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1. Introduction

This methodological brief has been produced as part of a UN-REDD Programme project to support Tanzania
in the development of multiple benefits maps to inform REDD+ safeguards policies, conducted between
January and August 2013. The project had two main objectives: (1) to contribute to, and support the
development of enhanced national scale spatial datasets, statistics and maps on biodiversity and ecosystem
services for Tanzania for the purpose of informing REDD+ policies and measures; and (2) to build capacity
within Tanzania on spatial analysis of datasets of relevance to multiple benefits and environmental
safeguards for REDD+ and on approaches to developing information systems for safeguards, using open-
source GIS software. Another objective of the work was to explore the data from the National Forest
Inventory (NAFORMA), for the purpose of informing REDD+ planning and environmental safeguards,
alongside spatial data from other sources.

Objectives 1 and 2 were achieved simultaneously through two working sessions in Tanzania of five weeks in
total, covering mapping work and enhancement of national spatial datasets, using open-source GIS
software (QGIS, SAGA and GRASS). The working session included eight participants from four institutions:
Tanzania Forest Service, Sokoine University of Agriculture, Forestry Training Institute — Olmotonyi and FAO
Tanzania. Two facilitators from UNEP-WCMC prepared and led the working sessions, with support from the
NAFORMA project, the FAO-FIN Programme and UN-REDD Programme in FAO.

This methodological brief outlines the technical approaches used in the working sessions.
2. Capacity Development

A significant aim and emphasis of the project was to develop capacity within country on mapping and
analyzing relevant data to inform REDD+ multiple benefits planning and safeguards policies. In order to
ensure that the work was undertaken as collaboratively as possible, two working sessions were provided in
Tanzania. Holding the training in Tanzania enabled the training to cater for a larger group of people, to
make use of in-country expertise to a greater degree, as well as access data that would otherwise be
difficult to source. Additionally, it helped ensure compatibility with in-country systems and provided the
best opportunity for integrating the tools and approaches with the regular work of the working session
participants.

The focus of working session 1 was predominantly GIS training. The training was centered around the
exploration of a particular set of topics and questions, including exploration of the NAFORMA tree species
data and the extent of occurrence data for species in the IUCN Red List. Throughout this session, the entire
group of participants undertook each activity. Working session 2 built on the skills developed in working
session 1 but with a stronger focus on the mapping and analysis of topics relevant to REDD+ multiple
benefits to inform REDD+ planning and safeguards policies. Working session 2 relied more heavily on group
discussions on how to best process and improve available data, and how to present the maps. This was
followed by group work to undertake different specific tasks identified from the discussions. This problem
solving approach taken in working session 2 complemented the more traditional training approach applied
in working session 1.

In both working sessions, different parts of the training included, where appropriate:

1) Step-by-step training materials provided to participants for undertaking a specific task
2) Presentation of the topic followed by brief guidance notes for participants to undertake the tasks
3) On-screen, trainer-led (follow-along) exercises
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4) Exploration of particular suites of tools
5) Self-planning of GIS work with trainer guidance for use of tools.

This variety of training methods allowed the participants to work both independently, in pairs and as a
group to think about the task at hand and which tools they required. This approach was also intended to
facilitate the transfer of the knowledge gained in the training sessions to their everyday work. The step-by-
step guides were popular with participants, but if used alone they would not have provided maximum
learning opportunity. Learning how to find their way around the software and exploring appropriate tools
for different tasks was an important part of the learning process.

3. Open-source Software

i. Why use Open-source Software?

Open-source software is released under a license that allows software to be freely used, modified, and
shared (http://opensource.org/licenses).The decision was taken to use open-source software in the training

to ensure the future sustainability of the knowledge gained by the participants during the training, and for
materials produced to be useful for a larger number of people, who may not be able to procure commercial
software licenses. The development of open-source software is typically collaborative, meaning that
developers improve the code and share the changes within the community. An example is the GNU
General Public Licence v2 (http://www.gnu.org/) used for Quantum GIS (QGIS), which protects four special

freedoms:

1) The freedom to run the program, for any purpose

2) The freedom to study how the program works and change it so it does your computing as you
wish

3) The freedom to redistribute copies so you can help your neighbor

4) The freedom to distribute copies of your modified versions to others

This means that the software is often continuously developed and added to. By sharing in this way the
whole community is given a chance to benefit from changes made by others. Access to the source code is a
pre-condition for this..

One of the few disadvantages of open-source compared to proprietary software (owned by corporations) is
that it might not be as fully integrated, for example it may not be as easy to link tools together into a single
GIS procedure or you may need to select tools from multiple pieces of software for undertaking a particular
task or set of tasks. However, the licenses for proprietary software are restrictive, and the costs of the
licenses as well as additional costs for extensions to the software are often beyond the means of many
individuals and organizations.

ii. Which open-source GIS software?

For this UN-REDD project Quantum GIS (QGIS) was selected as the main GIS software to use along with
GRASS, SAGA and the Open Foris Geospatial Toolkit (to a lesser extent). QGIS was recommended by FAO,
and the Tanzanian Forest Service and Sokoine University of Agriculture (SUA) already had some experience
of using it. There are hundreds of other open-source GIS software to choose from. The website

http://freegis.org provides a useful overview currently listing 356 projects.
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Some of the strong advantages of QGIS are that it runs on multiple platforms (Linux, Unix, Mac OSX,
Windows and Android operating systems). It supports vector and raster processing and can access and
utilise tools available in other open-source GIS packages. GRASS, for example, comes as part of the QGIS
installation and is fully integrated while it can be run independently. Other software can be accessed
through additional freely available plug-ins. These additional plug-ins are built by the wide user community
using the python scripting language. For example, the Sextante toolbox plug-in provides a geoprocessing
environment similar to the ArcGIS toolbox which allows you to access tools available within QGIS, GRASS
and SAGA GIS. QGIS is a commonly used alternative to the proprietary ESRI ArcGIS software with a user
friendly GUI and has a similar processing power, which makes it an excellent alternative. QGIS is a
lightweight installation compared to ArcGIS. It takes up less space and will run on less powerful computers.
However, to ensure speed and processing ability for complex analysis, a high capacity computer is required,
of similar specification recommended for ArcGIS. The greatest advantage of using Open-source GIS is that
it is can be accessible to all and not limited to just 1 or 2 licensed individuals in an organization. There is a
large user community and a growing wealth of online resources and training materials.

iii. Technical training method: Xubuntu on Live USB

The computer set-up used for the training throughout the working sessions was an install of the Xubuntu
operating system on a live USB. This followed the approach taken by FAO in other training held under the
NAFORMA project and UN-REDD Programme in Tanzania, and so complemented previous capacity building
activities. FAO staff were able to provide efficient knowledge transfer to UNEP-WCMC and supplied the
required ISO image containing the relevant software for installation of the live USB (see Annex 1a and 1b).

The advantages of this approach were that:

> It provided a consistent install of both operating system and software, which avoided problems
related to different configurations on different computers

» Developers of open-source software often work in the Linux environment, so the Linux versions are
often more stable than the Windows versions

Y

The software was not installed on a single machine so was portable
» Xubuntu is a lightweight Linux operating system, which work well on less powerful machines

> Itis easy to customize and install other software packages (providing you have an internet
connection)
» Participants gained experience with an alternative operating system to Windows

» The risk of virus infection is significantly lower in Linux operating systems than in Windows

Y

Other non-GIS open-source software alternatives were introduced to the participants, including
LibreOffice

Booting of live USB operating systems differ slightly depending on the make and model of the computer,
but this step was successful for all the machines in the training session. The main challenge of using live
USBs was the introduction of a new operating system in addition to the new GIS software. However, this
approach was well received by the participants. In addition to using live USBs, UNEP-WCMC made sure that
all participants had a working copy of the all the GIS software (QGIS, GRASS and SAGA) installed in the
Windows environment on their computers, including all the additional plug-ins for QGIS used in the
working sessions. Free antivirus software were also installed where no antivirus software were present.
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iv. Challenges of using open-source

The main challenge of using open-source software is the limited knowledge within Tanzania, and that
ArcGIS is taught as the standard software. Although QGIS is a good alternative to ArcGIS there are still some
initial challenges to be aware of when using the software, but these should not prevent users from
switching to QGIS or open-source software.

» Treatment of map projections can be confusing in QGIS and can lead to mistakes

» Symbolizing raster data is less advanced in QGIS than ArcGIS

» Raster analyses is different to ArcGIS

» Development of customized tools and workflow requires python knowledge unless using the
Sextante plug-in or GRASS model builder

» The model builder (Sextante plug-in) for QGIS is not stable for some tools, particularly in the
Windows environment

» GRASS has its own data structure and management set up and may require further training for
proficiency

» Data have to be imported into GRASS before the GRASS model builder can be used

» Tools are not so well integrated, which can make trouble shooting more difficult

» Tools are not as well tested as in ArcGIS

» Map production facilities are good but less sophisticated than ArcGIS

» Creating maps in a geographic coordinate system prevents adding a scale bar in the final layout.

v. Good working practices and spatial data management

Good spatial data management and working practice is essential for efficient management and analysis of
data. Prior to the working session, UNEP-WCMC compiled a data registry consisting of global, regional and
national data relevant to safeguards and multiple benefits for REDD+ in Tanzania. The data registry is a
simple MS Excel table storing information about datasets, including their source, year, citation, contact
information and any restrictions associated with the data. This was a useful starting point to catalogue the
knowledge about potentially useful datasets available on Tanzania, including information on biodiversity,
land use/land cover, management units, pressures on forest resources and ecosystem services.

In working session 1, participants were introduced to the data registry and a number of ways to plan and
document their GIS work. For example, a user generated plug-in called QNote enables users to add notes
directly in the map to document a description of what the QGIS map document contains, or to analyse
methods applied. Another approach was to provide a technical work plan to get users to think about how
to undertake a particular activity, what GIS methods tools to use and what GIS data inputs are required.

This data registry was updated during the working sessions to incorporate additional datasets identified by
the participants. A metadata catalogue storing information alongside the data held within a spatial
database would be ideal but in the absence of a central database for storage of spatial data this is a good
starting point for collating existing knowledge and keeping track of datasets.

A spatial database is more than just a storage facility for spatial data and can be used to query and share
spatial data for GIS as well as other applications. There are many advantages of centrally storing data in a
spatial database and it does not necessarily mean huge costs associated with commercial software. There
are open-source options available such as PostgreSQL with PostGIS
(www.postgresgl.org/about/news/1387) that have a long history of use with Quantum GIS, with inbuilt

plug-ins to allow users to easily manage, access and retrieve data held in a PostGIS spatial database. A
presentation was given on Spatial Database Management Systems in working session 2, but there was not
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time to focus on this topic in depth during the working sessions or to demonstrate the setting up of a
spatial database. The working session identified that future capacity development in this area would be
helpful.

4. Methods for development of enhanced national scale spatial datasets

i. Compilation of dataset on wildlife corridors

Wildlife corridors are crucial habitats for the health of ecosystems and wildlife populations in Tanzania, but
they are often unprotected and under pressure from human activities. For the working session, no spatial
dataset was available that showed how wildlife corridors link together protected areas in Tanzania. The
most recent, publicly available work on listing and mapping important large corridors in Tanzania was led
by the Tanzania Wildlife Research Institute and published in 2009 (see http://www.tzwildlifecorridors.org/).

In working session 2, participants used the data available on this website and in associated reports to
create a dataset that illustrated the general location of corridors assessed in this work. The corridors were
symbolized with dotted lines, to illustrate their general extent. The resulting map was sent to TAWIRI for
comments.

ii. Enhancing spatial data on forest reserves and Participatory Forest Management (PFM)
in Tanzania

Currently, there are several different spatial data versions of Tanzania’s forest reserves in circulation. In
working session 2, a spatial dataset with polygons of forest reserves from 2010 provided by TFS was
compared to the data on forest reserves held within the World Database on Protected Areas (WDPA). A
number of differences were identified and resolved both in terms of spatial boundaries and attribute
information. In some instances, the data in the TFS version was deemed correct, and in other instances the
WDPA was considered correct. The decisions made in the working session should be further quality
checked by experts. The only attribute information that was taken into consideration in the May 2013
working session was the forest reserve name. An assumption was made that the spelling of the forest
reserve name was correct in the 2010 dataset. There were additional discrepancies where a solution was
not evident, and where there was not time to make further investigation.

Experts have advised that it is likely that some of the reserves in both these datasets may have been
degazetted. There are also overlaps with other protected area designations that may indicate outdated
information. Also, both datasets omit the Nature Reserves gazetted since 2007 — but where there are shape
files available that can be added.

Furthermore, TFS also provided a non-spatial table, listing forest reserves by forest name, which had never
been linked to spatial data. This data is also from 2010. A preliminary join has been made to the spatial data
but further comparison of this list with the spatial data is required and along with any additional
information that can be made available beyond 2010.

A related issue concerns land under Participatory Forest Management (PFM) (Community based forest
management (CBFM) or Joint Forest management (JFM)). The following tables are known, but lacking
spatial data linked to them:

» “Baseline for declared village land village forest reserves in Tz - 2011"

» “Baseline for signed JMAs in Tz — 2011”

» “National Census for Participatory Forest Management, Community Based Forest Management,
2008”. Listed by forest name and village name. The forest name is not always a forest reserve
name.
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» “National Census for Participatory Forest Management, Joint Forest Management, 2008” Listed by
forest name, village name and forest status (NFR or LAFR). The table also has information on
protection/production status, and the current (as of 2008) stage of JFM establishment.

In the working session, a team of three participants worked to quality check these datasets. In collaboration
with a UNEP-WCMC facilitator, they developed a methodology for error checking the data, and document
the errors found and the changes made. Knowledge of how to systematically quality check data is a highly
useful skill and this exercise was appreciated by the participants.

iii. Compilation of dataset on population density based on 2012 census

The 2012 population census report on population density per ward had just been released at the time of
the working sessions and could only be obtained in a Word document. An automated extraction of the
tables of population counts by ward to CSV files was made possible by FAO. These tables were joined
together to form a single table, which was subsequently joined to a spatial layer of census units. This
process was not straightforward as the 2012 spatial dataset for ward level boundaries was not yet
available, so the 2002 ward boundaries from the previous population census had to be used. There had
been changes to boundaries between 2002 and 2012. Significant effort was required to prepare the data to
link the 2012 data tables to the 2002 ward polygons. Where ward boundaries had not changed the 2012
data were assigned directly to the ward. Where ward boundaries had changed significantly, efforts were
required to try to modify and link the 2012 census figures to the old boundaries. The following issues were
encountered and addressed:

» wards had changed name: 2012 data manually linked to old ward name

> single ward now 2 wards: 2012 population data merged and figure added to single ward

» 2 or more wards merged to form new ward.: 2003 ward boundary merged and data connected to
merged ward

The population density was calculated from the population count and ward area. This map presents a
significant update to representation of population data in Tanzania since 2002 and from this work it was
possible to calculate change in population density. This map should be reproduced once the 2012
boundaries are release.

iv. Compilation of dataset on importance of forests for limiting soil erosion

A simple “quantitative” approach was taken for evaluating the importance of forests for soil stabilization
and limiting soil erosion. Importance was estimated as a function of slope, rainfall and the presence of
important features downstream that could be adversely affected by erosion such as a dam or water body.
For example, forests may play an important role in soil stabilization on steep slopes in high rainfall areas
with important downstream activities that benefit from clear water such as population centres,
hydroelectric plants and navigation routes. This dataset can therefore be used to help answer questions
such as:

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

» Where might retaining or restoring forest play an important role in retaining soil or reducing soil
erosion?
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The analysis was undertaken by generating single layers of low, medium and high precipitation; slope; and
a binary layer of catchments of dams and water bodies. These layers were summed and clipped to the
forest extent. This generated 6 classes representing low to high importance of forest for preventing soil

erosion:
L Important L.
Slope Precipitation Sum Slope Precipitation Important catchment
catchment
1 1 0 2 low slope low precipitation not in catchment of dam
1 3 low slope low precipitation in catchment of dam
medium
1 2 0 3 low slope precipitation not in catchment of dam
medium
2 1 0 3 slope low precipitation not in catchment of dam
1 3 0 4 |ow slope High precipitation not in catchment of dam
medium
1 2 1 4 |ow slope precipitation in catchment of dam
medium
2 1 1 4  slope low precipitation in catchment of dam
medium medium
2 2 0 4 slope precipitation not in catchment of dam
3 1 0 4 high slope low precipitation not in catchment of dam

(Colours as per legend on Map 12)

This approach could be further refined for example by adding in additional layers such as soil type or by
assessing and giving weight to the different elements according to their importance before summing
together.

v. Digitization and Georeferencing of maps of bee reserves

In the feedback given after working session 1, participants requested training on how to digitize maps in
QGIS. An exercise in digitizing maps of proposed bee reserves was therefore conducted in working session
2. These reserves were very small and therefore not included in a map in the final report, but the exercise
addressed the capacity building request.
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5. Methods for evaluating the potential of the NAFORMA inventory to model
tree species richness

The NAFORMA inventory provides a great amount of data on forest resources in Tanzania from over
29 000, 15m-radius plots grouped into L-shaped clusters of between 6 and 10 plots. The data collected by
NAFORMA was analysed in order to assess what information it could provide about tree biodiversity.
Investigations included looking at the likely proportion of species in different vegetation types recorded by
the survey, and assessing whether the data could be used to create a wall-to-wall species richness map of
Tanzania.

The NAFORMA survey aimed to identify the species of every tree measured within a plot. Initial
investigation of the tree inventory (containing over 240 000 trees) showed that (1) the species code and the
species name recorded sometimes disagreed and (2) some codes and some names recorded were not
present in the NAFORMA species checklist. This was either due to the code or species being completely
missing from this checklist or due to spelling errors. Due to these disagreements between species code and
species name, it was not possible to just join on correct spellings from the species checklist. In order to
investigate the distribution of species and the number of unique species in different locations, we needed
to address the errors in the inventory, as far as possible. Without access to the field notes, errors could be
more easily identified in the species names than errors in the codes. Therefore, the decision was taken to
clean the species name information where spelling errors were evident, but not attempt to address
possible errors in the species codes. The cleanup involved checking the species names against the
NAFORMA checklist, and correcting the spelling errors found.

» Where a species name in the inventory was not listed in the checklist, further checks were made to
see if the species was recorded in the African Plant Database (APD) or the Global Biodiversity
Information Facility (GBIF)

» Where there was a species name that could be found in the checklist, but the code indicated in the
inventory did not match, this error was not corrected

» For over 5000 tree records, the species code was “unknown” or “unlisted” but a species name was
present. For these records, any spelling errors were addressed, but codes were not corrected, and
these species were included in the final species count

» Where a species code was present (that matched a code in the checklist), but the species name was
indicated as “unknown” or “unlisted”, the species name was added from the checklist

» The remaining trees with name recorded as “unknown” or “unlisted”, or had vernacular names
only, were excluded from further analysis

A full summary of issues can be found in Annex 4. The cleaned list was required to produce the most
accurate estimate possible at this stage of the total number of species recorded by NAFORMA, and the
number of species within plots and within clusters of plots. When a final count of total number of species
recorded in the inventory was made, this count was based on species name.

Following cleaning of the tree inventory, our calculations indicate that the NAFORMA survey recorded
1 229 species, which includes 67% of the species listed in the NAFORMA species checklist (983 species) and
an additional 246 species not contained within this original expected species list. Over 29 000 trees (12 % of
the total 240 000 trees measured in the survey) were also only identified to genus level. In addition, 33% of
the species on the checklist were not found in the plots. As Tanzania is such a biodiverse country, the plot
sampling area of just over 700m” is likely to have undersampled overall diversity across the country.
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Additionally, the number of species identified in a plot may have been influenced by the difficulty of species
identification (rare species are often mistaken for more common ones, for example?).

The ability of the NAFORMA survey to measure tree species richness within an area was explored by
creating a graph of the number of new species found when additional plots were sampled in an area. Figure
1 shows the cumulative number of species found in selected vegetation types as more plots were sampled
(within each NAFORMA plot, the vegetation type was recorded). If this curved flattened out it would have
indicated that the survey had recorded most of the richness in that vegetation type. However, as the figure
shows, the total number of species recorded in a vegetation type increased with the number of plots
surveyed for that vegetation type; suggesting that NAFORMA did not cover enough plots to estimate the
total species richness for each vegetation type. The curve of the humid montane forest is the steepest,
showing without doubt that if more plots were sampled, many more species would have been found.
Sampling is most complete in the open woodland habitat.

The plot level data does provide an estimate of localised species richness (which is likely to be only a
portion of the species occurring within a wider area). Even so, localised species richness is highly variable;
the number of species recorded within an individual plot varied from 0 to 23 (0 meaning either no trees
identified to species level or no trees present).
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Figure 1: Cumulative number of species found in selected vegetation types.

In addition to investigating whether NAFORMA data could provide an estimate to the total species richness
for different vegetation types, we also investigated whether the data could be used to estimate species
richness in unsampled locations. The number of species in a location will vary depending on the
characteristics of that location, including environmental attributes such as temperature and rainfall. Hence,
if the relationship between a site’s characteristics and the number of species is known, the potential
species richness of a site can be estimated from the site’s characteristics. We studied whether the
NAFORMA data could allow an understanding (model) to be created on how the number of tree species
varied between plots. The data were investigated using generalized linear models and generalized additive
models with a quasi-poisson distribution of errors using the statistical package R. A simple model based
only on the NAFORMA vegetation type of the plot explained 33% of the variability in the number of species
found at a plot. A generalized linear model including additional information on the mean temperature,

! Ahrends, A., Rahbek, C., Bulling, M. T., Burgess, N. D., Platts, P. J., Lovett, J. C.,Marshall, A. R. (2011). Conservation
and the botanist effect. Biological Conservation, 144(1), 131-140.
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temperature range, average rainfall, precipitation seasonality, PET, distance to road, latitude, longitude and
sampling strata of a plot together only explain a further 8% of the variability in number of tree species
recorded at a plot. Information on the environmental characteristics of plots was extracted from the
WorldClim database, and Waterworld was used to calculate the PET. The best fitting model tested was not
able to explain over 50% of the differences in tree species richness between plots and the model was
particularly bad at identifying where plots are likely to have high species richness (figure 2, GLM model null
deviance = 94083, residual deviance = 56944, d.f. = 28835; GAM model null deviance =94083, residual
deviance =50513, d.f. = 28805). Part of the reason for the variability between plots that cannot be
explained by the models tested may be due to the small size of the plots in relation to the heterogeneity of
forests. Localised species richness can be very variable and the number of species recorded within an
individual plot within just the closed woodlands plots of the NAFORMA survey varied from 0 to 23. As it is
not possible to predict the species richness of a site with a high degree of accuracy from this model, and
the richness being modeled is localised, is not possible to produce an accurate wall-to-wall map of plot
scale species richness in Tanzania using this approach.
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Figure 2: The observed species richness for each plot in the NAFORMA data against the tree species richness predicted by a general
linear model (left) and general addititive model (right) based on the environmental characteristics of the plot (mean temperature,
temperature range, average rainfall, precipitation seasonality, PET, distance to road, latitude, longitude, sampling strata and
NAFORMA vegetation cover of the plot). (Plots with more than one NAFORMA vegetation cover were excluded from the analysis). If
the models had explained all of the variability in the plots, all of the points would have fitted on the red line, the greater the scatter
and deviance of the plots from this line the less the model explains the variability in the plots tree species richness.

The parameters which control the number of species within a plot may vary between different vegetation
types. It was therefore investigated whether a greater proportion of the variability in species richness could
be explained if open woodland plots were assessed alone. However, a model including just the open
woodland plots only explained 15% of the variability in the number of tree species found (Generalized
linear model of number of tree species in a plot by mean temperature, temperature range, average rainfall,
precipitation seasonality, PET, distance to road, latitude, longitude and sampling strata using a quasi-
poisson family of errors, null deviance = 24229, residual deviance = 20661, d.f.= 11484).

As the area of one plot is very small, the number of species within each cluster may provide a more
representative estimate of the number of species within the wider habitat at each cluster location. The area
of one cluster (0.4 to 0.7 ha), is closer to the average area predicted as needed to differentiate between the
diversity of different areas (Ahrends et al. in press). Hence, it was investigated whether the number of
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unique tree species recorded in a cluster could be used to produce a more specific model of tree richness in
Tanzania. However, it is important to note that the number of plots in a cluster varied according to the
sampling strata to which the cluster belonged. This needed to be taken into account in the model. In the
cluster model across all vegetation types, 55% of the variability remained unexplained and again the model
was not good at predicting the clusters with high species richness.
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Overall, since the NAFORMA inventory does not fully register the tree species richness pattern in most
vegetation types, it is not possible to simply extrapolate out from the average plot richness to the total
richness of the vegetation types and the models are not good at predicting where high species richness
occurs, it would be potentially misleading to create a wall to wall tree species richness map from the
inventory data.

The NAFORMA data also contains information relevant to species of particular conservation importance
including; species that are a) only found in (endemic to) the Eastern Arc Mountains of Tanzania or b)
threatened with extinction as proposed by the Eastern Africa Plant Red List Authority. The species recorded
in the NAFORMA data was compared to a list of 52 tree species listed as endemic to the Eastern Arc
Mountains (Burgess et al 2007). A boundary for the Eastern Arc Mountains was obtained from Dr. Phil
Platts at the University of York, which was used to extract the NAFORMA plots within the Eastern Arc area.
Of the 52 species, NAFORMA field workers found 11 within the Eastern Arc Mountains (in 1639 NAFORMA
inventory plots covering 116 ha across 264 clusters). Additionally, 8 species listed as Eastern Arc endemics
were picked up by the NAFORMA survey outside of the Eastern Arc Mountains. Recent updated
assessments using confirmed specimens suggest that three of the species are not strict endemics to the
Eastern Arc; two occur in coastal areas and one in remote forest near northern part of Lake Tanganyika
(Roy Gereau, pers. comm.).

The species recorded in the NAFORMA inventory were further compared to a list of 394 Tanzanian species
recorded as threatened by the Eastern Africa Plant Red List Authority (EAPRLA via Roy Gereau, pers.
comm.). Only 38 of these species were recorded in the NAFORMA survey which again suggests that
NAFORMA sampling design, which was stratified to avoid remote and inaccessible places, made it less likely
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that locations with rare species have been included, and may also reflect the fact that rare species are at
higher risk of not being correctly identified in the field. The humid montane forests had a particularly high
number of threatened tree species (20) given the number of plots sampled.

6. Methods for production of maps and statistics to serve the REDD+ planning
process

Both working session 1 and 2 included numerous group discussions on how maps can help REDD+ planning
to account for safeguards and multiple benefits, and what the best way to construct such maps might be.
These discussions directed the day to day work in the working sessions and determined the appropriate
maps and analyses to undertake. Working session participants and other Tanzanian colleagues often
sourced additional data based on these discussions, and several solutions emerged from this process.
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ANNEX 1 - Training materials used in working sessions

These materials are an improved version of the resources used during the working sessions. These are step-
by-step tutorials written primarily to introduce methodologies and enable users to begin to explore the
software. Although every effort has been made to provide clear guidance, it cannot be guaranteed that the
materials are error-free and we welcome any feedback. They are aimed for experienced GIS users to
support transition to QGIS.

The following materials have been produced using the Xubuntu operating system running on installation on
the Live USB. Instructions remain the same for the windows environment although the screen illustrations
may have minor differences in their appearance. Some references are made to tutorial files shared with
participants of the working sessions.

1. Understanding Coordinate Reference System (CRS) in QGIS

This is a VERY IMPORTANT section as there are a number of places where projections can be set or altered in
QGIS and with a lack of knowledge on how projections work in QGIS, changing projections can accidently be
done in the wrong way.

1.1. Changing the default CRS (projection) settings

Iy
» Click on the Applications icon to drop down the main menus
% Click on Education >> Quantum GIS desktop to open QGIS

% Click OK to dismiss the QGIS tips

e e S e
CR Y| (R S B0 EX A | K mr L] wr il
LT MEETI

"l‘?l-l-l'l-l!“'ll-l-'--ﬂﬂ--l-'d

ReEeer  Pownae  Heip

#LPEF i

Pl fn e

®

«+» Click on Settings >>Options

Snapping Dpnoms
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In the options window Click on the CRS tab

Click to tick Enable ‘on-the-

fly’ transformation by default

so that data layers with
different CRSs can  be
displayed together

automatically when added to
the QGIS project
Click to select Prompt for CRS

so that QGIS will ask for the
user for the CRS (projection) of

spizyed below

!FPSG'A'{JE -

the data when loading layers
with no CRS defined

11 selact

Leave the default projection as
EPSG:4326-WGS84 (this

| Help |

| cancel

geographic CRS will be the default for new projects)
Click OK to close the Options window

These options will be applied to all new QGIS projects but will not take effect until QGIS is closed and a new
project is created. However, IF it is inconvenient to exit QGIS the settings for the current project can be set
manually. Also there may be a requirement to set the current project to a particular CRS but not set it as the
default for all other projects.

1.2.

Changing the CRS of the current project

To set the CRS for the current project Click on/the

CRS icon .| in the bottom right hand cdrner of
the QGIS canvas S
Click to tick Enable ‘on-the-fly’ CRS transformation ,
so that any data added to the QGIS project will be ,/I
transformed on-the-fly from their current projection
to UTM Zone 37S

The same CRS window appears but this time it is for

changing the CRS of the current QGIS project ONLY.

> Projuct Proportios x

Authio ,' o

. EPSGE2RT |
EFSGI4326

" Hide deprecated CAss

U
1

+projutm +zone=37 +south +datum=WESE4 sunits=m +no_defs

| mpply || cancet ||| oK |

| melp

The CRS was set to EPSG:4326. Change the CRS here sets the QGIS canvas to the chosen projection,

in this case UTM Zone 37S.

Note: ‘on-the-fly transformation’ does not physically change the projection of the data; it takes the data

in its original projection and makes a temporary transformation as it is drawing it.
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X3

%

1.3.

Y/
°

0
0.0

®
°

0
0.0

Favean

Srm e Cpewn UMW ToreE am

DGR creaing op By

| Select the coordnale reference system for the vector fie. The dafa ponts w
coordnate reference system

IMPORTANT/ USEFUL Projection tips:

> ***IMPORTANT***DO NOT Right Click>>Set Layer CRS on a dataset. This will NOT project the
data to another projection. It will REDEFINE the projection only i.e. it will incorrectly tell the
dataset it is something else. So ONLY use this to fix a dataset that has the WRONG projection
defined

» Unlike ArcGIS, on-the-fly area calculations CANNOT be done in QGIS, the data have to be
actually saved in the projected coordinate system

> If the required CRS cannot be found in the list, a custom CRS can be defined manually - under
setting>>custom CRS

> Right click on a map layer>>Set Project CRS from Layer to set the Project CRS (Map Canvas
projection) to be the same as a particular layer

» If the Map View is in a projected coordinate system (i.e. not EPSG: 4326) the scale of the canvas
can be set at the bottom of the screen

Projecting data / saving data to a new CRS

Right Click on the dataset to project. Click Save as

Select the format to be saved to and give the file an appropriate name. It helps to include the
projection in the filename i.e. in this case _UTM_Zone36

Leave the encoding system as default

Change the CRS method. Either to Project CRS to save the data in the same CRS as the Map Canvas
or Selected CRS to pick the output CRS from the CRS Selector window.

EFL Frapsie

WK 84 LITH rorm 39S

b transFarmed from the fyer

FlEr utm i BT TR
v used coord ef W] syead Fie o Fag
IConrdinm Reference System ‘ ].‘.‘nuthmity n |
VIS B/ UTM 20ne 375 Y EPEGE2IET
NG5 B / UTH zon= 365
4 ' A «» Tick Add saved file to map to add
Coordinate reference systems of the world _ Hide deprarated (RSs A
[P m——— [ Bl the projected data to the current
- WESEL / UTM sone 248 EPSGA213 .
WESB4 / UTM 20ne 35N EPSG32635 QGIS project
- WESEA / UTM zone 355 EPSGE2735 |_|
WESEA £ LUTM zone 36N EPSGI236 &
WEEEL [ UTM zone 365 EPSGia 2736 H
E1 - % Click OK
=t oouth +elps=ViGI84 +oatuin WESES +unile=r 200 def +lovigead=0,0,0
ok Cancedl | | Fep
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1.4. Reprojection of Raster layers

A ey e

Reprojection of Raster data is done using S | rarre e v =

the Warp utility of Gdaltools plugin = ﬁ Ty
! Temtalad v Mg mansioolbar
**» Make sure that the gdalTools plugin is !H- x %E&E‘M_

Erorrieroncas WL

checked in the QGIS Plugin Manager |
|' L ml!ﬂ'ln'i:mu‘mq:

bl . ’ =
g Dyl 1 Crelitn - AT um RIS Locas fdead S g
:-:_! dect A fu N | Carsl
% From the main menu Click E TN s

RaSter>>PrOjECti0n5>>Warp(ReprojECt) Raster | Database (CadTools Web Lifemapper Analysis Help

¥ Raster calculator ... f ‘g 7

Georeferencer k

— Heatmap " 1
z?, . 5| ¥ H
i qu (Reproject; Interpolation % E = -

| Landscape Ecology 4 - ﬂ}b -~ |

Batch mode {for processing whole directory) RasterCalc L

5 Semi-Automatic Classification Plugin * | = 3
Input file baccini_agh I @ v IS0 (4] s o

Terrain analysis
Qutput fie CETTE (=

Projections i*.;_ Warp (Repraject}

! Conversion b . Assign projection
' Source SRSy EPSG:9001 - " | @ Birtosmgrdion
e S~ ~ f I = Analysis L4
38 Torgct SRS NS 0 e |
= * ~ b
| Resampling method [NEEI‘ N
SO S o .
Nodatavales  “~_ [0 S % Select the input raster dataset

% Select the location of output raster dataset and

Mask layer r S~ \St'iegt... l
A

| Memory used for caching [20MB SIS H\\ Give it a new name

~

~

| Resize >s._ [+ Click to Uncheck the Source SRS if the dataset

|| Use multithreaded warping implementation

knows what projection it is currently in
¢+ Click to Check the Target SRS and select the new
output projection

% Load into when finished . . ..
Sl %+ Cick to Check Load into canvas when finished.

gdalwarp -t_srs "+proj=laea Hat_0=-6 Hon_0=34.5 +x_0=0 o .

+y_0=0 +ellps=WG584 +towgsg4=0,0,0,0,0,0,0 +units=m s Click OK
+no_defs” -of GTiff C:
\ush3_tanzania_bkup\corinna_usb_abackup\ush_2YTRAININGW

ORKINING_SESSIOM 1\Activity_Carbon\bacdni_agb. tif

bac_agh_la.tif

2. Saving a QGIS project

++ Click File >>Save project as or Save Project from the main menu
+» Navigate to a folder to save the project and give it a name
++ Click Save

Note: The QGIS project is saved as a .qgs file. This is actually a text file containing
all the information QGIS needs and is great for expert users who may wish to
make edits in the text document. It also means that broken QGIS files have a good
chance of being repaired as they can be opened in a text editor.
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3. Adding new layers

3.1. Adding a vector layer

% Click either Layer>>Add Vector Layer or the icon g:.".to add vector layer to the current project

= Aédvector layer x

e e + Click Browse
Encoding | UTF-8 =l
- Opanan leuppmmr@r + x
Dotaset ZJ |2} meda _mrru:u REDD) Safezi cingsessinng | A 5 ot [Adminl
Lol L J| ormy ]| Fz Name - Sze  Modfed |
| Q, sharch (il backgraund tayars 031453012
! Recentty Uised | |l New Distncts TZ SMD 0302142013
o, . : ustr | [l openmicmdata ]
%+ Change the File type to 2l peskaop T
. : . File 5ystem o ta-rames shp ATMA DRS00
ESRI Shapeflle : 483 GB Fdes... | | tarivers Wisad.shp 4TNB 0TI
.. L Reconery = t2 wards_2002 new.shp SAMB 11202000
< Browse to the folder cori1ta|n|ng I Sconvsrs | | e wards 2002 new wiGssashs asws  owaron
. . . . 'l Data
the shapfile to add i.e. in this h
: . L MO-PTIT
example a country boundary file L 500 Fes.
1
. 1] Documen
called Tanzania_crty.shp Pt
[}
. . B sersic
% Click on the shapefile | s
' | videns
1

% Click Open _

% ClickOpen -----—---- J

1w § e WP e et -

| St AN v e b

The dataset is added to the table of contents BUT if the map

et = _ ~ projection information of the vector dataset is missing QGIS
L e Rl L] . .

I [T pe—— will ask the user to specify the CRS of the data.
R b e 1T TR

| <+— % Choose the projection of the data (NOT what is
presented here)

e iy ++ If the projection is unknown, guess. If the
| i iy aia data display correctly on top of other datasets
i il L for which the CRS is known then it is ok.

Otherwise right click on the dataset and Set Layer

[ Lt CRS and try again

If QGIS is told by the user that the data are in CRS EPSG:4326 and the data are actually in a different
projection then the data will appear in the map canvas but in the wrong place. When other datasets are
added with correct CRS defined these data will not display in the same location. Remember, make sure ‘the
on-the-fly’ projecting is ticked’ or data in different CRSs will not display on top of each other.

«»+ Layers can be reordered by clicking the
A (SRR i i layer in the TOC and dragging to a new
position up or down the list

<4------
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3.2. Adding a Raster Layer

¢ Click either Layer>>Add Raster Layer

or the icon ...i to add a raster layer to the
current project

% Leave file type as GDAL [All files] raster of all
different types can then be added

«* For data in ESRI native Grid format, this file format
contains a folder with a number of standard files.
The file to add is within the dataset name folder-
and will always be called w001001.adf and it will
always be the largest file in the folder .

+* Click Open

4. Changing symbology

4.1. Vector symbology

< When a dataset is added to QGIS it is added with a simple solid fill, random coloured symbol.
Double click on the data layer in the Table of Contents to change the symbology

EE
R e (e g R

e sy § Y N R AN B PEN CRY | TRCEN  CRTUS e |

L LAN 1R iz .
R —
b I & " i,

r i e a {I"i_

'-I - l| "-",'\'H

The layer properties
window opens

«» Double Click the left-hand Change
button to change both the fill and -
outline symbology

«* Or Double Click the Right-hand
Change button to change the fill

[ pectore Defauonae 1l e Az Dafault I Losdctde I coecy e
i i ¥ &4

2 Default Shyla Save As
= il

color only [ nep |

Y/

< The right-hand button opens the Select Color window ~
+* The left-hand button opens the Symbol properties window
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% Change the symbology as required:-

ill

h_-\m

it
i)
|

++ Click OK to close the Symbol properties window
¢ Click OK to close the Layer properties window

For categorical data e.g. to shade a layer based on a set of thematic values in the attribute table of
a layer, Click the Single Symbol to drop down the options. Click categorized

e L o it mia =l o bl - =

. i i gee | Loy ol

% Choose the attri@gteﬂﬁéﬁ‘which to base the

o
53
o
&8
X3

-
-

sﬁading. E.g. in this example ‘type’ ‘\ /

’

K/

» Click the Classify button to add the-uhique combinations to the symbol window /,"‘I

\

% To remove any symbols Leg:fﬁe empty one that is always added at the end),,cllick“‘the symbol row,
then Click Delete -~ , \

\

Double click on each symbol to bring up the Symbol Selector Window/a'r;d change‘\the symbology
for each individual symbol in the same way as for the Single Symbol ,,’/ \

Y/
0‘0

Vi \

’ \

’ \
i - A T

S . . . ¢+ Click Save Style once a set of \
n— e  drormbes | symbols have been created. This
o ? iz will save the styles to a QML style \
G- . \
i file. \
Bxmm \

5

»  The next time this layer is added to a QGIS project these styles can be loaded clicking the Load Style
button
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DS

* Some data are best presented using a graduated symbology. E.g. population density data.
»  Select the attribute

DS

-

; hich t hade th N - Layer Froperties - ti_wards_2002_new s
dr:t? whie o shade ¢ \.\‘}'\S\Me [[ 2 L%Is [: Helds [ %, General [@ Metadata [Qﬁ Actions ['(5 Joins ‘lil

% Choose the number of [T oradined 3] ( Old symbology |
class breaks T

% Select how the classes Symbol | — W anee

should be defined. E.g. Color ramp | [\ Oranges

Equal Interval

Symbol Range Label
% Click Classify . LJ 0.0000 - 3399... 0.0000 - 8399.4332
. O 8399.4382 - 1... 8399.4382- 16798.8764
%+ Chose a color ramp to ] 16798.8764- ... 16798.6764 - 251983146
. [} 25198.3146- ... 25198.3145 - 33597.7528
shade the data N [ | 33597.7528-... 33597.7528-41997.1910

% Click OK AN

< Classify >Add class || Delete class | | Advanced = |

| Restare Nefzult Style J | Sawve Az Default | 1 nad Style .. | Save Style |
Help Apply | Cancel | oK I

Example map below
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4.2. Raster symbology

When a raster dataset is added to a QGIS project it often ¥ .1"'-.1....'.1':':.“" i T R
appears all in one color. This does not necessarily mean = s——-
there is a problem with the data. It is more likely that the ===

method of shading the data needs changing.
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DS

DS

DS

DS

Double Click on the raster dataset to bring up the Layer Properties window
Click on the Style tab

Click to Use standard deviation

Leave the number of standard de\\/la\tions as
2
Click on the Actual (slower) option in Lc\J‘ac\:I

min/max values from band N

Click Contrast enhancement to Stre\tc\h to ——
MinMax . — e
Click OK - _M.e

s e e e Ean FRaes Yo Beis Demss s

YRR N Y N & ELE RN RSN Rl SR L L. YRR T e L |

Lagmy ]
v e e esangs wss

T ol L memille) el

v o Wl s ceswes
T o Wl 1o e Lo
= [

& | rerdasey st il -

S L Lk L = o g o e s i

Note that in the Table of Contents the data are stretched from a low to a high value, using the above
method of shading it is not possible to see class breaks.

Change the style to

Colormap g v '\—'_.'_-.. :.-;.l— — ——
Click on the ol e
colormap tab = T = A

The layer properties
window opens —»

7

¢ Click to change the

. e
number of entries — - €Y~ =

(classes) to 5. el = =

Save A5 Defaei Load styie_ i save e — — —
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< Unfortunately there is only an option - = e
. e
Equal interval class breaks P
%+ Click Classify to define the classes il I
% Click Apply v e i iz [V P
i - — s i riss Mrres

- =
i =
b = aum
i A -
;'= - - P e e
' g1 gl b @ =D )
i (- 'ur.p“.' o ~=rrrEL—
b [T . S— - ol s P Mgl e [ —t
‘-__j — ] —_— —_— ' _1 Sl @ _\'.l-ul_ . [

It may be negessary to define the class breaks ually if equal interval is not suitable.

R/

% Double Click on each value and change it manually. Change the label for the map legend

-
-

il - — -
R ... N TET

e R et BN RN AN SR L AU SO L RPN T |
oy Bk MO S
TEXN LYENE | B

Lid ¥ i

< i

't b mrm———

5. Installing plugins

QGIS comes with an additional functionality in the form of ‘plugins’. They are very easy to install, provided
there is an internet connection to initially install them. Once installed they remain in the QGIS installation
and an internet connecction is not required to run them.

% From the main menu click Plugins>>Fetch Python Plugins

«» Click on the Repositories tab and tick Show all plugins, even those marked as experimental (as
there are some useful plugins or updates to plugins that are still experimental)

++ Check to see that the Official repository in your list of plugins by clicking on Repositories tab. The
URL is http://plugins.QGIS.org/plugins/plugins.xml

%+ Click on the Plugins tab

e Select the desired plugin from the list and click Install
% The plugin’s repository can also be explored from a web browser
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6. Useful plugins for spatial analysis to inform REDD+ planning and safeguards

policies

Below is a list of a few plugins that have been particularly useful so far in carrying out spatial analysis work

for REDD+ planning.

6.1. Qnote

Qnote is a great way of storing documentation about a QGIS project.

@,

% The plugin adds an additional text window to the project in which notes can typed. It provides a

method to attach metadata within the project so that it des not get lost. It is a free-text window in

which information on the following might want to be stored:

» Content of the project
Purpose

Analytical methodologies
Area of interest

Where the data came from
Who created the project

YV YV VYV VY

» Restrictions on sharing the project

Version of the project / date last edited

What the project was created for e.g. a report or publication

% This information stored within a project is extremely valuable when sharing projects as well as

providing an aid-memoire when revisiting a project at a later date

DS

* Click on Plugins>>manage python plugins

DS

» Scroll down and tick Qnote

X3

8

off by Clicking View>>Panels menu

6.2.  Group stats

The Qnote window appears at the bottom of the QGIS project. The window can be turned on and

L

Simple statistics can be calculated using the standard QGIS tools from the Vector>>Analysis Tools>>Basic

statistics or Vector>>Analysis Tools>>List Unique Values menus. However, these are not sophisticated

enough for summarizing the results of overlay analyses.

The Group Stats plugin is an advanced plugin that is
useful for creating summary statistics about a dataset
based on groups of features.

®

% Click on Plugins>>manage python plugins

K/

% Scroll down and tick Group Stats
«» Group Stats is accessed from the
Vector>>Group Stats menu

L r-|1
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6.3. SEXTANTE
The plugin is essential for undertaking analyses with QGIS. It is a powerful plugin that integrates methods
and tools from other open source software into the QGIS interface e.g. GRASS, SAGA and GDAL tools and R
scripts. It provides a wealth of analysis tools that can be accessed from a single location. Tools can be run
individually or through a GUI for processing work flows which is comparable to the ESRI ArcGIS Model
builder environment.
¢+ Click on Plugins>>manage python plugins
++ Scroll down and tick Sextante

* There is now a new tab called Analysis in the QGIS menu bar

% Some of the SEXTANTE tools that are particularly useful are the SAGA GIS tools. SAGA GIS needs to
be installed in order for QGIS to access the tools. If not already installed download and install
SAGA from http://www.saga-gis.org/en/index.html|

% Once installed SEXTANTE needs to be configured for the SAGA tools to become available. There are
some slight differences in configuration for the Windows and Xubuntu (Linux) operating systems

#» Click on Analysis from the main menu and go to SEXTANTE options and configuration

i 018 180 Lyl MAITRARE plali
Flg Pl Weew  Logmr Gettepy Phogew Weciod Tl Deiabs

Midid .~ BREFPEFPSP
Ny MW AANE @

T ET LY T

For Linux (Xubuntu) configure as below:- For Windows configure as below:-
- SEXTANTE options %] 1 SETanTE st TE]
| {aurct
S:tgg'gamﬁﬁ“““ R zafirg ™ I

» @ General EIMHP

b E| GeaServer/PostGIS 1wels | mﬁ?’il:-:-‘\-‘\-b‘\-d-:-

By GRALL commands i 5 Gereral

b Modsler o i GeoServerPoshalSs nooky

b i Modster-only tools H- o Modek

¥ [ Orfeo Toolbox (Image analysis) o 55 oy e

b ¥ QGIS geoalgorithms ) e ool [[rege wnayss]
v & Rscripts o K ORElS geaskgrihve:

v @ SAGh I

& Activate =4
& Loz console outpat

& Log execution commands
& Resampling region cellsi
& Resampling region
& Resampling region
ﬁ Resampling region
& Resampling regon i

Click to Activate SAGA Click to Activate SAGA
Specify the location of the SAGA installation

The Sextante extension forms part of the core geoprocessing in the later QGIS version 2.0.
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6.4. QMARXAN
Qmarxan is a set of simple to use tools for the creation of input files for

the Marxan Spatial planning software from within QGIS. The tools have oy
also proved useful for other analyses.

The two QMarxan tools that are particularly useful are:- = R
a) The creation of a regular grid of squares or hexagons

using the Create planning grid tool / s s

faring Uil Layer Darriwg Unitid

tensie wFisk O Presercs

|- = \b) Using the Calculate Conservation
o e ] . Values tool to generate data that
can be used to create a richness map

_ . : — e.g. species richness. This tool does
pular [ put | messcetayer | fecouput | memuenpe | coleidd [ opetor | ow,
an overlay analyses with the
planning grid and a thematic dataset
e.g. a dataset containing species
extent of occurrence polygons.

| ] KD

Calndations Lt Cuvent Progess;

Qmarxan currently only works with QGIS
1.8., although an updated plugin compatible
for QGIS 2.0 is likely to be released in 2014.

I 0% | I i | [ open Save Gome | [ R

6.5. The Clipper tool

Input file (raster) [|
R/

% The Clipper tool can be accessed from the
Raster>>Extraction>>Clipper menu. It uses
the gdal_translate utility to clip a raster to an
area of interest based on an extent or mask
layer

Output file

|| Mo data value [D

~Clipping mode —
@ Extent || Mask layer
Select the extent by drag on canvas

or change the extent coordinates

X
1
¥

| Load into canvas when finished

gdal_translate
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6.6. The Raster Calculator

The raster calculator allows you to perform mathematical operations on each cell in a raster.

E.g. multiplying values in one raster by the

[fenbanis ) Ret values in another or summing 2 raster
baccintagh@i 4 Cl-l.npurlay'e( d atasets to g eth er.
| Current yer extent |
Kmin 523 35664 20439639 . . .
== g ¢ This can be useful for converting
Columrs 2535 ¥l rows [z and manipulating your rasters.
Output format | GeoTIFF __-.
% Add result to project
Operators include:
| Do=ralors
P | = e | e— e | u==—" | p—— 0 Mathematical (+, -, *, /)
/ Ea = tn S ) 0 Trigonometric (sin, cos, tan, asin
& & o L al | + ad ek m ’ ’ 7 7
s e Jla Jls 0l es Jlme (o acos, atan)

§
|
]
!

Comparison (<, >, =, <=, >=)
Logical (AND, OR)

o

6.7. Add delimited text

The Delimited Text plugin allows a delimited Layer name |

text file to be uploaded as a layer in QGIS. -
Space

[] semicolon ] colon

Selected delimiters

% The text file must be formatted with ® Plain characters
the first line of the text file a delimited ") Regular expression
header row of field names

Start import at row
% The data must contain an X and Y field

(formatted as numeric but in any CR) @ XV ficds % field |

¢ The CRS of the XY coordinates must be O wirfield |
Decimal point

known
Sample text

***IMPORTANT NOTE*** The ‘delimited text’ data in CSV format which means the data fields are often
separated by commas. If Data within some of the fields also have commas this will case a problem with the
import. Spreadsheet software such as LibreOffice Calc distinguish between the field delimiters and the
commas within the text strings as the text strings are enclosed by “”. QGIS however does not see the “” and
will read the data incorrectly. This can be resolved by opening the data in LibreOfficeCalc and saving the CSV
file as tab-delimited rather than comma delimited.
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7. Querying data

Data can be simply queried in the following 3 steps : o
< First click on the data layer in the TOC (table of contents) to select the =
layer to query

% Click the ke identify button 3

+» Then click on the feature of interest in the map canvas to identify the wou o @
. LANGUAGE  English
feature within the selected layer LNEAGE  Tanzania Update from w

nal Parks

The Identify Results appears in a window showing the attributes for that
feature record >

Closs—

«»+ Alternatively a feature can be selected by clicking on the map canvas with the select single feature

tool a‘rlﬂ‘the\feature is highlighted

% The attribute table c\én~th~e\n be opened to see the highlighted selected feature

~

i Sl i

oL — s

DS i i H H - Query Builder x
s If only certain polygons are required in the map display, a i .
Right Click>>Query on the layer will bring up the Query ™= e
WDPAID Mg ________|
builder window to allow the user to select features for e — =
(OREG_NAME Mindu
. COUNTRY Minja
display s ioc .
DESIG_ENG Misali Island
DESIG_TYPE Mitaurure
m’;f Sample Al
= RE LY )
SR L ] oo
| = J < | > | LIKE | % [ mw || mworm
L= JiL = JiL = [ uwo= | am [ o= [| mwor |
SQLwhere clause
P “NAME" = "Mikumi
L _nep | Test Clear cnced | ok ]

- per v

s For Raster data there is NO option to open an
attribute table as QGIS does not recognise them. aaraw "S85 00 O

i

The only option for rasters is to Click on the raster
data layer in the TOC to select the layer to query,
and then click on the map with the identify button

to identify the values in the area of interest.
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8. Joining Tables

*+ Joining of Tables is simple in QGIS. First identify the datasets/tables to join. Check there is a
common field that can be used to join the tables together. The names of the join fields do not have
to be the same — just have the same content

% Open the attribute tables of the dataset to be joined to explore the fields e.g. in this example a
table containing population densities by ward needs to be joined to a shapefile of ward boundaries

- b i g 85§l B ——

** Note the names of the field to be meen D wmm e gem e e amisr  omest
. . s [ L L LTl LA
used in the join. L Sy el w0l [ovain b, W
1 FiEd  oamebhPmal WS vl CNIRT M- O
R | [T Fepearm duman s () (BT R
o . . Sy Bty Py i Wit -y Pl 18T B, -
% Close the attribute tables = =
B | o | 1 ) b P gl . .S
i Simik e Form mwows g A | i i

+«» Right Click>>Properties on the data layer to join to e.g in this example the ward boundaries

\ mammnr= = TR T
\ I e

Y Rk ok W R P VLT s AT e e Gae il
Voo e e DR B e e M S R e ST .
s am 3 -Il T4 | _.“__- .

) b
S | i
; I
| l.: I_l . ]
= o
e i e
Losrowarine || smersoeme N\ wswe. || sesve- | % In the layer properties window click on the
Help \ Ay Camel Q(t ¢ . y p p
Joins tab
% Click on the ‘+’ button to add the join = T E—— >

Agddyectorioin

++ Select the table to join e.g. 2012_pop table — l_ofn I,ay,u e J

oot SRR =t
% The target field and the join fields in this V'ﬂ — 2]

have the same name in both datasets & cach
+ Click OK e

The table has been temporarily joined onto the shapefile. To make
the join permanent, Right Click on the shapefile and click Save As...
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- N 5
- Bawn vertar layer i

*

Click Browse to save the
shapefile with a new name

++ Keep the CRS the same as the
existing layer

Fafmat  ESRIShapefls =

Sre s otaoweeds 2002 popded2nishp || Browse

Lecoding | Spsen o
Latpes CRS =
VERE L — —
WL AL I 'Im SaVE iayE a5 = .-I.
D Sourca .
Layar:

¢+ Tick to Add saved file to map
] gip:-m_:l.mulrn;d.np/
o it 0 53

% Click OK
| Jﬂm'%ﬁ// )

®

** The new dataset is

i P A

TEE S PTYTELIN NS ST | S -'—'-’jf;“ added to the map.

B TP vl

_q».n LERTELE IS lﬁd&# Click OK

«» Open the Attribute table

% See the fields from the population table at the end of the table
- Attribute table - wards_2002_popded2012 :: 0/ 2541 feature(s) selected \ - 4+ ¥
TOWN_POP  TOWN_SOURC mun_pop mun_source ung_id Total_Pop Area_km2 Pop_Densit -

0 NULL 0 NULL 1 11144 261.79 4256847091 ‘ ‘
1 NULL 0 NULL 2 20133 884.13 2277153812

2 NULL 0 NULL 3 19001 397.69 47.77842038

3 NULL 0 NULL 4 9951 291.3 34.16065911

4 NULL 0 NULL 5 8442 83.48 101.1260182

[ LYININ] n LYUNIN] A BRET 27 /5 1A0 ARRINAA L
Bl s L L L i | RJf——
(] 1 Advanced search l 1 ? l ] Close h l

+» Double Click on the saved dataset to open
the layer properties

\ %+ Click on the Joins tab to see that there are no longer

>

any joins present and therefore the population fields
have been made permanent

Sy ki i | i, e i i .
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% Click on the Fields tab

pladu, iRl FEPS .__!n_iﬂft.ﬂ-..@: et N BB
'n-H!l hhu H—Hl £

I SRR | T O

Note that all the fields joined from the CSV

2 file are type ‘string’. Some may need to be

= -——-ulu-

B —

T b — —

5 e
L.

.
.

numeric but unfortunately the field types
cannot be changed. It is necessary to add a
new field and calculate the information
across from the string field to the numeric
field.

o
*8

*

Click the
button to start editing

toggle editing

Click the Add Field Button
y ¢ Add a new field of type

| .
- Stop editing »

6 Do you want to save the changes to layer wards_2002_popded2012?

% Click Save

FERAEFREE

lc{csemthautSavmgH cancel | fave ] | .-
s l o

Decimal number (real)
% Give the field a name
% Set Width and Precision to 10

¢ Click the
button to stop editing

toggle editing

+“* Right Click on
------ the data layer
and open the
attribute table

The new ‘Empty’

field is located at

= the end of the table
"] Only update selected features
["| Create a new field .
output field name Toag -
Output field type |Whn|e number (integer) * | [PUPZD"}R’“{ o ’:‘ CI'Ck the toggle
output fieldwidth [10 |- | Precision |0 P V\ editing button to start edltlng
Function List selected Funstion Hell
Search| || Field .
TOWN_POP Double click to add fietd name Lo eXgssion sting.
TOWN_SOURC N E
Right-Click on field 1o xt 2 H
$E::E:Erce Si:l?ﬂ;“e ;;&nu;lngaﬁp?m??iE:‘N Ny Cl ICk the caICUIator
ung_id N AN
Total_Pop N \ button
Jreakmz 1 ¢ In the Field calculator
k N < | N .
PEREZER -~ - . tick the Update
I * N . . .
AT ., existing field
ssionjp. el % Choose to update
“Pop_Densit” S
SSag the new empty field
N created in previous step
Output preview: " % Double Click on the
Hel, C. | I . o .
Ltee_ | [ concel [ 2g | (string) field which

contains the data to transfer to the decimal field. This will bring it into the expression window

% Click OK
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7
% Clickthe  toggle editing button to stop editing
% Check that the attribute has been updated. It is sometimes necessary to close and reopen the
attribute table

TOWN_SOURC mun_pop murn_source ung_id Total_Pop Area_km2 Fop_Densit pop2012km2
0 NULL 0 NULL 1 11144 261.79 42.56847091 42.5684709 m
1 NULL 0 NULL 2 20133 88413 22.77153812 227715381
2 NULL 0 NULL 3 19001 397.69 47.77842038 47.7784203
3 NULL 0 NULL 4 9951 2913 34.16065911 34.1606591
4 NULL 0 NULL 5 8442 83.48 101.1260182 101126018
[ [VIRINE n [VIRINE A BARGT 27 &5 140 mﬂ__ld.ﬂ_ﬁmﬂ__ -

9. Map Layouts

Once all the layers have been symbolised a map composition can be created. However the layers appear in
the map view they will appear in the map layout so it is important to choose effective colors and symbols.
The Layers can either be renamed in the Table of Contents or later when adding the legend to the map

composition.

Note : In QGIS 1.8 Map layouts need to be in a projected coordinate system so the project projection needs
to be set accordingly before creating the map layout. The reason for this is that the scalebar does not work
correctly in a geographic CRS. This has been resolved in QGIS 2.0.

0
°

Click on the New Print Composer
button. An empty composer window
is opened

Click on the Composition tab
Choose the page size and
orientation of the map layout

O 0
XA X4
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Click the Add new map
button

Drag a box onto the map
Canvas using the mouse

R/
°e

Change the Map scale

to a more appropriate

scale for the composition

(a higher number will zoom out and
a lower number will zoom in)
¢ Click the Move item content
button to pan the map to the

desired extent

Click the Scalebar button

Then click on the map
layout to position

the scalebar

Change the scalebar
segment size (the data units

are in meters so

the size is set in meters)

Change the map units per
bar to be 1000 (to convert

. . ’ N from meters to kilometers)
Change seg}h\ents to :’;‘(Qf 5%,
so the scalebar, stars and énql§ with a black segment)

[catenar line widths
| Sealebar unit text

\ N
\ ~

Change Height to 2 and Line width\‘cQ\O.Z
Add a label to show the units of the scalebar in km

Set the font and size of the scalebar text. (For an

A4 map chose an appropriate font size of 6 or 7

(no more than 8)

Then click the General Options
Set Opacity to be at the far left
Untick Show Frame

The scale bar should look small and neat as on the map above.
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**» Next add a graticule to the map. Click on the Select/Move map items button

%+ Click on the map that was dragged layout *H P, : i
% Click on the Grid tab to expand the options | Avnatation position changed T
% Tick Show grid |
%+ Choose the interval for the grid lines (this will be a
grid in the same units as the map projection)
¢ Set the Interval X and Interval Y i
¢ Tick Draw annotation
<+ Chose Annotation position (inside or outside
depending on preference
z
™
"
EI
4 Click the Add new label button -;.
%+ Click on the map to pd§ition the label 'i:L:
% Change the Ia'|lbel text for a Title . o . i-:
¢ Change the font . \ \\ L _
% Change the alignement N o D
'-. 7

LS Ve

e g e e
AT L] g - rpen e b R e

% Click on General options
% Set Opacity to O (i.e. far left)
%+ Untick Show frame
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®,
0.0

@,
0.0

0
0.0

X3

0
0.0

R0
°

@,
0.0

Repeat the above to add a subtitle / map caption with a smaller font size
Add smaller text for data sources used on the map and map projection, creator date etc.
‘ Remember to choose appropriate fonts and sizes

§3 . —= - . 8
T ) S Sl
| St | el Bl R T Tl ) S
* -
B sl i Ll 1 v 1 DL s B T s g il
Tl el Bl = 1]

1l L= L L R L
| H-!r-ml—'ﬂ'\-l-l- '.i'lllﬂ'-!'!'rl -
WS i o g HLLEALEA Vil T TR R

P | N al
| . . I ’ IIE‘—' o
Click on one of the text boxes and hold down shift and select the second one
From the menu the text boxes can then be aligned !
i}
e e A B At P
[T
' ]

i e - Lo s L e
| by o e LA R e -
WA i T i DL Vil Tl T NP

T o

Vil g
R
Ii_i_r.- | S |

|".!".- IIE_*-_ i

e ]

A North Arrow is added as an image. Click on the Add image button
Click on symbol to add a North Arrow of choice.
Set the height and width
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——

0
0.0
7
0.0

7
°

0,
°

®,
°

R/
0.0

0.0

0
0.0

Click on General options

Set opacity to O (i.e. far left) ~__
Untick Show frame . _ S~
Adjust the size to make th\é ‘rrottjl arrow s\rﬁaHer\

click on map
composition to add to map.
Every item in the data view is
added to the legend

|||||

Click on Legend items tab
Expand the list of items
Hold down the shift key and
click on layers to be removed from legend
Click the ‘-* button to remove them
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In this example all items other than the land-use land-cover have been removed.

The legend should now look smaller and with fewer layers, depending on what has been removed.

NAFORMA land-use land-cover {LULC) map for Tanzania
This map shows Brnad Land-ase snd e lnd cover climses in Taneaniafeeckding fanekary,

SHLR MABERPL e e b b

%+ Use Ctrl-C to copy ,

a1

s e Wad T Tse Nes
B s vy Epvporat bl e (FPEL
LHERRCHE. 10,

Tl

Wz =i

WL ey e

» Click on the Select/Move button to

select the legend ,

the legend and K
Ctrl- V to paste a /
duplicate J/

B Grassland
e

Bk s
BN Bushiand
W Clisa] seceand
0 Culthaed bush land
* Cultwated woodiand

Legend I
| - T —
- e Font. —-.I
Item Forit.. J
i j_symnol-umh?_mmm L;|
ijmhoTlleighl-iMmm [ﬁ' v
| :‘?T‘.‘.‘.’:E’?ﬁ.“..ﬁ?.’.‘?ﬂ. _Lé
| Layer space 2.00 mm Lfif
i T

++ For each legend, highlight values to

remove. In the Left hand legend

remove all classes beyond Grassland.

In the right hand legend remove all

classes up to and including Grassland.

(Click the *-* button to remove)

s Click on the layername and click the
pencil button to edit or remove the layer
name text
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®

«» Change the font sizes and spacing on the legend text

0,

< Position the legend
.-~~~ onto the map canvas

0

% Export the map image for publication to a common image format such as jpeg or tif file.

Click File>>Export as Image
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Example of the final map layout :-

NAFORMA land-use land-cover (LULC) map for Tanzania

This map shows broad land-use and/or land-cover classes in Tanzania (excluding Zanzibar).

Lan-u land-cover

9 Built-up area
[ Bushiand I mangrove forest 1
[ Closed woodland B Montane and lowland forest '_
© Cultivated bushland Open land i -
Cultivated woodland | Open woodland
Forest plantation ~ Thickets
[ | Fresh water Wetland
Grains and other crops Wooded crops
I Grassland Bl Nodata
Data sources; Map projection: WGS84 / UTM Zone 365
NAF_OR—MA. 2013, 'NAFO-R.MA land-use Iand-cqver map 2010. Map prepared by Tanzanian Forest Service (TFS),
Regional boundaries: Ministry of Lands, Housing and Human UNEP-WCMC, FAO, Sokoine University of
Settlements Development. 2011. Administration Map of Agriculture (SUA) and Forestry Training Institute
Tanzania, Surveys and Mapping Division, Dar es Salaam (FTI). Date: May 2013.

Tanzania.
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10. Comparing area statistics generated from different projections

R/

%+ Change the projection of the QGIS Map View for the current project only to be geographic WGS84
(EPSG:4326)

[ SN

el e -

P et G li'*'.’.-.f:“.. Rt Te e S BB T e = e n
i IEr e e G L R o Nt R .
—

MAP VIEW OR MAP CANVAS

The projection the 'Map View' is shown in
the bottom right hand corner

[ e Ll

®

< Activate on-the-fly projecting
«» Add the following layers to the Table of Contents (TOC) (in the working session found in the
Activity_UnderstandingProjections):

e A shapefile containing a polygon of the bounding box of Tanzania e.g. clipbox.shp
e Ashapefile of global UTM Zones e.g. utm_zone_boundaries.shp
e A shapefile of Tanzania country boundary e.g. tz_boundary 2002 _wsg84.shp

Please note the screen grabs are illustrative only and the names do match the above

% Clip the global UTM boundaries i.e. utm_zone_boundaries.shp to the bounding box of Tanzania
i.e. clipbox.shp

e PR LTI AR PR B R T e

-""l A e jee Emp Sge

Add oo )]
lqh By o a
Hﬂ-‘. S T

il r o e

8 BT PR SLINUE AN, K W CRTE RSN
TN e SN sp SHiE s B IR s

=
= o I T e ikt
F Ol i ey bl e
a

0
O
3

.
J
iy
in@%‘r layer

! UTM_Zone_Boundaries

"] use only selected feztures

Ciip layer

The result should show a UTM zones map just for a box around

i ch

Tanzania. Check the dataset properties to see that it has a CRS of
EPSG:4326.

"] Use only selected feztures

Output shapefile
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Select the box for zone 35s

H = Buan tum GI5 1.8,0-Lishoa - Understandi ngProjoctions
using the select feature T
button B W R ] oo
S PR WER T PO ls

Layers

The selected zone should be

yeIIow. = & clipbox rical difference
w (w @8 1z boundary 2002 wsgB4 topologycormected
|

Go to Vector>>Geoprocessing | * — 8 umzone Soundaries
¥ 7 B tz boundary 2002elim utm
Tools>>Clip

v clip J x

Input vector layer

| tz_boundary_2002_wsg84_topologycorrected -

This time do a clip using selected feature only. Wse only selected features)

Clip the country boundary file to the box Clip layer

| utmzone_clipbox =

containing UTM zone 35

[wf Use only selected features

Tick Use only selected features

Output shapefile
Save the file as tz_boundary_clipped35_wgs84 ~ 1-2002 wsgs4 topologycorrected 3sdlipshp| | Browse |
[| 0% ] | Close | I OK |

Repeat Steps 5 and 6 for zones 36 and 37

Save the file as tz_boundary_clipped36_wgs84 and tz_boundary_clipped37_wgs84

% Right click on each of the newly created files and click save as.
Change the CRS to Selected CRS and save each dataset in their
respective projections .e.g. save tz_boundary_clipped35_wgs84
from the EPSG:4326 (WGS84) to CRS UTM Zone 35 and include

= the projection in the output name e.g. ‘name’_utmz35
> Fiuld calculator x
Layer | Only update selecled features
lsf Create a new fleld o 7 Update existing field
" sidp sttribute creation Output field name  area_km2 ]
R Output field type Etecl_malr_lumber .[m:.l!l.. _:J iy

Output fisdwidth |20 | Precision |10 |2/

®,
0.0

Function List Selected Function Help
sa‘“‘h' | Cops! QGIS can't find help for this
» Surlng function.
¥ E‘“::"y Thie hedp T fos Sarea was not found
yat [ H you would fike 1o creaig i1, coniser the QGIS
= development team.
Add a new field to each of the 3 datasets et
perimerer
(called area_km2) and calculate to equal .
$area / 1000000 operators.
S 2 Y
Expression

Sarea £ 1000000|

Dutput preview: & 5467709523453

| Cancel | ak

Help
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@,

< Manually add the three areas values together and make a note of the total area for Tanzania
based on the 3 separate UTM zones

®,

% Project the country boundary to the following projections

e  Full country shapefile tz_boundary_2002_wsg84.shp to UTM Zone 36s and name the output
shapefile tz_boundary_2002_zone36s.shp

e Full country shapefile tz_boundary 2002_wsg84.shp to lambert equal area azimuthal with
cm 34.5 and latitude of origin at -6. Name the output shapefile tz_boundary_2002_la.shp

e Add and calculate area_km2 on these 2 files

R/

< Compare the area results between the 3 examples

a) The sum of areas calculated for the data split into the 3 UTM zones and calculated in their
UTM CRS.

b) The area calculated using UTM Zone 36s for the whole country

3) The area calculated using Lambert Azimuthal projection for the whole country

Note the area calculated in Lambert Azimuthal Equal Area projection was closest to the areas summed from
the data split into the 3 UTM zones.

11. Calculating average above ground biomass by LULC type for Saatchi, Baccini
and the NAFORMA sample of Rufiju district

Prior to beginning this activity the vector and raster datasets were projected to lambert azimuthal equal
area projection (see sections on projecting vector and raster data for further details of these processes).

A LULC map with only one multipart polygon per land cover class is needed for this analysis, this was made
in the working session using the vector>>geometry tools>>singlepart to multipart.

*»* Into QGIS load the datasets to be used in the calculations i.e. Saatchi and Baccini above ground
biomass datasets, Rufiji woody biomass NAFORMA sample, the 2010 Land-use Land-cover (LULC)
shapefile and a shapefile containing a polygon bounding box of the Rufiji delta

In the working session the following files were used:
e Raster: saatchi_agb_la.tif

e Raster: bacc_la.tif

e Raster: bm_rufij_la

e Vector: lulc_merge_la_mp2.shp
e Vector: rufiji.shp

< Make sure that the data is projected in Lambert Azimuthal Equal Area, as it was agreed during the
working session that this was the best projection to use for area calculations, since it proved to give
a very close result to separately calculating area results for the three UTM zones covering Tanzania

Next Clip Saatchi to the country boundary

+»+» Use the Clip with Polygon tool in the Sextante toolbox to clip Saatchi with
tz_boundary_2002_lambert_ea_azimuth_topologycorrected.shp.
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«+» Save layer as Saatchi_agb_laclip.tif

Next calculate the difference between the above ground biomass values in the Saatchi and Baccini
datasets
++» Open the Raster Calculator, and use this to subtract Baccini from Saatchi.
Calculate the average amount of biomass per LULC type

Note: The biomass values are expressed in tonnes per hectare. The Rufiji district map is 30x30m resolution.
Saatchi is 926m resolution and Baccini is 463m.

***¥IMPORTANT NOTE***No suitable statistics tools were found in the core suite of QGIS analysis tools. An
appropriate SAGA tool was located that was accessible through the SEXTANTE toolbox but it failed to run
from within QGIS in the working session so the following steps were undertaken directly within SAGA GIS.

Load the clipped Saatchi, Baccini and NAFORMA Rufiji TIF files, all in Lambert Azimuthal projection into
SAGA

s Open SAGA
s Click on the Modules Tab. Use the Gdal: Import Raster tool to load the raster datasets into SAGA

Cosael NED S BE

o ong
-k Grd - Sphne Inierpolation f |
12 @ G -Teols Loted |
[ Grt - Visuabaston

1 Iragery - Chassification

[ R Tmagery - Fast Repion Greing Alperithni Lead

(0} Tragery - Segrentation |

& Tragery - Took | Sawe

-8l Trper t GPS Cats | Defauls

1 Impor [/ERport - DNF .

- %8 ImportfExport - ESRIEID

- Irpee 1/Expair - GDALIOGR.

- GDAL: Expert Raster
- GDAL: Expert Raster fo GedTIFE

1+
-4 rperEupert - Grids
-4 Iper {fExprt - [mages
-4 [mportExport - LAS

2 IrmportfExport - DOECOTL

-

0

+* Load the LULC and country boundary shapefiles using File>>Shape>>Load
e.g. in the working session LULC_merge_la_mp2 and
tz_boundary_2002_lambert_ea_azimuth_topologycorrected.shp.

* Click on the Data tab to see the loaded datasets

DS

DS

* To change the shading of the raster. Right click on the dataset and click on Classification>>Create

Lookup Table
R —
Wiz = wiig0k
e
Bri= Coa
WEw o,

B
o Sawn B
EiEw  Seedalimage.
=‘:‘:" Acki v Mg
= 1L Histogram
12
S on pare. Scattarplot
| LI Copy Settinge from cther Layst

Clamification

it £ J [ | Crunin Lackeap Tala

o G D [0 P | Sai Aange b= MinrmeamMasamm
acn b il Bang ta Skancland Corviatian (L5
[l =] St Aangs be Shanclard Diintion (109

«» Click on Colors then on the “...”

% Click on Count and change the number of

classes to 5
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+* Change the Classification type from Equal Intervals to Quantiles
+* Click OK, then click OK again
Make a note of the 5 quantiles classes for each dataset

** In SAGA, run the tool in Shape — Grid >> Grid statistics for polygons, using the clipped Saatchi
raster

» Click on the data tab and see a new copy of lulc_merge_la_mp2

¢+ Right click on this new copy, and save as a new version of the LULC dataset,
e.g. lulc_merge_la_mp2_saastats.shp

+* Right click on it again, and select Close. Answer yes to deleting the selection

“* Repeat this step for the Baccini and Rufiji maps as well. Remember to save each new copy of the
dataset as a new shapefile

< Now, return to QGIS and load the files created in SAGA into QGIS
(e.g. lulc_merge_la_mp2_saastats.shp, lulc_merge_la_mp2_baccstats.shp,
lulc_merge_la_mp2_NAFstats.shp)

%+ Open the attribute tables and compare the results for the different datasets. A number of fields
with different statistics have been added to the LULC map. Note the field that shows mean value
of biomass in tones per hectare per LULC type

The next steps will clip the Saatchi and Baccini datasets to Rufiji district to compare biomass values
between Baccini, Saatchi and NAFORMA for this area of interest only.

** In QGIS, clip the Saatchi, Baccini and NAFORMA rasters to cover only Rufiji district using the Clip
with Polygon tool in the Sextante toolbox e.g. Clip with rufiji_la.shp

++ Save the layers with new names e.g. saa_agb_la_clipruf.tif, bacc_agb_la_clipruf.tif, and
NAF_agb_la_clipruf.tif, respectively

Visualize the three maps in the same color ramp.

In the working session quantiles were chosen based on the Baccini dataset to determine the class breaks to
be used for all three maps. The same quantiles were necessary in order to compare the maps. The quantiles
were noted in the earlier step in SAGA (Classification>>Create Lookup Table)

X3

%

Symbolize all five raster maps using the Baccini quantile class breaks. To symbolize one of the layers
Right Click >>Layer properties

R/
0‘0

Manually create the class breaks that were identified for Baccini

7
0'0

Save the style e.g. carbon_style.gml

o2

» To symbolize the other layers Right Click >>Layer properties and Load the saved style
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12. Using IUCN Red List species data and generating species richness maps
Selecting and downloading species data from the IUCN Red List website

The IUCN Red List of Threatened Species website allows users to search for and extract tabular information
(in comma separated values (CSV) file format) on the status of threatened species. The website provides a
user friendly interface and gives the user flexibility to customize searches based on a range of criteria. Users
must register with the website to save and export customized searches.

Searching for non-spatial data

Open a web browser and go to the IUCN Red List website at http://www.iucnredlist.org/.

This search below is an EXAMPLE search for Mammals with threat status of Critically Endangered (CR) and
Endangered (EN)
a. Click on Other

Search Options

The IUCHN Red List of Threatened Species -

About  initiatives Mews P P

Eniter Fed List search tarmys| . ®

b. Click on Taxonomy

‘8 the IUEH Red List

awr Bearch Criteris

Tam ok Ao crmmra aincmd

mrdir fawirmn Ciinena

Saimrmd Tarmwary

c. Expand ANIMALIA
Expand
CHORDATA

e. Tick MAMMALIA

f. Press the arrow key

to send the selection across to

Catigors
" E¥ - Exingt
[ G

[em———— i
#1906 jnimals ony)
199 jplmts anly)

the Your Search Criteria panel

Saleciul Cadagerian

. o — LR - Griticaly Endonpared
g. Next Click on Assessment # a0 BN s
< |:: Endangerad 2 e Sabesial Yaais
h. Untick categories not required i, % F Lict~Low g - Qe
— o natin Depardant = 3
in this example leaving Qe T Mo Rit~Now Toremomd £ 217 ‘ —):
I OO - Dinta Onfcimrt T

only CR and EN. i

Annototions
I Under petitiy
d ipchiting (aider than 10

= |
Click the "Run Search™ bubon
Eeabvs b i diw dearch waing e
erileria drsployed sbow

i. Press the arrow key to send the
selection across to the Your
Search Criteria panel

j. Click Run search

This search will result in a list of species within the MAMMALIA taxonomic group that have critically
endangered or Endangered Red List status. The search will produce in a list of species and additional
attribute data, including the threat status of each of the species.
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Save the search and exporting to CSV format

e.

Tl il Link al Thimsiweod Bpecien 047 1

L= PTREEF N e FErary EEFIETY FE AT

a. Click
/ Save/Export Search
- mEeErE T e T -
Ao Ay Bk s Mailabiiid b. Click login

c. If already registered,

i o Tk "ot L

ik Feudrgered Wlabden & o 1] fill in your email

Ty me Ry

address and password

F L T [l s e [
S Emderewd Slod =

The IUCN Red List of Threatened Species™ 20111

d. If you have not yet

registered,
you need to

GABoUt Clnitiatives SNews SPhotos  cPartners G Sponsors GResuurces

Erio R Lt soarch toie) R

create an account

An account is
needed in order to
save and export

the search results.

The HEH Bud Lisi 2l Theswisees fsnsas L

ibaa i vl Ll P Faibmi L= A s

Once registered and
logged in, Click on

Bievindl bl el i
m——

Add your current

Ll T T L
s ve e By s b @ s a e b e b o e e
1w

Search

SEren D
e

Give the search a name

e w—
T LR

e.g. mam_cr_en e

Ty |
15 L 2apH
S By AALSTLEA
Catiadem . 0% D
Rkid Tl

Click add to saved searches — [~y
P

L{ Spwed Saarches

S aoaeches st permanenity sl iv yomr weer poooun. Oncy @ ek i e, you
Y EAD BT T b Ty SPRAE e S0 Sevide @ Lo FS0 o bt 0 BECRRE dnl dAad
BERCI

Click on the saved search e.g. - o

mam_cr_en \.d I'r*-‘ln-h'-Fmr.-.rg.-?-:rll

B o0 Cumanl s
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Load Search

Loading this search will replace your current search. Please save your search if you may wish
to retumn to it later.

Load this search

Permalink

To allow others to view your search results, you may copy and distribute

http:/fwww.iucnredlist.org/apps/redlist

Export Results

Your search results have been exported. Please use the links bele
your preferred format(s).

» Comma-Separated Values (CSV]

0 download the export in

Please note that the Red List data may change over time. The exported data is current as of
08 November 2011. To obtain the latest data, use the button below; your exported data will be
replaced with the most current data.

Refresh Exported Data

Delete Search

This search is saved to your saved searches as "mam_cr_en".

Delete search

| ___—i. Scroll down to Export results
j- Click on Comma-Separated
Values (CSV)

The dataset will then give a status of
Queued for export

- A0
& Qokd B depint

Sl v niend ity !

An email will be sent to you once
it has been exported. This may take

24 hours.

k. Once the email has been received, login back to the Red List website.

Saved Jaarches

Saw) moaeches i pevreneniiy lered iv yom wee aoorom. Qv 8 Engach o g, o
Ay EAD S0 ThE rda i Tar 548 cma o pevide & ok e ol B BermEE dnl RAaved

. Click on mam_cr_en

m. New users will be asked to
fill out the details in the
box below

User informatson

P agrae b rezpesct your privacy, Plaage sae prpoves oolio,

[Pleass salact 3 sachar :E
Plaase indicaba bow you mrtend be ume the axgortad IUCH Red List data

B EE JAEMrEE
el et s

ST W p——— e m e e e e
N T IO ey mgp) b e o P 0

Filst nan
Lat raime
Maikng adthass
{aptional)
—
Phare mumser
{aptional}
Country of [Floasa salect a counmry.) «
residance [re panmanant medence] =l
g a1
Albania
Hlgaria =
(Hint: On many iowsere. prese the fesi letier ol your coomiy name to
umpin the bt |
Adfiation

The first time new users export a search,

Click on Supply your
" information and fill in the requested details

Click on Submit

Click on Mam_cr_en again
/
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n. Scroll down to Export results. Note the status now indicates that the results have been exported

o. Click on Comma-Separated Values (CSV) and the zip file
will download

p. Ifthe download has placed the file in a general

- . L wd . ¥ - i
download folder move the zip file to a more suitable i T TR ——

location e.g. in a project folder

d. RenameE the zip file to export_mammals_date.zip (date T R T rap——.
being the export date) \‘1 % e
r. Right click on zip folder, extract the csv file }‘__, — P i b i g

s. Rename the csv file to export_mammals.csv

Download the IUCN Red List spatial data layers

The next steps are for downloading spatial data. It is only possible to download the whole global dataset. It
is not possible to filter by county prior to download. It is important to note that some of the spatial datasets
are very large.

a. Open aweb browser and go to the IUCN Red List website at http://www.iucnredlist.org/

Click on Resources
Click on Spatial Data
Download

Erer Rad Lisa search termisy

Scroll down on the
Spatial Data page
to the Data Links section

Data Links e. Click the links to navigate
Mammals Birds Sea Cucumbers tO each dataset
Amphibians Marine Fish Freshwater
Corals Mangroves Cone Snails
Reptiles Seagrasses .
Download the Following global datasets:
Mammals > Mammals-terrestrial
The |abls le d hapefile) for all | brok i ihi
el dte sta 5 shapefies. Th ranges e o oul oy rauping familes contaning > All Amphibians

predominantly marine and terrestrial species

The terrestrial file includes all mammals, excluding species in the families Otariidae, Phocidae

> Birds (via the link to the
and Odobenidae (i.e. all seals, sea lions and walrus), Balaenidae, Balaenopteridae,

Delphinidae, Eschrichtidae, Iniidae, Monodontidae, Neobalaenidae, Phocoenidae, B|r‘d L|fe Data Zone)
Physteridae, Platanistidae, and Ziphiidae (all whales, dolphins and porpoises), and everything
in the Order Sirenia (manatees and dugongs). The latter families are included in the Marine

(Leave Reptiles for now as assessment is not yet complete for all species)

These files are all stored in geographic coordinate system (EPSG: 4326). Be aware the files are very
large and will take some time to download.
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Format CSV file for joining to spatial data

C.

Open the export_mammals.CSV file in Gnumeric (in a basic open source equivalent to excel)

124142012

Right Click and Click Insert 1 column after the genus and species columns called ‘binomial’ (this will
become a combined Genus and species field to match with a binomial field that is present in the
spatial data)
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d. Click into the cell and move your cursor to the bottom right hand corner until it turns into a small
black cross +. Drag it down to fill the rest of the column
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e. Scroll along the column headings of the table. Some will need to be changed as GIS software such
as QGIS will not accept them. Change the ones listed below in red

OLD Field Name New Field Name
Species ID = Species_ID
Kingdom = Kingdom
Phylum = Phylum
Class = Class
Order = Order
Family = Family
Genus = Genus
Species = Species
Binomial = Binomial
Authority = Authority
Infraspecific rank = Inf_rank
Infraspecific name = Inf_name
Infraspecific authority = inf_auth
Stock/subpopulation = stk_subpop
Synonyms = Synonyms
Common names (Eng) = com_eng
Common names (Fre) = com_fre
Common names (Spa) = com_spa
Red List status = rl_status
Red List criteria = rl_criteria
Red List criteria version = rl_version
Year assessed = year_ass
Population trend = poptrend
Petitioned B Petitioned

f. Click File>>Save as and save the file as e.g. Mam_TZ.csv and close Gnumeric

Page | 53



Using open-source GIS for spatial analysis to inform REDD+ planning and safeguards policies

Clip IUCN spatial data to area of interest and check geometries for errors

a. Open QGIS
b. Loadin athe IUCN species CSV file formatted in the previous section i.e. MAm_TZ.CSV using the
Add vector layer button (change the format in the bottom right hand corner from shapefile to CSV
to see CSV files)
c. Loadin a vector boundary file covering the area of interest e.g. Country boundaries again using
the Add vector layer button
Load in a vector boundary file of the IUCN species e.g. iucn_mammals_global.shp
Run a cleaning process on the IUCN
data as it is a complex dataset and
shapefiles are not topological datasets,

meaning that there may be errors which i L®

-

[

seman i L o v v ST — &

. . e e
can cause problems in an analysis. [
b L]
[ ] -
Give the cleaned output AT T 43 TR T

dotasetaname  ——————

o Lpys e Wy ok oy g

g e by
f. Check for geometry errors in cleaned ey -
IUCN dataset and the country W TR e

boundaries shapefile

o e wE m———

g. From the vector menu click Geometry
Tools>>Check/geometry validity

B omimas g el i 58

[ p—
B B e ey e

ERTRTIEESS
FFENY FEE
—

h. In this example the country
boundaries file reported 0

[ Ty — e errors \
1
T s e i T T p——
i = — .
— R T T
- Check geometry validity X e

Input Vector Layer

iucn mam vclean bpolshp

(] Use only selected faatures
Geometry errors
leature Crror(s)

24049 segments 51 and 55 of line 0 intersect at 23.9465760823, 9.6028929646

segments 52 and 55 of line 0 intersect at 33.9465760823, -9.6928929616

24048 '\ Geometry has 2 errors S a1
ine 0 Mmoo e i
24050 ents 51 and 55 of line 0 intersert at 33.9465760873, -9.AA7RI29646 =

24050 segments 52 and 55 of line 0 intersect at 33.9465760823, -0.6028929646 —
< B ‘ PSS S S .
24050 has 2 errors.

___—i. BUTInthe cleaned IUCN data

4 .
Total encuntered errors [o | there are some errors to fix even
Press Ctri+L to copy results to the clj ird .

™ after the cleaning
P P P o P é F P P P Close

j- Note the Feature Ids that contain errors. These refer to the record id’s of the polygons in the
spatial dataset
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k. To help locate the errors Right Click on the IUCN cleaned dataset and Open Attribute Table
|

= - 4+ ¥

1] - i i - ”Z‘GUS TUCHN {Ini

1 1 38 Balaenoptera... 1 1 2008 IUCN (Int

2 1 38 Balaenoptera... 1 1 2008 IUCN (Int

ST [/ = 48] Jookfor | in | 2l|_search |

[ Show selected only [ | S&3 ected only [ se*nsiﬁve iAdvanmd search | \ ? | | Close \

Click on the Togngditing k&x\nto start editing

I
m. Then click on the Calculator button
n. Inthe calculator window = R %
tick to Create a new field
Qyeate a new field [ Update existing field
- |
o. Call the field recno /"ﬂﬁm!:wmlrr;umhwﬂm?gﬂﬂ s leat =
Output field width -L: Precision |0 v
p' Leave type as WhOIe number Function List Selected Function Help
. Saarch| 1 ehic
| this
(integer) » Operators
‘ P Math
g. Expand Record and ‘Double e ons
Click on $id to send it into thN b Geometry developmentteam.
expression box
r. Click OK
]
s. Click the Toggle Editing button 2=~
to stop editing Exp¥sion
Sid
Output preview:
Help Canicel
| === —mmm e m m m e m e m e — === =
: It is now pq55|ble to identify the errors that were listed in the error report. |
I This tutor;él will not describe the editing process but a few tips are below |
1 S o
. - I
I - \qgributeuhle-ium,mam,v:lean,bpol =1/ 36806 feature(s) selected - + X
cat - OBJECTID \BINOMIAL PRESENCE ORIGIN SEASONAL COMPILER YEAR CITATION I
|
26741 Hippopoiam... I
| |
! f '
@@@@@@@Gl@ﬁﬁlr Look for [24050 win recno ? Search I
I g’shmse\gdednnly "] Search selected only [ Case sensitive B " Ravanced search | | ? Il close | [ I
I . . cie S Vew layer Sewngs Puging  Veuier Fater Dambase  Anals  delp
: It is probably easier to select out « IEEETT———— o - i I
R,
individual error polygons, save them as a / = = I
i
I new shapefile and delete them from the¢ I
1
I main layer. Then fix the single polygdn I
1
I and copy and paste it back into the m’ain I
I layer. / \\ |
- _ N
: t. Once editing has finished make sure 4 I
I Toggle Editing is stopped and Check TR I
I Geometry again I
e o o o o e e e e e EE EE S e I I I I B DN IS D B B B e e .
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u. Clip the cleaned IUCN dataset using the area of interest boundary dataset

F i e e e g

Al R
LRI NEE
iepee

b Clip »

Input vector layer

T, e TH
bl e ety i
= & W x oy

]

I iucn_mammals_global = ‘

[ use only selected features

Clip layer

I tz_country.shp = ‘

> ["1 Use orly selected features

Output shapefile

Project data to an equal area projection

In order to generate a dataset of hexagons with a specific area, the data need to be in a CRS which has units
of meters. The CRS EPSG:4326 has units of decimal degrees, therefore the data need to be projected from

geographic EPSG:4326 into a different CRS. In the following example Lambert-azimuthal-equal-area
projection is used.

a. To project the data Right Click on the country boundaries dataset and Click Save as...
Choose Selected CRS and click Browse to select the output CRS e.g. in this example

| ’ .
K . . . . .
Lambert/-azimuthal-equal-area projection is chosen -
1 ’ .
1 i .
1 4 /,
1 4 <
e L Vew e Semlws  Plggd vechr fester Daigee  Addjse el e
= S = 7 - = Z, - gt
Jadd. RREOROE LR Z AN EE v s EIME U an G @
i A : i o - 7 Caerdinate Mater tam Sulncier xR @
SN R AATE 0 Ry - mammbn ® -
i | Swact o 0 [BHreCa SYEI 0T A VN N, TG SIE PIFTS Wil D2 Tnssormed )
¥omm the lryer cocedinale refprence sysiem
, = ceniqure
L’
.
: il
Fater | jrithre
slset for cleaningt..
il ¢ i jpes Layers
Coordinar feference Spriem Autharity 10 Tor layers
WGS B4 [ UTH PREIITIE % geoalgarithms)
R, 2 1L B pia
sty i) = = inds (140 geoalgori..
ioatgorthms
Lot smri ithirs (36 gecalgs .
calgrrkihms]
" the world | vide dapincapd cRs | MEonthms]
Eoorfinay Rufarund Srsmm Anturitg 10 I
Laye Zandery [ UM mne 71N ST
v & User Pefined Coovdinate Sytems
* Generated CAS {+praj=la 4 SER 100001
s S LI D ¥
e
. ~lat D=5 +lap_D=345 +4_0=0 sy 0=l +alips=WWIEEEL *towgsad=0,00,0 003
| ol [en ] R SO e
] -
| e Gancel | (& SDK
T Conrod renduning audar T
Tooages g stnie of g ¥ @ Cooniinaie 27 69,402 fenle (1758004 | v 59 of Remier fEscm @ %

c. Right Click on the projected dataset and Click Set Project pelssm=
CRS from layer to change the projection of the map canva
from Geographic to Lambert -Azimuthal-Equal-Area. Right
Click on the final cleaned IUCN species dataset and Click
Save as...

Fr piil Yea fape Cjeiing  Puges  Yedp  Fane Dty

Llladd. — REAPPREEx

S AR AABA CLE
e

-
= i it

LA S
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Save vector layer as... x

d. Save the layer with Project CRS which was set to Lambert-

dataset will be saved in the same CRS as the Project.

e. Remove the Geographic versions of the datasets from the QGIS

project to reduce confusion

There should now be 3 files in the project :-

["] Skip attribute creation

Formatted species threat categories CSV file (e.g. Mam_Tz.csv)

e s T i b Area of interest shapefile in projected CRS (e.g. TZAcountry_la.shp)
@\ | cnca | e 1| Cleaned species shapfile in projected CRS (e.g. Mam_vclean_bpol_la.shp)

Join CSV to spatial data and create subset of the data based on Red List category

The next step is to join the threat status onto the final cleaned IUCN species layer and select only species of

the selected threat categories (CR and EN)

a.

b.
c.

d.

Right click on the species layer (e.g. e pr———
Mam_vclean_bpol_la.shp) and click

Properties
Click on the joins tab
Then click ‘+

> Add vector join x

Join layer h rl. mammals 2
/ T fizld Binomial =

Make the join layer the formatted species Tareth | BINOMIAL B
threat categories CSV file (e.g. Mam_Tz.csv) ™ Cache join laver in virtual memery
Set the join fields to be Binomial (this field is present in C:eateattrih.ute index on join field
both datasets and contain the species and genus | Cancel | L oK. ]

information)

Because the data are managed together by IUCN then there is a perfect match between species names
(binomial) in both tables.

The join will appear in the join window. Open the attribute table of the cleaned IUCN species
layer and check the join has worked correctly. There should be a threat category near the end
of the table (this is a temporary join)

Close the attribute table
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Quary Bulbder x

h. Right Click on IUCN species layer and z N
. mam iz sl clip
click Query Fetds valies
stk o e
| Synanyms |EN
. . | com_eng U
i. Create a query to select out just those it
species which are of status CR or EN P
. . . oyl
j. Click OK to close the window  Priizeed [ campe ||
DOperators
L = Jd L L = JL FOE J;. a J L i JL "*OTI.N-J
| e | |- | e[| awp ||  or. || woT
‘sﬂmm
|“tl_status” = "CR OR " stanis™ = £
k. Now save the dataset (with its join = Lt JLogen | ooen o)
and query set) to a new dataset O —
L . . . Save as Qg i) | Browse
I. Saveitin the projection of the project. W’
m. Save it with a new name e.g. Mam_RL_ENCR_la.shp ‘@ |
CRS

n. Tick Add saved files to map

a
il

i cancel Cose fi ok i

(Use the v. Dissolve GRASS tool in the Sextante toolbox
NOT the one from vector>>geoprocessing tools dissolve)

|WGS 84 || Browse |

OGR creation options

Data source

Layer

] Skip attribute creation
“ saved emmap

| Haln I
Heln

Dissolve data based on binomial
field to remove any duplicate
features

Generate a dataset of hexagons or squares using the Qmarxan plugin

a. Fetch the latest QMarxan plugin from the
QGIS tool repository and activate it from the

Plugins>>Manage Pluginsmenu

- QGIS Plugin Manager

Elter  [qma

To enable 7 disable a plugin, dlick its checkbox or description

Qmarxan (version 1.3.1)

[wf Creatz grid, calculate grid values, export Marxan input layers, import results.
Requires ftanl
Installed in Vector menu/toclbar

Plugin Diredtory: sust/lib/qgis/plugins

Select All H Clear All H Cancel { 0K
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b. From the Plugins menu click Qmarxan>>Create Planning Grid

- Quantum G615 1.8.0-lishea - ucn_richness

File.  Edit Wiew Layer Settings H Vector Raster Database Analysis  Help

SR e Y JEERES | e LR Z AN o~ ~EIA
SN C‘. & i BB ryinon console '_a (;L ':_}v L5 .C'{ q Q_ Q i Q - L,Ju -ﬁ
Layers .

Systems Updater

v & 1§ 1z country.shp
. - .
v 7| I8 tza poundary dissolve Multipart splic

Muftigml

| = Mam_TZ

c. Select the projected Area of interest file e.g. tz_country la.shp and click Update extents

from layer
Set unit areale.g. 1000000 for 1km hexagons
e. Tick Limit crepte of grid/by intersection with layer

-

- Side Length Check 4

@ Planning grid side length will 620 map units. Proceed?

/ No | Yes

y interdection with laver

(® UnitArea () SideLength

Planning Unit Shape
g P
xagons ) Squares

= - = . P o P I
ApProximate NUMDer of units will be: | T4ouuuy |

Output shapefile bt Generate Vector arid b
r I 1
Vmed\a;‘Dataliucnfpu_hexs_Ia.shp | | Browse N .
=3 Created output shapshila
M 0% ! ——— = ew .t -
] il I 1 =""\ I =" 1 [ Ir—a—-i| fmeaia/uatasiucn/pu_nexs_la.snp

T T T E T I (T s o P
LERM LER L | IS . A -.'_"!_:_‘!'-l..'
S - —
L' Click Yes to both windows
-
§ '
: < Zoom in to check the hexagons
L
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Generate species richness using the Qmarxan plugin

a. The next step is to use the planning units file to generate a count of number of threatened
species in each planning unit hexagon

b. From the Plugins menu click
Qmarxan>>Create Conservation Values w

Csmisr BH {1 Laima i nrbe=—
R |l- e U]

.ﬂ_.ﬂ‘iﬂ.“lﬂ a

The Calculate Planning Grid
Conservation Factor Values
window opens

Click New

F
5
=]
i
i
g

a. Select the Planning Unit Layer generated in the previous step
Select the Plat';ning L'Jnit Id (this is unique ID for each hexagon in the planning units dataset
upon which flhe sum’maries will be made)
Set On mtersectlon assign value to Single field

Set the Om mterseétlon use the following value to Measure (count, Iength area)

Set the Qn m'ultlple operatlons use to Count

Oin inier folo vale
Wit 1d — -7

& Mezsre ount, lergth, area)

Flanni

Measure x Feld

Select Feld for Calciation

l sk

on multiple interssctions use ’

Line ® Arca ,
Sum Mean Mz /’ Min ‘ ® Count ’
’

’ T —

’
Select Qutput Figld Mame Erter Mew Measuiféld Mamez

Mudiipe Fields | —create e~z | | mam

mcasure type calc_ficld

Gihwcphiwen_m.. - single MEASUFE eount mam)

/Click Save
: o] | Click Run
/////

(X ]
Calniztions List: Lirrent Process: A/

] 0% | 7 pe Open Save [ [ ] [ wim
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Check any errors located in the error log and spot-check for quality control

e e :
reazure_layer: G:'-.1u:n'-.1u:n_tar_'.':'lear'_l:lpl:l'l_l-:- s'l'p *
Fiald_output: singla

ERARUrE_TypPe; measure

calcularfon fluld:

{operator; count
OUTRUT_Nafka ! Bae

a) Inthe Planning Units folder
open the error log generated by the
previous step

rossibla errors ware detecoad wich:

pu_layer; seasure_layer; =l For each of the planning units listed manually

check the results of the features listed

Exawination of the below Py 1-!%IEF Feature= iz necesszary
sparially colncident feacures in seasura layer say ba Tha
cauze of the error

b) Right Click on the Planning Unit Layer
and open the attribute table

c) Select the PU and zoom to it in the map
canvas

d) Click on the IUCN species layer in the table of contents | =
ife B E
B SHem bngle Fesbune

around the hexagon (PU) to select features within the IUCN dataset | suee rustues by Bectarais

corresponding to that hexagon —

e) Then Click on the Select Features by Polygon tool and draw a polygon

Laigrk Feaivran By Preaband

et Featurss iy Radias

f)  The number selected should match with the count in the ‘mam’ field in the Planning Unit Layer.
Check again by drawing the polygon around the hexagon and if necessary alter the value in the
‘mam’ field to match the number selected

g) Repeat for the other planning units listed in the error log

The dataset can now be shaded in graduated shading according to the count of the number of species.

13. Using NAFORMA data to create a map of tree species richness at the
inventory locations

The objective of this exercise is to understand how to map the NAFORMA data to create a map of points
showing tree species richness at the inventory locations. The NAFORMA database consists of a number of
CSV (comma separated value) text files which contain the information collected in the National Forest
inventory. The NAFORMA data are recorded by inventory plot, where each plot belongs to a cluster. There
are a maximum of 10 plots per cluster, organized in an L-shape. The NAFORMA data contain latitude and
longitude locations of the inventory plots expressed in UTM zones, and as the country spans three different
zones (UTM zone 35s in the west, 36s in the central part of Tanzania and 37s covering the eastern part)
when mapping the NAFORMA data it is important to import the data correctly in each zone.

This tutorial demonstrates one method for correctly importing the tree data from the NAFORMA inventory
into QGIS (an open source geographic information system). If all the data were imported in a projection of
only one of the UTM zones, the clusters that are located in the other zones would get a distorted location
because they would have the wrong zone projection. The tutorial also helps users gain an understanding of
the structure of the NAFORMA data and covers how to present the data at the cluster level through
generation of mean coordinates for the clusters and how to run an analysis to create a map by cluster
showing the average tree species richness in NAFORMA plots.
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TECHNICAL SUMMARY OF PROCESS

This tutorial uses two files from the NAFORMA inventory: a) the plot.csv which contains the x y location and
UTM zone information for each plot and the cluster the plot belongs to and b) the tree.csv text file which
contains a record of all trees measured in the NAFORMA inventory, the tree species and which plots they
were measured in.

The tree.csv contains information about the trees recorded at each plot, where every row represents one
tree. The x y location of the plot is also recorded in this file. Plots which do not contain any trees are
excluded from the tree.csv file. The tree and plot files can be linked together by a combination of the plot id
and cluster id. Other information is stored within these files but for now these are the important
information to note.

Overview of the workflow ;
I *¥*¥* | MPORTANT** *

I
Add the tree data to QGIS Import the 3 csv files so that | As each file is imported QGIS will
and split the data into 3

they can be displayed as | ask which CRS the data are in so
separate csv files, one for > points i.e. using the ‘Add ) choose the correct coordinate

each of the CRS UTM Zones Delimited Text Layer’ plugin

I system for the each dataset i.e.
: 355, 365, and 37s.

. Install the sextante l L
Use the same script to b P
toolbox and run a script i
calculate the number of tree el " bp Create mean xy coordinates
L to calculate the number
species in each cluster for each cluster so that the

of plots in each cluster NAFORMA data can be

mapped at the cluster level
_____ rather than for each plot

I ***IMPORTANT*** : : At this stage, we have v
I 11) a csv file that contains the mean | ' Now we want to add the
I Do some manual check s to . | ddl D .

, tree species values and cluster IDs I mean tree species values to

: verify that the script has

| performed correctly. i

Then do a temporary join with the @

Add a field for the csv file containing the mean Add a field for the
number of plots in the  { species values and calculate the [ number of species in the
clusters values from the “UNIQ_COUNT” clusters

: I 2) a point dataset that contains the : : the point file containing the
I : !
|

| cluster locations and IDs mean cluster locations

field into the new field

1

Symbolize the data using

Then do a temporary Add a field for the mean number graduated colours for
join with the csv files of species in the cluster and mean number of species
containing the number calculate the cluster mean (total in the cluster and

of plots and calculated number of species in a cluster :> graduated size for mean
the values from the divided by the number of plots) number of trees in the
“UNIQ_COUNT” field cluster
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The following document is a step by step tutorial to produce a map of points showing tree species richness

at each of the NAFORMA cluster points. In the following steps the NAFORMA plot dataset will be imported
into QGIS and mean coordinates will be created for each cluster.

1. First there are a few changes to be made to the setting in the QGIS interface

+» Open QGIS to change some default settings. Click on Settings>>Options.
In the options window Click on the CRS tab

|| Seiecta. |

I ealars

Click Prompt for CRS when loading layers with no CRS defined.

This m¢ans that QGIS will never assume it knows the CRS of data and will ask the user what projection that
data gre in. It stops QGIS from adding data incorrectly.

Click Enable ‘on-the-fly’ reprojection by default
Without this set, data in different projections cannot be displayed on top of each other.

Click OK to close the Options window.

2. Activate some additional geoprocessing tools which are not automatically installed with QGIS. From the main
menu click Plugins >>Manage plugins

_:, . - ﬂi‘q,r- miray

T me G R W W Bl R
“WH‘“

n""ﬂ" :..“..m

[ — - — N ] ]

The QGIS plugin manager window will appear. Scroll down until you see SEXTANTE. Put a tick next to
SEXTANTE. Click OK to close.
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(If the sextante tool is not visible it means that it needs to be fetched from the plugin repository. From the
main menu pick “Plugins >>Fetch Python Plugins”. Then re-do step 24)

f= T L P T ok [ =401
He  hin e el netmms shiged o maee oms pek

I rEdd- B FE PP R TR P
Bad™ Ny FANM & " -. L
ﬂﬂﬂ&%ﬂ!ﬂ."?xhhu, I'-{}ﬁm.-e...-

There is now a new tab called
Analysis in the QGIS menu bar

Sextante is a geoprocessing platform running from within the QGIS interface, that enables QGIS users to
access additional geoprocessing capabilities from other Open Source GIS software.

+ Some of the SEXTANTE tools that are particularly useful use the SAGA GIS software. SAGA GIS
needs to be installed in order for QGIS to access the tools. If not already installed download and
install SAGA from http://www.saga-gis.org/en/index.html

+*» Once installed SEXTANTE needs to be configured for the SAGA tools to become available. There are
some slight differences in configuration for the Windows and Xubuntu (Linux) operating systems

®

«* Click on Analysis from the main menu and go to SEXTANTE options and configuration

S i S0 1A Lyl - WAITRRE phili
Plg Pl Weew  Lager Geiiegpy Phogew Weciod T Dela b

LA dd . o ARRPERRP
-t AR AADNE "o -
AR A DD

For Linux (Xubuntu) conflgure as below:- For Windows configure as below:-

& Log console putput
Q LLog executinn commands
& Resampling regon cellsi
& Resampling region max
& Resampling region
& Resampling region myj

Click to Activate SAGA

s nin: : s onbons == T
5:“;%@3&6&_._._. e .uum | ok |
o EERERRCRES E caeen
» El GeoServer/PosiGIS inols i mﬁ?‘i-:-:---a-t-

B GRASS commands - i serersl )
b o Modeler o B Genseiver PenES tooky
P W Modsler-only tools H- ol Mot
» [ Orfeo Toolbox (Image analysis) Fadsbsonly ook
» 4 QGIS geoalgorithms iy Tnolbrs [T skl
v & Rserips | IS geaskgnthrer
v @ saGa
& Activate 4

Click to Activate SAGA
Specify the location of the SAGA installation
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3. Now data can be added into the QGIS and be prepared for the analysis

% Click ﬁ

*

to Add vector layer. Change the file type to ESRI shapefile and browse to the folder

containing the Tanzania country boundary file ‘Tanzania_crty.shp’

b Add vector layer

Source type

s File Directory O se

Encoding | UTF-R

Open an OGR Supportec Vactor Layer + x

media | HD-PCU2 || REDD_SafeguzrdsWorkingSessions | A SpatialData D;laiAdmini

& Recentiy Used || Mew Districts_TZ_SMD

03/2172013

Source

[ user

Dataset |

Help

(In the working session this shapefile is
located on the USB sticks in
Data/Admin/Tanzania_ctry.shp)

@,

Y/
0‘0

%+ Click on Tanzania_ctry.shp
Click Open

J3 Music

Ll openmicrodata 03/04/2012

tz-riversshp

The NAFORMA ‘plot’ data are in CSV format which means the data fields are separated by commas. Data
within some of the fields also have commas. Spreadsheet software such as LibreOffice Calc distinguishes
between the field delimiters and the commas within the text strings as the text strings are enclosed by
“’ QGIS however does not see the “” and will read the data incorrectly. This can be resolved by opening
the data in LibreOfficeCalc and saving the CSV file as tab-delimited rather than comma delimited.

4. Open plot.csv in a LibreOffice Calc (an open source equivalent to MicroSoft Excel). Keep the default
import settings

B PEleE

g BeiLil gl ETeR]

e ey
il il

A o ledl B

e ——
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% From the main menu Click File>>Save As and save as plot_tabdelimited.csv

plotesy - Libreffice Calc

1 1
B cisinc oo suoplor e sty Mpys e sty dete. menth time sy e day time. sisy_ st e how time shuly sezt time

HEE

RREEEEERSS

P R 1
d

CCCINNUNNNNNNNUUUUUUUUUU

u

e oo B w
d

P ey P PRy R PR PRy PR PP PP

e e 6 6 699 9 )

AERRRREREBRRRRRERRE

Q

%+ Tick Edit filter setting
% Click Save

~7 Confirm Format ®

% Click Use Text CSV Format

++ Change Field delimiter to {Tab}
% Click OK

/

% Close LibreOffice Calc

"] Quote all text cells

M Fixad column width

5. Return to the QGIS project

L B il L ]

FREP S RBPIA DS Srs A e

AR A TANE I ® e TH-AER LRI

< Add vector layer -~ a5 e . - 1,., el ﬂ '3.*.‘“.:*4 e T et -
% Browse to the folder e =] ] [ erimn e moe [

7 I e ey
P s,

0, wrin =i AULEL

containing the file

% Change file type to Comma :.::?,':.. :i" :".'.’..." i
Separated Value (OGR) and il st ches S

L EER N T I T ORI T
- L

Click on
plot_tabdelimited.csv

TR
ruopan LT EN T
& iinay e ST R ET

++ Click Open. Then Click
Open again

- - = =
[ T ene————
[ [ FiFa] LT s Y — [ ]
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The QGIS TOC (Table of Contents) now
contains ‘plot_tabdelimited’ and
Tanzania_ctry’

g Note: layers do not display the file endings e.g.
g .Shp or .csv. Hover over layer name to see the
full path, filename and file extension. The plot
data do not display on the map because the
data have been added to QGIS as a table.

Save the project. From the main menu Click File>>Save Project as... and navigate to the folder into
which to project will be saved.
(In the working session save in the folder called Activity ExploringNAFORMAPIotsAsPoints)

e L - = =]
Laid - Judia Plajia Wk i ek Owakdd' ik ‘
e

. EEE g o g e LY '-_,i'*:'.ﬂ.-
pIRLy e - e TE-TN = P
AhdoC el . Lt

Become familiar with the plot_tabdelimited layer by opening the attribute table. Right click >>Open
attribute table

The number of rows in the NAFORMA plots dataset (29226) is listed here. In this case there is one record
(row) per inventory plot.

2 Attribute table - plot tabdelimited ::0 7 29226 feature(s) selected - + X
cluster_id & ster_region  cluster_district no subplot ie_study_date_y :_study_date_m« 1e_study_date_c itudy_start_time udy_sta -

o 3 1 2012 3 30 10 2 | |
1 154112 1 V< > 3 2 2012 3 30 10 52 1
2 154_112 1 NN 3 f 2012 3 30 1 2

3 154_112 1 3 S~ 4/ 2012 3 30 1 9

4 154112 1 3 ?‘\ - 2012 3 30 1 20

5 154_112 1 3 6 S~o 2012 3 30 1 30

6 134112 1 3 / 7 S~o 2012 3 30 n 43

7 154112 1 3 / 8 = S2012 3 30 1 50

3 154112 1 3 / 9 20127 ~ o 3 30 12 1

9 154112 1 3 / 10 2012 BRI 30 12 9

10 156_115 1 3 / 1 2012 3 S~ |28 1 6

1 156_115 1 3 / 2 2012 3 B~ _ 11 17

EEY ASE 115 2 2 ELEE] 2 e s\\ 11 & L

=<

DER0NEEEAD G E e | piseery
"] Show selected only [~ Search/felected only [ Case sensitive Imjvan(ed search I 1 ? I 1 Close r S~

Note that every rovu/v this table represents one plot. Each plot is identified by a number ’Cll}ster_id' and a

plot number ‘No’.
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Scroll to the right and look at the field names. Note that there are 3 fields containing the location
information of the plots. The location_srs_id field contains the CRS that the X Y location coordinates were

taken in and these are stored in the location_x and location_y fields.

forest

zlope value siopa u

location_srs_1d &

W

w

iy

I |

percent

o
o

Wi

(SR SRR FE R

location_x

location_y re_dir_value centre dir_unit  centre dist

IR I )

Wy

it

1L L | L
e | o

HEIEIEEGE EEEEEE

ol el u
ale o] a

2

|
3| R
n |
hooa
2| e

.
1

Note that Tanzania covers 3 UTM Zones. Scroll down the table and see that three different UTM zones are
present in the data, EPSG:21035, EPSG:21036, and EPSG:21037.

R/
0’0

Close the attribute table by clicking on the cross in the top right hand corner.

8. The next step will be to create three separate CSV files containing the plots locations in each of the

three UTM zones.

Click on the plot_tabdelimited layer to select it and from the main menu bar Click Layer >> Query. This will

bring up a new window called Search Query

Query Builder X

plot_tabdelimited

Builder

Filter the records so only rows with UTM Zone
35 are visible i.e. location_srs_id =
‘EPSG:21035’.

(To make the ‘SQL where clause’ type it or

double click on the location_srs_id in the
fields list. Single click on the “=" sign in
operators list and double click on the value to

Help

Fields

Values

village
farest
slope_value
slope_unit

EPSG:21036
EP5G:21037

5QL where clause

location_x
location_y
centre_dir_value
centre_dir_unit
centre_dist
centre_desc
land use

Sample ‘ ‘ All

Operators

> I LIKE ) % )| IN || NOTIN |

ILIKE ‘ ‘ AND ‘ | OR ‘ | NOT ‘

"location_srs_id" = 'EP5G:21035"

D W

Y,

select)
al ™
- e meme Bl wr
L LIV RneESUIL -
ke E——
c—. Tha wihnern claiien rontiiem o 340 eoanfel
S I WIS T LIGUDT F TLUANNicwu £-su IUI'!'J.}
Ol il
| ¥ ]
T SE—
T
——
—
| OK |
. B—|

» Click Test to check the syntax of the query.
It will return the number of rows if the syntax
Is correct

< Click OK
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Open the attribute table of the ‘plot_tabdelimited’ layer and see that there are only rows in UTM Zone 35
(EPSG:21035). Close the attribute table by clicking the cross in the right hand corner.

9. Save the ‘plot_tabdelimited’ layer to a new CSV file for the filtered records only i.e. in this case saving
only those records in Zone 35 (EPSG:21035).

+* Right Click on the plot layer and Click Save as... . Ignore the layer CRS in this instance as we are just
saving the file as a CSV (text file) which is not able to store the CRS information

7/

—— * Choose to save the file as a
Comma Separated Value (CSV)

\ Click Browse and a Save layer as

window will appear -

«» Do NOT tick the Add saved file

@ / map option

Skip auribute creaton

to

Cancei I oK

+» Navigate to the folder to save the data in and save as plot_35s.csv
++ Click Save and OK to finish

(In the working session save in the folder called Activity ExploringNAFORMAPIotsAsPoints)

10. Repeat steps 9 — 10 for zones 36 and then again for 37, creating two more CSV files called plot_36s
and plot_37s respectively.

he Query Buiider ®

Fee vates 11. Remove the query set on the
Sl ‘plot_tabdelimited’ layer:

EFSGIZ1037

Click on plot_tabdelimited to select it. From the main
menu bar Click Layer >> Query to bring up the Search

Sample an Query builder
LIKE % IN NOT IN
= |1 IukE AND OR LT

"location_srs_id™ = "EPSG:21035"

Help Test Cancel | 0K

R/

% Click Clear and then click OK

The new CSV files are unfortunately now comma delimited as QGIS does not save the data as TAB
delimited so it is necessary to open the three new CSV files in LibreOffice and save them again.
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12. Open LibreOffice Calc and open the plot35s.csv with the default settings

% From the main menu Click File>>Save As

TaTEL —
i IR and save as plot_35s_tabdelimited.csv
Jl;' - & - i save + x
‘— - - . -
e (Create Folder
f=aar Rt - W,
T i -
ErEmn g 1 - Sze  Modised
g T
e weaam [
| :
i ;
o R .
HE 7 o
. a
gkx ]
i
Al Formats
—— - -

I — CES a0
%+ Tick Edit filter setting

- Confirm File Format x ¢ Click Save
= — . .
‘v?j C@NNOoT DE Saved in the currenty seieck e /‘0. CIICk Use Text CSV Format
sy
Use the default ODF e furmal to be sure that thedaTument
is saved correctly.
v Export Text File X
g s = Field options m‘
Character set Unicode (UTF-8) = ——
% Change FM@ /rﬂ' Cancel
{Tab} Text delimiter " [+] Help

Save rell contant as shown
| Save cellformulas instead of calculated values
o .
e
% Click OK | Quate all textcells

[ Fixed column width

13. Repeat Step 13 for plot35s.csv and plot35s.csv
14. Once all 3 files have been saved as tab delimited close LibreOffice Calc
15. Return to the QGIS project

***To summarize, the NAFORMA plot data have been added to QGIS and filtered by UTM Zone. The data
have been split into three new CSV files so that each CSV file contains only plot records for their
respective UTM zone***

Now that the data are saved in separate files for each UTM Zone and are tab delimited they can be added
to the QGIS project BUT this time the data can be added and presented spatially (not just as a table) by
using a tool which tells QGIS which fields contain the x and y location information and what CRS the
coordinates are stored in.
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®,

%+ Click Plugins >> Manage plugins. Check the box next to the plugin called Add delimited text
layer. Click Olj

— "

Hle Edit View Layer Settings NEV-Igl ‘Vector Raster Database
BT Y e
s B

Layers & =)

oordinate Capture

C
Can[ure mouse coordinates in dlfferent CRS
Inetallad in Vartar manu/tanlha

OpenLayers plugin
Qmarxan

Shapefile encoding Fixer
Table

Note: if this plugin is not visible first go to ‘Fetch Python plugins’ and tick to install the ‘Add Delimited Text
Layer’ plugin (an internet connection is required for this step).

@,

% The cyan Add delimited Text button is added to the menu bar. This plugin allows QGIS to
display the CSV file spatially

Quantum GIS 1.8 Click on the Add delimited Text button
'sis  Database  Help Click Browse to navigate to the folder containing

n plot_35s_tabdelimited.csv . Click on the CSV file.
? ol R # \

* Create a Layer from a Delimited Text F”X x

. w -
R = - A
Q'_’ Q ':1:-\’ Q.' Q Q File Name bRMAPIotsA:Pmnts.fplot_ﬁs_tabdEllmned.cs.r] Browse...

Layer name [ plot_35s_tabdelimited ]

@,

>

®
0’0

[w' Tab [ pace

() Selected daljgi
| Comma | | Semicolon | | Colon
() Plain charactars [L\:] |

T Regular expression

% Select delimiters and Tab.

o . . . . Start import at row [o 2
%+ Set x field to location_x and in y field to

n

Iocatlon—y ® XY fizlds )(Vfip< !nraﬁnn_x + | ¥field | locarion_y 2 -

) WKT fied | -
(QGIS will try to guess the x y fields so make sure
. Dedmal point [ l
correct fields are set)
sample text
i s i o e i
|MLFE oL X il . cluster_id cluster_region  cluster_district no
RN L K S R |
1 1187 16 3 1 A

i Help cancel | UK

I
I:-..-h.l....-:m-.-- i -::_:: +» Click OK
< o > . ' The “Coordinate Reference System Selector” window

Cumsdeyn rebnpen ypaeey o by

“
| “Z"!H:’J"Hl.lq!ﬂ"
N ]

Wumssams opens asking what CRS (projection) the data are stored in.

RN B LT o 2O

«* Click on WGS 84 / UTM zone 35s for the
e o ey plot_35s_tabdelimited layer

e e e PRIT-T 1 EES T S | U s g /’:' C“Ck OK

| Faip (] 2%
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QGIS has to be told what projection the data are in because the data are coming from a CSV text file and
text files do not store this information in format QGIS can read.

***¥*IMPORTANT*** If the “Coordinate Reference System Selector” window did not appear when adding the
data, right click on the added layer e.g. plot_35s_layer and Click “Set Layer CRS”. The CRS window will
then open and the CRS can be selected as in the step above. This will only happen if Step 2 was missed
where the QGIS project options were set.

16. Repeat step 18 for plot_36s_tabdelimited.csv and plot_37s_tabdelimited.csv. Be careful to select the
correct UTM zone when asked to specify the CRS.

+* Right Click on Tanzania_ctry and Zoom to Layer Extent

The QGIS map window should now display the Tanzania country boundary and plot_35s_tabdelimited,
plot_36s_tabdelimited and plot_37s_tabdelimited as mapped points. It should look similar to the map

below.

s | &)

&
i
(1]
| | | (SR

T Contrel rendesing o-der

45.85,-9.97 Stale [LUWIss v (3 M Renter EPSG4320 &3
= ]

17. Check for any errors (e.g. points falling beyond the country boundary). Right Click on each of the plot
layers and Click Zoom to Layer Extent. Do not try to fix the errors at this stage.

Before any errors can be fixed the CSV file needs to be converted to a global CRS such as WGS84

“EPSG:4326” as QGIS cannot select or identify the points falling outside of the UTM zone.

«+ At this stage the layers plot_35s_layer, ?
plot_36s_layer and plot_37s_layer are still
CSV files which are simply being displayed
spatially in QGIS projected on-the-fly to

EPSG:4326 (the CRS of the project) "

Scale 9224404 | v | (3 o Render EPseadzs @ A |
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The next step is to save the CSV layers as spatial data (e.g. in shapefile format). So that the data can be

stored spatially in a single file the data need to be projected from their individual UTM projections into
EPSG:4326

In QGIS projecting is done from the File>>Save Layer as menu.

2 S = 18. Right click on each of the plot layers, and save them as shape
rorlQgisharetie Y D ;] files, naming them plot_35s_4326, plot_36s_4326 and
Saveas IRMAPIOISASPOINTS/pioe 355 4326 | Biowse | p|ot_37s_4326 respective|y

«*» Change to save as Selected CRS

UGR Creation oplions

= \ % Click Browse and change to WGS84 EPSG:4326

Laver

So instead of saving as a shapefile with the current Layer CRS (i.e.
UTM Zones35, 36 or 37) the shapefiles will all be projected to the
same projection (EPSG:4326).

%+ Each time Tick Add saved file to map

Now that the data are in a spatial format (i.e. shapefiles) and are in the same CRS they can be merged
together into a single shapefile. The 3 shapefiles have the same structure (i.e. identical fields) so the
‘SAGA Merge tool in the Sextante Toolbox’ can be used to merge the shapefiles into a single shapefile.

19. Click on the Analysis>>SEXTANTE toolbox to open the geoprocessing toolbox

Quumtum GiE LAD-Lishaa - MAFIRMA piaty
File  Edit o Wes o Lagel  Seclings  Ploges  Weoar fester | Garabace [ ERETRCE

Ny Py RO @O st W P
e8GR WA LS =0

Layers @
¥ i i plot37a 4328

T oud 51 plon 38s 4328

¥ [ G plol ¥Ss 4328
*

The Sextante toolbox will appear.
Dock it in the right hand side of the = S e e e e e e
QGIS interface. oy .

WA

e e T 1 e al &
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20. In the Sextante Toolbox type ‘merge’ to help locate

tools that could be used for merging the datasets

®
0.0

The errors can now be identified in the
‘plots_all_4326.shp’ dataset

\ ‘ merge ’
¥ Recently used algorithms

SEXTANTE Toolbox 2®

Click here to configure
additional algorithm providers

& Create equivalent numerical field
‘w v.dissolve - Dissolves boundaries between adjacent areas s...
& Clip Grid with Polygon
& Reclassify Grid Values
# Union
) & Merge Shapes Layers
| v #% GDAL/OGR [15 geoalgorithms]
¥ [GDAL] Miscellaneous
i _z Merge
| v ¥ QGIS geoalgorithms [56 geoalgorithms]
¥ Vector general tools
i & Merge vector layers
v @ SAGA [244 geoalgorithms]
| ¥ Grid - Tools
@ Merge raster layers

v Shapes - Tools

NOTE: If plots fall outside the Tanzania country boundary it may be possible to fix them. It is an obvious

error if, for example, the x y locations are entered in the wrong way round. Otherwise the problem records

should be deleted. Keep a record of any amendments or deletions.

Click on the layer containing the errors in the TOC and use the identify tool to identify those points outside
the country boundary. Write down the ‘plot_no’ and’ cluster_id’ of the problem records. Remove the CSV
file from your QGIS project and open it in LibreOffice Calc. Go to each of records containing the location
errors and either correct the locations (if known) or delete the records from the table. Document any
corrections/deletions made and save the file with a new name, e.g. if you have made changes to
tree_35s.csv give it a new name such as tree_35s_correct.csv. Go back to your QGIS project and repeat

step 15, this time adding the corrected file tree_35s_correct.csv.

21. Right Click on plot_all_4326 and open the attribute table

) CLUE\TER_“I“ NO . SUBFLOT TﬁE_’TL’i‘:‘t‘. "'IME_‘TU_\“ TME_:I'U_Z-' T'ME_'_IHU_FJ‘"‘ TIME_!-!
J =1 1A FAVIN] [ h) 1£ | |
1 3 2 A 201 1 7 13 1
2 3 3 A 2011 11 7 13
: 2 oA = - 5
2 3 10 A . e . 15
10 2 10 A i - 12
1 2 9 A e I ardd 12
' B o mhummmmunﬂ "
2 = P T H e LY | = |[SEm e =
| Showsalected anly || Soarf selected only  F Casesensitve daaiie
= Mg i
wafn |10 = T rra et v A
= o Lmraerd | 2 baomon e e miresl e
hinlem, {0 FRlE R e —
. ere M
%+ Click on the toggle editing button ¥ e i v ——
to start editing smili =
s Add a new field called lat_dd with the following settings Tl "
. . . el ]
«» Add a new field called lon_dd with the same settings e
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¢ Click the Save button and then click the = [ onlvusdate selected features
"] Create a new field [» Update existing fieid
calculator button o ,
< In the field calculator window Tick ' = G5 ) :l
update existing field : :
Selected Function Help
¢ Select lon_dd (as the field to calculate) Dopsi GGIS can't find help for this
% Expand Geometry
<+ Double click $x to bring it down into mgm
the In the expressions box e
¢ Click OK
+*» Repeat for Lat_dd but this time Douk]e
[ P T |
N
[ Cancal | m
[= Fealé calmutator x:

Cranta anew sk wnisting field See that the attribute table now
Cutpue bl duid e has two columns populated with
Cuipin el s | Wiy s nimge) b = longitude - latitude coordinates in
SIS LIV I s T decimal degrees,
iicn el Ty = AW NS el e % Click the Save button

wat HNL1E)

ot i S S b e to save the edits

m;n M e B e i O % Add another field called

oo i clusplot and make it
|F—————— type ‘text’ l

L

¥ Fadds and Yalies

Cpwruzany, : :
56360 R SR LS 1 RN
By

| oo | BRcRNig
= S ¢ Click the Field
i o e el ] i calculator button and calculate the field
I:_. - - S HCLUSTER_ID" II II_II II IlNolI
3':“;1:.. : prommt s s i
[ =
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|
- :
- Tl HE
- (LT b
i = LT HAl
i - [LE ;T
1 L] (LL1] al
1 L] Al il

e lid . § . F
oA L Tk L ST T
ol 1 L
e R T P
o A ET ] AR 64
e e H1 R PN ARG T
o L FM AT e R T a
e A E R LU T R
ale
LI
o e T 3 -

%+ Click the toggle editing button to stop and save edits

The dataset now has a unique ID (clusplot) that will be used to join the new lon_dd and lat_dd fields onto

the tree data.

The next step is to create mean coordinates from the plot data for each cluster so that average values
can be mapped at the cluster level. Remember that the NAFORMA inventory data have up to 10 plots in

each cluster.

22. Remove all layers from the QGIS
project except the ‘Tanzania_ctry’
and the ‘plot_all_4326’ layers.

% From the main menu Click / .

Vector >> Analysis tools >>
Mean coordinates

e — TN A

Fowiwes snaasa

LA

g Mean coordinates

Input vector layer

| plot_all_4326

R/
0.0

R/
0.0

R/
0.0

Weight field
| (Optional) Weight field

R/
0.0

Unique ID field

/

| CLUSTER_ID

Output shapefile

IAFORMAPIGISASPDints.'clustermean_aII_4326,5hp l | Browse |

-

U 0% I

Close |

+* Click Yes to add the new layer to the TOC

Set plot_all_4326 as Input vector layer
Leave Weight field as it is
Set Unique ID field as cluster_id

Set Output shape file to
clustermean_all_4326.shp

Click OK
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The next stage is to format and add the tree.csv data to the QGIS project. To save time processing the
tree data three time for the three UTM Zones, the plot data that has just been prepared will be used to
add latitude longitude coordinates in decimal degrees (geographic coordinate system EPSG: 4326) to the
tree csv file so that it can added spatially to QGIS as one file.

23. Open the tree.csv file in Libre Office Calc using the default Comma delimited and text delimeter
options

«+» Add 3 extra columns at the end of the file. Clusplot, lon_dd and lat_dd
% Populate lat_dd and lon_dd with the number 0

M D Vs Peia Sl DR Did IRk F 4
& = = T ¥ ]
I U TR R e -
] e (] l |
arl s SAE——— Ly T L F
- - A I i e I - Lo . et L
E p— . | ¥ LAt = o ] - i1 |
Ll Ty o ¥ = i
1 AT
% Pl g
-;__ B e ]y
T | " o G ue
a2 LoTIIEn ]
; .l' L = e e iv "
3 : g g
.I [[Fe= R ECF= T
T P e b 0 Y
[1]
LBl [T
A
§ -
- v
-} | JSpmdar  Benid barendd ol
D Sl A claaas e lay clcerer diziriet sshecke Bevalfewm srs
=1 3 TR i EFLE
R ] i T
] (o] LT ERES: 206
i ol (Lo ] ERLL- 0480
'5‘,. o et EFia
- i ek wPES
.:.:_ el v ey
o |
madlk

p P 1 4 i

24. Save the File as

Link

L] e | paioleera e
L e liks & P g | e | ey '.'H'_“-_

s fare o __ w e TR RN . o £ .
e e T % Tick edit filter settings

a1 ] L et g ¢ e et BT ST I ) . . .

Disemsiyine | e oy 10K +* Name it tree_tabdelimited.csv

e badani s Riisl R
I b it PR ERCAEH ENTLAT
il i EELEE I LE0 . BaF s

0 FLFLH o dmhd el Tl LM W o .

o
LETIE L, Fu AL e 1.0 vl id CIICk Save
: o .

Mg fo i % Click Use Text CSV Format
Lo | e g rima a4 o v EWTITT
Lo T Y Py i refrra spgd TG ekt 4 [+ i
L ey |+ RFEETa gL W 1T il " EEE DN
o TR - BEER EFEIAS

e i pir e reiat - Confirm File Format »
- [} ER AT This docufnent may contain formarting or content that

JOaTen S 5 A v cannot besaved in the currently selected file format "Text

; i $EWN ERR csv,
-ClL PR L T Use the dEfault ODF file format to be sure that the document
T — Use ODFFormat

L L

o Eli i

. S (of &skwhen notsaving in ODFformat
o T |
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% Change Field delimiter to {Tab} - Export Text File “
tions = . N
Character sei piagde (UTF-8) = k‘“}
Etldkimis -
Text delinite [+] Help
(s Save cell content as shown
. "] save cellformulas instead of calculated values
% Click OK
7] Quute all text ells
"] Tixed column width
25. Return to QGIS
i . E —
*» Using the Add delimited text button '
. ) I
add the tree_tabdelimited.csv file to Fie Name  [NAFORMA_20130304/Bph/tres_tsbdelmited3.coy]  Brawse...
the QGIS project e N— . '
. name | tree_tabdelimi
< Setthe XY fields at lon_dd and lat_dd -
Selected del e L
i ] ecte: imiters
At this stage remember the values are all 0 so %] Comma G Tikn
the points will all be mapped at 0,0 et eracias (02 ]
Regular expression
% Chose the CRS EPSG:4326
Start import at row € a = >
® XY filds ¥ field | lon_dd v | Yfield lat_dd 3
VKT field | [~
Dedmal paint
Sample text
Coordinate Refersnice Syste Authority T [=] : g :
’Eln;rr::d CHSI:;TDj:sinT-v-IorLﬂ:Dﬂ... USER100007 ‘L i _I ghusplt gt ghistr mgon ghacterobc
* Genersted CRS (+proj=| #leat O==6 +1.. USERA0000Z
~ Genereted CRS - rojclaes +lot Db o], USER100003 B 1 154112 1 3
: [ip] | 2 154 112 1 3
Coordinate reference systens of the workd _| Hide deprecated CRSs 14 I
:-"CDDF(ﬁﬂa‘tE Reference System Authority T IE
Woirol 1873 (Paiis) EPS5G:4521
- WSS 66 EPSG:ATHD i
WG572 EP5G:4322 -
e “ PSGA32 —
| spraj=iangiat +elps: ! +no_defe a 0,00 .hl' Eﬂl‘tlﬂ.‘tﬁ'lﬂﬂﬂu - ._"‘"_'-1_
= — Famssl £ Supshe =
Sramm | p_tea Brorvos
N Encoding S -
Liwier TR =
]
I. 14 Brovam
CHGA. YRR O e
% Click OK
[Lats somwce
+» Right Click on the added point visualization
of tree_tabdelimited.csv and save as tmp_tree.shp
Ly
This step is necessary as a join is not possible to a CSV
file, even if it is added to QGIS as delimited text. Ok b
M dek] end e oy s
< Tick Add saved file to map
| m Cared vian
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®,

% Then toggle editing on and calculate the
clusplot field:

"cluster_id" || '_' || "plot_no"

++» Toggle editing off and save edits

F=ird

Drebie ook 12 o0k el ruries i
AR T

RigHLCICE B0 Bedd aar B ogen. (o
oriEa Fenn sl sukes adng

nnresy

26. Next create a small subset of the plot data which
only has three fields (this will make the join with
the tree data easier and less confusing)

%+ Right Click on plot_all_4326.shp and save as a
new shapefile plot_locations_4326.shp and add to

map.
| Asribute table - plot|
++ Click on plot_locations_4326.shp and delete all fields oniddl lat_dd Eilaple

keeping only clusplot lon_dd and lat_dd o 208121425 -49341106 |11 871
1 29812733 -4.9318517 |11 87 2
2 298127235 -4.9295027 |11 87 3
3 29.812714 -4.9273338 |11 87 4
Now join the plot_locations_4326 onto tree_tmp.shp 1 29.5127045 -4.9250749 |11 87 5
5 29.8149472 -4.9228065 |11 87 6

«» Rightclick on tree_tmp and click Properties @ @

%+ Click on the join tab and click ‘+’ to add a join R T "
|| shaw Y | Sear: e y & Case sensitive

T T T
—

tekt | [THrein | S cmcein | QD vetnasn | 9l aciors | oo ii.lr

(] =
[T — J—— Targek tild \ |
& Add vectorjoin
Join layer ;i;:t__iuﬁhons_"r-‘.’rzﬁ |v i
Join field ' dusplot |~
Target field clusplat Ed
[ Cache join layer in virtual memory
(% Create attribute index on join figld
ok || cancel
Raziors Dafait Sty
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«+» Right Click on tree_tmp.shp and Save As... tree_tmp2.shp
% Tick to add new dataset to map Fovsr L) s .
¢ Open the attribute table and notice that because the lon_dd e ] Brc |
. . « . Bl ] -
and lat_dd fields were present in both the original datasets, o =
Ly -
the information from the join fields has moved across into e N T
the lon_dd and lat_dd fields o v,
B marked
o 3 LA st
| FALZE I
3 | FALSE g
3 | FALZE ML
| FaLSE R HLLL
=l FALE R ML o
5 | FALEE R L
T | FALSE [ ML
E | FALE FRET R T 11433 FaALL| L e Sy iy
o | FALSE TAEITH 2T (W NEF] hauLl ML e
ﬂl:l. FALSE TAETH -ZATMME s ] RILL) HLL =
el FALSE FERT vy BT FTRER AL WL = e -
:Il. FALSE RIGETH STATMMEA (ef RILILL| HILLL
13' FALSE T A65TE -2 L 433 HILLL HLLL
1'1' FALSE RIETH STATMMEA (" ] RILLL Ml_‘ |" L
|05 (B[RS B[]S 9 12| 53| B oetrer Ll =] | Bearth
Shaa sslected anly Saschmiscied oy N Cawoersifres S seprch k) Choss

¢ Unfortunately it has also left 2 empty fields lon_dd_1 and lat_dd_1 field which have to be deleted
manually
¢ Close the attribute table

27. The data in the dataset will still be displaying at 0,0 lon lat as all that has been changed are
information in the attribute table. The dataset have to be saved back to CSV format in order to create
a shapefile with the new lon lat information.

_r 'h.l--":.ur#r ")
-

Sl b | L TR A dindn

¢ Save the dataset as a new temporary CSV file\

As QGIS only saves as comma delimited and these data have
commas within fields, as well as being used to separate the fields
it is necessary to open and save the data in LibreOffice Calc before
using the Add delimited Text button, otherwise the data will be
incorrectly imported.

[ R -
Lym RS Ll

Stw oy
28. Open the tree_tmp3.csv file in Libre Office calc
+» Open LibreOffice Calc and open the tree_tmp3.csv s
with the default settings
** From the main menu Click File>>Save As and save as -l e

‘tree_withlonlat_dd_tabdelimited.csv e sad b

e Tick Edit filter setting

T st o
% Click Save
% Click Use Text CSV Format E Export Text File x
Field options _———_—
o3 Change Field delimiter to Character set |Unicodz (UT .} =] [9,
{Tab} Field delimiter / Iv] | Goncel |
Text delimiter [ | v | | Help |

[»f Save cell contentas shown

% Click OK ["] Save cell formulas instead of calculated values
| | Quote all text cells
"1 Fixed column width
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29. Return to QGIS. Add the new CSV file with Add 7 E'ﬂlﬂﬂme@

Delimited Text
Fim Piarm 11X1 30480 1 A - bwr-
Lo Fee s _vaEdariai_dd _iabdebrmied
% Check the points, they should all fall
correctly within Tanzania in the same ool |
locations as the plot_locations_4326.shp
%+ Right Click on the dataset and save as Flegaly sqrass
tree_all_4326.shp L
Shart irmpari sk row a =3
If the points and attribute table are all correct then the & vasds x el ad wl e =
temporary files can be removed from the QGIS project T Pl .
and deleted. Dol okl
b test
| ek EE I Y TS
11 (1S T 154t 1 E] L
{E i brdin 154 LLE 1 E =
14 6l
o Cancel Wl

30. The next stage in this exercise is to analyze the tree data to the QGIS project and generate summary
statistics of the tree data at the cluster level. The aim is to visualize mean tree density and mean tree
species richness for each cluster.

g 7 : ;|
% Add the corrected species name J Add vector join e . @lg
treename_corrections7.csv into QGIS —— B )
% Join on the corrected species names to Join layer treename_corrections? | -
tree_all_4326.shp Join fisld SPE_5C [=
++ Save the dataset as tree_all_4326j.shp to make = -
it a permanent join Target field ispedes_sc el

¥ Cache join layer in virtual memory

[] Ereate attribute index on join field

/— e E Cancel

| Click here to configure
4 _- s e e . _itiﬂﬂﬂi T D e Gl

1

I ISearch_.. /

B Recently used algorithms
P g GDAL/OGR [15 geoalgofithms]
B = GeoServer/PostGIS togls [B geoalgorithms]
By GRASS commands [140 geoalgorithms]
B o Modeler [0 geoalgorithms]
B 7 QGIs geoalgorithms/[56 geoalgorithms]

¥ [Example scripts]

& create tiling from vector layer
& Hex grid from layer bounds
L

31. In the SEXTANTE toolbox Click on Scripts and
expand Example Scripts

SEXTANTE Toolbox

You will see a script called Number of unique
values in classes. This is the script we will

use to calculate the mean tree density

and mean tree species richness for the cluster

B save selected features
o] e T R e ——
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Running a script works in the same way as other QGIS tools.

7

+* Double Click on the script
called Number of unique values in
classes

We will run this for the tree species
point data tree_all_4326j’ and for
each cluster_id summarise the

number of species that are present
in the cluster

DS

* So the input dataset is tree_all_4326j.shp i
» The class field (or summary field) is cluster_id
And the Value field (i.e. the field containing the data'tp summarise) is the cleaned species name

(species_na) as we want to use it to count the number bf\different tree species in a particular
cluster N

% Give the output file a name “tree_4326_speciescount_incluster.shp”

DS

X3

S

This output is automatically added to your QGIS project.

32. Right click on 4326_speciescount_incluster.shp and open the attribute table. The table show a unique
list of species in each cluster as well as which species they are and how many there are in the cluster.

! T o 1 S T M e - N R
| o —— i - il il il Ledf o gy Fing ik sanp @ | vy iy iy b 1
e ek Py
E=—="1T%

Lt

Iein merrera
ST LT
TR

OESCER R —

N Dokl | e ety i (i st |srtraweb | 1 | o |

«»* Try selecting one cluster 17_178 and check to see if the number in the UNIQ_COUNT is the same as
the number of species listed for that cluster

hd Attribute table - total_no_of spec in_cluster.esv::6 /1276 - + X ]
origin stump_diam stump_di_1 stump_heig stump_he_1 total_heig total_he_1 bole_heigh bole_hei_1 remarks marked UNIQ_COUNT

12.00000... 15.00000... 3.500000...
1.500000...
1.500000...
4.000000...

RESOAEEE R DE E E ok i |
mD Search selected only [ Case sensitive IAdvanuedseard\H ? H Close I

% Then click the unselect all button before closing the table
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33. Calculate the total number of plots in a cluster

®
0.0

Repeat the above process (steps 31 and 32) but this time summarize by cluster_id on the plot_no
field

34. In the Cluster mean dataset, calculate the number of tree species per plot

Next, 2 new empty fields are added to the attribute table, into which the total number of species and total

number of plots per cluster will be transferred. They will be calculated from the 2 shapefile files containing

the unique counts created in the previous few steps.

X3

A

R/
’0

)

X3

8

X3

S

X3

S

3

8

R/
0’0

Open the attribute table of clustermean_all_4326.shp

Click on the toggle editing mode button to turn editing on

Click on the new column button

Add a new column as below: no_plots (whole number (integer) width 10)

Add a second column no_species (whole number (integer) width 10)

Then press the toggle editing mode button again to stop editing and save edits
So now we have 2 new empty fields in clustermean_all_4326.shp.

35. To populate the no_plots field do a temporary join from the clustermean_all_4326.shp with the
4326_plotscount_incluster.shp

% Click on the join tab and then on the ‘+’ button to add a join by cluster_id
< The join layer (i.e. the table you want to join to the mean cluster points) s
4326_plotcount_incluster.shp

DS

» The field you are going to use to do the join is cluster_id

The cluster id field in the field in the clustermean_all_4326.shp dataset is UID

Click OK and the temporary join will be made

Right Click on clustermean_all_4326.shp and open the attribute table

You will see that at the beginning of the table are the 2 new columns we added containing

5

8

X3

S

X3

8

5

8

NULL (empty) values.

MEAN_X MEAN_Y uID no_plots = no_species
{0 [806860.2325..] 9399826.976...[10_98 ' NULL| NULL|
T 812350 9499668.888...|11 78 NULL | NULL |
2  B12679.2877..| 9455123.265...|11 87 ' NULL | NULL |
3 812386.1538... 9435170|11_91 NULL | NULL |
4 812016.6355.. 9409725.794...11_86 ' NULL| NULL |
5 | 817740| 9480050 | 12_82 NULL| NULL|
6 821102.7272...| 9339417.575...[13_110 ' NULL | NULL |
7  822531.0047..) 9459810.476...13 86 NULL| NULL|
a 0731723332 | as20813390 (12 on T (NI
Q| Q‘ |§| g &l &i |i| il Vel (= 2] |5 ook for |
| Show selected only [ | Search selected only [ o=

R/
0’0

DS

DS

The last field in the table shows UNIQ_COUNT (i.e. the no of plots in a cluster from the join file

4326 _plotcount_incluster.shp )
7 822531.9047...| 9459810.476... 13_86

=] Q71773 233D L DAZN01T 377 L B B T4 ]

dlle] 33

Click the toggle edit mode button
Click on the calculator button which
has becomes active m=llE =l s @)
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®

% Click on Update existing field = Bttt

[| Only update selacted features

=

@,

% Pick field no_plots —_—
< From the function list double click on UNIQ_COUNT | feidicne] :

~ lnoplats

v/ Update existing fieid

o lwhole

0

% The expression will then be populated here

% Click OK

% The number of plots is now populated with the
contents of the UNIQ_COUNT field

_neig
total_he_1 saimpie vaiie io
bole_heigh

b Attribute table - tree_35s_points_clustermean = 0 / 25 f¢
b X M Uio no_piots = no_spedies cluster_ie cluster_di
0 | 806860.2325...| 9399826.976...| 10 98 7 NULL|16 3
H 213350 0400668 282 2 18 2
2 7 g H 3
3 9435170 11_91 3 3 i
4 .| 8409725.794...[11 95 2 1 ] S PR R | LY PR
5 5 16 3
6 B821102.7272..| 93354175 ] 6 NULL| 16 3
7 B22531.9047...| 9459810.476... 13_86 5 NULL|16 3
= 0991723995 | na2me12999 13 on ) Wi e )
=l el 1N eI N G AN o NI RPN o= B N P
e ) ) I (R () U (B = 1) () esker |
| show selecied only | Search seiecied only i Case sensimive
i ! —
| Help | | Cancel | oK |
o . eps eps
%+ Click the toggle editing button to stop editing
-
Tt
-
| I
F —— [ | F T I
Ldrlieel | 2dif ]

+ Click Save
+* Close the table
% Right Click on clustermean_all_4326.shp and click on the join tab

(]
«» Remove the current join by highlighting and clicking on the remove join buttonj_.
** The join is now removed

¢ Click Close

MEAN_X =2 MEAN_Y uID no_plots no_species

0 | 806860.2325...| 9399826.976...| 10_98 7 NULL

1 812350 9499668.888.../11_78 3 NULL

2 B12679.3877...| 9455123.265...|11_87 8 NULL

3 B12386.1538... 9435170 11_91 3 NULL

4 812016.6355... 9409725.794.../11_96 8 NULL

5 817740 9480050 12_82 5 NULL

6 B21102.7272...| 9338417.575.../13_110 6 NULL

7  822531.9047.. 9459810.476...|13_86 5 NULL

8  B22173.3333...| 9439812.222.../13_90 3 NULL |
8 523 R_) & el C] (& & wokfor | |in meanx  =|[ search
"] Show selected only || Search selected only [wf Case sensitive IMvanced search‘ I ? Close ‘

«» Open the attribute table clustermean_all_4326.shp and see that the no_plots field now has values
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36. Repeat step 35 for the total number of species in a cluster

At the end of this step the attribute table of clustermean_all_4326.shp should look similar to the below

MEAN X = MEAN_Y uip no_plots no_species
U_I 806800.2325...] 939982G.976... 10_38 T 12
T 812350 0409668.888... 1178 3 2
2  B12679.3877.. 9455123.265.. 1187 8 19
3 812386.1538... 9435170 1191 3 3]
4 B812016.6355...| 9409725.794...| 11_396 8 29
5 817740 0480050 12 32 5 8
6 821102.7272..| 9338417.575... /13110 6 é
7 822531.9047.. 9459810.476... 13 26 5 10
B 822173.3333.. | 9436812.222...(13 30 3 8

D@0 B E e 0 E ] ek =

(] Show selected only [ | Search selected only 4 Casesensitive | Advancedsearch || 2 ||

[in | Mean x

Close l

37. Now add another field to the attribute table of clustermean_all_4326.shp and calculate the mean
number of species

¢ Click the toggle editing mode button so that you are in editing mode

¢ Click the calculator button to create and calculate the mean values as below:

Iwf Create a new fieid 1| Updat isting fieid

Output fie'd type J Lecimal number (real) ;‘{ MEAN_X =i

I B String

i b Geometry

| » Record

| ¥ Fields anc Values il

MEAN_X 1 1

PAEAN_Y i i
Il
Bl

Daouble click to add field name to expression string

Right-Click on field name to open cortext menu
sampie vaiue ioading opiions.

***IMPORTANT NOTE*** There is a bug in QGIS 1.8 and instead of the expression in the screen grab, the
numbers need to have the words ‘toreal’ wrapped around them. Otherwise decimal places will not be
kept in the calculation. Type the following:-

toreal ( "no_species" ) / toreal ( "no_plots")
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38. Symbolize for each cluster the mean number of tree species in the cluster using a graduated color
ramp
¢ Right click on using clustermean_all_4326.shp and click on the style tab
+* Choose graduated color
% The column you want to shade on is mean_spec field

Example map: Average tree species richness in NAFORMA plots

The map shows the average (mean) species richness per plot for each cluster in the NAFORMA inventory.

U Bt Wl oy e e WG A LT A Tona 105

Mrteral barert: RAPORMA, 20T, MAFTARS lsad e f laed-cover klap 3010, g prepeled by Taszian Foreil Senvice (T FS) UNEP WO,

Trive prcws rbiwson. WA OO JTTED S0 D8 A basghyridid iy JTILA FACL, Sobpinw Linkenin o Ay IRLRAY
‘Srmrasiy bretiarie (V1) Sve: My TIET

(Note: Cartographic design and layout of the map is covered in the Map Layouts section of this report).
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