1, Technical summary

Georeferencing is the process of assigning real world coordinates to a scanned map or image. If a
paper map is scanned it does not automatically know where in the world it is located and therefore it
cannot be overlaid with other spatial datasets until it is georeferenced. Sometimes other images such
as satellite images or aerial photographs may also require georeferencing.

Coordinates can be assigned to known boundary coordinates of an image or the graticule/grid lines
on a scanned map. A scanned map or image may also be georeferenced by matching easily
identifiable features to an existing georeferenced dataset or by matching GPS coordinates taken
during field surveys. Whichever method is used these sample coordinates or GCPs (Ground Control
Points) are used to warp the image to fit within the chosen coordinate system. If possible use the
coordinate reference system specific to the image or scanned map that is being georeferenced to
minimize the distortion during warping.
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Overview of the workflow

Determine the Coordinate
System of the scanned map
and set the project
Coordinate Reference
System (CRS) in QGIS

Set the setting for
transformation and press the
start georeferencing button

| In the first example map, |

I and New (1950) Arc Datum |

Assign coordinate
control points to

| the CRS is UTM Zone 365, |
| With a Clark 1880 Spheroid ||:>

Georeference the
scanned map using the
Georeferencer plugin

1l

Add the image to be
georeferenced to the QGIS project
and choose the output CRS to be

the image the same as the project CRS
: _________________ |
Quality-check the results of the transformation. : The final georeferenced output |
Repeat and improve the above process as i should overlay correctly with other 1
necessary I spatial datasets :
b o o o o o o o e o e

2.2.

Determine the Coordinate system (projection) of the scanned map

a. Before importing a scanned map or image into QGIS, try to identify its Coordinate
Reference System (CRS). During the georeferencing process the scanned map or image
will be warped (stretched) to fit the CRS of the QGIS project and it is imported to try to
minimize distortion to obtain the best accuracy
If georeferencing a scanned map the CRS information is often presented on the map itself.

v Lsose BALANGIDA LELU

i R K Grid :- U.T.M. Zone 36
) S, } < /// ~ Projection i- Transverse Mercator
EIT | K Spheroid - Clarke 1880 (Modified)

:_ ; N /// Unit of Measurement :- Metre
\ ' : l/ Meridian of Origin - 33900 East of Greenwich
i Latitude of Origin :- Equator

! Scale Factor at Origin :- 0:9996

False Co-ords of Origin :-

500,000m Easting
J0,000,QOOm Northing

| Datum :-

New (1 950) Arc |

In this example, the CRS is UTM Zone 36S, with a Clarke
1880 Spheroid and New (1950) Arc Datum

Unfortunately CRS information is not always present and it may be necessary to try georeferencing
using a number of different coordinate systems to determine the one that produces the best fit and
smallest error, i.e. run this tutorial a few time using different projections.
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b. If the projection information present on the map is minimal or unclear, open a web
browser and go to http://spatialreference.org/. This spatial reference website can help
with verifying and searching for a particular map projection.

spatial reference list /c. Click on List all references
—_— d. Inthe search box type ‘UTM Zone 365’

Home | Upload Your Own | List user-contributed references | List all ref . .
—— e. Click Search. The system filters the results
Search References: |utm zone 36s
. G:2726: Tete / UTM zone 36
* EPSG:2036: Moznet / UTM zone 368

G:3036: Moznet / UTM zone 365 | Note there is more than one CRS for this UTM
i : Arc 1960 / UTM zone 365 \
: Cape / UTM zone 365

~ Zone but only one corresponding to Arc 1950
: WGS 72 / UTM zone 365
- EBSa27s: WS e/ UTM some 365 (EPSG: 20936)

QGIS uses an international standard for defining its CRS values, where each CRS has a unique
identifier (EPSG ID).

2.3. Set the Project Coordinate Reference System (CRS)

a. Open QGIS with a new project

b. Note the current CRS of the project in the bottom right hand corner of the QGIS project

window. In this example QGIS opens with the default geographic coordinate system set to
EPSG 4236

18617733 | '+

c. If the map you are georeferencing is noti is geographic coordinate system then click
the icon in the bottom right hand corner of the QGIS project screen to open the project
properties window. The window will open on the Coordinate Reference System tab.

4 Project Properties | CRS | e d. Set the project CRS to match
. Enable "on the fly' CRS transformation
%, General .
o the CRS of the map to be georeferenced i.e.
Recently used coordinate reference systems . .
the CRS determined in step 2.2.a.
Coordinate Reference System Authority ID i
WGS 84 [ UTM zone 265 EPSG:32726 . .
North_Pole_Lambert_Azimuthal_Equal_Area EPSG:102017 In th IS example EPSG. 4326
South_Pole_Lambert_Azimuthal_Equal_Area EPSG:102020
WGS 84 [ UTM zone 555 EPSG:32755
LAEA_Lon145_Lat6e USER:100000
WGS 84 / UTM zone 29N EPSG:32629 .
ves st ersciasae n e. Save the project
< I | »
Coordinate reference systems of the world ["] Hide deprecated CRSs
Coordinate Reference System Authority ID =
Voirol 1875 (Paris) EPSG:4811 ‘j
Voirol 1879 EPSG:4671
Voirol 1879 (Paris) EPSG:4821
WGS 66 EPSG:4760
WGS 72 EPSG:4322
WGS 72BE EPSG:4324
WGS 84 EPSG:4326
WGS72 IGNF:WGS72G ok
< [ »

Selected CRS: WGS 84

+proj=longlat +datum=WGS84 +no_defs

[ ok J[ cameer |[ appy ][ rep
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It is important to note that the CRS selected here will need to be used for the control points defined in

the next steps e.g. if you intend to georeference using longitude latitude in decimal degrees you will
need to set the CRS here as Geographic WGS84 (EPSG:4326).

2.4. Georeference the scanned map / image with the Georeferencer

Georeferencing in QGIS is done via the Georeferencer plugin.

7 Plugins | All (37) o Sl
B~ e

7] Cipper

7% Qw2 ° Georeferencer GDAL
Coordnate Captre

a. Go to Plugins -> Plugin Manager and tick
the GDAL Georeferencer

Georeferencing rasters using GDAL

/@, taetsia : Cassfication tool | =
Eovs

V| & froois Installed version: Version 3.1.9 (in
V] ) GdaiTools S « 4 d
| B cEarthview

et

] 8 Lecos - Landscape Ecology S
7]+~ MetaSearch Catalogue Clert

| o || nep

b. From the main menu click Raster>>>Georeferencer

/' Georeferencer Elm

File Edit View Settings

CIF A AR i

GCP table \ /

I Transforgn: Mot set  1026,-391 EPSG: -

The Georeferencer window opens, and it i§ divided into two sectiofs.
The top section is where the raster will be displayed

The bottom section is\where a table showing the GCPs will appear.

If preferred, the GCP window can be dragged to separate it from the top section.

c. Click on the Open Raster button in the top left corner
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d. Browse to the folder containing the scanned map image to georeference and click Open.

The Coordinate Reference System Selector window opens. As the scanned map is not yet
georeferenced it does not know what projection it is and needs to be told i.e. the projection

noted on the map (step 2.2.a)

.,!{f Coordinate Reference System Selec_ LB S

Specify CRS for layer Raster

Filter | TS~ -

Recently used coordinate referenc; ;fst’ems~ -

Coordinate Reference System Autr;)r?qhm -
WGS 84 / UTM zone 29N EP5G:32629 N
WGS 84 EPSG:4326

4 10

Coordinate reference systems of the world Hide depryéated CRSs

Coordinate Reference System Authority ID i
WG5S 72BE EPS5G:4324 El
WGS 84 EPSG:4326 hd
< | I | »
Selected CRS: WGS 84
+proj=longlat +datum=WGS84 +no_defs
[ ok | [ Cancel ] [ Help

,@ Georeferencer - Map.png ‘ -7 @@n

File | Edit | View Settings 7 _
B> 53%% @ PO PLP YR e il

290E

nmrw. e

@ovN: v

avrn

B

BN

eoen zoon

oorn oK

o - 4 S—

oo woE
Coordinate System: WUS 1956 Web Xercstor Auxsary Sphere
Evsjoction: Marcstor Auxibisry Splara

worw [ 0ITE DUVE LT

GCP table

Transform: Not set

None .|

=5,7395

Select the raster’s
Coordinate Reference
System (CRS) from
either the recently
used or the complete
reference list

(i.e. In this example
“EPSG 4326”)

~ If the CRS is not visible,
scroll through the
records or type the
name of the CRS into
the “Filter” to filter the
list of projections

The image is loaded on the
top section. This window
has its own set of zoom and
pan Use these
zoom/pan controls to look

at the map in more detail.

tools.
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Control points assigned using the graticule/grid on the image

If present, a graticule/grid on the image can be used to assign control points. In this example the grids
present on the map show geographic coordinates in degrees, minutes, seconds.

VIV'E DIVE VIV'E BIVE DIVE

WIVE DITE VIVE LITE DUVE

Coordinate System: WGS 196F Web Mercator Auxiliary Sphere
Projection: Marcator Auxiliary Sphera

Coordinates in
degrees, minutes,
seconds format

As specified earlier the GCPs (Georeferencing control points) need to be entered in the CRS set up in
the previous steps and as the map in this example stated the projection as WGS84, the coordinates
need to be entered in these units.

a. In the Georeferencer window, click the zoom icon and zoom to the bottom left hand
corner of the map

"~ Inthis example see markings for 10 longitude and 35 latitude. A

careful look at the map showed the coordinates have been
truncated by 3 O’s so the real-world coordinate at the intersection
of these grid lines will be.

Remember that X= longitude and Y=latitude.

R LT |

10 %0

b. Click on the Add point button to add the first coordinates
Then, click at the intersection of the longitude latitude line i.e. in this example of the 10
and 35 grid line

d. A new pop-up window will appear, enter the X (longitude) and Y (latitude) values for that
point. In this example enter ‘10’ in the X field, and ‘35’ in the Y field.

e. Click OK
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.!f Georeferencer - Map.png

=B X

File Edit View Settings
s oot K e 02 200

E0TH

00NN

EOTH

}a et et |- e [l
- i

L]
oo EOTE

,_i‘; Enter map coordinates / @u
Enter X and Y coordinates (DMS (g mim ss.ss), DOVdd. dd) or projected
coordinates (mmmm.mmi)) which correspond witiffthe selected point on the
image. Alternatively, click the button with icon pencil and then click a
corresponding point on map canvas of QGIS il in coordinates of that point.

X [ East | ¥ / North
Snap to background layers

Ok | [/ From mapczrwas] [ Cancel

Coordinabe 5 pstam:
Projaction: Marcatoy

&/ X

ransform: Mot set -45.1,-290.7 MNone

Notice a row is added to the GCP table containing details of the first GCP.

f. Similarly, take GCPs for the other three corners of the image where there are grid
intersections. The more GCPs have been entered the better but the minimum is four. The
georeferencing is more accurate if GCPs are spread evenly across the image.

Control points assigned using another base layer

If the scanned map or image has no grid lines, another base layer such as administrative boundaries

or a topographic map with a known spatial

reference can be added to the QGIS project and be used to

georeference the map. This process works in a similar way to the instructions above except that,
instead of using the intersection of a longitude and latitude line, georeferencing is done by choosing a
recognizable location or physical feature that can also be identified and located on both the image

and base layer. The coordinates of these

features are obtained from the base layer and used to

establish GCPs in the scanned map. This is done via the coordinate capture plugin.

To install this plugin go to the Plugins tab -> “Manage and install plugins” and search for the
“coordinate capture” plugin. Enable the plugin by ticking the box next to it.
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7 Plugins | &1 (573)

t al Search | coordinate
e

'+ AutoFields
- Azimuth and Distance Calculator
i+ Check coordinate svskem

i Click-Fu

& CoGo Plugin

& Convert coordinate system V2001
® . Coordinate Capture

- Coordtransform

- Copy_Coords

- GeaHey Toalbox

- ICSM NTw2 Transformer

3 3 ¥ 3

a. Open the base layer shapefile which will be used to obtain the coordinates

b. From the main menu click Raster >>> Georeferencer

c. Ensure that both maps (the scanned map in the Georeferencer and the base layer) are in
the same coordinate system

d. Then compare the scanned map with the base layer and find distinct points that can be
identified on both maps, as shown in the figure below.

. el £
, a ¢ ’f K& f Ve
Sz 3 ( \J J
./ Georeferencer - map i [E=E E=E = { N
File Edit View Settings &’}gm L l\‘-\(
% I Y
LA >-%l>' % PSP QR w4 fielh L O RS
i . i /'. Y h (k
U ' / 0 &
< ' 1\% hn,.,:
I
E ‘ 2 /
= o N ‘ o
[~%) i & ] L %‘
= p Y g— 19‘j o |
- 18 :
Q i w17 . \)\ - K
& i 7
< |
' .
" i : )
= ; 5 Nf
= i 15+9 i
= ; ﬁ 3
; | - ) 4 %
e . A © S A
Visible o] Source ¥ Source ¥ Dest, % Dest. ¥ d (pixels) d (pixels) Residual (pixels) . </ ‘-\ : ié -@Jy{ @%h\
® o 748,633 -527.056 96,2461 11.9864 o o o (‘(\'H/ o L (A%
® 1 851,969 -538.149 96,5166 11.6047 o o o y J'ﬁ “&\ - . &:,F“!r-u——?
x 2 704,275 54854 98,1396 11.4083 [ i [ L— £ !
x 3 B61.481 e0.Gnz|  9A5I03| 113161 0 [ ] " 3 h . vd;\_lgj:___
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a. Click the Coordinate Capture plugin (located in the side bar) and then click “Start
capture” and click on point/you identified in the base layer. The coordinates for this point
will appear in the “Coordinate capture” field. Note these coordinates down.

Coordinate Capture

97 84314,12,75403

9754314, 12, 75403

= fH (o)

Copy to dipboard

—:!;— Stark capture

b. Find the same point on the scanned map in Georeferencer and click on “Add point”. Enter
the coordinates you identified for this point in the fields.

c. Repeat for at least 10 points. The more points there are, the more accurate the
georeferenced map will be. The GCSs should be evenly spread across the image.

Once enough GCPs points have been added click Settings >>> Transformation settings

The Transformation Settings dialog window appears in which there is a choice for multiple
parameters.

B — Lewssl To keep things simple, set the parameters:

Transformation parameters

Transformation type ) ) )

e e » Transformation type: Thin Plate Spline

e e > Resampling method: Nearest neighbor

Output settings

Output raster C:/Users/BarbaraP/Desktop/Map_modified.tf ... | > CompreSSIOn: None

Compression Nene -] . . .
B —— » Output raster: (make sure the ending says .tif)

%“:j;‘;;;ﬂrzj:::W“e” needed » Target SRS (the CRS that has been used in above)
Horzorta 1.00000 » Tick “Load in QGIS when done”

Vertical -1.00000

Reports

Generate PDF map

@

Generate PDF report

Load in QGIS when done

Co ) Lo ) [
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g. Click the Start Georeferencing button from the toolbar

B> L5558 & PEPEPE

Once the process is complete, you will see the georeferenced geotiff loaded in your QGIS project

canvas.

The Georeferencing is now complete but it is essential to check how well QGIS has done the
transformation and in case any errors were made when entering the GCPs. To check for accuracy,
load in an administrative boundaries layer or a feature dataset that can be overlaid with the image
and compare the positioning to see how well they match. Zoom in to look at how good the match is
as errors may not be visible from a distance. Errors can be reduced by taking further GCP points.

Note: In this example the CRS of the scanned map was known and the accuracy of the transformation
was good. However, if there were no details of the CRS on the paper map it may be necessary to
repeat the georeferencing with different projections until a good result is achieved.

10



