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Forest Inventory Unit
UNEP United Nations Environmental Programme
USGS United States Geological Survey
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1 INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

1.1 Obijectives of the project

The purpose of the Integrated Assessment of Mozzantforests (AIFM) project is the assessment and
monitoring of the extent, state and changes of Mumean forests and wooded lands in a timely and
accurate manner. AIFM will be sufficiently flexibteat the implementing agen©jreccédo Nacional de
Florestas e Fauna BravidDNFFB) can integrate the inventory design intéstixg forest resources
inventories (e.g., Sofala, Cabo Delgado, Zambenth lahambane), planned management plans and
other environmental studies carried out by natiaral international institutions in the country. Fou
major interventions and their outputs are brieflylined below.

1. Assessment of the National forest resources

» Assessment of the current status and the predéicfablre development of the Country’s forest
and woodland resources.

» Explanation of the kind, type and degree of chathgé have occurred in land cover and forest
resources in different areas, their foreseen camsenes, and the measures to be taken to mitigate
negative impacts of current forest and pastureangegto improve the living conditions of the local
population.

» Description of the main environmental componenteciihg the current state of forest resources
and their interactions in order to address uselictsfand regulate future development of the
forestry and wildlife sector.

» A preliminary assessment of the role of the fomstthe livelihood of local populations (fuel
wood, NTFPs, shifting cultivation).

» Improvement of the DNFFB/UIF technical and openadiocapacity to carry out and supervise
resources assessment and monitoring activities, folgest inventories and management plans,
analyse and provide reliable information on staus changes of National forest resources.

2. Assessment of the Manica and Maputo Provinciabfest resources
» Setting of the environment for collection and asa@yof baseline information within the
framework of the national inventorying procedures.

» Establishment of the regional inventory field aitiiés at appropriate intensity in order to test the
compatibility of the proposed national methodolagyhe Province level.

3. Wildlife assessment in the Chimanimani ReservéAanica)
» Planning and execution of surveys and investigatiom wildlife conditions in the Chimanimani
reserve.

* Assessment of the feasibility of integrating caiéet wildlife information into the proposed
Mozambican forests inventory system.

4. Forest resources assessment of the Inchope Regamd preliminary study for the establishment
of a Community Forest Management Plan
» A study on the utilisation patterns of natural t@ses within the Inchope Forests.
» Assessment of the feasibility of involving localnmmunities and stakeholders in the sustainable
management of such resources.

» Contribution to the development of a methodology ifaplementing participative management
plans under similar socio-economic and environmeamaditions.

Agriconsulting S.p.A.
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1.2 Background

The present policies of Mozambique emphasize théetariented economy, the role of private sector
and decentralisation, which are reflected in thedbpolicies and legislation. This offers challiegg
opportunities for the development of sustainablenagament and utilisation of forest resources, in
particular as the agricultural sector contributé2% to the GDP (e.g., industry and services couiei
41.2% and 34.6% respectively).

The Ministero da Agricultura(MINAG) - Direccdo Nacional de Florestas e Fauna Brayi2NFFB)
envisages to assess the National forest resourmddoaset up an inventorying system capable of
integrating the forest resources inventorying arwhitering programs carried out at Province level.
Two Provinces (e.g., Manica and Maputo) have beelected for evaluating the feasibility of
integrating National and Provincial forest invemgsrinto a coordinated information system. Moregver
a preliminary research on the feasibility of comibymanagement plans is envisaged in a selected
forest area of Inchope (on the border between Meaia Sofala Provinces).

The envisaged forest resources assessment progtegnates the data collected at different levetd wi
previously acquired environmental and forestry infation. It also improves the DNFFBJnidade de
Inventario Florestal (UIF) capacities of assessing and monitoring tkelagical and productive
conditions of the Mozambican forests, and provithesforest administration (DNFFB and SPFFB) and
concerned institutions with an efficient tool fdapning forestry sector development and for settipg

a strategy for a sustainable use of forest andifeilcesources. That is why the DNFFB decided t@ta
action towards planning and implementing approerimeasures for sustainable use of forest resources.

An assessment of the present land-cover conditiodsof the current status of the national foreste i
provide the forest administration and other coneérimstitutions with an up-dated efficient tool for
planning and managing land resources. Moreovatcliides also:
» Provision of the required knowledge and expertisefdture assessment and monitoring of forest
resources;

* Planning and implementation of the sustainable aiserest and wildlife resources at National
and Province levels;

» Improvement of the capability of the DNFFB and cenmed services of UIF, the Manica and
Maputo SPFFB in assessing and monitoring foresiurees;

* Acquirement of relevant information and experienceassessing forest and wildlife resources,
which would enable DNFFB to set up sustainable siomanagement plans in the selected
Provinces;

» Setting up of a prototype of community manageméamsfor supporting the sustainable use of
forest resources by local dwellers and improvertivng conditions.

1.3 Specific remote sensing and land-cover objectiv es

The land-cover/use assessment, or remote sensthépad-cover component, of the Project provides
the baseline data set on which the stratificatiibthhe Forest Inventory is based. It is thereforpdniant
to stress that this data set is imtermediate stepn the Forest Inventory procedures. In order to
guarantee continuity to the monitoring activitiddlte Mozambican natural resources, the inventgryin
system is such that remote sensing interpretatidrggound observations can be replicated in future.

Furthermore at National level, the land-cover deitabe integrated with available environmental and
forest information as well as landform data in ergdedefine so-called Land Units.

Agriconsulting S.p.A.



AIFM - Satellite image interpretation of land-cougpes 3

The methodology described in this Technical Refra$ been presented and discussed during the
Inception Mission of the Remote Sensing and Lande€€lassification Expert from 3 to 22 May 2005
in Maputo with MINAG, DNFFB, UIF and UEM. It hassal been described in the Inception Report.
The adopted methodology has been executed inyiudrgy between UIF and Agriconsulting S.p.A.

The specific remote sensing and land-cover objestoan be summarised as follows:
» Presentation of an overview of occurring land-caypes in Mozambique, their location, extent
and distribution.

» Utilisation of up-to-date technologies and inteioradl standards in land-cover data collection.

* Exchange of experiences and training on-the-jolthef use of remote sensing for land-cover
interpretation.

The remote sensing and land-cover component valtige the following results
1. Documented remotely sensed data derived PraVitmnd-cover data for Manica and Maputo
Provinces (at nominal scale 1:250,000) for the y&@(4 outlining the extent, distribution and
relationships among different land-cover typesigital format.

2. Documented remotely sensed data derived Natidaatl-cover data (at nominal scale
1:1,000,000) for the year 2004-2005 outlining thxéemst, distribution and relationships among
different land-cover types in digital form;

3. Reliable up-to-date land-cover statistics comcgy the spatial extent of the different land-cover
types at National level and for the two Provinces.

4. Operational implementation of technologies e#atto remote sensing and land-cover
interpretation (e.g., digital image processing, liggtion of international standards) for natural
resources monitoring and management at DNFFB/UIF;

5. Inclusion of the land-cover data sets into tiferination System at DNFFB/UIF, combining data
from AIFM with existing supplementary digital infoation, which will allow the production of
outputs (e.g., maps, tables and reports) and tteii data exchanges with national and
international institutions and services.

1.4 Duration of activities

The activities related to the remote sensing amd-tover interpretation component (Appendix H)
started with the Inception Mission of the Remotasigg and Land Cover Classification Expert from 3-
22 May 2005 documented in the Inception Missiororepf the expert and the Inception Report.

The remote sensing and land-cover interpretatiamté Florence, Italy, started the satellite image
interpretations at 1:250,000 nominal scale for Marand Maputo Provinces in early June and they
were finalised after field validation in Octoberdahovember 2005 respectively. UIF/DNFFB and
SPFFB Staff carried out the field orientation anéldf validation in August-November; the
interpretation at 1:1,000,000 nominal scale for obique started in mid-September and was finalised
after validation in December 2005. On-the-job ftiraintook place in the period 21 November - 14
December 2005 in Florence, ltaly, for three UIFfStaembers, which also participated in the National
level land-cover interpretation.

In the final mission from 15-25 February 2006 éhtdécal workshop was organised at DNFFB in which
the results of the remote sensing and land-covempooent described in this Technical Report were
presented. Reporting took place during the lastsphaf activities and involved the whole remote
sensing and land-cover interpretation team as aglthe feedback received from UIF and DNFFB
during the final mission resulting in this TechniB&port completed in late February 2006.

! This Technical Report -to be attached to the AlFidal Project Report- documents all procedurevedid and the
results obtained for the remote sensing and lawérodata collection at Province and National levels

Agriconsulting S.p.A.
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2 EXECUTIVE SUMMARY

Not chaos-like, together crushed and bruised,
But, as the world harmoniously confused:
Where order in variety we see,

And where, though all things differ, all agree.

Alexander Pope, Windsor Forest

This Technical Report documents the assessmerandtdover types in the context of the Integrated
Assessment of Mozambican Forests (AIFM) Projectis Tlhnd-cover/use assessment provides the
National administration and other concerned instins with an updated efficient tool for planning,
management and monitoring of the natural resoutoésrpretation of remotely sensed satellite images
is a tool that provides an overview of land-cowgrels over vast areas at a certain moment in time. T
three land-cover data sets produced (Manica Preyi@puto Province and Mozambique) have been
organised in three geodatabases together withrititaaly data used. The land-cover data sets agd us
as baseline data for the Forest Inventory stratific, being the main aim of the production of thes
data sets within the Project context, in additian deing available to future agricultural and
environmental applications.

The present Report describes the approaches amédues followed and standard methodologies
applied in the AIFM remote sensing and land-cov@anponent. These methodologies can be repeated
in future to guarantee continuity of the monitoragivities of the natural resources in Mozambique.

Remote sensing and land-cover interpretation

LANDSAT 5 TM images have been processed for intggiion purposes using orthorectified
LANDSAT 7 ETM+ images, downloaded free of charganirinternet, as the basis for interpretation. A
multiple view approach was selected combining rathige (i.e. data about the terrain are collected
from multiple altitudes), multi-spectral (i.e. datee acquired simultaneously in several spectrati®a
and multi-temporal sensing (i.e. data about theaieris collected at different dates). In the
interpretation process various levels of complewigre encountered, from a simple direct recognition
of objects to the inference of site conditions. &ss in image interpretation varies with the tregrind
experience of the interpreter, the nature of thjeatb or phenomena being interpreted and the gualit
the images being utilised. In general, the mostabkgp image interpreters have keen powers of
observation coupled with imagination and a greatl adé patience. The process of convergence of
evidence to successfully increase the accuracydetall of the land-cover interpretations was aplie
Guaranteeing spatial and thematic coherence dhthgpretations, carried out by a team of intergngt

is important in order to create a homogeneous hQiggiity product. The applied minimum mapping
units are 1krh for the 1:250,000 nominal scale interpretationsoyfice level) and 16kffor the
1:1,000,000 nominal scale interpretation (Natideegl).

Land-cover classification and legend

The AIFM land-cover legends were created usingRA®/UNEP Land Cover Classification System
(LCCYS) -version 2- that allows a standardised,esystic definition of classes using a set of paranset
tailored to the specific land-cover feature beiegaibed. The automatically generated standard LCCS
coding is assigned to the land-cover classes ofAtR# legend in order to allow harmonisation and
standardisation of the final products in the broadentext of natural resources management and
regional planning. In Manica Province 31 and in M@pProvince 33 different land-cover classes were
identified and at National level 20 land-cover typeere distinguished. There is a direct link betwee
the classes at Province and National level.

Agriconsulting S.p.A.
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Validation and accuracy assessment

A statistical validation was performed for all datts. The georeferencing accuracy of the datd@ets
Manica Province, Maputo Province and at Nationatlleesulted in an average RMSE of 19.3m, 15.6m
and 20.7m respectively, corresponding to less tranpixel (e.g., a LANDSAT pixel is 30m). These
georeferencing errors should be combined with thokethe imagery used for image-to-image
georeferencing, i.e. LANDSAT images with a RMSHexfs than 50m. Thus, the positional accuracy in
case of error propagation results in a RMSE of axprately 2.1-2.4 pixels at both Province and
National levels. The thematic accuracies of theldaover data for Manica Province, Maputo Province
and Mozambique are 87.0% (KHAT=0.84), 86% (KHATH).&nd 86.0% (KHAT=0.83) respectively,
thereby fulfilling the TOR requirement of being laast 85%. The positional and thematic accuracy
assessment results allow the use of these datfosetpplications with nominal scales of 1:250,GQ0
Province level and 1:1,000,000 at National level.

Applications
Several applications, though not requested by &, Thave been made with the collected land-cover

data to illustrate possible future uses:

1. The Province level data (1:250,000 nominal 9dade&e been incorporated into the National level
data set (1:1,000,000 nominal scale) using a sefieecisions in order to systematically group
polygons that fall below the minimum mapping unéfided while conserving the maximum
amount of land-cover information possible.

2. An evaluation of two possible approaches todbgmation of the percentage forested area in
mixed classes (i.e. polygons that consist of astotkass and another class) was made. The use of
NDVI was compared to Unsupervised Classificatiohe Tconclusion stresses the caution with
which such techniques might be applied.

3. Semantic data harmonisation was applied usinglawd-cover/use legends produced in previous
projects. The FAO/UNEP Land Cover Classificatiorst8yn — Translator Module was used as a
tool. This semantic harmonisation of data allowss comparison of the different classes as used
in the various data sets. Comparison of the langcstatistics is, however, not recommended.

4. A land-cover change study was completed for WerProvince analysing the changes in the
period 1990-2004 in order to detect the prevaldw@inge dynamics processes. The conclusions
indicate that there is a general change of fora#ts closed to open forested areas with
cultivation, or into cultivated areas. The rateslofinge are very high and give reason to concern
for natural resources management.

5. The use of satellite remote sensing technigoe&léntifying and monitoring burnt areas and the
recurrent occurrence of fires, as well as to cokgatistics, is demonstrated.

Land-cover/use geodatabase

The remote sensing and land-cover component is lepety integrated in the general framework of the
AIFM Project, but it had also some individual reganents. Therefore, a dedicated geodatabase for thi
specific component was developed in order to atrecand organise the data from the very beginnfng o
operational activities so as to have a flawlesa gmbduction, storage, integration and analysisncha
This resulted in the land-cover/use assessmentaggmake constructed in such a way that UIF/DNFFB
can use it as a framework to build upon and inchele land-cover and other data sets in future.

The geodatabase is structured around five key ttiemmuad functional groups: (1) Land Cover, (2) Hiel
Sample Data, (3) Ancillary Data, (4) Work Managetnand (5) Satellite Data. Not only the produced
land-cover data sets are included but also alltaligincillary data that was used. Furthermore, a
complete metadata description is associated weddl layers, according to the ISO 19115 standdrd. T
created geodatabase can be used for the produéteorange of outputs and applications, in addit@mn
facilitating data exchange with national and ingional institutions and services.

Agriconsulting S.p.A.
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3 REMOTE SENSING

3.1 Introduction

Remote sensing systems that measure energy ngtanailable are called passive sensors. These
sensors can only be used when the naturally oocguanergy is available and this can only take place
during the time when the sun is illuminating thetBaEnergy that is naturally emitted (e.g., therma
infrared) can be detected day or night. Active eenprovide their own source of illumination. The
sensor emits radiation directed towards the taimdte investigated; the radiation reflected froratth
target is detected and measured by the sensor. [Btbive and active sensors detect, through the
measurement of different parameters, the behawbuwlectromagnetic radiation after its interaction
with the Earth’s surface.

The result of a remote sensing application is imedo considerably when taking raultiple-view
approach (Lillesand and Kiefer, 2000). For the AlkMd-cover interpretation this involvesulti-stage
sensing wherein data about the terrain are coteftten multiple altitudes, i.e. high-resolution edfite
data is analysed in combination with low altitudgad(e.g., topographic maps, roads and riversstfore
types data) and ground observations. Furthermbieyadlves multi-spectralsensing whereby data are
acquired simultaneously in several spectral bavfien the signals recorded in the multiple bands are
analysed in combination with each other, more mfation becomes available than if a single band
would be analysed or multiple bands would be aealyimdependently. The multiple-view approach
involves alsamulti-temporalsensing where data about the terrain is colleatedifferent dates (e.g., dry
and wet season). Multi-temporal sensing uses clsaogeurring with time as discriminants of ground
conditions. More information is obtained by the tiplé-view approach than by any single view.

In any approach to applying remote sensing, not th@ right combination of data acquisition andadat
interpretation techniques must be selected, burtigte mixture of remote sensing with conventional
techniques must also be identified. Remote sensiagool, it is not an end in itself. Like any kachas

its limitations. In the context of the Project, us#s been made of several passive sensors asewill b
described in the following paragraphs.

3.2 Actual problems with LANDSAT images

The LANDSAT satellites have repetitive, circulagnssynchronous, near-polar orbits, providing full
coverage between 81°N and 81°S. The sensors alses the ground at satellite nadir. The sun-
synchronous orbit means that all acquisitions avgiven area occur at the same time, giving caersist
shadows for the time of year. A LANDSAT track is3k& wide. The repeat cycle for LANDSAT 5 and
7 is 16 days. LANDSAT 7 was launched on 15 ApriB9%nd orbits 8 days behind LANDSAT 5,
launched 1 March 1985. The characteristics of tABIDSAT bands are given in Table 1. LANDSAT 5
carries the Thematic Mapper (TM) sensor, whereadNDBAT 7 carries the Enhanced Thematic
Mapper (ETM+) sensor.

Table 1. Characteristics of LANDSAT 5 and 7

Satellites LANDSAT 5 and 7
Sensors TM and ETM+ ETM+
Spectral bands 1 | 2 \ 3 \ 4 \ 5 | 6 \ 7 8

4552 | 5260 | 63-69 | 7690 | 155175 | 10.42-1250 | 2.08-2.35 52-90

2

Wavelength? (um) | ) o) | (green) | (red) | (NIR) | (MIR) (TIR) (MR) | (Panchromatic)
Pixel size (m) 30 30 30 | 30 30 GBZ?E(TTM) 30 15
Orbit 16 days / 705 km

2 NIR=Near infrared, MIR=Middle infrared, TIR=Therirafrared.
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Originally managed by the US National Aeronautiosd aSpace Administration (NASA), the
responsibility of the LANDSAT program was transéatrin 1983 to the National Oceanic and
Atmospheric Administration (NOAA).

In the TOR (dated October 2004) and Technical Psabib is stated thatsatellite image interpretation
will be carried out on geo-corrected LANDSAT 7 ims@r equivaleritwithout considering that the
U.S. LANDSAT Program is affected by a series ofraaties and failures of the available instruments
on-board the LANDSAT 5 and 7 satellites.

The LANDSAT 7 ETM+ scenes with an acquisition dafeer May 2003 are affected by the scan line
corrector (SLC) anomaly. This means, in practibat the post May 2003 images come with gaps, i.e.
in various parts data is missing. Though the US®®E Data Center (EDC) with the help of NASA
has become proficient in applying “gap filling” rheds using other LANDSAT scenes to fabricate
useful LANDSAT 7 data sets (pers. comm. T. Lovelad@GS/EDC) with this method the baseline
date for consistent and systematic data collectioth subsequent analysis is lost, i.e. the LANDSAT
scenes do no longer reflect solely the spectralesbf their acquisition date but they are a métofr
these spectral values with those from earlier dases to fill the gaps. However, if LANDSAT 7 ETM+
is no longer an option, one can fall back on LANOSATM scenes where it not that these experience
a failure of the LANDSAT 5 recorders. LANDSAT 5 sms can only be directly broadcasted to a
ground receiving stationhttp://landsat.usgs.gov/grounds.htmlrhe ground receiving station of the
Council for Scientific and Industrial Research tefliie Application Centre (CSIR-SAC), near Pretori
in the Republic of South Africa, is collecting thANDSAT 5 TM data for the region and covers the
whole of Mozambiquehttp://www.csir.co.za(Figure 1). In November 2005 also the LANDSAT BT
was affected by an anomaly and reception of imagessuspended until late January 2006.

In Mozambique, the focal point for acquisition ddtellite imagery is theCentro Nacional de
Cartografia e Teledetecc3€ENACARTA).

From the CSIR-SAC Main Catalogue those images baea selected that have:
e Zero or minimum cloud cover and minimum terraindshaing; and

» Maximum spectral differences in order to distinpuidearly the different land-cover types. Past
experience shows that acquisition dates in theogekpril-July, corresponding to late wet season
and early dry season, offer maximum contrast anthegvarious vegetation types. One should
keep in mind, however, that there are variatioomfiyear-to-year related to rainfall variability.

The selection of images for the land-cover integifens at Province level according to the above-
mentioned criteria did not pose any problems. Hawefor the National level interpretation for cémta
areas no cloud free images were available as witlibcussed in the following two paragraphs.
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Figure 1. LANDSAT worldwide coverage

3.3 Images acquired for data collection at Province

The nominal scale of 1:250,000 to be used at Pcevievel correspond with the use of LANDSAT
imagery in order to obtain the required level aidacover information. Table 2 gives an overvievitef
scenes that have been selected based on the abssribed criteria for the Manica and Maputo
Provinces, where data will be collected at nomstalle 1:250,000. The selection of satellite images
based upon the criteria described in the previanagraph and attention has been paid to selecesnag
from the same acquisition date whenever possitile.résult is that the LANDSAT images of the same
path in the Province are from the same date argktirom a neighbouring path from another date.

All seven bands of the LANDSAT 5 TM were acquireédexvel 1G processing with Cubic Convolution

re-sampling in format BSQ (Band Sequential)

level

Table 2. LANDSAT 5 TM scenes for the land-cover data collection in the Provinces

Province Path — Row number éf%'?'t'{;l)&dl;; Cloud coverage

Manica 168 75 2004-06-15 0000
168 74 2004-06-15 0000
168 73 2004-06-15 0000
168 72 2004-06-15 0000
168 71 2004-06-15 1100
167 75 2004-07-10 0000
167 74 2004-07-26 0000

Maputo 168 78 2004-07-17 0000
168 77 2004-07-17 0000
167 79 2004-05-23 0000
167 78 2004-05-23 0000
167 77 2004-05-23 0000

3 CENACARTA is gratefully thanked for having madeadable the LANDSAT 5 TM images for the Provincestese
special Government price rate as part of the yaprbta of satellite images provided to Government.
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3.4 Images acquired for data collection at National level

The nominal scale of 1:1,000,000 to be used atoNatilevel does not correspond with the use of
LANDSAT imagery that are widely used for land-codata collection in scales ranging from 1:50,000
to 1:250,000. If LANDSAT would be used at the (g)xeesolution of 30m the interpretation would
contain much more detail than required at a nonsioale of 1:1,000,000.

More suitable remote sensing images would be tlfrase the Moderate-resolution Imaging Spectro-
radiometer (MODIS) onboard the Terra platform tha@ine in many bands of which the bands 1 to 7 are
related to land applications and that have a résolwf 250 or 500m (Table 3). The MODIS instrument
provides high radiometric sensitivity (12 bit) i6 8pectral bands ranging in wavelength from 0.4tpm
14.4 um. The responses are custom tailored tonthigidual needs of the user community and provide
exceptionally low out-of-band response. Two banageha nominal resolution of 250m at nadir, with
five bands at 500m, and the remaining 29 bandkrat A +55-degree scanning pattern at the EOS orbit
of 705km achieves a 2,330km swath and providesajlotverage every one to two days.

Table 3. Characteristics of MODIS

Satellite TERRA

Sensors MODIS

Spectral bands 1 \ 2 \ 3 \ 4 \ 5 \ 6 \ 7

Wavelength (nm) 620-670 | 841-876 | 459-479 | 545-565 | 1230-1250 | 1628-1652 | 2105-2155 |

Pixel size (m) 250 500

Orbit 705 km, 10:30 a.m. descending node (Terra) or 1:30 p.m. ascending node (Aqua),
sun-synchronous, near-polar, circular

However with a pixel resolution of 500m the contekthe land cover is lost to a great extent asdadi
interpretation of land-cover types becomes an irsipbtes task. Therefore LANDSAT 5 TM images were
also selected for the National level land-coverdatlection (see also paragraph 3.8.5).

LANDSAT images acquired at National level cover amlev period than those selected for the two
Provinces because of availability of suitable insad@&able 4). During the interpretation of the
LANDSAT images for the two Provinces, images of pneferred acquisition period April-July in 2005
had become available. Images of this period weedemed above those outside this period in 2004
because of the better image characteristics tndigsh the different vegetation types. The setecis
based upon the following decision criteria in ordeapplication:

» Preferred acquisition period April-July in 2004 anidud free;

» Preferred acquisition period April-July in 2005 aridud free;

» Acquisition period outside preferred period of 2@ cloud free;

» Acquisition period outside preferred period of 2@0® cloud free;

» Acquisition period outside preferred period in 20Gth partial cloud cover; and
* Acquisition period outside preferred period in 20 partial cloud cover.

Whenever possible the images of the same path selected from the same pass-over of the
LANDSAT in order to minimise differences in imaghatacteristics (e.g., atmospheric disturbances).
Thus images of the same LANDSAT path are closeadquisition dates than between different
LANDSAT paths. Image selection for the northerntdithe country proved to be difficult because of
consistent cloud coverage of the area, therefaetivice was limited to those images available from
the CSIR-SAC Main Catalogue.
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The LANDSAT 5 TM images for the National level irpeetation have been re-sampled/degraded from
a pixel size of 30m into a pixel size of 120m fandl-cover type interpretation and 210m for delilo@at

of the polygons in order to loose detail in the gmahat does not serve the scale of interpretation
required (for a detailed explanation see paragrapBsb and 5.5.2). This combination of pixel
resolutions allows on-screen visual interpretatigthout losing too much of the contextual inforneeat;
whereas the interpreter can always go back toiilgenal images with a pixel resolution of 30m insea

of doubt.

Table 4. LANDSAT 5 TM scenes for the land-cover data collection at National level

Acquisition date

Path — Row number (YYYY-MM-DD) Cloud cover
170 71 2004-07-31 0000
170 70 2004-07-31 0000
169 71 2004-08-09 0000
169 70 2004-08-09 0000
169 76 2004-07-24 0000
169 75 2004-07-24 0000
168 76 2004-06-15 0000
168 70 2005-06-02 0000
168 69 2005-09-06 0100
168 68 2005-09-06 1100
167 76 2004-05-23 0000
167 73 2004-07-26 0000
167 72 2004-07-26 0000
167 71 2004-07-26 1201
167 70 2004-07-26 2112
167 69 2004-10-30 2222
167 68 2004-05-07 3323
166 77 2005-07-22 0000
166 76 2004-06-01 2000
166 75 2005-07-22 1112
166 73 2004-11-08 0000
166 72 2004-10-07 0001
166 71 2005-07-22 0000
166 70 2005-06-20 0000
166 69 2004-06-17 0000
166 68 2004-06-17 0000
165 72 2004-07-28 0009

2005-07-15 2222
657 20050613 | 4410
165 70 2005-07-15 0000
165 69 2005-05-12 0200
165 68 2004-05-09 1111
165 67 2004-05-09 3010
164 72 2004-07-28 0009
164 71 2004-10-09 0200
164 70 2004-08-22 1111
164 69 2004-08-06 2030
164 68 2004-08-06 2020
164 67 2004-08-06 9920
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3.5 Image processing

The land-cover interpretation has been primarilgesbon LANDSAT 5 TM images of the years 2004-
2005. These images were acquired through CENACAR®A CSIR-SAC. The imagery arrived in
seven non-georeferenced “.DAT” files, one for ebahd. It is necessary to elaborate these raw data i
ERDAS Imagine in order to transform them in thepaoformat for image interpretation using ArcGIS
software. This process is subdivided in three st€psconversion form the “.DAT” format to the
“IMG” format; (2) creation of a single “.IMG” filglayer stack) containing all the seven LANDSAT 5
TM bands; and (3) georeferencing in the appropdatardinate system (e.g., UTM36 South or UTM37
South, datum WGS84).

The processed images ready for interpretation geen a name in a systematic manner using: (1) the
LANDSAT path and row numbers (e.g., 167077), thie dd the image (e.qg., in the format day-month-
year), the source (e.g., CSIR standing for CSIR-FAGd the sensor (e.g., where 5 stands for
LANDSAT 5 TM) resulting in the complete name of #gove example as 167077_23052004_CSIRS5.

3.5.1 Import images to IMG format

The LANDSAT 5 TM images were received on CD-ROM imggpe in binary (BSQ) format. Each of

the seven bands of each LANDSAT 5 TM scene has imegorted in ERDAS format (.IMG) using the

option “Generic binary”, 5960 row and 6920 columns,header (Figure 2). All information (e.g., date
of acquisition, number of rows and columns, et@haerning the image can be found in the file
“header.dat” that can be opened easily by an efBtgr, notepad).

The import process has been partially automategl, (he parameters have been saved using the
command “save options” and recovered through timencand “load options”), and by creating a batch
file (command “batch”). The path and the name & tutput files of all bands of each scene are
automatically composed (Figure 3).

Figure 2. Import of the LANDSAT 5 TM generic binary data
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Figure 3. Batch commands used for import of the images
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3.5.2 Layer stack

In order to have the possibility to make differémise Colour Composites (FCC), all the 7 bands of
each LANDSAT 5 TM scene have been loaded in a wnije (.IMG). This operation is called in
ERDAS “Layer stack” (command INTERPRETER/UTILITIE&YER STACK) (Figure 4). This file
format can be visualised in ArcGIS and the sageititage interpreter is free to select each timethee
bands for the FCC combination one considers thet moisable for the features one is detecting,
delineating and classifying. For this process agdiatch file was prepared created by the proghan t
records the commands and the input and output(gles, click on the “batch” button).

The first batch file (.BCF) created, that is a tébt, has been copied and edited substitutingnivae
and the path of the input and output files. Thisragion has been replicated for each scene pratesse

Figure 4. Layer selection and stacking
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3.5.3 Georeferencing

Georeferencing is the process of assigning realdwooordinates (e.g., projection and datum) to
geographic data to tie it to the Earth. The pragectoordinate systems that were used are Universal
Transverse Mercator (UTM) projection zone 36S widtium WGS84 (spheroid WGS84) and Universal
Transverse Mercator (UTM) projection zone 37S wiittum WGS84 (spheroid WGS84), according to
the zone of the image.

The first option to perform georeferencing on ra®NDSAT 5 TM images was the collection of
Ground Control Points (GCP) using the availableotppphic maps at 1:50,000 and 1:250,000 scale
from the Direccdo Nacional de Geografia e Cadas(ibINAGECA). Evaluation of the quality of the
topographic maps and the type of area to be gaerefed led to the abandonment of this method. The
topographic maps at nominal scale 1:250,000 have been updated since the 1960s. In the
georeferencing process it would be important td fimtersections of roads, roads and rivers, roads a
railways and the like, in order to assign coordisatWVith a difference of more than 45 years between
the date of the topographic maps and today oneasity imagine that this may lead to doubtful ressul
especially since many developments have taken fatee countr§. Moreover, since the number of
LANDSAT scenes to be handled was considerable, li@nmnative providing the required positional
precision and not consuming too much time was dbkir The solution adopted was an image-to-image
georeferencing process using the NASA’'s Global @#ehbtified LANDSAT Data Set as reference
(Tucker et al., 2004). These images from aroundyéa 2000 have a documented positional accuracy
of less than 50m Root-Mean-Square Error (RMSE) ihadequate for the interpretation aims of the
Project and these images are free of charge alaibabinternet from the Global Land Cover Facibty

the University of Marylandhttp://glcf.umiacs.umd.edy/Since this data set provides a global coverage,
the adopted approach can be used anywhere on(Baelparagraph 3.6 for more details).

The registration between the raw LANDSAT 5 TM imagand the GLCF georeferenced LANDSAT 7
ETM+ images was performed using the ArcGIS 9 modGleoreferencing”. For each image, about 15
control points were collected. ArcGIS was seledtedhis phase because of the on-the-fly reprojecti
function that permits to overlap the two imagesp4ig-step. This facilitates identification of new
Ground Control Points (GCP) and greatly reducesithe needed to collect such points (Figure 5).

The rectification was executed using ERDAS Imagieg The ground control points were imported
form the “.TXT” file generated with ArcGIS and adi order polynomial transformation was used
(Figure 6). The Root-Mean-Square Error (RMSE) atmmbpanged between 15.5-23.4m in Manica
Province (19.3m on average) and 11.7-19.7m in Mapuobvince (15.6m on average) where the land-
cover interpretation was executed at a detaileelJ@nd between 7.3-51.8m (20.7m on average) #or th
images used for the National level land-cover prigtation executed at a much coarser scale (see
Appendix A for the complete overview of the georefeing accuracy). Keeping in mind that a
LANDSAT pixel corresponds with 30m, this means thatthe Province level the error was always
much smaller than one pixel, whereas at Nationadl lthe error was at most less than two pixels.s€he
georeferencing errors should be combined with thokethe imagery used for image-to-image
georeferencing, i.e. LANDSAT images with a RMSHeass than 50m (Tucker et al., 2004). Therefore,
the resulting georeferencing accuracy varies beteb-2.4 pixels.

The nearest neighbour re-sampling method was askekp the spectral reflectance values as sinslar a
possible to the original ones.

* During the Final Mission of the Remote Sensing &add Cover Classification Expert discussion withffsfrom
CENACARTA confirmed the great difficulty with whicbeoreferencing has to deal with in Mozambique bseaof
the available topographic maps.
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Figure 5. Georeferencing image-to-image collecting GCPs in ArcGIS with “auto adjust” option
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Figure 6. Georeferencing image-to-image with resample parameters
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3.5.4 False colour composite

When working with multi-spectral data, the choidebands to be combined for displaying will be a
critical step in the image analysis process, sihedfects directly the type and amount of inforioat
that can be visually extracted from the image. Sl true colour representation is possible orillg w
the composition of bands 1, 2 and 3 of LANDSAT imadeach primary colour is associated to the
corresponding spectral band, obtaining somethimijai to what is seen by the human eye), one speaks
more generally about False Colour Composite (FG@)cating any composition of three different
spectral bands associated to the three primaryurolof the display device (there is no relationship
between spectral bands represented on-screen amdlturs used for their representation). In otder
select the most meaningful band combination fodpotion of FCC to be used, a preliminary analysis
should be performed for each image on the oridiaalds, to check the degree of correlation between
the different bands: a high correlation betweendsandicates they share elements of information in
common, that is to say some degree of redundanityeimformation they carry.

Figure 7 gives two examples of scatter plots ohlyigorrelated and uncorrelated bands respectively.

Figure 7. Band 1 versus band 2 scatter plot (left) and band 3 versus band 4 scatter plot (right)

As one could expect, both bands 2 and 3 are weeddyelated with band 4, while the highest
correlation is found for bands falling in the vigilbange (bands 1, 2 and 3) and in the middle riefta
range (bands 5 and 7). The selection of the mastlde bands must, however, take into account not
only the correlation coefficients between bandsaisi the type of information to be extracted tigtou
interpretation.

In general one can assume that:
* Vegetation discrimination is enhanced through timiporation of data from one of the mid IR
bands (bands5 and 7) (Please note that the AlF&&rased mainly band 5); and
» Different combinations of any one visible (bandol3), one near-IR (band 4) and one mid IR
(band 5 to 7) band are very useful (Please notehleaAlFM Project mainly used RGB=432 and
RGB=453).

A great deal of personal preference is involveddand-colour combinations for interpretation puryse
and for specific applications other combinationsldde optimum.
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The false colour composite RGB=432 (colour inframamnposite) and the false colour composite
RGB=453, composed in the classical Red-Green-Bigeience, have been found the most suitable and
efficient for detection of different land-cover B in Mozambique at Province and National level
(Figure 8). These FCC allowed an acceptable distimcof all features to be interpreted: forests,
woodlands and aquatic vegetation (e.g., mangronests) could be differentiated from features sueh a
shrublands, grasslands, cultivated areas, buiéiraps and bare areas.

Figure 8. Drawing raster as RGB composite
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3.5.5 Contrast stretching

Image display devices often operate over a rang@56f grey levels, i.e. the maximum number
represented in 8-bit computer encoding. Sensor idatasingle image rarely extend over this entire
range because under normal conditions it is unflikieat the full dynamic range of the sensor is used
As a consequence satellite images are often datklaking in contrast simply because all digital
numbers of their pixels fall only into a small port of the available range (e.g., from 47 to 145).
other words, the tonal information in the sceneampressed into a small range of display values
reducing the interpreter’'s ability to discriminatdliometric details as few details can be seenuch s
images. If the narrow range of brightness valuegcally present in an input image could be expanded
to fit the full range of available values then ttumtrast between the dark and light areas of trzyésn
would be improved. This is what is done when a @sttstretching operation is performed. The rasult
an output image accentuating the contrast betwessnires of interest to enhance the image analysis.

A careful analysis of histogram characteristicea€h original band in the image is a crucial stepaf
good image enhancement. As a matter of fact detérgiithe optimal contrast stretching parameters for
a specific spectral band, depend on the histogtapes The shape of the image histogram for a certai
spectral band is very interesting as it convey® afl information about the spectral characterisfithe
objects contained in the image. Figure 9 showshtbmgram of the original and enhanced band 4 of a
LANDSAT 5 TM image.
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Figure 9. Histogram of original band 4 (left) and histogram of enhanced band 4 (right)
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The contrast-stretching phase starts with the ammalgf the original band histogram. One main
challenge encountered in setting up the optimaiatris represented by strong differences in sglectr
behaviour of different surfaces in some parts ofzMuobique, for example forested areas compared to
the coastal dune area close to Maputo District,(¢hg latter showing very high reflectance valires
the right tail of the histogram).

Linear and non-linear automatic stretches were .uSethetimes several types of manual stretches were
applied that provided better results than the aatmnstretches.

The comparison between different enhancements erdsrmed:

» By visual analysis of full resolution image sub-gd@s and evaluation of the information contents
of the resulting image.
» By analysis of the new histograms and evaluatiohefrelative amount of saturated pixels.

3.5.6 3D visualisation of images

3D viewing of remote sensed images can providglsithat would not be readily apparent from a
planimetric map of the same data, leading to aebethderstanding of the patterns in the images and
how they relate to the shape of the Earth’s surface

Some relationships between the surface texturetimdshape of the terrain will be apparent when
images are shown in perspective. For example,ddsté inferring the presence of a valley from the
configuration of contour lines on the topographigps, you can actually see the valley floor andesop
(Figure 10).

Images can be rendered in 3D by defining their we&a If one has the availability of a Digital
Elevation Model (DEM) for the area, one can usevees in the model as z values for the image. The
3D representations of the different LANDSAT 5 TMages were elaborated by setting the base height
from a digital elevation model (DEM) of Mozambigwith a resolution of 90m.

For displaying images in 3D ArcGIS 3D Analyst or BA&S Virtual GIS were used having a set of tools
for analysis and visualisation of 3D data. 3D Asalpadds a specialised 3D viewing application
ArcScene, which allows one to navigate and intendttt the GIS data.
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Figure 10. 3D Rendering in Arc Scene

3.6 Ancillary images used

Land-cover interpretation is a complex task thabives spatial, temporal and spectral analysiss It
compulsory to have satellite images acquired & mtint seasons and different years to explorénaid
aspects in the best possible way. Nowadays, variat@snational projects offer the opportunity to
download free of charge from Internet a large $eemote sensed data. A search on Internet fahall
satellite images available with a relevant resolutivas performed. These ancillary data were intedra
in the information system developed to supportldimel-cover interpretation and analysis. This has le
to the creation of a repository with a large daga that has been extensively used, improving
considerably the land-cover interpretation qualltgese images are available to UIF/DNFFB for future
use on natural resource management (see also €Bapte

In the next paragraphs, a short description ofti@llary data is presented. In Appendixes C antdi®
explained how to acquire and process these data.

3.6.1 LANDSAT 5 TM and LANDSAT 7 ETM+ from GLCF

NASA has sponsored the creation of an orthoredtified geodetically accurate global land data set of
LANDSAT images from around 1970 (that have not based in the AIFM Project), circa 1990 and
circa 2000, to support the international scientinmunity. These data are central to the studpef
history of the land-surface state. These data cismrigh accurate scene-to-scene within and among-
date registration. The process of orthorectifigattiminates or minimises mis-registration errosgg
ground control points associated with an elevatimulel (accuracy between 30m and 1 km) (Tucker et
al., 2004). Once these images were orthorectifiedl geodetic coordinates were assigned, all data
underwent a process of independent evaluationdta duality and geo-positional accuracy. Only TM
and ETM+ data with a Root-Mean-Square Error (RM8Hgss than 50m and MSS data with a RMSE
of less than 100m were accepted (Tucker et al.420he data are available from the University of
Maryland’s Global Land Cover Facility (GLCH)t(p://glcf.umiacs.umd.edu/index.shjml
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The images are provided in a standard GeoTIFF fonvitn a UTM projection (Please note that
Mozambique is partly in UTM zone 36 and partly ong 37), using the WGS84 datum. Each scene is
provided with the bands as separate files (7 b&dsM, 8 for ETM+). All these bands are available
for downloading and the original pixel values afected only by the pre-processing elaborations
related to the orthorectification process thus tteay be used for many different types of analysis.

Figure 11. LANDSAT images acquired from GLCF
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In Manica and Maputo Provinces, two or three imagepending on the availability- of the same scene
from LANDSAT 7 ETM+ (circa 2000) were downloaded domprise the seasonal variability of land
cover and one scene from LANDSAT 5 TM (circa 199%sanalyse long-term temporal changes. For
the National level, just one image per scene wamtiiaded because of the less detailed level of-land
cover interpretation required and the subsequembssibility to analyse in detail a considerable ham

of satellite images. Table 5 provides an overviéwhe LANDSAT images obtained from GLCF (the
file name convention mentioned earlier was stritdjowed). In Figure 11 the geographic distributio
of these LANDSAT images is presented. Appendix @vjgles the instructions on how to download and
process these images. At the web &itig://landsat.gsfc.nasa.gamne finds more information on the
U.S. LANDSAT Programme.
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Table 5. LANDSAT images from the Global Land Cover Facility and available for future application

164067_18052001_glcf7

164068_07121999_glcf7
164069_31052000_glcf7
164070_02052001_glcf7
164071_05072001_glcf7
164072_07092001_glcf7

165067_22052000_glcf7

165068_12052002_glcf7

165069_15072002_glcf7
165070_15072002_glcf7
165071_24081999_glcf7
165072_24081999_glcf7
166068_30062000_glcf7
166069_30062000_glcf7
166070_08112001_glcf7
166071_08112001_glcf7
166072_19072001_glcf7
166073_16072000_glcf7
166075_06072002_glcf7
166076_01062001_glcf7

166077_01062001_glcf7
166077_21041989_glcf5

167068_01122001_glcf7
167068_21081990_glcf5

167069_11062002_glcf7
167070_26052002_glcf7
167071_26052002_glcf7
167072_22081999_glcf7
167073_30122000_glcf7

167074_07052001_glcf7
167074_01031991_glcf5

167075_07052001_glcf7
167075_01031991_glcf5

167076_07052001_glcf7

167077_02081989_glcf5
167077_07052001_glcf7

167078_07052001_glcf7
167078_23071991_glcf5

167079_07052001_glcf7
167079_23071991_glcf5

168068_31082000_glcf7
168069_31082000_glcf7
168070_17072001_glcf7
168071_01072001_glcf7
168072_01072001_glcf7

168072_11051991_glcf5
168072_13081999_glcf7

168073_19121999_glcf7
168073_25042000_glcf7
168073_30061992_glcf5
168073_31082000_glcf7

168074_11051991_glcf5
168074_25042000_glcf7
168074_31082000_glcf7

168075_15062001_glcf7
168075_16101999_glcf7
168075_25061990_glcf5

168076_12062000_glcf7
168076_25061990_glcf5

168077_25061990_glcf5
168077_30052001_glcf7

168078_25061990_glcf5
168078_30052001_glcf7

169070_05052001_glcf7
169071_21072000_glcf7
169075_03062000_glcf7
169076_21052001_glcf7
170070_31052002_glcf7
170071_16082001_glcf7

3.6.2 LANDSAT images from CENACARTA

Some LANDSAT images from circa 2000 were made atel by CENACARTA. Table 6 provides an
overview of these images using the establishedhéitee convention.

These images are in UTM36s Datum Tete. They haea beed as ancillary data with the on-the-fly
reprojection function of ArcGIS, taking into accaetine possible accuracy errors due to the apprdeima
reprojection.

Table 6. LANDSAT images from CENACARTA

167075_21082001_dinageca?
167078_13072001_dinageca?
168071_29081999_dinageca?

168072_09112002_dinageca?
168073_01072001_dinageca?
168074_17111999_dinageca?

168075_17111999_dinageca’
168077_31082000_dinageca?
168078_18062002_dinageca’
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3.6.3 LANDSAT mosaic MrSID

Orthorectified LANDSAT Thematic Mapper Mosaics anesaics of about 20 LANDSAT images each.
They are delivered in a compressed format and ctheewhole world in two data sets covering two
periods, i.e. the 1990’s and circa 2000. These imogae created from the NASA LANDSAT images

available at GLCF. In these mosaics, band 7 (middiad light) is displayed as Red, band 4 (near-
infrared light) is displayed as Green and bandig&l{le green light) is displayed as Blue. Mosaits o

circa 2000 (i.e. from ETM+ images) were fused viith panchromatic band resulting in a resolution of
15m. In order to maximise the information of eadbsaic, EarthSat has applied a contrast stretclr Aft

that files were compressed in the MrSID format #watGIS can read directly.

The mosaics are very useful as they provide a gimeiew of a large area without having to load yan
LANDSAT images at once. The files are quite smalhpared with the original images (about 50 Mb
for mosaics of the 1990's and 250 for mosaics @ac2000) because they contain just three enhanced
bands and they are heavily compressed. For the szasen, as the quality is lower than the original
bands and just three bands are available, theyighotbe used for land-cover interpretation.

The complete coverage of Mozambique has been athbioth for the 1990’s and circa 2000. The
download process is easy and can be exploréttz://zulu.ssc.nasa.gov/mrsigére mosaics are also
available. Table provides a summary of the LANDSAT mosaics colledtbé name is made of UTM
zone, average latitude, reference date and soeing MrSID).

Table 7. MRSID mosaics used and available for future application

36010s_1990_MRSID
36010s_2000_MRSID

36015s_1990_MRSID
36015s_2000_MRSID

36020s_1990_MRSID
36020s_2000_MRSID

36025s_1990_MRSID
36025s_2000_MRSID

37010s_1990_MRSID
37010s_2000_MRSID

37015s_1990_MRSID
37015s_2000_MRSID

3.6.4 ASTER images

The Advanced Spaceborne Thermal Emission and Riefe®Radiometer (ASTER) is an advanced
multi-spectral imager that was launched on boarSNA Terra spacecraft in December 1999. ASTER
was built by a consortium of the Japanese Govertimedustry and industry groups. The VNIR
subsystem is specifically equipped with a backwaedving telescope for high-resolution stereoscopic
observation in the along-track direction that aliotive generation of Digital Elevation Models (DEM)
from near-infrared nadir viewing and backwards-viepbands processing. The ASTER data products
are provided at various levels of pre-processinmesof them routinely produced (e.g., radiometrid a
geometric system corrections, decorrelation stjeidtile others are only executed upon demand (e.qg.,
brightness temperature, emissivity, surface redlem, surface radiance, DEM). ASTER data contribute
to a wide range of applications such as vegetadiuth land-cover (change), geology and soils, land
surface climatology, volcanoes, hydrology. The domaded ASTER images have level lIb correction.

ASTER covers a wide spectral region with 14 bamdmfthe visible to the thermal infrared with high
spatial, spectral and radiometric resolution (Ta®)e The spatial resolution varies with wavelength:
15m in the visible and near-infrared (VNIR), 30mtle short-wave infrared (SWIR), and 90m in the
thermal infrared (TIR), as illustrated by Figure Each ASTER scene covers an area of approximately
60x60km. The images are already georeferencedhbuadcuracy is low (e.g., around 100-250m), thus
these images weraever used to assess the geometry of any land-cover pgpdy.
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The resolution of 15m for three bands (correspandim bands 2, 3 and 4 of LANDSAT) allows

recognition of features and patterns with high igpakefinition. ASTER images cover the whole world
and they are available on Internet. The numbewnail@ble images is regularly updated. The process t
acquire ASTER scenes is described in detail in AgpeD. For more information on ASTER images
see the web sitettp://asterweb.jpl.nasa.gov/

Table 8. Characteristics of ASTER
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Sensor ASTER
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bands® 12 (N a5 e 78|90 |2 B u
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Figure 12. Wavelengths of LANDSAT and ASTER bands
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ASTER images were used as a valuable support tmedédind-cover classes inside the polygons
delineated using the LANDSAT 5 TM images in Man&al Maputo Provinces at 1:250,000 nominal
scale. They were especially used to observe lamdrdn a season not covered by other images and to
discover spatial patterns hidden in the LANDSAT gres.

At National level, where the nominal scale for laoayer interpretation was 1:1,000,000, ASTER
images were used for validation of the land-couggrpretation (see paragraph 6.3).

The file naming convention adopted is similar te time used for LANDSAT images. To facilitate data

management of these images, the name of each ASTE&e is given by the path and row of the

LANDSAT in which it falls, the date of the imagedaa number from 1 to 9 (Figure 13) to identify the

approximate position inside the LANDSAT image (Rkeaote that a LANDSAT scene covers an area
about 9 times bigger than an ASTER). A suffix “ Wwé&s added in case of two ASTER images at the
same location.

® VNIR=Visible near infrared, SWIR=Short-wave infeal; TIR=Thermal infrared.
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Figure 13. Codes of an ASTER image position inside the LANDSAT image

1123
4 | 5 6
7| 8 9

A complete coverage of ASTER has been collected/ffaputo Province, and one covering around 60%
of Manica Province (Figure 14 and Table 9).

Figure 14. Overview of downloaded ASTER images
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Table 9. List of downloaded ASTER images

165068_16072000_aster_q4
165069_17032005_aster_qg3

165070_10032005_aster_q6
165070_10032005_aster_q9
165070_24082005_aster_q7
165070_30112000_aster_g8
165071_24082005_aster_q1
165072_26032005_aster_q3
166069_04052005_aster_q3
166070_13052003_aster_q1
166070_24032005_aster_q6
166071_20022005_aster_g8
166072_20022005_aster_g5
166076_04022005_aster_q8
166076_08032005_aster_q7

167069_09092000_aster_g2
167069_21112003_aster_q2
167069_27112002_aster_q2
167069_28092001_aster_g2

167072_11022005_aster_q7
167073_11022005_aster_q1
167074_11022005_aster_q1

167075_07032002_aster_q9
167075_11022005_aster_q1

167075_11022005_aster_q7
167075_21112003_aster_q8

167076_11022005_aster_q1
167076_21112003_aster_g5
167076_21112003_aster_g8

167077_11022005_aster_q4
167077_11022005_aster_q7
167077_21112003_aster_qg8
167077_30102001_aster_q6

167078_11022005_aster_q1
167078_11022005_aster_q4
167078_11022005_aster_q7
167078_21112003_aster_g2
167078_21112003_aster_g8

167079_21112003_aster_qg2
168070_31082000_aster_q8
168071_22102004_aster_qg9

168072_02052000_aster_q7
168072_03222005_aster_q8
168072_22102004_aster_q3

168073_02052000_aster_q1
168073_02052000_aster_q4
168073_05122000_aster_q6
168073_11022005_aster_q6b

168073_18022005_aster_q7
168073_31082000_aster_g5
168073_31082000_aster_q8

168074_31082000_aster_qg2
168074_31082000_aster_g5
168074_31082000_aster_g8

168075_15012005_aster_q6
168075_18022005_aster_q8
168075_19032004_aster_g5
168075_31082000_aster_q9

168076_02052005_aster_q1
168076_05122003_aster_q7
168076_18022005_aster_qg2
168076_19032004_aster_g5

168077_31082000_aster_qg2
168077_31082000_aster_g5
168077_31082000_aster_q8

168078_10052001_aster_q6
168078_31082000_aster_qg2
169070_25052000_aster_q8
169071_25052000_aster_g4
170070_29082000_aster_g8

170071_30092000_aster_q1

3.6.5 MODIS

The Moderate Resolution Imaging Spectroradiomet#dDIS) is a key instrument onboard the Terra
(EOS AM) and Aqua (EOS PM) satellites, viewing drgire Earth's surface since 18 December 1999.
The MODIS instrument provides high radiometric sgvrisy (12 bit) in 36 spectral bands ranging in
wavelength from 0.4um to 14.4pm. Two bands havelpiat a nominal resolution of 250m at nadir,
with five bands at 500m, and the remaining 29 batddkm. A £55-degree scanning pattern at the EOS
orbit of 705 km achieves a 2,330km swath and pesiglobal coverage every one to two days (see
http://modis.gsfc.nasa.gowr more information about MODIS). The file forghwo bands at 250m
resolution is about 250 MB and the file for theegbands at 500m resolution is about 150 MB (both
available in “.HDF” format fronhttp://edcimswww.cr.usgs.ggv/

There are many products based on MODIS availablietennet. One of the most interesting is MODIS
250m 16-day Composites. It uses the NormalisedeRifice Vegetation Index (NDVI) to give an
estimation of vegetation biomass each two weekbaiit is possible to follow the temporal dynamics
of vegetation. With the use of MODIS it is also gibte to estimate the temperature of the Earthaserf
(e.g., in case of fires).

As discussed previously, the possibility of usin@MS for land-cover interpretation at the nominal
scale of 1:1,000,000 was examined with the comlgnabf the two bands at 250m resolution
(corresponding to band 3 and band 4 of LANDSAT) anghnd at 500m resolution (corresponding to
band 2 of LANDSAT). Since these results were ntisfactory because of the coarse resolution and the
loss of contextual information of land-cover typisyas decided not to use MODIS data for land-cove
interpretation. However, one MODIS data set hasibeeluded in the geodatabase for documentation
purposes and may be used in any future suitablégcappn.
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3.7 Ancillary data used

Land cover is the product of the interaction betwa®ny factors, both anthropic and natural, thus it
very important to analyse ancillary data other tlmamotely sensed images. These additional data
facilitate the understanding of land dynamics anidgothe abstraction that is inherent to land-cover
interpretation closer to the real world.

In the following paragraphs the set of ancillaryadased in the land-cover interpretation process is
described. These data are organised inside theagdmase (see Chapter 9).

3.7.1 Topographic maps

Topographic maps are a fundamental instrument ddection of land information, as they provide a
wide range of information (e.g., roads, villagesprphology, etc.) in the form of a coded and
georeferenced representation of the Earth’s surféee discussed before, topographic maps in
Mozambique are generally outdated for current neéleds they should not be used for georeferencing
purposes but they remain a valuable source of nmdtion. The topographic maps have been used
together with other ancillary data in order to béedo better locate one self on the satellite iesag

The complete cover of Manica and Maputo Provincas available at 1:50,000 and 1:250,000 scale. No
other topographic maps for the rest of Mozambiqeeevavailable during the land-cover interpretation
phase. The original maps, in hard copy format, wgeereferenced in the UTM36s or UTM37s
projection with datum Tete. These maps were scaremed reprojected to datum WGS84 by
DINAGECA. Figure 15 shows the topographic maps used

3.7.2 DEM

A Digital Elevation Model (DEM) is a representatiofithe topography of the Earth in digital format,
which is by coordinates and numerical descriptiohsltitude. The information is stored in raster
format. It is an important type of information teaduate land cover and land use as both are often
linked to terrain morphology.

For land-cover interpretation, the digital elevatimodel from the Shuttle Radar Topography Mission
(SRTM) was used. It has a resolution of 90m andaadard quality (seéttp://srtm.usgs.govior
details) that satisfy the objectives of the langleranterpretation.

The SRTM is a research effort that obtained elewatiata on a near-global scale to generate the most
complete high-resolution digital topographic datsbaf the Earth to date. SRTM consisted of a
specially modified radar system that flew onboand Space Shuttle Endeavour during an 1l1-day
mission in February 2000. To acquire topographiev@ion) data, the SRTM payload was equipped
with two radar antennas. One antenna was locatdtkishuttle's payload bay, the other on the erad of
60m mast that extended from the payload bay ore&ltuttle was in space. The technique employed is
known as interferometric Synthetic Aperture Raéfggure l6illustrates a detail of the DEM for Manica
Province.

Raw SRTM data can be downloaded from the webht®//srtm.usgs.gov/There are some “holes”
because of small areas with unknown values. Reggemthew version of the global DEM has been
delivered with an improved quality and fewer “ndafeholes. This new version was delivered towards
the end of the land-cover interpretation phaseretbes the first version was used with interpolated
values to cover the “no data” areas. The correctedsion is available at the web site
http://srtm.csi.cqgiar.org/
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The DEM is divided in different zones, consequeittlyas mosaicked and reprojected. Negative values
have been converted to 0 because in Mozambiqueaitegyst disturbances caused by water, as verified
for all values smaller than -5. Values betweenn8@ @ can be considered inside the instrumental erro
range. The DEM for the whole of Mozambique was pomdl, plus the DEMs for Manica and Maputo
Provinces. The DEM was used to obtain slope agiéde (see paragraphs 3.8.1 and 3.8.2).

Figure 15. Topographic maps used for land-cover interpretation
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Figure 16. A detail of DEM draped on the hill shade in Manica Province

Agriconsulting S.p.A.



AIFM - Satellite image interpretation of land-cougpes 27

3.7.3 Data from the IGN/CENACARTA/DINAGECA Joint Venture project

A contribution to facilitating satellite image impgetation has been provided by the land-coverdasa

set created by the IGN/CENACARTA/DINAGECA Joint Mare in the framework of the Rural
Rehabilitation Project (1996-1999) (IGN/CENACARTANAGECA, 1999). The aim of this project
was to produce a land-cover data set for the whbMozambique by the visual interpretation of high-
resolution satellite images complemented with fldveys. These data, initially only available appr
format, have been converted to digital format i88@Table 10). The land-cover/use data are degtribe
in some more detail in paragraph 8.3 as well as timy were used by the remote sensing and land-
cover component of the AIFM Project.

Table 10. IGN/CENACARTA/DINAGECA land-cover/use data sets characteristics

S Producti

GIS database Data owner Scale Source ouree roduction Extent
[custodian year year

Land- DINAGECA/

cover/use CENACARTA

1:250,000 LANDSATTM  1995/1997 1998/1999 National

This database contains also a so-callgunplified Topographic Basdlayer) that includes the main
information of the classic 1:250,000 paper topolbigmaps. This information was updated with the
help of satellite images and GPS field survey (&8t update of the paper maps took place in the mid
1970s). The final product consists of one homogsmatabase covering the whole territory (1:250,000)
plus additional separate databases for eight selalistricts at a more detailed level (1:50,000eSe
spatial data sets, using Clarke 1866 ellipsoid Witke Datum, have been reprojected to UTM36 South
Datum WGS84.

These data comprise:
* Administrative boundaries: Provinces and Distr{€tkease note that part of the area of Inhambane
at the coast is missing);
» Urban settlements: cities and villages;
» Transportation network: roads (that were updatddanica and Maputo Provinces) and railways;
» Hydrographical network, i.e. rivers and lakes; and
» National parks.

A detailed description of the data set is providgdGN/CENACARTA/DINAGECA (1999).

3.7.4 Soils and terrain digital databases (SOTER)

SOTER is a uniform methodology, endorsed by thedFaxad Agriculture Organization of the United
Nations (FAQO), the United Nations Environmental gdeanme (UNEP) and the International Union of
Soil Sciences (IUSS), for storing and handlingtdigsoils and terrain data. It uses current andrgimg
information technology to establish a World Soitgl @ errain Database, containing digitised map units
and their attribute data. The main function is gn of the necessary data for improved mappird) an
monitoring of changes of world soils and terraisogrces. This methodology allows mapping and
characterisation of areas of land with a distiretpattern of landform, lithology, surface form, o
parent material and soils. Tracts of land charéssdrin this way are called SOTER units.

For Mozambique the SOTERSAF has been used (FAOBSRO03) that is the specific Soil and
Terrain database covering eight countries in Soothdrica. Each SOTER unit (Figure 17) thus
represents one unique combination of terrain ailcckaracteristics and in the geographic database h
a unique identifier, called SOTER unit-ID (SUID).
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Figure 17. A detail of the SOTER map in Niassa Province
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3.7.5 Vegetation map of Africa (Ecozones)

The UNESCO/AETFAT/UNSO Vegetation Map of Africa wasblished in 1983 (White, 1983). The
original product comprises three map sheets atle & 1:5,000,000. The Vegetation Map of Africa is
a compilation of various existing map sources fudifferent regions or countries.

These data were used mainly for an approximatetifition of Miombo and Mopane vegetation
zones and for analysis of macro-ecological zonestlie land-cover interpretation at 1:1,000,000
nominal scale. However, the precision of these dasanpared to the 1:1,000,000 nominal scale land-
cover interpretation- is only sufficient to providébroad and general idea of vegetation zones.

3.8 Products derived from various data types
3.8.1 Hill shade

The hill-shade function obtains the hypothetichiniination of a surface by determining illumination
values for each cell in a raster. It does this d&tjirsy a position for a hypothetical illuminatioausce
and calculating the illumination values of eachl @elrelation to neighbouring cells. The hill-shade
values were elaborated using the SRTM DEM thatehessolution of 90m. It was used to enhance the
visualisation of satellite images and DEM, usingnsparency that provides a visual account of the
morphological patterns behind the images.

3.8.2 Slope aspect

The slope function calculates the maximum ratehainge between each cell and its neighbours. The
lower the slope value the flatter the terrain, velasrthe higher the slope value the steeper tharterr
Slope was calculated as degree of slope. It wdmrdged using the SRTM DEM. Together with the
DEM and hill shade, this information was used tplere relationships between landscape morphology
and land cover. It also served in the delineatibrsamcalled land units (see relevant AIFM Project
Report).
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3.8.3 NDVI

The Normalized Difference Vegetation Index (NDVIadated as NIR-RED/NIR+RED) is a non-linear
transformation of the visible (red) and near-infichbands of satellite information. NDVI is definasl
the difference between the visible (red) and nefiaied (NIR) bands, over their sum. The NDVI is an
alternative measure of vegetation amount and donditt is associated with vegetation canopy
characteristics such as biomass, leaf area index pamcentage of vegetation cover. NDVI was
calculated for the whole of Manica Province, mosiaig the NDVI index calculated using band 3 and
band 4 of each LANDSAT scene. It was mainly usedlémtify natural vegetated areas inside mixed
areas (e.g., where shifting cultivation is domindgsee also paragraph 8.2).

3.8.4 LANDSAT 5 TM mosaics at Province level

In order to have a quick overview of the LANDSATa&ge coverage in the two Provinces that can be

used for illustration purposes, a mosaic of all seenes used for the interpretation in Manica and

Maputo Provinces was made. Images comprising fueetbands (RGB=432) and using a stretching in

order to create a homogeneous look was mergeaisitogle mosaic. These mosaics were used to check
internal data consistency and for exploration ofilsir areas during the interpretation phase. These

mosaics shouldotbe used for interpretation purposes.

3.8.5 LANDSAT 5 TM at degraded resolution

For the National level, two different LANDSAT 5 Tlgroducts have been prepared for interpretation
purposes:

1. LANDSAT 5 TM with a pixel size of 210m insteatithe original 30m (each resampled pixel is
the mean of a window of seven by seven originaklpisalues) used as baseline data for the
interpretation at National level,

2. LANDSAT 5 TM with a pixel size of 120m (windowf @our by four pixels) as auxiliary data for
interpretation purposes.

The command to use in the ERDAS Imagine softwak®NTEERPRETER/UTILITIES/DEGRADE. A
batch file was created by the program that rectirdsommands and the input and output files cligkin
on the “batch” button as described earlier in peaply 3.5.2. Similar to the “layer stack” proces® t
first batch file (.BCF) made has been copied arittddsubstituting the name and the path of thetinpu
and output files. This operation has been replicfde each scene processed.
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4 LAND-COVER CLASSIFICATION

4.1 Introduction

The land-cover classes as they were used in preovest Inventories have been revised by UIF in
order to better reflect what they find on the gmb@amd what one can distinguish on satellite imagery
(MADEBRAS/FUPEF/MADEMO, 1981; Saket, 1994; Saketkt 1995). Their new nomenclature has
been crosschecked with existing materials and tBR;Tsubsequently the classes of this nomenclature
have been ‘“translated” at UIF into the required RAREP Land Cover Classification System (Di
Gregorio and Jansen, 2000). The use of the FAO/UNEES for codification of land cover provides a
link to an international standard that has beenlieghgn various Eastern African countries. The
definition of the classes in LCCS has been fineetuduring the interpretation process and based upon
the field validation results (e.g., descriptiortloé land-cover types and photographs taken).

The objective of the land-cover data collectiomoisnclude the detail of the Forest Type classefaras

as possible corresponding with those provided ipeiglix 2 of the TOR, although a number of criteria
are being used in the TOR that cannot be deteateth® images (e.g., plant species, altitude and
climate) but only with the use of additional dataurces. The Forest Type classes have been
complemented by classes describing other land-dypes (e.g., cultivated areas, built-up areasewat
bodies and bare surfaces). Throughout this Techiteport the use of the term “land cover” is
preferred as what one can identify on satellitegesarefers to the B{o) physical features one can
observe on the surface of the E&r{Di Gregorio and Jansen, 2000). The use of “lapgler/use” is
justified by having included shifting cultivatiohdt refers to a landse(see also paragraph 4.3).

4.2 LCCS structure and methodology

The set of diagnostic criteria for the parametiizssification approach followed in the Land Cover
Classification System (LCCS) developed by FAO isdobupon examination of criteria commonly used in
existing classifications that identify and descriaed cover in an impartial, measurable and quativit
manner (Di Gregorio and Jansen, 2000; Jansen a@addgorio, 2002).

As described in detail in Di Gregorio and Jansdd0(® and Jansen and Di Gregorio (1998 and 2002),
the developed approach to classification aimslagi@al and functional hierarchical arrangementhef
classifiers, thereby accommodating different lewadlmformation, starting with broad-level classbat
allow further systematic subdivision into more dethsubclasses. At each level the defined classes
mutually exclusive. Criteria used at one levelld tlassification are not to be repeated at othexls.
The increase of detail in the description of a lgslinked to the increase in the number of cfassi
used. In other words, the more classifiers are édihe more detailed the class. The class bouridary
then defined either by the different number of siffers, or by the presence of one or more differen
types of classifiers. Emphasis is not given todlass name obtained, the traditional method, btheo
set of classifiers used to define this land-covess

Many current classification systems are not sugtdtt mapping and subsequently monitoring purposes
(Jansen and Di Gregorio, 1998). In the developedmetric approach, the use of diagnostic critem a
their hierarchical arrangement to form a land-castass, are a function of geographical accuracg Th
arrangement of classifiers will assure at the aglhevels of the classification, i.e. the most agated
levels, a high degree of geographical accuracy.

Land cover should describe the whole observabtg (iliysical environment and is, thus, dealing \&aith
heterogeneous set of classes. Evidently, a fosedtfined with a set of classifiers different framose
to describe snow-covered areas. Therefore, thaitiefi of classes by classifiers is not using tame
set of classifiers for description of every classduse it would be impractical. In the new appro#uh
classifiers are tailored to each of the eight migod-cover features identified (Figure 18).

Agriconsulting S.p.A.



Figure 18. The eight major land-cover categories of LCCS -grouped under the primarily vegetated and primarily non-vegetated area distinction- with their set
of classifiers to form classes in hierarchical order (roman figures) followed by the specific technical attribute (e.g., Crop Type) (Jansen and Di Gregorio, 2002)
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According to the general concept of arpriori classification, it is fundamental to the systerattall
combinations of the classifiers are accommodatatiensystem independent of scale and tools used to
identify objects (e.g., human eye, statistics,aghotographs or satellite remote sensing). Bgriag

the set of classifiers to the land-cover featupprapriate combinations of sets of predefined diass

can be made without the likelihood of impracticambinations of classifiers. Two distinct land-cover
features having the same set of classifiers mdgrdifi the hierarchical arrangement of these diassi

in order to ensure a high geographical accuracy.

Having all pre-defined classes included in the esystis the intrinsic rigidity of this type of
classification. However, it is the most effectivaymo produce standardisation of classificationltss
between user-communities. The disadvantage isithatder to be able to describe any land cover
occurring anywhere in the world in a consistent wayuge number of pre-defined classes are needed
and that users should describe a specific landrcéwature in a similar way. This led to the
development of the application software that assisers in determination of classifiers in a stepwi
selection procedure that aggregates classifiepbtiin the land-cover class.

4.3 Land cover versus land use

Landcoveris defined in the FAO/UNEP LCCS as théit() physical features one can observe on the
surface of the Earth(Di Gregorio and Jansen, 2000). Lamgkis defined asthe type of human activity
taking place at or near the surfdc€Cihlar and Jansen, 2001). The remote sensing amdtdover
component of the AIFM Project has adopted and agghese two definitions

Land cover can be a cause, constraint or consegusre certain land use. Land use is determined by
natural, economic, institutional, cultural and lefgetors. In general, possible land-uses are dichivy
(bio) physical constraints. These include climatgography, soils and the geological substrate,
presence or availability of water and the typeedatation. Agricultural practices differ from oreggion

to another and different types of land uses aretiged on the same type of land in different areas,
depending on the history, local traditions and wedylife, apart from the (bio) physical constraints
(Cihlar and Jansen, 2001). The location of an avéh respect to other land-use types, such as
residential and industrial areas, is also an inggrfactor. Economic incentives as part of poliey c
affect land-use and land-cover patterns.

The understanding of the interactions between tamatr and land use in their spatial and temporal
appearances is fundamental to comprehension ofdaver and land-use change dynamics. Changes in
land use and management have their impact on lawet,cbeing the expression of human activities (see
also paragraph 8.4).

4.4 Analysis of classification requirements

The design of a single common reference systenetaded for all land-cover classifications suitable
throughout Mozambique has been recommended. Hovetveél-, a new nomenclature was developed
taking into account the lessons learnt in the past considering the possibility to distinguish thes
classes using satellite remote sensing. Durindrtbeption Mission this reference system was firealis
and translated into the FAO/UNEP Land Cover Classgibn Systerh (LCCS) standard (version 2).
This standard has been applied in 10 Eastern Africauntries and several Eastern and Central
European Countries and in the Community of Indepahdtates. The land-cover classes defined in
Appendix 2 of the TOR show a clear emphasis onilddtdefinition of (semi-) natural vegetated areas
(e.g., closed and open forests (woodlands)) anchness emphasis on agricultural areas, bare areas,
artificial surfaces and water bodies.

® The FAO/UNEP Land Cover Classification System besn endorsed by the Land Use and Cover Change@).UC
programme element of the International Geosphessiere Programme (IGBP) and International HumaneDsions
Programme on Global Change (IHDP).
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In the context of the AIFM Project and with the adhnstandardisation the land-cover definition d# th
FAO/UNEP LCCS was adopted\ppendix A gives an overview of the distinctionade in LCCS
based upon specific criteria and the definitionlarid-cover categories as well as the land-cover
domains defined at the third level.

A detailed description of the characteristics toused in the definition of the land-cover classas h
been provided in Appendix 2 of the TOR. These ditarstics comprise:
» Canopy cover thresholds set at 70, 40 and 10 pecoeresponding with the terminology closed,
open and sparse;

» Height, with trees being defined as being tallantbm and shrubs smaller than 5m when mature;
» Leaf type distinguishing (semi-) broadleaved angrgreen plants;

» Further subdivision of forests, woodlands, thicketad shrublands based upon species
composition of the vegetation, climatic conditiopBysiography and altitude.

* Arboriculture should be distinguished based upsrahduse i.e. production of wood/timber or
production of fruits and nuts;

» Proximity of certain forest formations to water cges (e.g., along the coast or along rivers).

The term “forests” as used in LCCS refers to clogteaids of (semi-) natural trees. In Mozambique the
term “forests” is defined as:cbbertura vegetal capaz de fornecer Madeira ou ptod vegetais,
albergar a fauna e exercer um efeito directo ourgrto sobre o solo, clima ou regime hidridd.ei de
Florestas e Fauna Bravial0/99 Capitulo 1 (Disposicoes Gerais) - Artigo def{nicoes),
MADER/DNFFB, 1999). Thus the definition as commonked in Mozambique is wider and refers to
the following in LCCS:

* Forests, i.e. stands of trees with a closed caonopgr (more than 70%) belonging to the (Semi-)

natural vegetation both terrestrial or aquatic/tegdy flooded.

» Woodlands or Open forests, i.e. stands of treek aitanopy cover ranging between 40-70%
belonging to the (Semi-) natural vegetation bottesdrial or aquatic/regularly flooded.

» Planted stands of trees belonging to the Tree axithin the Cultivated terrestrial areas (A11l).

Upon request of UIF during the Inception Missidme tclass “Shifting cultivation” was added to the
legend. Shifting cultivation describes a lande rather than a land cover. However, given the
importance of the shifting cultivation practicelamge parts of the rural areas of the country tlasses
were created: (1) one in which the natural vegdtaieas were dominant, and (2) one in which the
cultivated fields prevailed (see paragraph 5.2/)order to distinguish the aspect “shifting”, use
several images covering the same area in diffgreguts was needed in order to establish if fieldseewe
abandoned after a couple of years and new fielgeapd in different locations or whether fields
remained basically in the same location in whickecthe aspect “shifting” did not apply. Another
reason for inclusion of “shifting cultivation” i®tbe able to describe the process in which a fasest
“‘invaded” by human agricultural activities, firsh @ temporary basis but with continued pressurtnen
resources and/or increased population pressure thetivities gain a more permanent character. In
historical National land-cover data sets the “ghjftcultivation” aspect has never been included.(e.
Saket 1994; Saket et al., 1995; IGN/CENACARTA/DINBGA, 1999).

The correspondence of some pre-set criteria witlR&@ not always 100 percent as will be shown in
the examples provided in Table 11 and Table 12.
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Table 11. Threshold values for canopy cover description

Thresholds canopy cover (in percentages)

TOR FAO/UNEP LCCS
Closed More than 70 More than 65
Open 70-40 65-15 65-40
Less than 40 40-15
Sparse Less than 10 Less than 15

A difference of 5 percent in the thresholds fora@ncover is insignificant because no one will biea
to establish this type of difference in the fieRince the use of LCCS is specified in the TOR, care
assume that such small differences between thesshtild values are acceptable.

Table 12. Threshold values for definition of trees and shrubs

Thresholds height (m)

TOR FAO/UNEP LCCS
Trees More than 5 More than 3
Shrubs Less than 5 Less than 5

Height is a complicated parameter because treestamutbs grow and their height increases with time.
The threshold values defined in general apply fallg developed tree or shrub. In LCCS trees are
defined by the combination of height and physiogiwoappearance as having $ingle, well-defined
steni whereas shrubs arevithout any defined main stérfFord-Robertson, 1971). Furthermore, the
height range of 3-5m in LCCS can be either treeshoubs; definition follows the rule thaa woody
plant with a clear physiognomic aspect of trees loartlassified as trees even if the height is ladvean

5m but more than 3imin the AIFM land-cover interpretation approadie tdistinction between tree and
shrub applied is the threshold value of 5m as éefin the TOR.

The criterion leaf type as defined in the TOR cgpmnds completely with LCCS. Whenever possible,
available multi-temporal images (e.g., wet and geason) have been used to help the distinction
between “(semi-) evergreen” and “(semi-) deciduous”

Arboriculture is considered the cropping of treethwnanagement practices and as such falls in a
different LCCS land-cover category than (semi-)unat vegetation but causes no difficulty as above
described. Homogeneous tree stands in areas shehémg edges usually indicate arboriculture.

Species composition is a characteristic that catmotinferred from satellite imagery but can be
observed during the field survey. Convergence afence of spectral signatures and terrain knowledge
may give the interpreter an idea of the type ot@®eto be expected. Also the use of availabletédjg
ancillary data concerning vegetation types maysasse interpreter. Proximity to water courses lsan
identified on the image if the water courses ae dnough to show on the LANDSAT imagery and
more important if these forest formations haveza sif at least the minimum mapping unit or when
smaller if they can be accurately delineated.

It is possible to obtain landseinformation in addition to land cover when integfing satellite imagery
(Cihlar and Jansen, 2000). While land cover is thgsamarily on spectral data content, which makes
the successful use of digital image analysis ptsdiéind-use information benefits from other aspett
the data including pattern, shape, context, sihadews, etc. This contextual information may be
efficiently extracted using visual analysis. A &d interpreter, familiar with the land cover ansku
types in the area, can obtain this important agitti land-use information and may thus be able to
identify land-use boundaries within the image (assg that the latter are suitably enhanced formoati
viewing).
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Given the above-described pre-set conditions amdiderations for legend definition, the preliminary
land-cover classes were defined. The developedhiedms been discussed with the Recipient and
inventory experts during the Inception Mission loé tRemote Sensing and Land Cover Classification
Expert, thus well before its application and it agproved in the Inception Report.

During the interpretation phase the preliminarneled)was in constant evolution:
» Classes were added whenever image characteristies such that an already existing class did
not apply, ancillary data supported this impressiod discussions within the interpretation team
resulted in the formation of a new class; and

» Existing classes were fine-tuned in their defimtidbased upon discussions within the
interpretation team.
In this manner the full expertise of the interptietateam was used in order to define a set okekas
that can be distinguished based upon the satetidge characteristics and available ancillary data.
the same time definitions of classes became moeeigw in order to highlight their land-cover
characteristics.

Each classification, even when build on a referesystem such as LCCS, has to keep in account the
operational context in which it will be used (eilpe scale of working and the specific study ages)
described before. As a result, the initial accomatioth of the classification requirements in a laen
has resulted in two specific legends: one for thecalled Province level, i.e. for the land-cover
interpretation of Manica and Maputo Provinces; am@é for the National level. These legends are
described in more detail in paragraphs 4.5 and 4.6.

Correlation with other existing classifications bews a matter of “translating” the existing classes
back into the classifiers of the system (see pamyB.3 for an application). Comparison of indidtu
classes, as well as the used classifiers formirgy dlass, becomes feasible. However, to be able to
translate existing classes, documentation is needethe criteria used. Individual class names are
insufficient for any meaningful translation (Jans2®04a and 2004b).

4.5 Land-cover legends at Province level

In the FAO/UNEP LCCSglassificationis defined as&n abstract representation of the situation in the
field” and legendis defined asthe application of a classification in a specificea using a defined
mapping scale and specific data”"s@Di Gregorio and Jansen, 2000). Thus, in the azséne AIFM
Project, LCCS was used to extract a set of lanegcolasses to be used at two different nominakscal
using on-screen visual interpretation of LANDSATI B! satellite images. The general legend created
for the nominal scale of 1:250,000 to be used atiBRce level contains only a subset of land-cover
classes of which some have been used in Manicarfemwthers were used in Maputo Province, and
some occur in other Provinces. Table 13 showséehergl subset of classes.

Application of any of the classes of this subsdatml-cover interpretation at Province level resiin:
* A land-cover polygon with a single dominant land«eioclass with a percentage of 100%; or

» A land-cover polygon with a mixture of two land-@v\classes, a so-called mixed class having a
dominant and secondary land-cover class, in whade dhe percentage of tdeminantclass
needs to be specified with the following percentesyeges available: (1) 50-74%; and (2) 75-
99%. The complementary percentage range for thansgacy class is automatically assumed to be
25-50% in case of (1) and 1-25% in case (2).

Mixed classes, consisting of a dominant and seagnidad-cover class, have been used when more
than one land-cover type was identified on thellgatémage in the delineated polygon and these two
classes could not be separated spatially or ottleedfvo components would fall below the threshaltd s
for minimum mapping unit (see paragraph 5.6).
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Preliminary discussions with UIF/DNFFB/MINAG on tleentents of the legend to be used at Province
level led to the creation of a set of classes baped the physiognomic-structural approach advacate
by the FAO/UNEP LCCS. This initial set of mainlyaskes describing vegetation types has been
complemented with classes describing other lan@taypes. This legend has been continuously
adjusted and fine-tuned during the land-cover pregation of Manica and Maputo Provinces, both at
the preliminary interpretation phase and the fagalon of the interpretations based upon the field
survey data collected and photographs taken, negult the two specific legends for the two Proéac
shown in Table 33 and Table 34 that also showdhd-tover statistics further discussed in paragraph
11.1. The final legends have been translated byituFortuguese (Appendix E).

The general legend should be considered the gjgytimt for any subsequent land-cover interpretatio
at the same nominal scale, i.e. 1:250,000, forafrthe other Provinces in Mozambique. It provides a
framework for systematic definition of land-covdasses. Each time out of this general legend the se
of classes relevant to a specific Province canilberefd. In this way the systematic use of the same
approach to creation of classes and their codifinats warranted. This will enhance compatibilityda
comparability of resulting land-cover data setd$uture, thus facilitating especially land-cover oba
dynamics analysis and environmental monitoring.

User-defined LCCS codes in the legend of the 1(@Dnominal scale satellite interpretation are:

Zs01 = Sugarcane.

Zt01 =Brachystegiaspp.

Zt02 =Androstachys johnsonii.

Zt03 =Colophospermum mopane.

Zt04 =Avennia marinaCeriops tagalRhyzophora mucronata.

Zt05 =Mimusopsspp.,Diospyrus rotundifoliaBrachylaena discolgrEuclea racemos&asideroxylon
inerme.

Zt06 = Aphloia myrtifolig Maesa lanceclataCurtisia faginea Rawolfia inebrians Canopharngia
stapfiana
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Table 13. Final legend for the land-cover data collection at Province level at 1:250,000 nominal scale’

LC categories LC domains LC group |LCCS Code User code Additional remarks
Level Il Level IV Level V. |LCCS standard name User name
A11. Cultivated Tree crops 10495-1--S6W7 1TCF IThese includes cashew, coco, mango, etc.
and managed Permanently cropped area with rainfed broadleaved Tree crops
terrestrial areas evergreen tree crop(s)
Crop type: Fruits & nuts
Crop cover: Closed > (70-60)% (Plantation(s))
10495-S10 1TCW Includes crops like Eucalyptus (fuel wood) and Pine (industrial
Permanently cropped area with rainfed tree crop(s) Forest plantations use). Fuel wood plantations are found close to the three
Crop type: Wood & timber biggest urban centres. Plantations of Casuarina spp. have
been planted to stabilise dunes and are nowadays used by
tthe population for fuel wood and timber.
Shrub crops 10567-1-S0804W7 1SCT
Permanently cropped area with rainfed broadleaved Tea plantations
evergreen shrub crop(s)
Dominant crop: Beverage - Tea (Camellia sinensis (L.) O.K.)
Crop cover: Closed > (70-60)% (Plantation(s))
Field crops 11498 // 11494 1FCR IThese crops comprise tobacco and cotton, but also self-
(Herbaceous Rainfed herbaceous crop(s) // Rainfed shrub crop(s) Rainfed crops sufficiency crops like cassava, etc.
and shrubs) 11500 // 11495 1FCI
Irrigated herbaceous crop(s) / Irrigated shrub crop(s) Irrigated crops
Mixed class 10786 / 21446 1CXF Mixed class of fields cultivated for a number of years
Scattered clustered small-sized field(s) of rainfed Shifting cultivation with open to closed|surrounded by open to closed forests.
herbaceous crop(s) / Closed to open trees forested areas®
A12. (Semi-) Woody 20068-15048-Zt05 2DEC oody vegetation type found always along the coast, inland
natural terrestrial ~ vegetation Semi-evergreen closed woody vegetation Coastal dense woody vegetation ffrom the mangroves; linked to sandy soils.
vegetation Floristic aspect: Mimusops spp., Diospyrus rotundifolia,
Brachylaena discolor, Euclea racemosa, Sideroxylon inerme
20110-15048-2t05 2DEO oody vegetation type found always along the coast, inland
Semi-evergreen open woody vegetation Coastal open woody vegetation ffrom the mangroves; linked to sandy soils.
Floristic aspect: Mimusops spp., Diospyrus rotundifolia,
Brachylaena discolor, Euclea racemosa, Sideroxylon inerme
Forests (Semi-) 20089 // 20089-15048 2FE This class remains unspecified at species level and is identical
evergreen® |Broadleaved evergreen trees // semi-evergreen trees Broadleaved (semi-) evergreen closed|in its structural-physiognomic description of the vegetation as
forest classes 2FEG, 2FEA and 2FEM.

” In bold the regrouping of classes at the 85% overall thieraacuracy level requested by the TOR.

8 If the cultivated fields are surrounded by a vatieh dominated by shrubs, a mixed class shoulthfée consisting of “Rainfed crops” (IHCR) with eittShrubland
(=open shrubs) or Thicket (=closed shrubs). Ifsheib vegetation is dominant it should be mentiaethe first class in such a mixed class.

° Evergreerindicates perennial plants that are never entinéllyout green foliage (Ford-Robertson, 1971). Mitvan 75 percent of the area of the polygon mustdvered
by evergreen vegetation. Semi-Evergrepplies to a combination of broadleaved evergesghbroadleaved deciduous, with broadleaved evendreing the dominant leaf
phenology and broadleaved deciduous being moreZhgercent.



LC categories LC domains LC group |LCCS Code User code Additional remarks
Level Il Level IV Level V. |LCCS standard name User name
20089-L2P10Zt06 // 20089-15048-L2P10Zt06 2FEM Owing to their high altitude (>1300m a.s.l.) and their mean
Broadleaved evergreen trees // semi-evergreen trees Closed broadleaved (semi-) evergreeniannual rainfall (>1400mm) in additional to their inaccessibility
Major land class: Sloping land mountainous forest this forest type has a rich flora.
Altitude: 1000 -1500 m
Floristic aspect: Aphloia myrtifolia, Maesa lanceclata,
Curtisia faginea, Rawolfia inebrians, Canopharngia
stapfiana
20089-13180-L11 2FEG This type of forest may be flooded for some time due to peak
Semi-evergreen high forest Gallery forest flows in the river regime.
Major land class: Level land, plain
20089-Zt02 2FEA
Broadleaved evergreen forest Mecrusse dense
Floristic aspect: Androstachys johnsonii
(Semi-) 20090 // 20090-15048 2FD This class remains unspecified at species level and is identical
deciduous? |Broadleaved deciduous trees // Semi-deciduous trees Broadleaved (semi-) deciduous closediin its structural-physiognomic description of the vegetation as
forest classes 2FDC and 2FDB.
20090-01011Zt03 // 20090-15048-2t03 2FDC
Broadleaved deciduous trees // Semi-deciduous trees Mopane dense
Floristic aspect: Colophospermum mopane
20090-01011Zt01 // 20090-15048-Zt01 2FDB IThis vegetation type can have 2 to 3 layers.
Broadleaved deciduous trees // Semi-deciduous trees Miombo dense
Floristic aspect: Brachystegia spp.
Woodlands (Semi-) 20131 //20131-15048 2WE This class remains unspecified at species level and is identical
(Open forests)  evergreen |Broadleaved evergreen // semi-evergreen woodland Broadleaved (semi-) evergreen open (in its structural-physiognomic description of the vegetation as
forest classes 2WEM and 2WEA. The class may or may not have a
second layer of shrubs.
20131-L2P10Zt06 // 20131-15048-L2P10Zt06 2WEM This forest type is open because of edaphic reasons or human
Broadleaved evergreen // semi-evergreen woodland Open broadleaved (semi-) evergreen |interferences. The latter occurs especially at foot slopes in
Major land class: Sloping land mountainous forest combination with fertile, rich and deep soils used for
Altitude: 1000 -1500 m cultivation. If natural it is part of a vegetation gradient.
Floristic aspect: Aphloia myrtifolia, Maesa lanceclata,
Curtisia faginea, Rawolfia inebrians, Canopharngia
stapfiana
20131-2t02 2WEA IThe class may or may not have a second layer of shrubs.
Broadleaved evergreen woodland Mecrusse open
Floristic aspect: Androstachys johnsonii

1% beciduousdescribes the phenology of perennial plants thatleafless for a certain period during the year@FRobertson, 1971). Leaf shedding usually takesep
simultaneously in the connection with the unfavbleasseason (UNESCO, 1973). More than 75 percetiteopolygon should be covered by deciduous vegetaBemi-
deciduousapplies to a combination of broadleaved decidiang broadleaved evergreen, with the leaf phenolwggdleaved deciduous being dominant and broadieave
evergreen being more than 25 percent.



LC categories LC domains LC group |LCCS Code User code Additional remarks
Level Il Level IV Level V. |LCCS standard name User name
(Semi-) (20132 // 20132-15048 2WD This class remains unspecified at species level and is identical
deciduous |Broadleaved deciduous woodland // Semi-deciduous Broadleaved (semi-) deciduous open |in its structural-physiognomic description of the vegetation as
woodland forest classes 2WDC and 2WDB. The class may or may not have a
second layer of shrubs.
20132-2t03 // 20132-15048-2t03 2WDC IThe class may or may not have a second layer of shrubs.
Broadleaved deciduous woodland Mopane open
Floristic aspect: Colophospermum mopane
20132-2t01 // 20132-15048-Zt01 2WDB IThe class may or may not have a second layer of shrubs.
Broadleaved deciduous woodland Miombo open
Floristic aspect: Brachystegia spp.
Thickets (Semi-) 20152 // 20152-15048 2TE This class is typical in more arid areas. Furthermore, it is
evergreen |Broadleaved evergreen thicket // Semi-evergreen thicket ~ [Broadleaved (semi-) evergreen thicketfound in the vicinity of villages where it often constitutes a
regrowth of abandoned cultivated fields.
(Semi-) 20153 // 20153-15048 2TD This class is typical in more arid areas. Furthermore, it is
deciduous |Broadleaved deciduous thicket // Semi-deciduous thicket  [Broadleaved (semi-) deciduous thicketfound in the vicinity of villages where it often constitutes a
regrowth of abandoned cultivated fields.
Shrublands (Semi-) 20173 // 20173-15048 2SE Emergent trees may occasionally occur. This class is typical
evergreen |Broadleaved evergreen shrubland // Semi-evergreen Broadleaved (semi-) evergreen for areas with poor and/or shallow soils and low rainfall.
shrubland shrubland Furthermore, it occurs as regrowth in areas of shifting
cultivation or following fierce bush fires.
(Semi-) 20174 // 20174-15048 2SD Emergent trees may occasionally occur. This class is typical
deciduous |Broadleaved deciduous shrubland // Semi-deciduous Broadleaved (semi-) deciduous for areas with poor and/or shallow soils and low rainfall.
shrubland shrubland Furthermore, it occurs as regrowth in areas of shifting
cultivation or following fierce bush fires.
Grasslands 21270 2GCT
Herbaceous vegetation with trees Tree savanna
21273 2GCS \Very occasionally trees can be found as well.
Herbaceous vegetation with shrubs Shrub savanna
21318 2GOS
Open herbaceous vegetation with shrubs Open shrub savanna
Mixed class 21446/ 10786 2FXC Mixed class of closed to open forests with fields cultivated for

Closed to open trees / Scattered clustered small-sized
field(s) Of rainfed herbaceous crop(s)

Closed to open forested areas with
shifting cultivation

la number of years.

A23. Cultivated Graminoid crops
aquatic or
regularly flooded
areas

3003-L11L5S0308

Continuous field(s) of graminoid crops

Major land class: Level land, plain, Slope class: Flat to
almost flat

Dominant crop: Cereals-Rice (Oryza spp.)

3GCO
Rice crop




LC categories LC domains LC group |LCCS Code User code Additional remarks
Level Il Level IV Level V. |LCCS standard name User name
A24. (Semi-) Forests Evergreen |40499-4891-L11L5Zt04 4FEP
natural aquatic or Broadleaved evergreen forest on permanently flooded land [Mangrove dense
regularly flooded (with daily variations)
vegetation Major land class: Level land, Slope class: Flat to almost flat
Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora
mucronata
Woodlands Evergreen [40155-4891-L11L5Zt04 4WEP There is a second layer of regrowth of the trees.
Broadleaved evergreen woodland on permanently flooded ~ [Mangrove open
land (with daily variations)
Major land class: Level land, plain, Slope class: Flat to
almost flat
Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora
mucronata
40162 AWET
Broadleaved evergreen woodland on temporarily flooded  Woodland on temporarily flooded land
land
Shrublands 40053 4SET
Open shrubs on temporarily flooded land Open shrubs on temporarily flooded
land
Herbaceous 42348-60686 AHVT IThis vegetation type occurs in depressions where water
vegetation Closed to open herbaceous vegetation on temporarily Herbaceous vegetation temporarily  remains stagnant temporarily leading to an abundant growth
flooded land flooded lof herbaceous plants.
42347-60686 4HVP IThis vegetation type occurs in depressions where water
Closed to open herbaceous vegetation on permanently Herbaceous vegetation permanently fremains stagnant permanently.
flooded land flooded
40083 4HVS IThis peculiar vegetation type occurs only in Sofala Province
Sparse herbaceous vegetation on temporarily flooded land  [Tandos (Marromeu). Presence of termite mounds.
B15. Artificial 5001 5BU This class includes urban, industrial and associated areas.

surfaces and
associated areas

Built-up area(s)

Built-up areas

B16. Bare areas  Consolidated 6002 6BR
bare areas Bare rock and/or coarse fragments Bare rocks
Un-consolidated 6005 6BS This class includes all sorts of bare soils, including the salty
bare areas Bare soil and/or other unconsolidated material(s) Bare soils soils separating mangroves from other vegetation.
6009 6SS This class includes dunes where vegetation is rare or absent.
Shifting sands / Dune(s) Dunes
B27. Artificial Artificial 7002 7WB
water bodies  water bodies Artificial perennial water bodies Artificial water bodies
B28. Natural Natural 8002 8WB
water bodies  water bodies Perennial natural water bodies Natural water bodies
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4.6 Land-cover legend at National level

This legend was prepared for application at theciipenominal scale of 1:1,000,000 for the whole
country, thus the classes in this legend are adlsels that were expected to be present in thergaumd
that have been used in the data collection withetkeeption of Shrub crops (1SC). This class was
surprisingly not found at the specified scale. Thasy be related to the fact that any Shrub cropsent

in the country do not cover a large enough aredeéised by the minimum mapping unit or they do not
cover a large enough area within a delineated polyip be mentioned as part of a mixed class.
Comparison of the National level legend with theviflice level legend will immediately demonstrate
that the level of detail in the class definitionN&tional level is much less and that this is agtdie for

all classes in order to have a balance in the lefveétail of the included classes.

The main difference between the land-cover integpien at Province and National levels has been tha
the type of satellite imagery requested by the TOR,LANDSAT, is very suitable for land-cover
interpretation at the 1:250,000 nominal scale huitequnsuitable at 1:1,000,000 nominal scale as
LANDSAT satellite imagery contains too much detaihe amount of detail in the used LANDSAT 5
TM imagery was reduced by degrading the pixel tggmi from 30 to 210m, as described earlier, in
order to delineate polygons that contain an amofiimtformation matching the requested nominal scale
of 1:1,000,000. Furthermore, the occurrence ofaled mixed classes at the National level increases
dramatically and therefore these mixed classesbeacomposed of three land-cover classes of the
legend (instead of two classes as used at theriemigvel).

The land-cover legend developed for the Nationatllés based upon the regrouping of classes of the
Province level at the accuracy level of 85% (Tdlle This means that classes were regrouped im orde
to generalise the type of land-cover to be dististyed and as a logical consequence this reduces the
amount of detail of the classes delineated at ¢j@ested coarser scale. In order to be consigtent t
had to be done for all land-cover categories ifn@la manner resulting, for instance, in the lags
information of where Dunes are localised in thentputhat comprise an important ecological habitat.
However, this type of information can be easilycked and recuperated using GIS operations to select
from the final land-cover data set those polygoiit the Bare areas (6BA) label located at a certain
distance from the sea.

Application of any of the classes of the Natiomaidl legend to land-cover interpretation resulted i
» A land-cover polygon with a single dominant land«eioclass with a percentage of 100%; or

» A land-cover polygon with a mixture of up to thleed-cover classes, so-called mixed class with
a dominant, secondary and (if present) tertiargdemver class, in which case the percentage of
each of the classes needed to be specified witlfotloaving percentage ranges available: (1) O-
24%; (2) 25-49%; (3) 50-74%; and (4) 75-99% (Plaaste the difference in approach compared
with the Province level).

It is important to note that there is a direct atrdong relation present between the different ldgarsed
at the two different nominal scales and that thecttiral-physiognomic approach at definition ofsslas

is identical. Table 15 shows the relationships etwthe legends at Province and National levels. Th
facilitates using the coarser scale classes as f@sany more detailed delineation of classesutare
and establishes logical and functional linkages/ben the two resulting data sets. Land-cover ciaake
the Province level can thus easily be generalistedthe National level classes.

The statistics at National level are shown in T&3eand discussed in paragraph 11.1.

Agriconsulting S.p.A.
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LC categories ~ LC domains LC group |LCCS Code User code Additional remarks
Level llI Level IV Level V. |LCCS standard name User name
A11. Cultivated  Tree crops 10001 1TC
and managed Tree crop(s) Tree crops
terrestrial areas  ghrub crops 10013 1SC
Shrub crop(s) Shrub crops
Field crops 10025 // 10013 1FC
(generic) Herbaceous crop(s) // Shrub crop(s) Field crops
Mixed class 10786 / 21446 1CXF Mixed class of fields cultivated for a number of years
Scattered clustered small-sized field(s) of rainfed herbaceous | Shifting cultivation with open to closed surrounded by closed to open forests.
crop(s) / Closed to open trees forested areas?
A12. (Semi-) Forests (Semi-) {20089 // 20089-15048 2FE
natural terrestrial evergreen® |Broadleaved evergreen trees // Semi-evergreen trees (Semi-) evergreen forest
vegetation (Semi-) {20090 // 20090-15048 2FD
deciduous™ |Broadleaved deciduous trees // Semi-deciduous trees (Semi-) deciduous forest
Woodlands (Semi-) {20131 //20131-15048 2WE
(Open forests)  evergreen |Broadleaved evergreen // Semi-evergreen woodland (Semi-) evergreen woodlands
(Semi-) (20132 // 20132-15048 2WD
deciduous |Broadleaved deciduous woodland // Semi-deciduous woodland | (Semi-) deciduous woodlands
Thickets 20018 2TK
Closed shrubs (Thicket) Thickets
Shrublands 20022 25L
Open shrubs (Shrubland) Shrublands
Grasslands 21454 2GL
Herbaceous closed to open vegetation Grasslands
Mixed class 21446 / 10786 2FXC Mixed class of closed to open forests with fields
Closed to open trees / Scattered clustered small-sized field(s) of | Closed to open forested areas with shifting| cultivated for a number of years.
rainfed herbaceous crop(s) cultivation

™ In bold the regrouping of classes at the 85% overall thieraacuracy level

12 |f the cultivated fields are surrounded by a vatjeh dominated by shrubs, a mixed class shoulthbee consisting of “Rainfed crops” (1HCR) with eittShrubland
(=open shrubs) or Thicket (=closed shrubs). Ifsheib vegetation is dominant it should be mentiaethe first class in such a mixed class.

13 Evergreerindicates perennial plants that are never entinédlyout green foliage (Ford-Robertson, 1971). Mibven 75 percent of the area of the polygon mustdvered

by evergreen vegetation. Semi-Evergrepplies to a combination of broadleaved evergesghbroadleaved deciduous, with broadleaved evendseing the dominant leaf
phenology and broadleaved deciduous being moreZhgrercent.

! Deciduousdescribes the phenology of perennial plants thatleafless for a certain period during the yeaw@FRobertson, 1971). Leaf shedding usually takesep
simultaneously in the connection with the unfavbleasseason (UNESCO, 1973). More than 75 percetiteopolygon should be covered by deciduous vegeataBemi-
deciduousapplies to a combination of broadleaved decidiang broadleaved evergreen, with the leaf phenolwggdleaved deciduous being dominant and broadieave
evergreen being more than 25 percent.



LC categories ~ LC domains LC group |LCCS Code User code Additional remarks
Level Il Level IV Level V. |LCCS standard name User name
A23. Cultivated 0006 3AC
aquatic or Cultivated aquatic or regularly flooded area(s) Cultivated aquatic or regularly flooded
regularly areas
flooded areas
A24. (Semi-) Forests Evergreen |40499-4891-L11L5Zt04 4FF The code: Zt04 = Avennia marina, Ceriops tagal,
natural aquatic or Broadleaved evergreen forest on permanently flooded land (with | Mangrove dense Rhyzophora mucronata.
regularly flooded daily variations)
vegetation Major land class: Level land, Slope class: Flat to almost flat
Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora
mucronata
Woodlands 40046 // 40047 4WF
Woodland on permanently flooded land // Woodland on Aquatic or regularly flooded woodlands
temporarily flooded land
Shrublands 41897 // 41983 4SF
Closed to open shrubs on permanently flooded land // Closed to | Aquatic or regularly flooded shrublands
open shrubs on temporarily flooded land
Herbaceous 42347 | 42348 4HF This vegetation type occurs in depressions where
vegetation Closed to open herbaceous vegetation on permanently flooded | Aquatic or regularly flooded herbaceous | water remains stagnant temporarily leading to an
land // Closed to open herbaceous vegetation on temporarily vegetation abundant growth of herbaceous plants.
flooded land
B15. Artificial 5001 5BU This class includes urban, industrial and associated
surfaces and Built-up area(s) Built-up areas areas.
associated areas
B16. Bare areas 0011 6BA
Bare area(s) Bare areas
B27. Artificial Artificial 7002 7WB
water bodies  water bodies Artificial perennial water bodies Artificial water bodies
B28. Natural Natural 8002 8WB

water bodies  water bodies

Perennial natural water bodies

Natural water bodies
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Table 15. Relation between the Province and National level legends
Classes in the legend at Province level Classes in the legend at National level

User User
User name User name

code code
Tree crops 1TCF
Forest plantation 1TCW Tree crops e
Tea plantation 1SCT |Shrub crops 1SC
Rainfed field crops 1FCR |,
Irigated field crops e Field crops (herbaceous and shrub crops) 1FC
Shifting cultivation with open to closed forested areas 1CXF [Shifting cultivation with forest 1CXF
Coastal dense woody vegetation 2DEC
Broadleaved (semi-) evergreen closed forest 2FE
Mecrusse dense 2FEA |(Semi-) evergreen forests & woody vegetation 2FE
Gallery forest 2FEG
Closed broadleaved (semi-) evergreen mountainous forest  2FEM
Broadleaved (semi-) deciduous closed forest 2FD
Miombo dense 2FDB |(Semi-) deciduous forests 2FD
Mopane dense 2FDC
Coastal open woody vegetation 2DEO
Broadleaved (semi-) evergreen open forest 2WE |(Semi-) evergreen woodlands & open woody OWE
Mecrusse open 2WEA |vegetation
Open broadleaved (semi-) evergreen mountainous forest ~ 2WEM
Broadleaved (semi-) deciduous open forest 2WD
Miombo open 2WDB |(Semi-) deciduous woodlands 2WD
Mopane open 2WDC
Broadleaved (semi-) evergreen thicket 2TE .
Broadleaved (semi-) deciduous thicket grp |Thickets 2TK
Broadleaved (semi-) evergreen shrubland 2SE
Broadleaved (semi-) deciduous shrubland 2SD Shrublands 2L
Tree savanna 2GCT
Shrub savanna 2GCS |Grasslands 2GL
Open shrub savanna 2G0S
Closed to open forested areas with shifting cultivation 2FXC |Forest with shifting cultivation 2FXC
Rice crops 3GCO |Cultivated aquatic or regularly flooded areas 3AC
Mangrove dense 4FEP |Aquatic or regularly flooded forests 4FF
Mangrove open 4WEP Aquatic or regularly flooded woodlands 4WF
Woodland on temporarily flooded land 4WET
Open shrubs on temporarily flooded land 4SET |Aquatic or regularly flooded shrublands 4SF
Herbaceous vegetation permanently flooded 4HVP
Herbaceous vegetation temporarily flooded 4HVT [Aquatic or regularly flooded herbaceous vegetation 4HF
Tandos 4HVS
Built-up areas 5BU  [Built-up areas 5BU
Bare rocks 6BR
Bare soils 6BS |Bare areas 6BA
Dunes 6SS
Avrtificial water bodies 7WB _|Artificial water bodies 7WB
Natural water bodies 8WB |Natural water bodies 8WB
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5 INTERPRETATION METHODOLOGY

5.1 Introduction

When one looks at remotely sensed images, varibjects of different sizes and shapes can be seen.
When one can identify what one sees on such aneiraad communicate this information to others, one
is practisingimage interpretation The images contain raw image data; when procelsgea human
interpreter’s brain these become usable informafidiesand and Kiefer, 2000) Image interpretatisn
best learned through experience of viewing manytelyn sensed images according to the requirements
of specific applications. While viewing an imagbetimage interpreter systematically examines the
image and other supporting materials such as nd@sed on the study of available materials, an
interpretation is made as to the physical naturebjécts or phenomena appearing in the images. The
level of complexity can vary from simple recognitiof objects on the Earth’s surface to the derrati

of detailed information regarding complex interaot between Earth surface and subsurface features.
Success in image interpretation varies with thimittg and experience of the interpreter, the natire
the objects or phenomena being interpreted andubéty of the images being utilised. In generaé t
most capable image interpreters have keen powaybsarvation coupled with imagination and a great
deal of patience. In addition, a thorough undeditan of the phenomenon being studied as well as
knowledge of the geographic area under study darigs to the success of the interpretation. Fai-lan
cover interpretation a general knowledge of différeegetation types and artificial surfaces coupled
with an understanding of the landscape is required.

Elements of image interpretation (Lillesand andf&ig2000) used in the AIFM interpretation process:
» Shapewhich refers to the general form, configuratieroatline of individual objects.
» Sizeof objects should be considered in the contexh®@fimage resolution.
» Patternrelates to the spatial arrangement of objects.
» Tone(or hue) refers to the relative brightness or golaf objects on an image.
» Textureis the frequency of the tonal changes on an image.

» Shadowsare important to interpreters in two opposite w4¥3 the shape or outline of a shadow
affords an impression of the profile view of obge¢thich aids interpretation), and (2) objects
within shadows reflect little light and are diffituto discern on an image (which hinders
interpretation).

» Siterefers to the topographic or geographic locatiod & a particularly important aid in the
identification of vegetation types.

» Associatiorrefers to the occurrence of certain featureslatiom to others.

» Resolutiordepends on many factors but it always places&ipahlimit on interpretation because
some objects are too small or have too little @sttwith their surroundings to be clearly seen.

Other factors such as image resolution, image cdbalance, etc., also affect the success of image
interpretation. As previously mentioned, the intetption process contains various levels of
complexity, from a simple direct recognition of ebis (e.g., water surface) in the scene to theante
of site conditions (e.g., different vegetation typeaving various layers). The interpreter uses the
process otonvergence of evidente successfully increase the accuracy and ddt#ikednterpretation.

The selected methodology is based uparscreen visual interpretatioof LANDSAT 5 TM satellite
imagery, using a legend created with the FAO/UNEBCE based upon the requirements and
experiences of UIF and complemented by field vailida This enables the efficient use of the
extremely limited time available within the Projedue to the start of the Project in the field syrv
season- to produce and validate the land-cover tatae used for the stratification of the Forest
Inventory while at the same time using state-ofahtemethodology.

Agriconsulting S.p.A.
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The various steps taken in the image interpretgtimcess are listed here to give an overview of the

approach followed (Figure 19):

1. Preliminary phase in which the study area idyased by studying available ancillary (digital) dat
and visual navigation through the images accortbngand combinations that can be created on-
the-fly in ArcGIS.

. Development with the Recipient of the preliminégggend according to the classes described in
the TOR using the FAO/UNEP LCCS (Di Gregorio anaiséa, 2000).

. Preliminary on-screen interpretation, i.e., mgdtion of polygons and attribution to classeshwit
the possibility to describe a first dominant classl a secondary class at Province level and the
possibility to attribute up to three classes toirale polygon at National level), whereby the
interpreters analyse and discuss the land-covesstgpd identify classes that are more difficult to
interpret in order to standardise the approach nierpretation and enhance the internal
consistency of the interpretation.

. Planning of the field orientation, which incledeollection of field data in order to better
understand the relationships between the satetidges and the ground truth.

. Adjustment, if necessary, of the preliminarenpretation with the field orientation data.

. Planning of field validation, which includes peagation of the sampling scheme, identification of
sampling sites on the preliminary interpretatiod areparation of field survey materials.

. Execution of field validation, organisation ofjlstics and collaboration with extra survey staff.

. Finalisation of the preliminary legend and iptetation based upon the field validation findings
and assessment of the interpretation in terms sifipnal and thematic accuracy.

. Generation of the final land-cover data setsparation of accompanying report and geodatabase.

Figure 19. Overview of the workflow of the remote sensing and land-cover component

Satellite imagery Remote sensing

acquisition

I—V

| Digital image processing |

v
| Geo-referencing |<—
v
D I Geo-corrected images |
v

Use of orthorectified
satellite images and
digital topographic maps

Positional accuracy Land-cover
assessment | Preparation of legend interpretation
¢ Use of ancillary digital

o| Preliminary land-cover data sets, orthorectified
interpretation images and field
¢ orientation

jl Field validation data set |

v

Thematic accuracy
assessment

T

I Component output | +

T f outout: Final land-cover
ype ot output: interpretation and legend

data y

% I Technical report |
report

Baseline data set Forest
Inventory stratification
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5.2 Detection of different classes

The application of the AIFM preliminary legend taswal image interpretation requests a good
knowledge of the geographic area. Especially kndgdeabout the sequence of land covers in the
landscape and the type of landscape will help thterpreter. The synergy between UIF and
Agriconsulting was therefore of utmost importance.

The visual interpretation process for identificatiof (semi-) natural vegetation types is genenadbre
complex than that for crop species on agricultiaall. As is stated in the TOR AppendixNatural
vegetation boundarieare always problematical, since in effect an artdl boundary is imposed on
natural gradients, or progressive changes from coger type to another. As these boundaries are
somewhat problematic, both in terms[af] image interpretation and field evaluation, grouocover
classes identifying "Forests", "Shrubs”, and "TfKets" rely on a relatively high minimum coverage
level (40%). A complex mixture of various tree species oftenupies forested land. Foresters may
also be interested in the species composition déustoreys, i.e. the vegetation layers undernisath
main canopy, which are generally blocked from vewsatellite images by the crowns of the largestree
that form the main layer and crown cover. The mialage characteristics of shape, size, pattern,
shadow, tone and texture -as described earliedsed in the elimination process in order to deitgem
the vegetation type. Each tree has its own shapeiradlense and pure even-aged stands of trees a
typical pattern can be recognised on the LANDSATagery, however this is extremely rare in
Mozambique. When there is a mixture of trees offedént and uneven-aged species, visual
interpretation becomes much more complicated. Cheniatics such as site conditions, geographic
location, geomorphologic setting and other envirental factors become key factors in the correct
identification of tree stands. Field survey becogregial in the validation of the interpretatioropess.

Permanent crops can be detected by their regularpand proximity to built-up areas. Their leghe
can be identified similar to (semi-) natural vegieta The spectral signature for built-up areasgba
areas and water bodies is so characteristic tbgitdan be easily detected. These classes do roapgs
significant problems.

The most difficult aspects to detect and/or torasdie are:
» Appearance of leaf type:
o0 The (semi-) deciduous leaf type appears with aatgeectral variability on the images;
o0 The distinction between (semi-) evergreen and (eteiciduous tends to overestimate the
presence of (semi-) evergreen vegetation whersittisally (semi-) deciduous;
» Differences in tree and shrub height:
o The difference between closed forests and thickats] between open forests and
shrubland, as tree or shrub height cannot be akfreen satellite imagery;
» Gallery forests; and

» The gradient in the mixture of shifting cultivation traditional smallholder agriculture with open
to closed forests.

These aspects are described in more detail irotlmning paragraphs.

5.2.1 Differences in leaf type

The differences between the leaf types (semi-)digeis and (semi-) evergreen with the definitions of
the FAO/UNEP LCCS (Di Gregorio and Jansen, 200Q tsugh task in Mozambique. The study of
several images covering the same area but frorardiif years and different seasons (e.g., dry and we
season) makes it evident that the spectral refieetavalues are very dependent on environmental
aspects. Usually a range of spectral values iscaded with a single land-cover type. Whereas on a
single image part of a forest type vegetation nggyear to be (semi-) evergreen, the same area may
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look decisively different on an image of a differeate with the appearance of (semi-) deciduodeerat
than (semi-) evergreen. One tends to overestirhat@itesence of (semi-) evergreen when it is agtuall
(semi-) deciduous. Analysis of the literature ogetation types in Southern Africa makes it cleat th
there is actually very little real evergreen or semergreen vegetation. Consequently, in the
interpretation process most vegetation types thdtd different appearance in the same season but in
different years have been interpreted as (semeijddeus vegetation and very little (semi-) evergree
vegetation types were distinguished.

Furthermore, one tends to underestimate the pres#nsemi-) deciduous vegetation, especially & th
Mopane and Miombo vegetation types, so that thellgatimage interpreters need to be extremely
careful not only in defining the leaf type but imrpcular in estimating the percentage of (semi-)
deciduous land-cover classes.

The distinction between deciduous and semi-decislamnd between evergreen and semi-evergreen is
extremely difficult both on satellite images andhe terrain; therefore the choice was made taruse
systematic manner the terms (semi-) deciduous sami{) evergreen covering the range of deciduous
to semi-deciduous and evergreen to semi-evergregpectively as one finds transitional vegetation
zones throughout the country.

5.2.2 Differences in tree and shrub height

As stated before, height is a complicated paramateause trees and shrubs grow and their height
increases with time. The threshold values definegeneral apply to a fully developed tree or sisge

also paragraph 4.4). The use of satellite imagargétection of vegetation types implies that theser

has always a so-called “bird-eye” view and thudoisking at the leaves of tree and shrub crown
canopies without considering height. Definitionsdxh upon the height criterion in order to dististui
trees from shrubs are thus not very pragmatic wisémy satellite remote sensing.

5.2.3 Forests and woodlands versus thickets and shrublands

Related to the above, one will find that theredsfasion between certain classes due to the inabdi
consider the parameter height. In the physiognatriectural approach, both thickets and forests laave
closed canopy but differ in height, the same isdvedr woodlands (open forests) and shrublands that
both have an open canopy cover and differ onlyeiglht.

Expert knowledge on the occurrence of these veagataypes in the landscape may help in better
defining these classes, as well as using variotglisaimage stretching techniques that may btimg
light differences between Forests and Thicketshenone hand, and Woodlands and Shrublands on the
other. However, in the assessment of the thematiaracy of these vegetation types one will always
find confusion and therefore one should do evemghpossible to limit such confusion within
acceptable limits in the context of the data caideceffort.

5.2.4 Gallery forests

The identification ofzallery Forestson the satellite images is considered importattiéncontext of the
Project and therefore the cartographic principlagehbeen slightly modified in order to represeig th
class as much as possible. The elongated brantinimgof Gallery Forests can be easily identified on
the satellite images but often this form cannotdeéneated because of the minimum mapping unit
defined (see also paragraph 5.6). Consequentlyethdt will be arunderestimatiorof the total area of
Gallery Forests.

As this class is considered a particular habitah w&ihigh biodiversity value and an important fumrct
in stabilising riverbanks, every effort has beenden#o delineate this class whenever possible at the
nominal scale of 1:250,000.
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5.2.5 Shifting cultivation or traditional smallholder agriculture

Agricultural encroachment bgraditional smallholder agricultureoccupies a central position in the
debate on tropical deforestation. Shifting cultbrathave since long been viewed as the primarytagen
of deforestation in tropical developing countrised also Saket, 1994). The implication that agrical
expansion is assumed to be the leading sourceopictl deforestation is a hypothesis confirmed by
several (case) studies; the common hypothesisstiifiing cultivators are viewed as the main agents
responsible for forest losses should however bectejl as aimplification An overestimation of the
role of shifting cultivation or traditional smallholder agriculture, in trogicleforestation may be due to
unclear definitions of what precisely constitutbiteg cultivators or “shifted cultivators”, to gertain
estimates and potential political bias. The critjmaint is that tropical deforestation is drivemgaly by
changing economic opportunities that are linkeattzer social, political and infrastructural changes
Case study evidence confirms that shifting culibvatlone is never considered to cause deforestatio
it occurs along with other agricultural activitiemd other proximate causes (e.g., wood extraction,
expansion of infrastructure) (Geist and Lambin, 2Q@Gmbin et al., 2001).

The rather broad and unclear defined term “shiftolfivation” can be broken down by more specific
and related modes of farming:

» Colonist shifting cultivation or slash-and-burniagttural activities; and

» Traditional shifting cultivation or swidden-fallofarming.

The transition fronmshifting cultivationto Rainfed Crops, i.e. the permanent use of aitkid fields,
surrounded by (semi-) natural vegetation is desdrifiy a series of mixed classes. Shifting cultorats
a term that is related to langeinstead of land cover; it implies by definitionmaxture of forests with
cultivated fields. The transition can be descrilfrenin its initial stage of small fields in a scaddr
pattern in the forest, to groups of fields in tleekt, subsequently the fields do no longer “sHiitt
remain in the same location surrounded by patcheegetation. The nature of agriculture changed, i.
it becomes a system with a more permanent char@cisgries of classes has been used to describe the
various stages that have been identified whenveditin invades natural vegetation (Figure 20):

» “Closed to open forested areas with shifting calitn” (2FXC) when the forest is dominant in

the delineated polygon;

» “Shifting cultivation with open to closed forestadeas” (1CXF) when the cultivated fields are
dominant in the delineated polygon;

* a mixed class of a Woodland (Open Forest) type “®ainfed Crops” (LFCR) when the open
forest type is dominant in the delineated polygon;

 a mixed class of “Rainfed Crops” (1FCR) with a Whaodl (Open Forest) type when the
cultivated fields are dominant in the delineatetygon;

» a mixed class of either Thicket or Shrubland wialhfed crops” (1IFCR) when the vegetation is
dominated by shrubs and the shrub vegetation isrdorhin the polygon;

* a mixed class of “Rainfed crops” (LFCR) with eitfiéricket or Shrubland when the cultivated
fields are dominant in the polygon.

The distinction of shifting cultivation is only pgible with the use of satellite images from presgiou
periods in order to decide whether or not field#t.sbising images of a single year or a single q@eri
(e.g., 2004-2005) impede making such a distinction.
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Figure 20. Transition from Shifting cultivation to Rainfed crops

Transition from Shifting Cultivation to Rainfed Cro ps mixed with natural vegetation

AR

(Seml -) natural vegetation

Regeneratlng (semi-) natural vegetation

CuItlvated field CuItlvated field lying fallow

5.3 Field orientation

According to the TORField orientation to allow interpreters to beconaarfiliar with the local terrain,
vegetation types, land-use systems, etc., priomtge annotation and land-cover mapping would be
performed’ However, due to the fact that image interpretativas carried out in Italy this was not
feasible. In order to better establish the corredpace between the satellite image characteriatids
the field, in Manica Province 66 sample sties anMaputo Province 45 sample sites were selected for
which a relevee sheet was prepared (identicaldmtte used for field validation shown in Append)x F

in English and Portuguese, with sometimes spegiiiestions for the UIF Staff members that collected
these field data. These data were extremely vadufinl a better understanding and evaluation of the
preliminary image interpretation results and lecerehnecessary to adjustments of this interpretation

5.4 A note on the use of the term “scale”

According to its definitionscaleis the ratio or relationship between a distancarea on a map and the
corresponding distance or area on the ground, carlymexpressed as a fraction or ratio. For digital
data, there is no defined distance because thaligation of the geographic objects can be coumtles
That is why it is not completely correct to use tiwen “scale” for digital data.

Throughout this report the words “scale”, “workisgale”, “reference scale” or “nominal scale” are
used to identify the detailed level of data, igcale of 1:250,000 for Province level and scale of
1:1,000,000 for National level. It was used to @adé in a synoptic way that data comply to the
accuracy requirements, detail of classes requestddminimum mapping unit defined for traditional
hardcopy maps at those scales and that theseeaoptimum scales for visualisation and productibn o
hardcopy outputs of these data. Therefore, the tecale” is used here in a slightly different mewni
with respect to its traditional definition. This@pach is coherent with the terminology of the TOR.
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Before going into the detail of the interpretatiprotocols used at the various levels of details it
important to explain some concepts adopted thatarorthe use of different “scales”

» Working scaleversusnominal scalethough the final product at Province level isgamted at the
nominal scale of 1:250,000, the actual land-comggrpretation took place at the more detailed
working scale of approximately 1:100,000; the sdonghe final product at National level that is
presented at the nominal scale of 1:1,000,000Heusttual land-cover interpretation took place at
the more detailed working scale of approximatef)00;000.

* Nominal scale of ancillary datdhis is the scale at which ancillary data is represented but in
a digital environment display at more detailed ssd possible.

5.5 Interpretation protocols
5.5.1 At Province level

In Manica Province some specific characteristiecaighbe considered:

» The difference between Mopane and Miombo vegetdtipes. Miombo is present in most of the
Province and this (semi-) deciduous forest fornmat&gofound where the landscape morphology is
undulating to mountainous. Miombo and Mopane haay typical leaf phenologies and on the
images they often give the impression of a herbaxew shrub savanna when leaves are not
present and of an evergreen forest when leavegrasent. Therefore the correct interpretation of
Miombo and Mopane requests a lot of attention antheerdependent approach between images
with the best possible contrast stretches. Therekpewledge of the UIF colleagues has been an
important input in adjusting the interpretation these formations though their input arrived at a
late stage of the preliminary land-cover intergieta work at National level and for Maputo
Province. However, the synergies between thesenpnalry interpretations and the expert
knowledge input have been such that the resulte hagn optimised under the given conditions.

e Savanna vegetation types are present and thewmlyg composed of only herbaceous vegetation
as shrubs and emergent trees are present.

In Maputo Province:

» There is a lesser amount of forest vegetation tgpelsa major presence of shrub savanna or grass
savanna. Remarkable on the images is the preséfent areas, some fires even active during
satellite image acquisition. The presence of baraas hinders the interpretation in terms of land
cover because these zones have a much impovefigibdceous or shrub vegetation although
such vegetation can potentially recover and evaguiekly into a secondary vegetation type.
Often the forest fires are of a type in which toevédr —herbaceous and shrub— strata of the
vegetation are burnt and the higher —tree— steaitaiin intact.

* Water and humid zones are widespread with the pcesef water for more than four months per
year, i.e. the LCCS threshold for “permanent”.

In Manica and Maputo Provinces the presence of hunfuences is considerable. This influence is not
only concentrated (as is the case with urban c&ntret affects the whole area. Even areas far from
urban centres and any form of infrastructure seebetaffected.

Mozambique has land-cover types that are not eadi$finguished on satellite images. The
interpretation results at Province level, the nunarel type of classes, however, seem to contridit

as large areas are covered by the same land-cgpercbnsidering the physiognomic structure of
vegetation types. In fact, apart from the foregtety at high altitudes, the Gallery Forests and
Mangroves, all of which associations that have exipely defined topographic position or landscape
position, forests types can occur over vast aresdting in large land-cover polygons containingg s
types with medium-sized trees that show a canopgrcfsom open to very open and with broadleaved
plants. The confrontation of satellite images dfedent dates shows a variety in spectral reflezgan
values that hardly corresponds to such variationshe ground. Sometimes areas show up as having
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hardly any vegetation while at another date tha aeems to be covered by dense forests and visa. ver

It is for this reason that the use of various $itgeimages covering the same area becomes
indispensable. Heavy reliance on the spectralatdiee values of just one date would be a mislgadin
approach to the correct interpretation of land-caypes. The texture detectable on the image shmeild
given priority above the often misleading spectalles. This becomes paramount when no images are
available of different seasons (e.g., wet and dagen).

Important in addition to the above-mentioned ialse use of different band combinations while
interpreting. In particular the use of band combores RGB=432 and RGB=453. Together with various
types of contrast stretching applied, this canlteéswlterior information that can be extractedrr the
satellite image.

Furthermore, the availability of the IGN/CENACARTAINAGECA Joint Venture land-cover/use data
set has provided a further insight into the retatlop between what the interpreter sees on theeamag
and the land-cover type identified. One should keapind, however, that this data set is the resu#t
different approach to land-cover interpretatiomttize one adopted by the AIFM Project.

Although the most recent LANDSAT 5 TM coverage pded the baseline data set for land-cover
interpretation at Province level, also use of LANOS7 ETM+ images was made, both historical data
(circa 2000) and more recent images. In some péaticases, especially in the case of burnt aresss,
of ASTER images was made. Because of the higheluté&en of these images (15m) the risk is to want
to detect a level of detail that is not reques@de should note that these free of charge downhdada
images are often covered by some clouds.

The remote sensing and land-cover component’s ¢elogise (see Chapter 9) facilitated access to the
data and streamlined the interpretation going flama satellite images to a neighbouring one. The
approach to land-cover interpretation is very peagoone can start in one corner of the sateltitage

and work through it or one can start from a spedifentified class.

5.5.2 At National level

As mentioned in paragraphs 3.4 and 3.8.5, the LANDS TM images degraded from a pixel size of
30 m into a pixel size of 120m and 210 m for idicdtion respectively delineation of the land-cover
polygons, have been used as baseline data forclavel-interpretation at National level.

Thus, the following methodology was applied:
» The land-cover interpretation was carried out usi@@m resolution images in order to detect,
with a high level of precision, the different landver types on the image.
* The 210m resolution images served as a baselinbdadigitalisation of land-cover polygons. In
this way, the interpreter could use a suitablellefreesolution (according to the working scale of
1:400,000) utilising also the precise informatidrtaoned from the 30m resolution images.

The interpretation at National level could appesrfirst sight, as being much easier than the dne a
Province level since the working scale allowed ngereralisation. Instead, the minimum mapping unit
thresholds together with the heterogeneity of @edaeas made the interpretation rather more tass |
complicated. In order to facilitate the interpritat also at this level any source of ancillaryomhation
were used. Compared to the Province level, theofidee DEM and the eco-zones data acquired greater
importance as these data provide general informatseful at the working scale of the National level
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The most difficult aspects to detect concerneckeifbemi-) natural vegetation or cultivated areas:

* The (semi-) deciduous formations showed a wideetrain phenology. (Semi-) deciduous forests
or woodlands in the dry season appear to be similagrasslands or even bare areas. The
comparison among satellite images from differenéslallowed the correct detection of this type
of feature. Moreover, even in dry season such ftioma present a coarser texture than grasslands
or shrublands (see also paragraph 5.2).

» The thickets class was rarely used due to thecdifff of discrimination between thickets and
shrublands. With the help of the expert knowledfighe UIF Staff members it was possible to
adjust the preliminary land-cover interpretationdato re-label many polygons previously
classified as shrublands.

» Tree crops in coastal areas may have been easifusaml with forested areas. In this case, the
IGN/CENACARTA/DINAGECA Joint venture land-cover/usiata provided a crucial source of
information.

» The RGB=453 band combination enhanced the presgnitees on naturally vegetated areas. A
scattered pattern of burnt areas highlighted tlesegnce of “slash-and-burn” agriculture, whereas
large and continuous extensions indicated the poesef extensive burning for hunting or pasture
purposes. In the latter case, the land cover readaamost unaltered since the fires did not affect
permanently the (semi-) natural vegetation.

5.6 Minimum mapping units applied

Theminimum mapping unis a concept applied by cartographers when addgetise smallest area that
can be shown on a map. This concept is therefae-slependent andot related to classification.
Usually a single polygon area is defined as thellsstgpossible entity that can be represented én th
data set and its size is applied to all classéisdriegend. This approach has been supersededibyea
flexible approach in which classes that have aipaemportance in the context of the data collenti
effort may also be represented at a polygon siaeistsmaller than the minimum mapping unit applied

According to the TOR the following minimum mappiagits are defined:d minimum mapping unit of
16 knf for the National forest and land-cover map (1:0@D0 i.e. 4,000x4,000m) and of 4%kat
1:250,000 scalé In practice, the land-cover interpretation teapplied a minimum mapping unit of
1kn? for the 1:250,000 nominal scale interpretationabse the difference between the two nominal
scales to be applied at Province and National lisviglctor 16 (i.e. 4x4) and not factor 4. So moeail
has been included in the 1:250,000 nominal scéegretation than requested by the TOR.

In addition, at National level a higher level otaiewas reached by setting two different threshdtat
the minimum mapping unit. Polygons containing mixéasses maintained a minimum mapping unit of
16 knt, whereas a limit of @ was set for single class polygons.

Because the aim of the land-cover data sets iAlRBI Project is provision of the baseline data toe
stratification of the Forest Inventory, the ideictition of Gallery Forests on the satellite imadges
considered important and therefore the cartograptiiciples have been slightly modified in order to
represent this class as much as possible. The akuhdranching form of Gallery Forests will be
represented at the 1:250,000 nominal scale whegast a minimum width of 150-200m is present and
the total area of the polygon is at least 1kine. the minimum mapping unit applied. At Natibtevel

the width should be at least 1km. If these critdvanot apply the Gallery Forest will be part daeger
polygon and in most cases because of its limited avill not be represented in the class codesef th
polygon. The result will be an underestimationtaf total area of Gallery Forests.
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5.7 Interpretation consistency

Each land-cover polygon of a preliminary interptieta exists of a set of boundaries of which two
aspects should be validated:
» Thespatial coherencef the polygon, i.e. are the boundaries in theagate place and has the
same logical and functional thinking been appli@da consistent manner in the area of
interpretation; and

» Thethematic coherenge.e. is the label given to the polygon corredscribing its contents and
are other areas with similar features (e.g., spesignature) described in the same manner.

The interpretation process has been constantly torewl for internal consistency within the layer and
between the two Provinces concerning the spatia #rematic consistency as applied by the
interpreters. The same accounts for the National ieterpretation.

After each phase within the preliminary land-covwaterpretation process for Manica and Maputo
Provinces, a systematic thorough checking of thee@nce and consistency of the land-cover polygons
and classes has been executed. Several approaghebecadopted for this type of consistency
evaluation. The most appropriate approach in thatesty of this Project has been a semi-statistic
selection of polygons with a one by one evaluat®ecuted by an expert satellite image interprédiee.
more people execute the satellite image interpoetathe more important it is to verify that all
interpreters follow the same approach from the beinning and do not diverge with time.

The main consistency results are from the evaloatioa data set covering the whole area of interest
(e.g., Province) when consistency is checked befmeeend of the preliminary interpretation process
and before finalising this data set after its \atiion. A complete overview of the land-cover data
covering the area of interest can highlight diffexes or inconsistencies that would not show up in a
partial view. At the same time, harmonisation @fssl names and class labels -followed by an upgrade
of the entire legend- can be performed if necessary

The land-cover polygons to be checked, and if reaggschanged, were highlighted and for each of
them a specific note was added for the satellitgiminterpreter’s use. Figure 21 shows an exaniple o
the overall view of the land-cover data for ManRravince with the polygons to be checked in green.

The main inconsistencies detected are the followimes:
» Similarity: a line between two areas that have the samedawek- type;
» Cover valuewrong estimation of the percentage of the langectype; and
» Cover featurewrong identification of the land-cover type.

Two examples are shown and described below. Teedime shows an example of similarity, i.e. the

same land-cover type. The polygon boundary inditateyellow has been deleted as it is redundant.
The polygon boundaries in blue have remained infiéigure 22).The second one shows an example of
the wrong estimation of the land-cover percentagéhé polygon. Two areas with the same specific

land-cover type were previously separated becafigheoestimated percentage of this cover in the

polygon (Figure 23). After consistency checking tlower values were considered to be equal and the
two polygons were merged.
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Figure 21. Complete Manica layer with polygons to be checked in green
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Figure 22. Example of similarity in land-cover interpretation consistency checking

Agriconsulting S.p.A.



AIFM - Satellite image interpretation of land-covgpes 56

Figure 23. Example of cover value inconsistency in land-cover interpretation consistency checking
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6 FIELD VALIDATION

6.1 Introduction

Field data collection is an integral part of ane ar the most expensive operations in any study. In

general, the more specific a category is, the ngooend samples are needed and the more costly the
survey becomes. The classes in the legends, therefeoid unnecessarily detailed categorisation of

land-cover types (i.e. they use similar parameierheir definition) and guarantee robustness and a
fairly homogeneous level of accuracy for all inteted land-cover classes.

One cannot measure any characteristic of the lamdrctypes everywhere. To find out what the land

cover of an area is like one must be satisfied witasurements made in part of it, i.e. on a sample.
However, sample information is of little value wsgdt can be used as a reliable description oatha

as a whole. What one wants is information thatrigytrepresentative of the area, and a means of
sampling that will ensure this, bearing in mindttlaad cover is variable (Webster and Oliver, 1990)

Before starting a sampling procedure theyetpopulationneeds to be defined (Stehman, 1999). In this
case using LCCS we are observirge' (bio) physical cover of the Earth’'s surfa¢Bi Gregorio and
Jansen, 2000) in the form of land-cover polygortsusl the field validation has not been limited to
forested areas only. Furthermore, LCCS describgs tgme of land cover with a physiognomic-
structural approach, i.e. the overall appearandheofand cover and its spatial distribution, whiglhe
horizontal and vertical arrangement. This appl@éalt classes. Location of the sampling pointshia t
field is nowadays no problem using the Global Ragihg System (GPS) instrument and/or a compass.
Bias may be introduced again if the sample are#yjsical, unpleasant (e.g., wetland or thorny teigk

A sampling scheme for field validation was desigiégpendix F) and the information from these
sampling sites has formed the basis for the cdionl®f the overall thematic accuracy of the ladar
interpretations at both nominal scales, as willltseussed in Chapter 7.

6.2 Field survey sampling design at Province level

A sample design should be simple to implement aradyae. This simplicity criterion applies to both
the implementation of the design and the analysth resulting data. The same criterion also agpli
to the ease with which auxiliary information can ibeorporated into the analysis to improve the
precision of the estimates. This auxiliary inforrmatmay be the land-cover proportions derived from
the data (Stehman, 1999). In order to make a §iafdpling design, one should know how many sample
sites should be selected and consequently locatech random stratified sampling method, the number
of sample sites, to be used in the thematic acgun be calculated using the formula of Snedecor
and Cochran (1980):

— (t)2 pe-p)
N —
Equation 6-1

N is the number of observations

p isthe expected accuracy in percentage

t s thet of the Student’s test equals 1.96 if one wantsaiee a confidence level of 95% in the
accuracy estimate

E isthe maximum error in percentage allowed ingstEmation.
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In the case of the land-cover data collection & MFM Project, the estimation error of the accyrac
allowed is 5% E=0.05) and the expected accuracy is 8%#0(85), therefore the number of sample
locations necessar) is 195. For the validation of the land-cover iptetation in Manica Province,
210 sample locations had been selected of whichhE82 been collected in the field. For Maputo
Province the number of sample locations necessatigei same as for Manica Province as the set of
parameters is equal but those selected, due tocimstraints, comprised 121 of which 121 have been
collected in the field. The response design isnamd for the dominant land-cover class in the potyg

The land-cover classes have been aggregated at Mevd the legend, for some land-cover classes
Level lll or V were used (see paragraph 7.2 andelaB). A minimum of two samples for each group
has been guaranteed, while the distribution ofréineaining samples has been defined proportionally t
the surface covered by each group in the provisagguhe Neymann formula:

Al

LA

=1

Nj =N

Equation 6-2

where,
N is the total number of samples to allocate inRh&vince Nj is the number of samples for each
group (stratum)
Aj isthe total area of polygons belonging to theugr(stratum)
m is the number of groups.

With the same approach the samples within the glwaye been distributed, although this was not
compulsory, taking into account the area covereddmh class as much as possible.

Since there are few roads in large parts of theRvwavinces, it was decided for practical reasort.,(e
constraints in available time for executing thddfisurvey), to consider only polygons with at least
portion of them within 2.5km from the main road wetk as one could assume that such sites are
accessible with limited effort and within a readgieaime. For this purpose an update of the digdgat
network was executed using satellite image intéaimm of the LANDSAT 5 TM images.
Subsequently, a buffer of 2.5km around the roadvaort was created in ArcGIS. The land-cover
polygons (partly) within this buffer were subseqtleselected and the statistics of the surfacesieal/

by the different land-cover domains, groups andss#a were produced. In this manner it has been
possible to verify the occurrences of the classsil¢ the buffer area in terms of number of polygon
and surface area and then verify their accessibitit the field survey. According to the above-
mentioned and explained statistical criteria, themgle sites were located using ArcGIS thereby ayin
attention to select those sample sites that areseptative of the selected class and are notlése ¢o

the boundary of the delineated polygon. This iy waeportant as two of the sources of error in #oedk
cover data sets are georeferencing and mis-retistras part of the positional error (see paragrafh

6.3 Field survey sampling design at National level

The thematic accuracy assessment at National la&been different from the Province level, as the
season in November-December 2005 did not permél@ ¥alidation by teams describing sample sites
on the ground. Furthermore, one should also conslige costs/benefit ratio if for the validation af
product at a coarse scale covering a very larga @re. the whole of Mozambique) field surveying
would have been used that would have collected data very detailed level. The costs of the
transportation of several field survey teams areldbtailed level data collected would not weigh up
against the benefits. Therefore, during the Inogpthission and in the Inception Report, an altévaat
has been presented that comprises the use of ésghtion satellite images (e.g., ASTER at 15m
resolution) in order to validate the 1:1,000,00énim@l scale interpretation.
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The assumption in the proposed methodology isttteaexperiences and knowledge gained at Province
level in understanding the spectral values of thages and their relationships with specific landeco
types in the dry and wet season as well as the leongmtary expert knowledge of the UIF Staff provide
the basis on which a validation at National levaat ©e based using again satellite imagery in cialer
validate a satellite imagery based land-cover jpm&gation. Without a link to the relationships beém
satellite image interpretation and field data, sachethodology shouldot be considered.

At the National level, also economic reasons malke quite cumbersome task to collect ground truth
data covering the entire country (e.g., whethép flights are used or field survey teams on thaugd).
Therefore, it was decided to use the satellite enexerpretation of small areas on ASTER images,
having a resolution of 15m, as sample areas inrdodealidate the degraded LANDSAT 5 TM image
based land-cover interpretation (e.g., pixel siz2l®m). The level at which the 85% thematic accyra
was to be reached at National level is shown ideTa.

The selection of sample areas was carried outréethhases:

1. Systematic selection of the LANDSAT frames witlore than 70% of the area covering the
territory of Mozambique resulting in 30 frames.

2. Random selection of a single ASTER scene foh da&NDSAT frame (around nine ASTER
scenes correspond to one LANDSAT frame).

3. Stratified random selection of a sample areartgehg to a 1x1km grid.

As a result of the phases 1 and 2, a sub-sam@@6é otit of approximately 270 ASTER scenes covering
Mozambique, was selected. Then a 1km grid of pdiatsbeen made and overlaid with the land cover.
For each point, the attributes of the land-covasglof this location have been loaded.

The number of samples to be used in the thematigracy has been calculated with the same formula
and approach described earlier in paragraph 6.2hdncase of the land-cover data collection in the
AIFM Project, the estimation error of the accuratipwed at National level was fixed at 4%=0.04)

and the expected accuracy 8586(.85), as a result the required sample locatibihsi(e 385.

For the National level the number of sample locetiavailable was 373 (related to the availability o
suitable cloud free ASTER images). Their selecti@s stratified random according to the classes. The
distribution of the samples in each stratum has lwedined proportionally to the surface covered by
each class in the National territory excluding the Provinces (Maputo and Manica) using the
Neymann formula (equation 6.3); then a minimum-a5samples for each class has been guaranteed.

Equation 6-3

where,
N s the total number of samples to allocate in Mokique Nj is the number of samples for each
class (stratum)
Aj is the total area of polygons allocate within tNational boundary (excluding the two
Provinces Maputo and Manica) belonging to the dlsisatum)
m is the number of classes.

For each sample point, the interpreters observptbapnately a square of 1x1km centred on the point
and, considering the context of the polygon at sucbarse scale, judged if the point was correabtr
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7 DATA ACCURACY ASSESSMENT

Before being used in scientific investigations aoticy decisions, thematic data sets constructewoh fr
remotely sensed data should be subjected to amaagcassessment that quantify data quality so that
data users may evaluate the utility of these datéhkir intended aim (Stehman and Czaplewski, 1998

7.1 Positional accuracy assessment

The inclusion of a positional accuracy assessmiotild be a standard practice in any digital data
collection effort. However, the TOR do not requiteeh an assessment. In order to be as compldie in t
methodology as possible within the available resesirof the AIFM Project, the minimum necessary
positional accuracy assessment has been executed.

The positional accuracy describes the geometry atgect in the real word with reference to thaueal
of its vertical and horizontal accuracy. Three ati#int steps of verification and validation can be
adopted:

1. Georeferencingdf the LANDSAT satellite images, i.e. the techiisalutions for projecting the
imagery onto the UTM projection with WGS84 spheraiiching at providing for each pixel on the
image its position on the ground by the meanstefmof coordinates.

2. Location controli.e. the correspondence between the coordindtasycarbitrary chosen point on
the image and its position on the ground by thdroatation with better accuracy source data.

3. Registrationi.e. the precision of the drawing/digitising ®rst adopted defined as the difference
between the same lines when interpretation is tefes the same feature.

The positional accuracy of the georeferencing ef #&iFM digital land-cover data sets for the two
Provinces and at National level has been assesseshéh LANDSAT 5 TM scene used in the land-
cover interpretation. These accuracy values anchtimber of ground control points (GCP) used are
provided in Appendix A. Location control dependstba availability of a better accuracy source bet t
available topographic maps at 1:50,000 scale pestiicthe 1960s do not correspond anymore with the
ground truth of today and therefore have not bessrd.uThe uncertainties with which identical feasure
can be located both on the satellite imagery bagedpretation and the topographic maps are too big
The particular on-screen digitising technique daf thterpretation has dramatically reduced possible
sources of errors in the digitising phase. The aolyrce of error to estimate is the cursor placemed

this was set to one pixel at maximum.

7.2 Thematic accuracy assessment

When producing an interpretation of land cover, amants to make some statement about the
correspondence of this interpretation with theitgalhe accuracy of an interpretation can be dafin
as a measure of its agreement with the realityithapresents. However, reality is usually not\kno

(if the land cover would be known, making an intetption would be a useless exercise). Comparison
should thus be made with another representation itha been accepted as being more reliable. In
practice, accuracy measurements are indexes otragré with another representation of reality,
generally known only on a sample (Carfagna ande@all1999).

A statistically valid design for estimating accurgmarameters has three parts: (1) the responsgndesi
specifies which data are to be collected at eaoipkalocation; (2) the sampling design specifies th
locations at which the response data are to beirecjuand (3) the analysis lays out the formulagd an
tests to be applied to the observations. Any lamkc data collection without proper validation,
whether at global, regional or local scale, remansuntested hypothesis (Stehman and Czaplewski,
1998; Boschetti et al., 2005).
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One of the most common means of expressing therolatssification accuracy is the preparation of a
classificationconfusion matrix sometimes calle@rror matrix or contingency tableThe confusion
matrix compares on a category-by-category basés retationship between known reference data, i.e.
the ground truth, and the corresponding resultsladsification either in the form of pixels, clustd
pixels, polygons or groups of polygons (Lillesamdl &iefer, 2000). On the rows the class codes ®f th
legend are listed, whereas the columns are relatede “true” classification on the ground. On the
major diagonal axis of the matrix one will find therrectly classified elements, i.e. the class olesk

on the ground is the same as recorded in the net@tpon.

Several characteristics about classification peréorce are expressed by the confusion matrix:

* Theoverall accuracyis computed by dividing the total number of cotiseclassified classes by
the total number of elements.

» Producer’s accuracyresults from dividing the number of correctly dified elements in each
category (on the diagonal axis) by the number pfas used for that category (the column total
of the category). This figure indicates how welihgdes of the given category are classified.

* User's accuracyresults from dividing the number of correctly died elements in each
category (on the diagonal axis) by the number ofidas that were classified in that category (the
row total of the category). This figure indicatée tprobability that a sample classified into a
given category actually represents that categomherground.

» Classification errors obmission(exclusion) orcommission(inclusion), these are all the non-
diagonal elements in the confusion matrix in whichission errors correspond to non-diagonal
column elements and commission errors to non-dialganv elements.

There are three other facets of accuracy assesg@eriagna and Gallego, 1999; Lillesand and Kiefer,
2000; Boschetti et al., 2005) that are worth menitig:

» The quality of any accuracy estimate is only asdgae the information used to establish the
“true” land-cover class present at the sample .sitbg accuracy of the reference data may be
influenced by factors such as spatial mis-regisinatinterpretation errors, data entry errors and
changes in the land cover between the date ofléissified image and the date of the field survey
sample.

» The accuracy assessment procedure must be destgneeflect the intended use of the
classification. A small cultivated field area messified while being surrounded by shrubland
might be of little significance if the classificati forms the basis of the stratification for a Isbre
Inventory, as is the case with AIFM, or developmeiné regional land-use plan; the error might
be intolerable if the classification forms the Isafsir land taxation or for cultivated area finahcia
support.

* Remotely sensed data are normally just a smalletudismany possible forms of data resident in
an Information System and errors may propagateugtranultiple layers of information, from
topographic maps used for georeferencing to angidkata used for identification of spectral
signatures of land-cover objects.

In the TOR it is specified that am¢curacy of 85% is required for the eight Levelldihd-cover types
and for the vegetation and forest types at leadeal IV (evergreen & deciduous and semi-deciduous
forests and grasslands). The same interpretati@uiecy is required for the vegetation and forepety

at fourth interpretation levél However this statement is not correct as theirdion in (semi-)
evergreen and (semi-) deciduous in LCCS is madievat V (see Table 13 and Table 14). Furthermore
it is stated that The surface estimates should have 10 % error (&8 confidence intervdl) The
accuracy assessment requirements apply similabgtto Province and National land-cover data sets.
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A point that should be made about interpreting sifestion accuracies is the fact that even a
completely random assignment of pixels to classék produce percentage correct values in the
confusion matrix. In fact, such a random assignmemild result in a surprisingly good apparent
classification result. The so-call&HAT statisticor kappa coefficienis a measure of the difference
between the actual agreement between referencei.@athe field survey data, and the interpretathd

i.e. the land-cover polygons, and the chance agreebetween the reference data and a random class.

Thus, the KHAT statistic can be defined as:

. observedaccuracy- chanceagreement
1-chanceagreement

Equation 7-1

This statistic serves as an indicator of the extenwhich the percentage correct values of a camfus
matrix are due to “true” agreement versus “chanegifeement. As true agreement (observed)
approaches 1 and chance agreement approackespproaches 1 (Mather, 1999; Lillesand and Kiefer,
2000). The KHAT statistic is computed as:

N_Zrlxii _i(xi+ D(+i)

K=

p
N2 _Z(XH D(+i)
i=1
Equation 7-2

r number of rows in the confusion matrix

Xi  the number of observations in rovend columr (on the major diagonal)

X+  total of observations in roiMshown as marginal total to right of the matrix)

X+ total of observations in colunir(shown as marginal total at bottom of the matrix)
N  total number of observations included in the matri

It is advisable to compute both the overall accyistd KHAT statistic and analyse the resulting galu
One of the principal advantages of computing KHATthie ability to use this value as a basis for
determining the statistical significance of anyagivnatrix or the differences between matrices.

7.2.1 At Province level

Table 16 provides an overview of the overall theématcuracy at aggregated data level for Manica

Province, i.e. the aggregation of classes accortirthe names of the land-cover domains and groups
shown in bold in Table 13. A total of 192 observasi could be used. The mixed classes (codes 1CXF
and 2FXC) composed of shifting cultivation with if§€ natural vegetation, or vice versa, have not

been grouped with other classes. The overall theraaturacy assessment for Manica Province results
in 87%, thereby fulfilling the requirement of th©OR.

In Table 17 the results at individual class level provided as well in order to provide a bettsight to

the data user on the potential uses of the landfcolass data. Even at disaggregated data level the
overall accuracy with 86.0% fulfils the TOR requirent. Also the User’'s and Producer’s accuracies
have been calculated (Table 18). It should be dizdhe data user that the use of these data sd cla
level is not recommendable for the classes 2FE, &WE4HV. Values for the classes 6BR and 6BS are
not provided and also the use of the data for thiesses is not recommended.

The KHAT statistic for Manica Province at aggregatiata level is 0.84, whereas at individual class
level it is 0.85. In both cases the value is reyi close to 1, meaning that chance agreememhited.
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Table 16. Thematic accuracy assessment Manica Province land-cover data at aggregated data leve

15
I

Field sample data (ground truth)

Land-cover A1 A12 A24 BI5 | Bl6 | B® | S
category (1ll) £
Land-cover 8
domain (IV) | 1TC 1FC 2FE 2FD 2WE 2WD 2TE 21D 2SD 2GL 4WE 4HV g
Mixed class 1CXF 2FXC =
1TC 3 3

1FC 13 1 15

1CXF 7 7

2FE 1 6 2 2 11

2FD 29 29

S 2WE 1 1
*g 2WD 54 2 1 57
& 2T 1 1

E 2w 1 3 4
% 2SD 1 1 8 1 11

_‘6’ 2GL 1 1 1 3 14 20

§ 2FXC 25 25

4WE 1 2

4HV 1 2

B15 1

B16 1 1 2

8WB 1

Total samples 4 17 7 5 32 1 62 1 5 11 14 27 1 192

Overall thematic accuracy = 87.0% (sum of the dieddivided by total number of samples) and KHAAtistic = 0.84.

15 See for the codes used Table 13.



Table 17. Thematic accuracy assessment Manica Province land-cover data at class level*®

Field sample data (ground truth)

Land-cover A11 A12 A24 B15 B16 B28
category (IIl)

Land-cover
class

Total samples

1TCW
1FCR
1CXF
2FEM
2FE
2FEG
2FD
2FDC
2FDB
2WE
2WD
2WDC
2WDB
2TE
2TD
28D
2GCT
2GCS
2G0S
2FXC
4WET
4HVT
5BU
6BR
6BS
8WB

1TCW

w

—_

1FCR 13 1 1

1CXF

~

2FEM 1
2FE 1 3 2
2FEG 2 2

2FD 6
2FDC 2
2FDB 21

NP O =N OHW

N

—_

2WE 1

—
w

2WD 12 1
2WDC 15 2
2WDB

N
)
N
N —
=N~

—_

2TE 1

~

2TD 1 3

—_
—_

28D 1 1 8 1

Land-cover interpretation

(o)

2GCT 1 1 4
2GCS 1 2 1
2G0S 1 2

~
—_
W —

N
()]

2FXC 25

AWET 1 1

4HVT 1 1

58U 1

6BR 1 0

6BS 1 0

alalialalpiN

8WB 1

Total samples | 4 | 17 7 1 2 2 8 3 2 1,19 15 28 1 5 N 5 17 227 1 1 3] 0 O 11192

Overall thematic accuracy = 86.0% (sum of the diaddivided by total number of samples) and KHAAtistic = 0.85.

16 See for the codes used Table 13.
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Table 18. Producer’s and User's accuracies of the Manica Province land-cover data

User's | Producer’s
Land-cover domains and groups accuracy | accuracy
(%) (%)

17C Forest plantations 100.0 75.0
1FC Rainfed crops 86.7 76.5
1CXF Shifting cultivation with open to closed forested areas 100.0 100.0
2FE (Semi-) evergreen forests 54.5 100.0
2FD (Semi-) deciduous forests 100.0 90.6
2WE (Semi-) evergreen woodlands (open forests) 100.0 100.0
2WD (Semi-) deciduous woodlands (open forests) 94.7 87.1
2TE+2TD  Thickets (evergreen and (semi-) deciduous) 80.0 66.7
2SE+2SD  Shrublands (evergreen and (semi-) deciduous) 72.7 72.7
2GL Grasslands 70.0 100.0
2FXC Open to closed forested areas with shifting cultivation 100.0 92.6
4WE (Semi-) evergreen woodland, temporarily flooded 50.0 100.0
4HV Herbaceous vegetation, temporarily flooded 50.0 100.0
5BU Built-up areas 100.0 33.3
8WB Water bodies 100.0 100.0

As the confidence with which each land-cover catggaf the interpretation has been classified is
known, this value can be displayed also cartogeatllyi thereby showing the distribution of the
confidence values for the whole Province.

The components identified above all contribute tmlxsa convergence of evidence on the validation of a
national land-cover product. They allow users tmstmict error analyses that assess how the
weaknesses and strengths of a specific land-cawelupt used as an information source affect their
application (e.g., forest inventory, change analgsid modelling, etc.) (Boschetti et al., 2005).

Table 19 provides an overview of the overall thématcuracy at aggregated data level for Maputo
Province, i.e. the aggregation of classes accortdirthe names of the land-cover domains and groups
shown in bold in Table 13. A total of 121 observasi could be used. The mixed classes (codes 1CXF
and 2FXC) composed of shifting cultivation with if§€ natural vegetation, or vice versa, have not
been grouped with other classes. The overall theraaturacy assessment for Maputo Province results
in 86.0%, thereby fulfilling the requirement of thOR.

In Table 20 the results at individual class level provided as well in order to provide a bettsight to

the data user on how the land-cover data may b& Esen at the disaggregated data level the overall
accuracy of 86.0% fulfils the TOR requirement. Agtie User's and Producer’s accuracies have been
calculated (Table 21). It should be clear that ftbe Producer’s point of view, the class 2WE h&sna
accuracy, for the user however the accuracy of dlaiss is OK. The learning process of land-cover
interpretation in Manica Province has contributedttie higher values for User's and Producer’s
accuracies in Maputo Province.

The KHAT statistic for the overall thematic accyraarssessment for Maputo Province at aggregated
data level is 0.83, whereas at individual classlléive value is 0.86. In both cases the valuelaively
close to 1, meaning that chance agreement is timite
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Table 19. Thematic accuracy assessment Maputo Province land-cover data at aggregated data leve

17
I

Field sample data (ground truth)

Land-cover 3
catogory (1) A1 A12 A24 B28 2
Land-cover &
domain (IV) | 1FC 2FE 2FD 2WE 2WD 21D 2SD 2GL 2GO 4SE 4HV 8WB %
Mixed class 1CXF 2FXC =

1FC 13 2 15

1CXF 2 2

2FE 11 11
§ 2FD 2 7 9
% 2WE 2 2
s 2WD 1 1 22 1 25
£ 1 3 4
5 2SD 1 1 8 1 11
g 2G6C 3 2 25 30
< 260 2 2
5 2FXC 4 4

4SET 1 1

4HV 1 4

8WB 1 1
Total samples 14 2 14 8 3 29 3 10 26 3 4 1 1 121

17 See for the codes used Table 13.

Overall thematic accuracy = 86.0% (sum of the dieddivided by total number of samples) and KHAAtistic = 0.83.



Table 20. Thematic accuracy assessment Maputo Province land-cover data at class leve

18
I

Field sample data (ground truth)
Land-cover A1 A12 A24 B28
category (Ill)

3
Land-cover . . o o b e ololil e e %
— w
|_
1FCR 9 2 11
1FC 4 4
1CXF 2 2
2FE 7 7
2FEG 4 4
. _2FD 2 7 9
S 2WE 2 2
® 2WD 1 1 10 12
2 2WDC 12 1 13
E 21D 1 3 4
¢ 25D 1 1 8 1 11
$ 26CT 3 1 1 15
§ 26CS 1 14 15
2G0S 2 2
2FXC 4 4
4SET 1 1
4HVT 1 2 3
4HVP 1 1
8WB 1 1
Totalsamples | 10 4 2| 10 4 8 3 17 12 3. 10 11 15 3 4| 1. 2 1 1| 121

Overall thematic accuracy = 86.0% (sum of the dieddivided by total number of samples) and KHAAtistic = 0.85.

18 See for the codes used Table 13.
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Table 21. Producer’s and User’s accuracies of the Maputo Province land-cover data

User's | Producer’s
Land-cover domains and groups accuracy | accuracy
(%) (%)

1FC Rainfed crops 86.7 92.9
1CXF Shifting cultivation with open to closed forested areas 100.0 100.0
2FE (Semi-) evergreen forests 100.0 78.6
2FD (Semi-) deciduous forests 77.8 87.5
2WE (Semi-) evergreen woodlands (open forests) 100.0 66.7
2WD (Semi-) deciduous woodlands (open forests) 88.0 75.9
2TE+2TD  Thickets (evergreen and (semi-) deciduous) 75.0 100.0
2SE+2SD  Shrublands (evergreen and (semi-) deciduous) 72.7 80.0
2GL Grasslands 84.4 93.1
2FXC Open to closed forested areas with shifting cultivation 100.0 100.0
4SE (Semi-) evergreen shrublands, temporarily flooded 100.0 100.0
4RV Herbaceous vegetation, temporarily flooded 75.0 100.0
8WB Water bodies 100.0 100.0

7.2.2 At National level

At National level the thematic accuracy assessnseexecuted at the level of aggregation indicated i
Table 14. A total of 338 observations could be usedhe confusion matrix. The confusion between
various (semi-) natural vegetation types (A12) wilemi-) deciduous forest types is obvious from the
matrix. The nominal scale of 1:1,000,000 makesdistinction between the different vegetation types
more difficult while at the same time the amoundiferences interpreted are related to a singid-la
cover type.

Table 22 provides an overview of the overall thematcuracy at aggregated data level for Maputo
Province, i.e. the aggregation of classes accortdirthe names of the land-cover domains and groups
shown in bold in Table 14. The mixed classes (cdd&sF and 2FXC) composed of shifting cultivation
with (semi-) natural vegetation, or vice versa, éaot been grouped with other classes. The overall
thematic accuracy assessment for the land-covex datNational level results in 85.0%, thereby
fulfilling the TOR requirement.

The KHAT statistic for the overall thematic acciyrassessment for Mozambique is 0.83, meaning that
chance agreement is limited, as it should be.

The Users’ and Producers’ Accuracies are showrainiel23. The values show that (Semi-) evergreen
woodlands, Shrublands and Bare areas should beeldbawith care from the Users’ Accuracy point of
view, whereas (Semi-) deciduous woodlands, Grads|dforested areas with shifting cultivation should
be handled with care from the Producers’ Accuraocintpof view. Aquatic or regularly flooded
shrublands have a low Producers’ Accuracy.
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Table 22. Thematic accuracy assessment for Mozambique National level at aggregated data™

Validation sample area (“ground truth”)

Land-cover Al A12 A24 B15 | B16 | B28 | &
category (Ill) _ _ . S
Land-cover ; i i i : : : 3
domain (IV) | 1TC | 1FC ! 2FE 2FD | 2WE 2WD : 2TK  2SL ! 26GL | 4FF | 4WF | 4SF | 4HF g
Mixed class , ! 1CXF 5 5 5 ! 2FXC : 5 5 =
1TC 11! i i i i i i i 0

1FC L 200 4 i i i i i i 4

1CXF I | 5 5 b4 5 5 21

2FE § 22 1 1 § L § § 25

2FD L 76 | 8! ! L3 ; | 88

s 2WE | LR . 3 | | 16
T 2WD : : 47 | : 5. : : 52
8 2K : : 2: 9 : : : : 1
g s i i 5! 16 : : i I 22
é 2GL ! 6 ! 3! 37 12 ! ! 24
g 2FxC | : 5 11 b20 ; i i 21
2 4FF i i = i 16 | i i 16
- AWF i i i i 6 i 6
45f i | | — j

4HF i i i o119 20

B15 : : : : : : : 5

B16 ! ! 2 ! 5

B28 | | | | | | | | 5] 5

Total samples 0! 0: 18 22 86 11 67 | 9 200 20: 28 16 ! 6! 2 20 3 5| 338

Overall thematic accuracy = 85.0% (sum of the diaddivided by total number of samples) and KHAAtistic = 0.83.

18 See for the codes used Table 14.
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Table 23. Producer’s and User’s accuracies of the Mozambique National level land-cover data

User’s Producer’'s
LCCS land-cover categories, domains and groups Accuracy accuracy
(%) (%)
A11  1TC  Tree crops 100.0 100.0
1FC  Field crops 83.3 100.0
1CXF  Shifting cultivation with forested areas 81.0 77.3
A12  2FE  (Semi-) evergreen forests 88.0 100.0
2FD  (Semi-) deciduous forests 86.4 88.4
2WE  (Semi-) evergreen woodlands (open forests) 68.8 100.0
2WD  (Semi-) deciduous woodlands (open forests) 90.4 70.1
2TK  Thickets (evergreen and (semi-) deciduous) 81.8 100.0
2SL  Shrublands (evergreen and (semi-) deciduous) 727 80.0
2GL  Grasslands 50.0 60.0
2FXC  Forested areas with shifting cultivation 95.5 714
A24 4FF  Aquatic or regularly flooded forests 100.0 100.0
4WF  Aquatic or regularly flooded woodlands 100.0 100.0
4SF  Aquatic or regularly flooded shrublands 100.0 50.0
4HF  Aquatic or regularly flooded herbaceous vegetation 95.0 95.0
B15 Artificial surfaces and associated areas 100.0 100.0
B16 Bare areas 60.0 100.0
B28 Water bodies 100.0 100.0
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8 APPLICATIONS

8.1 From nominal scale 1:250,000 to 1:1,000,000

As the land-cover interpretation of Manica and Map®Rrovinces was executed at the nominal scale of
1:250,000, it seemed illogic to execute a new pregation for these two Provinces at National level
though the land-cover interpretation at Provinceellehas a series of characteristics that are quite
different from the National level:
* The minimum mapping unit is 100 Ha at Province lamd 1600 Ha at National level (but 900
Ha for polygons with a Forest Type class or sirfgess);

» The detail in land-cover class description decreésee Chapter 4);

» At Province level up to two classes can be disistged in a delineated polygon, whereas at
National level up to three classes can be distsigad with different percentage ranges;

» The scale at which the polygons are drawn is diffeand consequently the level of detail of their
boundaries.

All these aspects should be considered when ampittat “conversion” of land-cover data from
Province to National level is made. Relationshipsdeen land-cover classes are quickly establisked a
the legend is hierarchical in nature and classedeaasily converted to those used at National.lev

The number of polygons in Manica Province with amaaof less than 900 Ha is 1155, with an area
between 900-1600 Ha there are 286 polygons, otahriamber of 2070. The number of polygons in
Maputo Province with an area of less than 900 Hg2& with an area between 900-1600 Ha there are
181 polygons, on a total number of 1310. All thesaall polygons must be aggregated so that no
polygon in the National level land-cover data s@t fall under the established minimum mapping unit
threshold. Such small polygons must therefore lpeesyted with adjacent polygons.

Because of the large number of small polygons, thodefor a semi-automatic “conversion” from
Province to National level was defined. First, lamoder codes have been translated from the Province
to the National level legend. In doing so, someg/gohs adjacent to polygons having similar codeswer
dissolved. Second, for all remaining polygons wath area smaller then the minimum mapping unit,
four levels of similarity have been establishedueein them and the neighbouring polygons. In tre fir
step, small polygons have been dissolved with gacadt polygon having the same primary land-cover
code (if existent). In the second step, small pohgghave been dissolved with an adjacent polygon
having the second land-cover code equal to thaicipal land-cover code (if existent). In the thatep,
small polygons have been dissolved with an adjapehtgon having the principal land-cover code
equal to their secondary land-cover code (if eri3teln the fourth step, small polygons have been
dissolved with an adjacent polygon having the sapwond land-cover code (if existent). Finally, the
remaining small polygons have been dissolved withlker adjacent polygons, i.e. the smaller adjacent
polygon is a criterion followed also in the foueps, to preserve as much as possible the informatio
contained in the small polygons. Once the minimuapping unit threshold was respected, the three
main land-cover codes were associated to the néwagas. They have been calculated using a database
linked to both the original polygons at Provinceel(with the area of each class) and the new olgg

at National level, summarizing the area for eactiec\ll these steps have been performed with the
support of macros and SQL queries in order to gesistent results in a limited amount of time.

The difference in accuracy with which the polygonubdaries were delineated remains as no
modifications were made to smoothen any polygonnbaties. The difference in detail has
repercussions for any cartographic representatiann@aminal scale of 1:1,000,000 but the advanisige
that a higher level of information is preserveddaalysis.

Agriconsulting S.p.A.



AIFM - Satellite image interpretation of land-cougpes 72

8.2 Evaluation of percentage forest in mixed classe s

The presence of mixed classes in the legend (ghifting cultivation) and the attribution of two
possible classes (principal and secondary) to jpolgcat Province level, make it impossible in some
cases to give an estimation of the area effectigelyered by (Semi-) natural vegetation. To overcome
this issue, various approaches based on a pixph®}-analysis were tested. This is mainly intaregt
for evaluation of the percentage of forested amezmnes with shifting cultivation since this infation
permits spatio-temporal comparisons and allows ftfication of deforestation rates. Two main
methods are described that were tested in ord@ngwer the question posed by UIF if it is possible
quantify forested areas in zones where both faypsts and cultivated fields occur.

The two methods tested used a single LANDSAT s¢ermg, 168/73) from Manica Province:
1. Normalized Difference Vegetation Index (NDVl)athis an index computed using LANDSAT
bands 4 and 3 and is a measure of vegetative (sserlso paragraph 3.8.3); and
2. Unsupervised Classification, that is the clusterof pixels by their numerical spectral
characteristics without supervision, or suppodnfrthe human brain.

NDVI has the advantage that it has a “physical rimegini.e. a measure of vegetative biomass that can
be analysed in order to find a specific threshbht separates forest from the other land-covesetas
This kind of approach can be useful in specifiadlaover polygons where a strong contrast between
covers exists. This happens in shifting cultivattseas when it is necessary to separate forested ar
from agricultural field crops. It imot very suitable for distinction of (semi-) naturalgegation (e.g.,
forests and thickets). A threshold can be seteatifl different classes. Once such a thresholde/&
found on an image, it can be re-used on other ainithages (with some correction using general
spectral statistical analysis), but it is strongyason dependent. This means that it is compulsarge
images of a season where the reflectance respbrsgetation is high. The NDVI index was calculated
for the whole Province and a threshold was sethenbisis of 40 points interpreted visually. Fos thi
pilot study only one threshold was set (i.e. forest-forest).

The Unsupervised Classification is performed autaally by the ERDAS Imagine software. The
software will identify clusters with similar speakrcharacteristics using the information of all esev
LANDSAT bands. Once these clusters are identifiea jinformation about the type of land cover in
these clusters is provided and it is up to persittefpretation to detect correspondences betweeset
clusters and land-cover types. This methodologyaften better distinguish between different classes
but must be re-interpreted for each scene to bssifiled. The Unsupervised Classification was
computed for areas with mixed classes (maskingthkr polygons) using three classes: forest, non-
forest and uncertain areas. This third class allald@cating pixels to none of the other two classes
according to the encountered situation.

Both NDVI and Unsupervised Classification work guitell in areas with shifting cultivation, giving a
quite accurate estimate of forested areas preseheipolygons. However, in polygons with different
types of mixed classes, NDVI is not very efficiemhile Unsupervised Classification still performs
within acceptable limits. The biggest problem caonseareas where Miombo and Mopane are found as
these Forest Type classes appear on the satelfigei almost as bare areas because of their speaific
phenology. In these cases, NDVI is completely wramgl Unsupervised Classification has a low
performance. In Figure 24, Figure 25 and Figuret2@e situations are illustrated: (1) shifting
cultivation with clear contrast between classe¥;nfxed classes with forest, thickets and shrubs; a
(3) mixed class with Mopane. Examples of the LANOS#nage (RGB=432), NDVI analysis result
and Unsupervised Classification result of the samea is provided for comparisofs.combination of
(semi-) automatic methodologies might be used onlwith extreme caution to estimate the
percentage of forested areas in mixed classes otoaal basis; however, it remains compulsory to
analyse different situations in order to match thanodels to the variability of the real world.
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Figure 24. Example of forested area with shifting cultivation with clear contrast between classes
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Figure 25. Example of mixed classes with forest, thickets and shrubs
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Figure 26. Example of mixed class with Mopane
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8.3 Semantic land-cover data harmonisation

Nowadays emphasis is shifting from static land-codata collection towards more dynamic
environmental modelling in order to understand plast, monitor the present situation and to predict
future trajectories. Thus, with the growing intéresmodelling environmental change, it is impottem
re-examine existing data sets and attempt to hasmdhem in order to make comparisons between
countries and to compile time series with whiclatalyse change dynamics and detect trends (Jansen,
2004a and b; Jansen, 2005; Jansen et al., 2006b).

As basis of a harmonisation strategy, the FAO/UNIERE S-Translator Module is recommended by the
Global Observation of Forest Cover-Global Obseoratif Land Dynamics (GOFC-GOLD) and Global
Terrestrial Observation Strategy (GTOS) (seww.gofc-gold.uni-jiena.de The LCCS-Translator
Module allows harmonisation of the semantic aspefciand-cover data.

The semantic aspeatf data, and specifically of classification coddspends not only on the type of
coding system or the nomenclature applied, bueftethds primarily on the definitions used because
these imply the parameters used in the formatiooladses. Comparison of these parameters permits
determination of whether a change in coding betwdsa sets through a semantic translator will be
sufficient for harmonisation. Otherwise it is nex@y to reclassify the nomenclatures into a third
system, a so-called reference system that funclikes bridge between two data sets; each clagwin
original data set will find its more or less copending class in the reference system. Class ¢xisers
contribute to the definition of boundary conditiadhat should be applied unequivocally and consilsten
when establishing correspondence between clasinsaetder to avoid errors in data interpretationeT
level of confidence with which such class corregf@nte is established is highest when the same
parameters have been applied; differences in thbealpparameters, and thus in boundary conditions,
produce lower confidence levels. Complete corredpooe is not always obtainable when harmonising
data, thus there is a need to establish rulesderdo reach the highest level of confidence pdtessib
(Jansen et al., 2006b).

The two main land-cover data sources used as anmcillata in the interpretation process have been
translated in the FAO/UNEP LCCS terminology. Théata sources comprise:

» The IGN/CENACARTA/DINAGECA Joint Venture land-covase legend, is the list of classes
used in the project Base topografica simplificada & uso e cobertura darra’
(IGN/CENACARTA/DINAGECA, 1999). For each polygon tife data one can obtain from the
data fields up to three land-cover classes idextifn the same polygon (Table 24).

» The land-cover legend of the FAO/UNDP project MCGZ(3 ‘Methodology and results of the
Forestry Vegetation Mapping at 1:250.00@aket et al., 1995).

Harmonisation of the terminology of these two datasets with LCCS provides the necessary
condition for any comparison of the criteria used ¢ define the classes of each data set. It should be
clear to any user that each data set is the resudf a completely different approach to land-cover
interpretation, albeit remote sensing has been thenain tool in each of them, and applied
methodology. Consequently, the statistics of theskata sets shoulchot be compared to one another
to analyse land-cover changes over time
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Table 24. Data fields and their explanation in the IGN/CENACARTA/DINAGECA data set (1999)

Data fields Explanation

OCUP1: 1° ocupag&o da area Land-cover for first class

ESTA1: estado da cobertura da terra da 1° ocupagao Type of cover for first class
SOLO1: tipo de solo da 1° ocupagéo Type of soil for first class
USOA1: eventual uso antigo (campos grandes) da 1° ocup. | Eventual previous use

VEGET1: eventual vegetagao particular da 1° ocupagéo Specific vegetation for first class
PCT_OCUP1: % da 1° ocupagéo First class cover percentage
OCUP2: 2° ocupagéo da area Land-cover for second class
ESTA2: estado da 2° cobertura da terra Type of cover for second class
SOLO2: tipo de solo da 2° cobertura Type of soil for second class
USOAZ2: uso antigo da 2° ocupagéo Eventual previous use (2 class)
VEGET2: vegetagéo particular da 2° ocupagédo Specific vegetation for second class
PCT_OCUP2: % da 2° ocupagao Second class cover percentage
OCUP3: 3° ocupagéo da area Land-cover for third class
ESTAS: estado da 3° cobertura da terra Type of cover for third class
SOLO3: tipo de solo da 3° ocupagéo Type of soil for third class
USOAZ3: uso antigo da 3° ocupagéo Eventual previous use (31 class)
VEGETS3: vegetagéo particular da 3° ocupagédo Specific vegetation for third class
PCT_OCUP3: % da 3° ocupagéo Third class cover percentage
CAMPO: tamanho dos campos do uso da terra Field crop dimension

CAJU: densidade dos cajueiros no uso da terra Density of cashew trees

CANA: presenca de cultura de cana de agUcar no uso da terra | Presence of sugar cane

COCO: presenca de cultura de coqueiros no uso da terra Presence of coconut trees

CHA: presenca de cultura de cha no uso da terra Presence of tea crops

The land-cover/use classes contained in the OCUPRfie?ds can be summarised as shown in Table 25.
The use of the data from this data set was restkitd the first set of classes, specifically those
contained in the fields (OCUP1, OCUP2, OCUP3) fay dy day interpretation use, while some
information from other fields has been includedhia translation into FAO/UNEP LCCS shown below
(Table 26), in the following order of fields OCUREHGET1/CAJU/CANA/COCO/CHA and when the
fields CAJU, CANA, COCO and CHA were not preseng ttranslation is limited to the fields
OCUP1/VEGET1.

The provided LCCS Codes can be imported in the LTEMslator Module and the software will
automatically provide the LCCS specific standardesoand class names.
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Table 25. The IGN/CENACARTA/DINAGECA land-cover/use classes

IGN/CENACARTA/DINAGECA Joint Venture land-cover/use classes (1999)

Original land-cover/use legend

Uso da terra cultivado

1.
2.

cultivado sequeiro
cultivado regadio

Uso da terra néo cultivado

1.
12.
13.

plantagdes

zona verde organizada

area habitacional urbanizada
area habitacional semiurbanizada
area habitacional ndo urbanizada
zona de produg&o e transporte
salinas

Copertura da terra com limitag&do edafica

101.
102.
103.
104.
105.

solo sem vegetagao

pradaria inundavel

pradaria inundada

mangal (localmente degradado)
pradaria degradada inundavel

Copertura da terra sem limitag&o edafica

201.
202.
203.
204.
205.
206.
207.
209.
210.
211.

pradaria

arbustos (0.5m<altura<3m)

matagal meédio (3m<altura<7m)

matagal lato (altura>7m)

matagal aberto (3m<altura<7m)

pradaria arborizada (cc% 10-40)

pradaria com arvores anas emergentes (cc% 10-40)

floresta de baixa altitude medianamente fechada (cc% 10-40)
floresta de baixa altitude fechada (cc% >70)

floresta sempervirente

Areas de agua

301.
302.
303.
304.

oceano
albufeira

lago, lagoa natural
rio entre margens

Territério fora dos distritos prioritarios

401.
402.

pais fronteirigo
territorio nacional fora das areas tratadas
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Table 26. Correspondence between the IGN/CENACARTA/DINAGECA land-cover/use legend (1999) and
FAO/UNEP LCCS version 2

IGN/CENACARTA/DINAGECA Joint Venture land-cover/use legend

FAO/UNEP Land Cover Classification System

Code Class name LCCS code20
110 Cultivado Sequeiro (Rainfed Crops) 11498 // 11494
2/0 Cultivado Regadio (Irrigated Crops) 11500 // 11495
11/0 Plantagdes (Tree Plantations) 10001-W7
1/0/0/0/1/0 Cultivado sequeiro com coqueiros 11371-12602-S0607 // 11356-12602-S0607
1/0/3/0/0/0 Cultivado sequeiro com caju 11371-12602-S0605 // 11356-12602-S0605
1/0/3/0/1/0 Cultivado sequeiro com coquiero € caju 11371-12651-S0605S0607 // 11356-12651-S0605S0607
1/0/4/0/0/0 Cultivado sequeiro / Caju 11371-12614 / 11490-S0605
1N Cultivado sequeiro com bambu 11498 /1 11494 /| 21639-ZT1
101/0 Solo sem vegetagéo 0011
102/0 Pradaria inundavel 42348
103/0 Pradaria inundada 42347
104/0 Mangal (localmente degradado) 40499-4891-L11L5R2Zt04 // 40604-4891-L11L5R2Zt04
105/0 Pradaria degradada inundavel 40065 // 40083
13/0 Area habitacional urbanizada 5003-13 // 5003-14
14/0 Area habitacional semiurbanizada 5003-15
15/0 Area habitacional ndo urbanizada 5003-17
16/0 Zona de produgéo e trasporte 5003-8 // 5002
1710 Salinas 5004-2-L11L5
201/0 Pradaria 21454
201/0/0/0/1/0 Pradaria com coqueiros 21454 /1 10167-S0607
202/0 Arbustos 21450
202/0/0/0/1/0 Arbustos com coqueiros 21450 // 10167-S0607
202/3 Arbustos com mopane 21450 // 20132-ZT03 // 20132-15048-ZT03
203/0 Matagal medio 20002
203/1 Matagal com bambu 20002 // 21639-ZT1
204/0 Matagal alto 21446-13233
205/0 Matagal aberto 20010
205/0/0/0/1/0 Matagal com coqueiros 20010 // 10167-S0607
205/0/3/0/0/0 Matagal aberto com caju 20010 // 10167-S0605
205/3 Mopane baixo 20132-13342-2t03
207/0 Pradaria com &rvores ands emergentes 21640 // 20014-4277
206/0 Pradaria arborizada 21640 // 20014-3012
206/3 Pradaria arborizada com Mopane 21640-2t03 // 20132-3012-2t03
206/4 Pradaria arborizada com Embondeiros 21640-2t07 // 20014-3012 // 20014-3012-2t07
210/0 Floresta de baixa altitude fechada 20006
211/0 Floresta sempervirente 21496-15048
209/0 Floresta de baixa altitude medianamente fechada|20014
209/3 Floresta de baixa altitude medianamente fechada|20802-15048-Zt03
(Mopane)
303/0 Lagos, albufeiras 8002-5
304/0 Rio entre margens 8002-1

20 5ee the FAO/UNEP LCCS version 2 software and mafrea of charge available and provided to UIR, sandard

class names.
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Table 27. Correspondence between the Saket land-cover classes and FAO/UNEP LCCS

Saket et al. land-cover legend

FAO/UNEP Land Cover Classification System

Code  Class name LCCS code
MF Montane forests
MF1  Closed montane forest 20089-15048-P10 // 20089-15048-P11
MF2  Medium closed montane forest 20131-3001-P10 // 20131-3001-P11
MF3  Open montane forest 20131-6011-P10 // 20131-6011-P11
LF Low-land forests
LF1  Closed low-land forest 20014-1
LF2  Medium low-land forest 20014-3012
LF3  Open low-land forest 20006
T Thickets 21450-13395
S Shrub 21450-13476
WG Wooded grassland 21640 // 21643
M Mangroves
M1 Closed mangroves 41640-67278-L11L5R2
M2  Sparse mangroves 40604-463-L11L5R2
G Non-woody vegetation - Grassland 21454 // 11502 // 42349
PF Man-made forests 11490-S10W7
A Agriculture and impact of agriculture on natural vegetation
A1 Permanent cropping 11492-S6 // 10026-S0915
A2 Shifting cultivation - Long fallow 11502/ 0003
A3  Shifting cultivation - Short fallow 0003 /11502
D Dunes 6009-L11L5
B Barren land 0011
0] Urban and other areas 5001
W Water bodies 7001 // 8001
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8.4 Land-cover change

8.4.1 Introduction

Land-cover change knowledge has become increasingigrtant in order to analyse environmental
processes and problems. Processes such as ddaforestacroachment of agriculture in forested areas
loss of prime agricultural land and urbanisatiott.,emust be understood if living conditions and
standards are to be improved or maintained at mulegels. Nowadays emphasis is shifting from etati
land-cover data collection towards more dynamiciremmental modelling in order to understand the
past, monitor the present situation and to prefilitire trajectories (Jansen et al., 2003 and 2006a,;
Jansen and Ndiaye, 2006).

The importance of land-cover change is stated uariimes in the TOR as a key objective tfe
purpose of the Integrated Assessment of Mozambioaasts[Project] is to assess and monitor the
extent, state andhangesf Mozambican forests and wooded lands in a timely accurate mannér
and in more detail in Chapter 3 of the TOR axsplain the kind, type and degree of changes whicie
occurred in land cover and forest ecosystems iferdint areas, their foreseen consequences for the
human and wildlife conditions, and the measurebdataken to mitigate negative impact of current
forest use and improve the living conditions of kheal populatiori and to ‘improve DNFFB/UIF
technical and operationdskills] to carry out and supervide..] monitoring activities.

The present policies of Mozambique that emphasizentarket-oriented economy, the role of private
sector and decentralisation are reflected in thestopolicies and legislation. This offers chaliieigg
opportunities for the development of sustainablenagament and utilisation of forest resources and
underlines the importance of land-cowfiange In the turmoil of a changing economy, the spatiad
temporal dynamics of land-cover are continuouslyhdmg. It is, therefore, important for the
Mozambican Government to have accurate and tinmggrmation for natural resources management,
land-use planning and land-use policy developmasata prerequisite for monitoring and modelling
land-use and environmental change and as a badmsnfibuse statistics. Land-cover change, as one of
the main driving forces of (global) environmenthbnoge, is central to sustainable development (Meyer
and Turner, 1994; Walker and Steffen, 1997; Walk&98; Lambin et al., 2000). The quality and
quantity of resources at various points in times tates by which they have changed, the overall
distribution of the land-cover types, etc., shdubdknown to develop strategies to plan a sustagnads

of natural resources while preserving biologicahness and diversity (Jansen et al., 2006a).

As stated in paragraph 8.3, several land-cover data exist in Mozambique but these cannot be
compared to one another. Therefore, the key obgedti the Manica land-cover change study presented
in this report is an inventory of the land-coveacbes at the nominal scale of 1:250,000 in Mamica i
the period 1990-2004, their location, extent ansfkriiution and an understanding of the change
dynamics processes in order to provide Governmdiht spatially explicit data and information for a
sustainable management of natural resources. &f@ssrto the TOR paragraph 5.1 expected output of
“a general assessment on the current extent, statdkinds of forest ecosystems and land cover/use
and relevant changes occurred in different Provinoéthe country in the course of the last ten gear
The land-cover change of Manica Province was chwig in addition to the activities specified ireth
Technical Proposal because it was deemed impaidaptovide an example at Province level of the
possible uses of the land-cover data sets prodd¢edichoice of the two years is related to thetigali

and socio-economic developments that took plaag, (the peace agreement of 1992, the series of
macroeconomic reforms combined with political digbsince the multi-party elections in 1994), as
well as data availability.

The applied change methodology at 1:250,000 nominstale shouldchot be repeated in an identical
way to the 1:1,000,000 nominal scale as that datatomprises a higher generalisation level.
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Land-cover change has to recognise that changes icotwo types: (1¢onversionfrom one land-cover
category to another (e.g., from cultivated to buptarea); and (2)nodification within one category
(e.g., from forest to woodland, from thicket to whland, etc.). These two types of change have
implications for the methodology used to describd alassify land cover (Jansen and Di Gregorio,
2002). Conversion implies an evident change, wiseneadifications are much less apparent. The latter
requires a greater level of detail to be accomnemiatvith a system based upon class names the latter
type of change cannot be captured unless the sysirtains an ample set of classes.

A similar approach to land-cover change has presljobieen applied in Albania (Jansen et al., 2003a,
2003b and 2006a), Niger (Mahamadou, 2001; Janseh,e2003) and Senegal (Jansen and Ndiaye,
2006). These applications comprise land-cover obsiig both rural and urban areas and at nominal
scales ranging between 1:100,000 and 1:250,000.

8.4.2 Applied methodology

Digital LANDSAT 5 TM was used to produce the baselinterpretation of 2004; the interpretation for
1990 identifies the changes in boundaries and/assclabels respective to 2004. A multi-temporal
sensing approach was taken by a simultaneous c@opdretween images collected at the two dates.

At the level of recording the changes a specificaibed object-oriented approachas been applied at
the level of the geodatabase. If an existing patydiol change there were three possibilities (Fi@me
* The shape of the polygon changed in which caséduedaries were adjusted without deleting
any existing boundary! In this way a new polygorsweaeated in the database and recorded as
changed. This new polygon was given the appropdiates label.

* The shape of the polygon remained unaltered butlss label changed. In this case the new
class label was recorded as change.

» Both the shape and the class label of the polypamg@ed and thus the combined approach of the
above described was necessary.

Thus, the land-cover change data set containghe situation of 1990 but the changes respective t
2004. This approach allows the user to reconsthectand-cover situation in 1990.

Figure 27. The land-cover change geodatabase approach (after Carrai and Jansen, modified)

Land cover 2004/2005 Land cover 1990

c D overlay c
A [

Take 4
validated LC The LC

vectors and ii;l;%tion Ol];
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top of satellite “ reconstructed
images of “ if needed.

1990. L

LC changes are identified (area and class)
and no vectors are deleted.
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Due to the working scale and the limited numbeanafges to be used, changes in land-cover percentage
were not taken into account. The minimum mappint threshold of 100 Ha was generally maintained,;
polygons with a size of at least 50 Ha were totgtainly in case of being adjacent to polygons tgavin
the same land-cover. For elongated features sudlieas and riverine vegetation (e.g., Gallery &bye

the minimum polygon width of 200m was preserved.

A land-cover change matrix was produced to anathigechanges. Furthermore, to have a general
overview of land-cover change and a better insight the land-cover change processes, classes
belonging to a similar land-cover type were groupgd the LCCS domains, as explained in Table 28.
As a final step, an assessment of the distribudiwh type of land-cover changes within the Distrafts
Manica Province was executed described in theuiatig paragraph.

8.4.3 Analysis of change results

In Manica Province, a total of 5,441,131Ha or 87.d#b not undergo any land-cover change in the
period 1990-2004. This means that 12.6% of thédeyrdid change. Regrouping the land-cover classes
helps in better understanding the type of changgisdccurred and the processes behind them. At land
cover category and domain levels, the followingea$p can be highlighted using the analysis of the
change matrix (Table 29):

1. The absolute value of loss/gain of a certaiddeover type;

2. The net percentage of loss/gain; and

3. The weight, inside the change percentages,abf éemain.

From Table 29, it is clear that modifications amshwersions occurred in particular in those domains
belonging to the land-cover categories of Cultidasnd managed terrestrial areas (All), (Semi-)
natural terrestrial vegetation (A12) and -to adesxtent- (Semi-) natural aquatic or regularlyfled
areas (A24). From the total change, 51.5% conceammifications and 48.2% concerned conversions.

Furthermore, one can observe thmtdificationsoccurred within:
* (Semi-) natural terrestrial vegetation (A12) larmlker category involving 399,746 Ha or 50.8% of
total change;
» Cultivated and managed terrestrial areas (All)-tanr category involving 5,055 Ha or 0.6%
of total change; and
» (Semi-) natural aquatic or regularly flooded ar@&24) land-cover category involving 376 Ha or
0.0% of total change.

Conversionccurred where:
* (Semi-) natural terrestrial vegetation became Caiid and managed terrestrial areas, involving
299,831 Ha or 38.1% of total change; and
» Cultivated and managed terrestrial areas becammai{Seatural terrestrial vegetation, involving
79,245 Ha or 10.1% of total change.

From this analysis at aggregated data level, ibimes clear that the land-cover types subject togiha
belong mainly to (Semi-) natural terrestrial vetjeta (A12) and Cultivated and managed terrestrial
areas (All), with the first land-cover category enprone to change. Thus, the interest of the land-
cover change study has been particularly focusddrahicover changes in the (Semi-) natural teiigdstr
vegetation to which the major part of the distirsipeid Forest Types belong.
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Table 28. Regrouping of the land-cover classes for the change assessment in Manica Province

Legend at Province level Legend at National level

User name Code  [Domain name Code
Tree crops ' 1TCF Tree crops TC
Forest plantation 1TCW

Tea plantation 1SCT FC
Rainfed field crops 1FCR  [Field & shrub crops

Irrigated field crops 1FCI

Shifting cultivation with open to closed forested areas 1CXF  [Shifting cultivation with forest SF
Coastal dense closed woody vegetation 2DEC

Broadleaved (semi-) evergreen closed forest 2FE

Mecrusse dense 2FEA

Gallery forest : : 2FEG Forests & closed woody vegetation FO
Closed broadleaved (semi-) evergreen mountainous forest  2FEM

Broadleaved (semi-) deciduous closed forest 2FD

Miombo dense 2FDB

Mopane dense 2FDC

Coastal open woody vegetation 2DEO

Broadleaved (semi-) evergreen open forest 2WE

Mecrusse open 2WEA

Open broadleaved (semi-) evergreen mountainous forest ~ 2WEM  |Woodlands & open woody vegetation WO
Broadleaved (semi-) deciduous open forest 2WD

Miombo open 2WDB

Mopane open 2WDC

Broadleaved (semi-) evergreen thicket 2TE

Broadleaved (semi-) deciduous thicket 2TD . TS
Broadleaved Esemi-; evergreen shrubland 2SE Thickets & shrublands

Broadleaved (semi-) deciduous shrubland 2SD

Tree savanna 2GCT

Shrub savanna 2GCS (Grasslands CR
Open shrub savanna 2G0S

Closed to open forested areas with shifting cultivation 2FXC  [Forested area with shifting cultivation FS
Woodland on temporarily flooded land 4WET |Aquatic or regularly flooded woodlands WA
Open shrubs on tem.poranly flooded land 4SET IAquatic or regularly flooded shrub & herbaceous HA
Herbaceous vegetation permanently flooded 4HVP egetation

Herbaceous vegetation temporarily flooded 4HVT

Built-up areas 5BU  Built-up areas BU
Bare rocks 6BR

Bare soils 6BS  [Bare areas BA
Dunes 6SS

Artificial water bodies TWB Water bodies W8
Natural water bodies 8WB

Figure 28 shows the changes between domains irmages of total change. Thus these percentages
donotrefer to the total area of the Province. One asgrpret the following from the change statistics:
* In the Forests (FO) domain a loss of 348,330 Ha8@y occurred: 11.9% was modified into
Forest with shifting cultivation (FS) and 3.4 % wamverted into Shifting cultivation with forest
(SF). The weight of the passage from FO into FS 6#S%, while the weight of the conversion
into SF was 19.0%.
* The loss of Woodlands (WO) was 82,075 Ha (4.4%d)%lwas maodified into FS and 1.6% was
converted into field crop (FC). The weight of thaneersion into FC was 26.5%.
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» Thickets and shrublands (TS) decreased with 10&l%0ough 2.2% and 2.5% was gained from
FO and WO respectively, 14.8% was converted in&bddficrops (FC). The weight of this
conversion was 86.7%.

» Forest with shifting cultivation (FS) increased lwi249,810 Ha (38.1%). As explained above,
forests gave the major contribution, i.e. 2.8% w@sverted into FC.

» Shifting cultivation with forest (SF) increased lwit2,245 Ha (26.0%). The most important gains
came from the FO and WO domains with 24.3% and 7r8%pectively, whereas 0.9% was
converted into field crops.

» Field crops (FC) increased with 150,827 Ha (82.928)6% was formed by the contribution of
grasslands (GR), 10.3% of FS and 15.0% of FO.

From the above, it seems that there is a geneaalgehof forests into closed to open forested axiths
cultivation. The substantial increase in cultivatedas is especially evident by the 27,411 Ha atede
into crops from forests and 18,801 Ha from foresb ishifting cultivation, while part of 42,963 Ha
coming from grasslands should be considered asagehin landuse (i.e., the use as pastures) rather
than a loss of natural vegetation and thus a tavérchange. Few domains, such as Tree crop (TC) or
flooded vegetation (e.g., WA, HA) showed no subdhcohanges.

At the land-cover class level, a particular focusswgiven to the changes in forested areas in eoder
analyse what type of forest is more affected byngkadynamics in (semi-) natural vegetation as above
explained:

* Miombo dense forests (2FDB) decreased with 211)984being apparently the most affected
vegetation type by human pressure. The main pag emverted into Forest with shifting
cultivation (2FXC) and Shifting cultivation with fest (1CXF).

» Broadleaved (semi-) deciduous closed forests (2&12) Broadleaved (semi-) evergreen closed
forests (2FE) showed a loss of 40,081 Ha and 93:&l@espectively, while Closed broadleaved
(semi-) evergreen mountainous forest (2FEM) maieghimore or less the same extent.

» Gallery forests (2FEG) had an intermediate behandmce their change was equal to 3,352 Ha.

» Similarly to the Miombo dense forests (2FDB), Miamiipen forests showed the highest decrease
(50,675 Ha), whereas Broadleaved (semi-) decidupen forests (2WD) show a decrease of
“only” 20,762 Ha.

* Mopane open forests (2WDC) were reduced by 10,681 while Open broadleaved (semi-)
evergreen mountainous forest (2WEM) and Broadleggethi-) evergreen open forest (2WE),
were not subject to any particular changes.

Figure 29 and Figure 30 show the location of some@sasubject to land-cover change in the period
1990-2004 in Manica Province. These figures shaarty that not all areas in the Districts shown are
subject to change but some areas are more prataibge than others.

The distribution of land-cover changes in Manicavitfrice is not homogeneous, being more important
in the Eastern-Central and Southern part and marginthe Northern part. The District of Barue was
the most affected by land-cover changes (31.5%hefgurface), followed by Manica (28.9%) and
Mossurize (23.9%), while Macossa, Tambara and @Gmained almost unchanged. In Barue District,
the most important phenomenon concerned the lofssests. In this District 121,676 Ha were modified
into Forest with shifting cultivation, and 21,504atnd 17,167 Ha respectively were converted into
Shifting cultivation with forest and Field crops. Manica District, although the amount of land-aove
change is high (28.9%), no significant trend watected since changes concerned almost the totdility
classes. A particular land-cover change was fountlachaze District where 125,507 Ha have been
converted from Shifting cultivation with forest inForests with shifting cultivation as the resultie
progressive abandonment of cotton plantations.
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Table 29. Land-cover change matrix for the period 1990-2004 at domain level for Manica Province

Land-cover domains in 2004

B27 &

LCCS category A1 A12 A24 B15 B16 B28 i

LC domain TC FC FO WO TS GR WA HA BU BA WB %

LC class SF FS =

TC 20480 2536 0 0 0 0 0 0 0 0 0 0 0 23016

FC 0 174697 0 709 135 293 4453 1427 0 0 50 0 0| 181764

S SF 0 2519 202150 4655 217 1227 2086 64043 0 0 0 0 0| 276897
‘o—; FO 0 28120 72005 | 1575627 13042 3867 4799 255055 0 0 556 0 0 | 1953071
‘@ WO 0 31058 22755 1254 1750852 177 14705 48922 0 0 433 0 0| 1871156
5 TS 0 26017 1841 0 439 142909 0 1679 0 0 0 0 0| 172885
_§ GR 0 47416 2517 1369 751 0 683782 704 0 0 0 0 0] 736539
5 FS 0 20228 47874 21127 20588 6039 4229 532513 1389 0 546 0 0| 654533

§ WA 0 0 0 0 0 0 0 0 171118 376 0 0 0] 171494

'é HA 0 0 0 0 0 0 0 0 0 114258 0 0 0| 114258
< BU 0 0 0 0 0 0 0 0 0 0 10184 0 0 10184
BA 0 0 0 0 0 0 0 0 0 0 0 44528 0 44528

WB 0 0 0 0 0 0 0 0 0 0 0 0 18033 18033

Total (Ha) 20480 332591 349142 | 1604741 1786024 155512 714054 904343 172507 114634 11769 44528 18033 | 6228358




Figure 28. Modifications and conversions in the period 1990-2004 in Manica Province
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Figure 29. The location of land-cover changes 1990-2004 in the Barue District of Manica Province
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Figure 30. The location of land-cover changes 1990-2004 in the Machaze District of Manica Province
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From Figure 31 it becomes clear that the areas Wwitests (FO), Tree crops (TC), Thickets &
shrublands (TS), Woodlands (WO) and Grasslands @@Rjease in absolute extent, i.e. irrespective of
the territory of Manica Province, with 17.8, 111M.0, 4.5 and 3.0% respectively. Thus the tree rcove
has been reduced in the various vegetation typeslba as a crop. It also becomes clear, in a more
dramatic manner than in previous tables and figutes the areas with Field crops (FC), Forest wit
shifting cultivation (FS), Shifting cultivation witforests (SF) and Built-up areas increased coraditie
with 83.0, 38.2, 26.1 and 15.6% respectively.

The rates of land-cover change on a yearly badiéainica Province have been calculated for the gerio
1990-2004 (Table 30). The annual population growath of Mozambique according to the World Fact
Book 2000 is 1.48% (2005 estimate) and accordintpéoPopulations Division and Statistics Division
of the UN Secretariat (segww.unstats.un.ofgthe annual population growth rate in the perio@®
2005 is given as 2.00%. The population growth mat®lozambique is decreasing since the mid 1990s
and more people tend to seek a livelihood in urbantres, consequently the rural population is
decreasing. But the rates by which Field Crops (BB)fting cultivation with forests (SF) and Foest
with shifting cultivation (FS) increase in Manicaceed the overall population growth by far. Thus,
these figures should give rise to concern as sigogie agriculture continues to employ the vast ritgjo

of the country's workforce (e.g., 81% in agricultis the 2005 estimate).

The growth rates for (semi-) natural vegetatioresygFO, WO, TS and GR) are all negative indicating
that in Manica Province these areas decreasedatncahresources management is a concern. The rate
by which Forests (FO) decrease is inversely propuat to the rate by which the Mozambican
population increases (e.g., -1.41% versus 1.48%).
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Figure 31. Differences in absolute spatial extent in Manica Province in the period 1990-2004
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Table 30. The rates of land-cover change per year in Manica Province in the period 1990-2004

LC domain Area in 2004 Area in 1990 An;‘#:r'];its of

or dlass Ha % Ha % %
TC 20480 0.33% 23016 0.37% -0.82
FC 332591 5.34% 181764 2.92% 4.41
SF 349142 5.61% 276897 4.45% 1.66
FO 1604741 25.77% 1953071 31.36% -1.41
WO 1786024 28.68% 1871156 30.04% -0.36
TS 155512 2.50% 172885 2.78% -0.75
GR 714054 11.46% 736539 11.83% -0.22
FS 904343 14.52% 654533 10.51% 2.33
WA 172507 2.77% 171494 2.75% 0.07
HA 114634 1.84% 114258 1.83% 0.02
BU 11769 0.19% 10184 0.16% 1.07
BA 44528 0.71% 44528 0.71% 0
WB 18033 0.29% 18033 0.29% 0

2L For the calculation of the annual rate of chamgaé period 1990-2004 linear growth has been asdum
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8.5 Burnt area monitoring

Fire is a vital and natural part of the functionioignumerous ecosystems. Humans have used fire for
thousands of years as a land management toolisFimee of the natural forces that has influencedhtpl
communities over time and as a natural processves an important function in maintaining the tieal

of certain ecosystems. However, in the latter pathe twentieth century, changes in the human-fire
dynamics have led to a situation where fires am@ aanajor threat to many vegetation types and the
biodiversity therein. In forests where fires ocewery dry season, tree species exhibit adaptives tra
such as thick bark, ability to heal fire scarspresting capability and seed adaptations. The gowdb
importance of these annual fires on forest fornmetiis significant. Fire strongly promotes fire-talet
species, which replace the species potentially igm@im an undisturbed environment.

The aim of this application was to demonstratepibtentiality of remote sensing techniques in otder
monitor burnt areas in the sense of carrying catistics and mapping the phenomenon of recurrent
occurrence of fires as especially the latter maye gan indication of the frequency of human-fire
dynamics are changing or not.

The critical point of the methodology is the avhiliy of multi-temporal satellite images acquired
during the “fire” season that is at the end of ting season. The period ranges from the beginning of
September up to the beginning of November, butetli®er certain variability from year to year rethte
to the variability in rainfall.

Since the Project could not acquire other LANDSATM images for this specific activity, use of the
free of charge available ASTER images has been niddueimages shown in Table 31, as previously
described, have been downloaded and used in tpicaion.

Table 31. ASTER images used

Position of ASTER -
Acquisition date
Path - R b i i Cloud
a oW number |mages|cnetnh: TM5 YYYY-MM-DD oud over
167 79 Top, centre 2000-09-09 1% T1
167 79 Top, centre 2001-09-28 0% T2
167 79 Top, centre 2002-11-27 1% T3

First of all, using ERDAS, a subset of the threages was created using an approximate “AOI” (area
of interest), the area that is the intersectiothefimages T2 and T3.

For each scene, the spectral signatures (see ifite.®8I1G extension in the geodatabase) of different
stages of burnt area and of the main land-coveestypere independently taken and a Maximum
Likelihood (supervised) classification was carrged.

Each supervised classification result has beemssified in two classes: i.e. Burnt area (code+t) a
Burnt area (code=2) (see Table 32) that were cteénto the GRID Arcinfo format. Subsequently
with ArcGIS a combination of the three grids hasrberoduced. The GRID obtained contains for each
pixel three attributes derived from the originalidgr “Burnt_area T1”, “Burnt_area T2,
“Burnt_area_T3".

It is very easy to query the table to identify theation and to produce statistics, especiallyigttas of
the type “how many times” and “when the differenarts of the images were burnt” (e.g.,
“Burnt_area_T1"=1, AND “Burnt_area_T2"=1, AND “Burmarea_T3"=2 means that fires occurred
two times on T1 and T2).
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Table 32. Explanation of the reclassification codes for burnt areas

“Burn_stat” Code | Description
1 The area comes out burnt in 1 scenes
2 The area comes out burnt in 2 scenes
3 The area comes out burnt in 3 scenes
999 The area is not covered by all three satellite images

The “Burnt_stat” code assists in visualising resahd carrying out statistics in a synthetic way.
Figure 32 shows an example of the reclassificgitmeess and the analysis result for a selected area

Figure 32. Portion of the same area in the three ASTER images (T1, T2 and T3) and the final reclassification
result
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9 THE LAND-COVER/USE ASSESSMENT GEODATABASE

9.1 Introduction

The Information System documented in this chapter lheen developed inside the framework of the
AIFM Project in order to provide an efficient todbr planning a sustainable forestry sector
development. The remote sensing and land-cover apemi has the immediate objective of making
available a comprehensive data set of land-cowertypes and related ancillary information as a
fundamental tool to support not only the othenaiitis within this Project (e.g., land unit, comnityn
forestry) but to support the UIF/DNFFB/MINAG in theng term.

The achievement of this objective is based on apcehensive Information System able to assist a
group of satellite image interpreters in their lamder type analysis, managing a huge amount daadlig
data, dealing with the limitations resulting frommet Project context and available resources (e.g.,
timeframe of activities is related to other Projeotnponents), data availability and the sustaiitgbil
after Project completion.

This Information System is strongly geographic oigel. It comprises many components such as
geodatabases, satellite image data, a set of pmeednd a limited range of applications. This
Geographic Information System (GIS) has been deeelahrough a process of data modelling that
defines this system step-by-step at different kwafl abstraction, from an informal requirements
analysis to the physical implementation of the epts.

This chapter provides an overview of the developgmencess performed to build the data model and a
detailed description of the AIFM land-cover/use eassnent geodatabases at different levels of
abstraction. Some basic concepts on geodatabdseotegy and data modelling are also provided in
order to facilitate the introduction of the destidp of the Information System. These concepts are
based upon Ceri et al. (1999), MacDonald (2001)eZ€003) and Arctur and Zeiler (2004).

9.1.1 Geodatabase technology

The ability of GIS technology to integrate diffetadata types and from different sources, to analyse
these data and to present results in an appropnateer for decision and policy making has led I8 G
being a common tool across many organisations. dévglopment of GIS in the last couple of years,
together with the progress of technology, the nkallenges of geographic sciences and the avatlabili
of ever larger geographic data sets, made theigreafty of data storage and management basedton fla
files evident.

The geodatabase technology overcomes the limitslafsystems using relational databases with
extensions for storing, querying and manipulatipgtisl data. A geodatabase provides the possibdity
design objects and relations able to capture mdwsely the behaviour of the real world. The
geodatabase is much more than a “manager” of geligralata, it also allows the implementation of
sophisticated business logic that, for exampleldburelationships between data types (such as
topologies and geometric networks), validates dathcontrols data access. A geodatabase is a comple
structure that requires a multi-step process tinded data modelsuitable for the defined aims of a
specific project.
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9.1.2 Data modelling

Data modelling becomes an obvious issue whenev@rs@ftware is built on top of a geodatabase. Data
models lie at the very heart of GIS as they deteertiie ways in which real world phenomena may best
be represented in digital form. The objective dfadamodelling is to provide a consistent, modulad an
easy-to-maintain structure where different dat@syare accommodated.

Database planning is a very important activity it @evelopment. It begins with the identificatioh o
the needed data and continues to cover several athigities collectively termed as data life cydle.
the identification of data in the needs assessnmaitision of the data in the data model, creatibthe
metadata, collection and entry of data into thalkete, updating and maintenance routines, andlyfina
retained according to the appropriate record retersichedule.

The data modelling phase is the most appropri@gesto solve business issues as they can become
much harder to face at later stages. Data modé#libgsed on the fundamental principleabstraction

A system model is created at different levels,tistgrat the higher abstraction levels and addingemo
levels with more detail, as more is understood alea system. When complete, the model can be
viewed at several levels. The abstraction modetssteom the “informal” user’'s view of reality and
his/her requirements, then passes through an emvéotal or business model, a data model, a database
to finish with the GIS application. The tools adaptfor data modelling are designed to represeat in
visual and not proprietary manner the conceptuta deguirements of an Information System.

Database design is usually divided into three majtivities: (1) conceptual, (2) logical and (3)
physical data modelling described in more detdib\e

1. The conceptual data modellingdentifies data content and describes data at bestrat, or
conceptual, level. This step is intended to desarihat the GIS should be able to do and does not
deal with how the GIS will be implemented, leavithg “how” question that is the subject of
logical and physical database design. The conckepdeaign of the GIS also includes
identification of the basic GIS architecture (efynctions of hardware and GIS software),
estimates of usage and scoping the size of thes@t@em. All of this is done with reference to the
existing data processing environments that shau&tface with the GIS. Conceptual data models
provide a link between realities, as these aregdexd by human beings, and the way in which
this reality will be represented in the databaistiaus formalises human concepts of space and it is
a compulsory task as computer systems work thrgeghof formal rules.

2. Thelogical database desigtranslates the conceptual database model intaldkee model of a
specific software system. The purpose of the ldgieadel is to show the data that the application
should store in order to satisfy business requirgsmet shows how this data is related and
explores any integration requirements with busiresss outside the scope of the development
project.

3. Thephysical database desigs the representation of the logical data mode¢henschema of the
software. The purpose of the physical model is hows how each data element will be
implemented and stored in the database.

This process finally leads to the definition ofdata model whose implementation is focused on a
geodatabase that can be tested and subsequentlges®ding to the defined objectives of the Prtojec
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9.1.3 A conceptual framework for land cover

As stated before in paragraph 4.3, land cover fmek as the observed (bio) physical cover on the
Earth's surfacé (Di Gregorio and Jansen, 2000). Land cover isthuwcomplex concept that involves
both the definition of a set of (bio) physical cowharacteristics to be considered and an instrumen
(e.g., human eye, digital sensor sensible to \@siinfrared or thermal wavelengths, etc.) to obsdne
Earth’s surface, together with an observation p(ard., from a plane or a satellite, ground obsewra
far or close from the point to be observed, etc.).

Therefore, how the observation of the (bio) physicever on the Earth's surface will look like degen
on the instrument(s) used for observation, the tihebservation, the location, the set and dethil o
(bio) physical characteristics observed and thegggahic accuracy of the observation. Consequently,
there are many possible representations of landrchand use is defined &the type of human activity
taking place at or near the surfdcéCihlar and Jansen, 2001) so it includes a diredhdirect human
activity.

Figure 33. A schematic environmental model of land cover
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As shown in Figure 33, a approximate environmemaldel of land cover can identify five main
categories of interdependent factors that detertfiagbio) physical cover on the Earth's surfadé: (
morphology (e.g., elevation, slope, aspect, ef@); human action (e.g., infrastructures, pollution,
agriculture, pasture, urbanisation, etc.); (3) alien(e.g., precipitation, temperature, wind, e{@);soll
and geology (e.g., texture, organic carbon, litgglaock outcrops, etc.); and (5) biotic factorgy(e
vegetation and fauna). All these factors are atfanof space and time.

Land-cover data sets are real observations otiilo® fhysical cover on the Earth's surface. Theylm
divided in two broad categories: (1) coded andui@joded representations. Uncoded representations
are, for example, satellite images (e.g., LANDSANSTER, MODIS) or vegetation indexes (e.g.,
NDVI). They provide a quantitative measure of phgsiproperties (e.g., spectral reflectance,
temperature, shape, biomass, etc.) of land comerodied representations some kind of (bio) physical
cover classification system is used. Examples dédaepresentations are the Vegetation Map of &fric
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(White, 1993), topographic maps, the IGN/CENACARDMAGECA Joint Venture land-cover data
set (1999), and so on. Data collected in the fiald be either coded or uncoded.

This general overview of the land-cover environmaéntodel is helpful as a conceptual framework in
which the data model and land-cover/use assesgyaedatabase structure have been developed.

The land-cover/use data set required by the AlFbeRt is described in the TOR, Technical Proposal
and Inception Report, in particular concerning ttlasses to be incorporated in the land-cover
interpretation at the two nominal scales and tleenditic accuracy to be reached as well as the semsor
be used. There are many potential methodologieetelop the requested land-cover/use data set. One
possible approach could be the definition of a fismal relation between land-cover/use classedland
(bio) physical cover genetic factors. But due t® ¥lery complex nature of land-cover/use types had t
classification requirements of the Project, it wbbk very hard to define such a model for the wioble
Mozambique. Moreover, the data sets available izdwiibique are not always comprehensive, so that
this kind of approach is impracticable. Another gible methodology could be the construction of a
predictive model based on a statistical relatiomvben the variable one wants to predict (e.g. selaof
land-cover/use) and a set of available variabléste® to land-cover/use. A number of points with
known values of the variable to be predicted cdnddused to calibrate and validate this kind of mhode
Again, the semantic detail (i.e. classificationguiged for the Project makes this approach unskeitab
and results are likely to be insufficient for arpkgd Project which main goal is not merely resharc

As stated in the TOR, Technical Proposal and IneefReport, the methodology selected and applied
for collection of land-cover data for Mozambique Ndtional level and for Manica and Maputo at
Province level is on-screen visual interpretatibhANDSAT images of the years 2004/2005 integrated
with available digital ancillary data sets, fieldlidation and accuracy assessments (see Chapied).3
Thus, the purpose is the production of a strudir¢he Information System supporting and improving
the satellite image based land-cover interpretaiivities.

9.2 Requirements analysis
9.2.1 General requirements within the AIFM Project context

The general aim of the AIFM Project is stated ia FOR as the assessment and monitoring of the
extent, state and changes of Mozambican forestsvaodied lands in a timely and accurate manner. It
must provide an efficient tool for planning forgssector development and for setting up a strategy

a sustainable use of forest and wildlife resoutces

The remote sensing and land-cover component cortesbto this overall goal by developing some
specific tools, methodologies and data collectidme specific remote sensing and land-cover objestiv
are the presentation of an overview of occurrimglaover types in Mozambique, their location, ekten
and distribution and the utilisation of up-to-déehnologies and international standards in laneico
data collection. De facto, it provides the baselila@a set on which the stratification of the Forest
Inventory is based (see also Chapter 1).

The expected outputs of the remote sensing anddawer component are provided in paragraph 1.3.
The remote sensing and land-cover component is levetpintegrated in the general framework of the
Project, but it has also some individual requiretsefhereforeit was decided to develop a dedicated
geodatabase for this specific component of the Prjtin order to structure and organise the data
from the very beginning of operational activities & as to have a flawless data production, storage,
integration and analysis chain

The geodatabase described in this chapter is,ftlierefocused on the requirements of the remote
sensing and land-cover component in order to pmdhe outputs expected by the Project. The
following paragraphs describe the data model usethfs specific purpose. The requirements analysis
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for the AIFM Project will be described in the gemledata model development (see relevant
documentation for a complete description of the MIProject data model as this was not available at
the time of reporting in this Technical Report).

9.2.2 Specific requirements of the remote sensing and land-cover component

In order to carry out the requirements analysisttier Information System developed in support of the
remote sensing and land-cover component and, substy the created geodatabase model, the main
purpose of the Information System for this companeas defined as accommodating the delineated
polygonal land-cover/use units.

The AIFM Project identifies two geographical lanalser interpretation levels: (1) a National levettwi

a legend, a minimum mapping unit and an accurdeyrea to a nominal scale of 1:1,000,000, and a (2)
Province level with a legend, a minimum mapping @amd an accuracy referred to a nominal scale of
1:250,000. The Province level activities were eatrout for two Provinces, i.e. Manica and Maputo,
taking into consideration the opportunity to apgilg same approach to other Provinces in future. The
integration of the two levels of land-cover intex@tion into a comprehensive Information System is
key issue in the Project.

The definition of the land-cover/use classes idiged through on-screen interpretation of LANDSAT
images of year 2004/2005 by satellite image inttgys. The land-cover interpretations based upen th
LANDSAT images are integrated with field surveyalét.g., field orientation and field validationatd
describing factors influencing land cover (e.g.mlam activity, climate, terrain morphology, floradan
fauna, soils) and with data on other land-coveeaispthat are either coded (e.g., other land-costx
sets having different legends, dates and geogragéiail) or uncoded (e.g., satellite images from
ASTER, LANDSAT and MODIS covering different yearadadifferent seasons). Therefore, a set of
information levels must be associated with the damer polygons for the Province and National Isvel

The required data at Province level are the claghe dominant land cover, the percentage of the
dominant class in the delineated polygon, the sgmgnland-cover class (if present), the percentdge
this secondary class in the delineated polygorpi@sent), the name of the interpreter defining the
polygon and its class(es), a unique ID code andnatgs. For the National level, the data are tineesa
as at the Province level plus a tertiary land-cavass (if present) and its percentage inside tiggpn.

It is possible to verify the polygons areas in ré@le in order to check whether or not the minimum
mapping unit areas defined are being respected.

The topological correctness of the land-cover diar must be assured, i.e. no overlapping areds an
no gaps should occur, and the coherence for arsirgut products (e.g., land-cover change) and the
borders of the study area (e.g., country boundaries

The system includes a set of digital ancillary dht served the satellite image interpreters @irth
comprehensive approach to land-cover interpretatestribed in detail earlier. Finally, the fieldhay
data for field orientation and field validation grart of the System. All these data have been liated

in the Information System that at the same timeukhbe flexible enough to include any further and
future data sets.

One of the goals of the Information System is adameent of land-cover change analysis between the
selected reference year and other years. The atmaiicterisation of not only the actual state,tbut
highlight land-cover dynamics in the form of chamecesses. Polygons were changes occurred must
be identified. Both the old and the new land-cax@ies must be reported. In order to facilitate type

of analysis and to allow continuous monitoring, padygons with changes must be delineated as stand-
alone entities that show the differences with respe the polygons of the reference land-coverraye
(see also paragraph 8.4).
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Furthermore, the System must also be a suppothéextraction of field samples sites for the Fores
Inventory (as was the case for Manica Province wleeeteam not only extracted the sample sites but
also carried out an ulterior check of the land-cdype at the selected sample sites) and must alew
production of thematic cartography and standarguistlike tables and diagrams.

Several users simultaneously access the datarapdrticular, the System must manage editing sessio
by multiple users on the same land-cover layer. Jdrmission accesses to data must be differentiated
for different users, i.e. all the ancillary datarr external sources must be changed only by the
administrator. The disk space resources must liezffly handled in order to guarantee a flexibhel a
flawless management of all satellite data (apprexaty 80 gigabyte of data in the case of this Rtoje
component) and to allow fast import and exportatad

Given the amount of satellite image data that &ilalkle (around 200 images), it is possible to know
anywhere in the study area how many and which tfpsatellite images are available together with a
summarised description of the ID code of the imggeh in which it is stored, reference date, squrce
reference system and eventual remarks/notes.

Finally, the System should manage the subdivisibth® working area between multiple interpreters
and, extremely important, the monitoring of progrekthe land-cover interpretation activity.

9.3 Land-cover/use assessment data model

The land-cover/use assessment data model was ddsignraccommodate all above-described needs
taking into account the requirements stated inf@& and the various limitations (e.g., time, ecoitom
resources and sustainability). The main restricisotdiata availability and data quality. The exigtand
accessible digital environmental data with a diregation to the remote sensing and land-cover
component are limited to the Joint Venture IGN/CEMRTA/DINAGECA data sets. In order to
widen available sources of information, a lot ofadaas downloaded from Internet (e.g., differepety

of satellite images, a digital elevation model aondhe thematic data layers with a resolution of 1km)
For all these data layers, the data model defirmstable structure to organise and manage theirein
created geodatabase. The data modelling efforfecsed on the key purpose of accommodating land
cover and related data layers (e.g., land-covemgidield sample data, forest type information).

No reference data model dedicated to land-covedssessment was found in the scientific literatsme,
this model has been specifically developed in theméwork of the Project. It does not attempt t@abe
exhaustive model on land-cover/use assessmend, gpetcific tool functional within the objectivesdan
limitations of the Project, though it could be cdesed a representative example. Its primary goal i
assistance to the satellite image interpreterseéir tand-cover/use assessment in order to prothee
high quality land-cover data layers and to integthese in the general AIFM Information System.

Three geodatabases have been created (i.e. Mdgatoca and Mozambique), but they are all three
based upon the same data model. The Manica geedatals the one taken as example for
documentation purposes as it is the most comprelemme and because it has been used in the
developed applications documented in Chapter 8cifipeor different features in the other two
geodatabases are highlighted in the text.

The geodatabase has been the primary technicaltdopkerform the land-cover interpretation. The
software and hardware were selected to manageasuctulti-user environment. The GIS software used
is ArcGIS and the database SQL Server. ArcSDE leantiie connection between the GIS tools,
installed on every computer/workstation, and theda¢abase located on the server (see Technical
Proposal for details about hardware and softwashit@cture). This system permits editing of the sam
data set by multiple users at the same time, tlgdéredpeasing the consistency of interpretation leetv
users and overcoming edge-matching problems irsasbare different satellite image interpreters are
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at work. The permission access to data has beeacserding to the different users. This policy
maintained data integrity even with multiple usemrking on the same geodatabase, with a GIS
administrator supervising all data flows and oJedata management. The subdivision of the working
area between interpreters and the monitoring optibgress of the work have been realised through a
data set that was always up-to-date and thus slkydwiall users the same information.

The geodatabase was designed to enhance the tyntmgpli consistency, both for geometry and semantic
attributes, providing some specific tools for vatidn of features and to distinguish features pule
value to avoid as much as possible errors. Thibais of land-cover feature classes and of akroth
related data sets (described in the various chapfethis Report) were implemented through domains.
Control of topologic rules and correction of errarsre executed at the endedferyworking day by the
GIS administrator of the team in order to keepdat clean at every stage of the progress of thik. wo
A macro was developed to check whether or not timenmim mapping unit was respected and it was
executed in real time during interpretation workirtRermore, a complete metadata description is
associated to all data layers, according to thelST15 standard.

A suitable data structure was defined in supporthef comprehensive approach of the land-cover
interpretation process. Data was placed in diffeiiegories according to their thematic/semantic
content, topological relations and data accesgyolihese data sets help data usage and management,
leaving flexibility to add new data becoming avhiaduring the Project life span, or in futurehfst
System will be further extended to other studiedMozambique. The data model is considered to be
extended to future land-cover/use assessmentsoginBe level for the whole of Mozambique. The
integration of multiple-season and multiple-yeaebide data with other existing digital supplemayt

data facilitates the interpretation process; thee afsground truth samples serves a better oriemtatf
land-cover interpretation in the first phase (digld orientation) and the assessment of the gadity

(e.g., field validation and accuracy assessmemntd)d end.

The integration between Province and National keveas realised through a coherent data structure, a
subset of ancillary data related to the geograpkient and a hierarchical legend system that easure
common framework.

The digital elevation model and its related prodyetg., slope and hill shade) have been incluadéei
geodatabase as raster data set, to improve thaligaion performance and to mosaic all files
downloaded from Internet. For the same reason, gigphic maps have been inserted in the
geodatabase as raster catalogues.

A different data management approach was adoptedhf® satellite images. The land-cover/use
assessment component has used 63 LANDSAT 5 TM,AMOSAT 7 ETM+, 71 ASTER and 12
MrSID LANDSAT mosaics. This huge amount of datapfaximately 80 gigabyte) was stored in
separate files to facilitate image elaboration,oetaiion and management. All 210 satellite imagageh
been saved in “.IMG” format (except the MrSID masaaved as “.MRSID” format). All images have a
name coded according to their location (LANDSATpand row), date and sensor as explained in
Chapter 3. In the geodatabase, a vector data getive frames of all the images associated to raéad
was used to select and retrieve images requiratiebinterpreters. Given the number of images aad th
Project area, this solution was found the most@mete (and more pragmatic than storing the sttell
images inside the geodatabase).

The geodetic reference system used is UTM 36S WGHN84official reference system for the AIFM
Project was defined at the time the remote seraintjland-cover component became operational, so
the most suitable option for this task was seledBait of Mozambique is in UTM 37S, but a unique
reference system was required by the National leatd set. The datum WGS84 is used at international
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level and in particular the images downloaded fronternet have this datum. It was therefore
considered a pragmatic choice to adopt this astimelard geodetic system.

In the next pages the Manica, Maputo and Mozambigaoelatabases are described and illustrated by a
series of graphs. A synthetic description of the&tsectures is provided in the following paragraprise
reference geodatabase is Manica, differences WweghMaputo and/or Mozambique geodatabases are
highlighted in the text whenever necessary.

9.3.1 Geodatabase structure

The geodatabase is structured around five key thiemuad functional groups: (1) Land Cover, (2) Hiel
Sample Data, (3) Ancillary Data, (4) Work Managemand (5) Satellite Data. These groups are
represented in the geodatabase diagrams showneimekt pages. The Catalogue view gives an
overview of data structure as organised by Arc@gtalThe following is a description of all the
geodatabase objects offered by ArcGIS:

» Feature classeare collections of geographic features with theesgeometry type (such as point,
line, or polygon), the same attributes, and theesspatial reference.

» Domains(values allowed in a field) on attribute can befee enforcing data integrity and help
data entry.

* Feature data setare collections of feature classes stored together share the same spatial
reference; that is, they have the same coordinatern, and their features fall within a common
geographic area. Feature classes with differeningéy types may be stored in a feature data set.
Feature data sets also have a natural organishtontity, much like a folder or a file system,
where feature classes can be organised by catégryogical groups. Topologically related
feature classes must reside in the same featusiesdat

» Topological associationare spatial relationships between features thatesgeometry such as
boundaries and vertices. Specific rules can betsgireserve the integrity of these spatial
relationships.

» Tablesare sets of data elements arranged in rows amthosl Each row represents an individual
entity, record, or feature, and each column reprtiss single field or attribute value.

» Relationshipsare associations or links between two objects geedatabase. Relationships can
exist between spatial objects (features in featlasses), between non-spatial objects (rows in a
table), or between spatial and non-spatial objddisy grant referential integrity and model how
objects are related to each other.

* Rastersare spatial data models that define space asray af equally sized cells arranged in
rows and columns. Each cell contains an attribataeszand location coordinates. Unlike a vector
structure, which stores coordinates explicitlyteasoordinates are contained in the ordering of
the matrix. In a geodatabase rasters can be ogghimto a raster data set or raster catalogue. In a
raster data set, all rasters are merged togetheuirique mosaic. Raster catalogue is a collection
of raster data sets defined in a table of any farmmawhich the records define the individual
raster data sets that are included in the catalojuaster catalogue is used to display adjacent or
overlapping raster data sets without having to meas&m together into one large file.

All these objects have been used in the geodatdbasglement the data model. This is a summary of
the geodatabase elements clustered by thematipgrdascribed in detail in the next sections.
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In the ‘Land Cover” functional group four feature classes exist:
1. “Land_cover” (polygons - land-cover assessmaydi, the central element of the geodatabase);
2. "Lc_change” (polygons - land-cover change betw2@04 and 1990);
3. “Lc_forest_type” (polygons - land-cover polygoriassified as forest in “Land_cover”, grouped
by their forest type); and
4. “Study_area” (polygons - Manica, Maputo and Mobajue boundary, respectively).

They are grouped in the “Land_cover” feature datafer three main reasons: (1) they belong to the
same thematic set; (2) they are topologically eglagind (3) they share the same geographic referenc
“Lc_change” and “Lc_forest _type” feature classesvehabeen developed just for the Manica

geodatabase. Topological rules (“Land_cover_Topdhogere set to ensure the topological correctness
of the elements (no overlapping polygons, no gagtsvéen polygons inside the study area) and the
geometric coherence among the different layers. febé&e “Landcover_Codes”, describes the land-
cover codes used in the land-cover feature classes.

In the ‘Field Samples Data functional group two feature classes exist:
1. “Orientation_samples” (points - sample pointsdifor the orientation phase); and
2. "Validation_samples” (points - sample pointsdif® the validation phase).

They are grouped in the “Field_samples” featura d&t for two main reasons: (1) they belong to the
same thematic set; and (2) they share the geogragfierence.
Four tables are part of this group:

* “FS_samples_description” (basic information on datdlected in the field about the sample

points);

» “FS_site_description” (site information of samplamis);

» “FS_cover_description” (description of sample psiobver); and

» “FS_table” (list of references to digital photognagaken at the sample points site).

All tables and features classes are linked, as teér to the same “entity” (sample points). The
relationship classes are:

» “FS_orientation_sample” (between “Orientation_sarapbnd “FS_samples_description”);

» “FS_validation_sample” (between “Validation _samplasd “FS_samples_description”);

* “FS_sample_site” (between “FS_samples_description “FS_site_description”);

» “FS_sample_cover” (between “FS_samples_descriptma’“FS_cover_description”); and

* “FS_sample_photo” (between “FS_samples_descriptonl’“FS_photo”).

The orientation and validation phases are diffea¢miational level that is why the “Field Samplest®)
structure is different in the Mozambique geodatabétshas one feature class, “Validation_samples”,
stored in the “ASTER_samples” feature data set.

In the “Ancillary Data” functional group several feature classes exist:

1. “Province” (polygons - Province boundaries), sBitos” (polygons - district boundaries) and
“Reservas” (polygons — protected areas, just fozdobique and Maputo geodatabase) grouped
in the “Data_administrative” feature data set;

2. “Grid_50" (polygons - vector catalogue of topagiic maps at 1:50,000 scale) and “Grid_250"
(polygons - vector catalogue of topographic maps 1#50,000 scale) grouped in the
“Data_topography” feature data set;

3. “Eco_zones” (polygons - ecological zones), ‘“ldghafia” (lines - hydrography),
“Landcover_Dinageca” (polygons — land-cover featwrass produced by Joint Venture
IGN/CENACARTA/DINAGECA in 1999), “SOTER” (polygons SOTER feature class) grouped
in the “Data_environmental” feature data set; and
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4. “Aldeias” (points - villages), “Cidades” (pointscities) and “Estradas” (lines — road network)
grouped in the “Data_infrastructures” feature daia

All these data originate from external data soustas$ they have been used “as they were” (except for
“Estradas” that was updated for Manica and MaputwiRces). They have been grouped in different

feature data sets to better organise the accesgetmelval of information and to define the same

privileges to users and set the geographic referéeference system and extent).

Four raster data sets are present:
1. “DEM” (digital elevation model from SRTM with @@ of resolution);
2. “Slope” (slope computed using “DEM");
3. “Hillshade” (hill shade simulation computed wsiDEM”); and
4. “Mosaic_LANDSAT5S” (a mosaic of stretched bandSB=432 from LANDSAT 5 TM images
used for the interpretation, just for Manica andoMa geodatabases).

The two raster catalogues, “Topo_50" and “Topo_2%0% collections of all the topographic maps.
Raster catalogues have been used to preservelthe owaps and to allow overlapping areas. These two
raster catalogues are available just for the MaamhMaputo geodatabases.

In the "Work management’ functional group, the only “Work_division” (polyms) feature class is
present.

In the “Satellite Datd functional group, the “Satellite_catalogue” (pgbns) is a feature class with
geographic and semantic metadata, a kind of referenllection to satellite images stored in fl&di
external to the geodatabases.
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS
LAND COVERASSE ASSESSMENT DATA MODEL

LIANICA GEODATABASE STRUCTURE - 1
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INTEGRATED ASSESSMENT OF MOZAMEBICAN FORESTS
LAND COVERAISE ASSESSMENT DATA MODEL

MANICA GEODATABASE STRUCTURE - 2
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS
LAND COVERAUISE ASSESSMENT DATA MODEL

MAPUTO GEODATABASE STRUCTURE - 1
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS
LAND COVERAUSE ASSESSMENT DATA MODEL

MAPUTO GEODATABASE STRUCTURE - 2
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9.3.2 Geodatabase description

The Manica, Maputo and Mozambigue geodatabases‘cardainers” of many objects and their
relations, whose structure has been describeceiptévious paragraphs. In the next pages, a saries
diagrams provide a detailed description of all deatclasses, feature data sets, relationshipseslass
topological rules, raster data sets, raster cat@élwgnd domains. The Manica geodatabase is agaim ta
as reference.

For a more exhaustive description of the land-corger assessment and related feature classes,esee th
previous paragraphs.

For a more exhaustive description of ancillary datéginating from the IGN/CENACARTA/
DINAGECA Joint Venture, see IGN/CENACARTA/DINAGEC@999).

All feature data sets refer to UTM36 WGS84 withire textension of the study area (e.g., Manica,
Maputo and Mozambique respectively).

“DEM”", “Slope” and “Hillshade” raster data sets amgt according to the boundaries of the study areas
and have a resolution of 90m. The “Mosaic_LANDSAT&Ster data sets have a resolution of 90m.

The complete description of each layer is givethim metadata contained in the geodatabases, where
details are documented and available for consoitafi. XML” versions of the three databases have
been created; these can be imported in simple pargeodatabases that use Access instead of SQL
Server).
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

LAND COVERAISE ASSESSMENT DATA MODEL

LANICA GEODATABASE DIAGRAM - 1

Land Cover - 1

The land cover § use feature class has been dertved by on-screen interpretation of Landsat T images for the
wear 2004, using a legend created with the Land Comeer Classification Systern (DCOCS) based upon the
requirernents and experiences of UTF and complemented by field walidation. Each polygon can contain up to 2

classes. This is the maim layer of the geodatabase.

El' Simple feature class J— 'f’.l“:f:; ﬁge
Land_cover Cortl: Tualkes Mo
I
Field narme Data type 'rluul Default wvalue  Domain
OBJECTID Object 10
L& String Mo A LG _classes 5 Dromivart land comer
LC_SEC String Yes LG _classes kil Secorudary land comer
NOTE String ez To
AUTOR Short integer Yes Operators 1] Photomiterpreter aduw reated the data
PERC_1LC Short integer Yes Percentage O eofthe dominart land corer
HECTARES Long integer Yes 1]
FOLY_IDO Long integer Yes 1] Polrgom idevtificator
SHAPE Geometry  Yes
SHAPE Length Double Yes o i}
SHAPE frea Double Yes 1] 0

The study area feature class is used to enforce topological relations.

Geometry Pallgu
covls Muahes  No
Coalis Zuaher Mo

Simple feature class
Study_area

=

Wlow Default Fr

Field name  Datatype nulls value Domainis

OBJECTID Object 10

PROMIMCLA String ez a0

HECTARES Double Yaz ] 1]

SHAPE Geometry  Yes

SHAPE Length  Doubla Yes ] 1}
SHAPE frea Oiauble Yes 1] 0

Polygons of land cover f use with a forest coruponent (pure or mixed), classified according to their forest

type even when the onginal code mask this information (e.g. shifting cultveation),

cover codes in a parent-child relation with polygons in 1990,

Simple festure class
= Ic_change

GeOnety  Porkgon
Contals Myale: Mo
Cortl: Zvales Mo

Fri

Field narme Default value Dormain

OBJECTID

Lc String Mo ax LC_classes b
LC_SEC String Yes LC_classes E]
PERC_1LC Short integer Yes Percentage 1}
HECTARES Long integer Yes 1}

CHAMGE Short integer Yes Change o

LC_an String Yes e ] LC_classes b
LC_SEC_80 String Yes LC_classes 5
PERC_C1_90 Short integer YVes Percerntage i}
POLY_101990 Long integer Yes o
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SHAPE Geometry  Yes
SHAPE_Length Diouble Tes 0 o
SHAPE Area Double Yes 0 1]

Simple feature class Geometny Polygos
: Cortal Muales Mo
Bl lc_forest_types Corbls Zuales  No
Ol o
Field narne Data type nulls Default walue Domain
OBJECTID Object 10
FOREST String fas 50 |§ Forest type
MOTE String Yes a0
SHAPE Geometry  Yes i
POLYLC_ID Lonyg integer Yes 0 Effmmf;g‘k] edpobygan
SHAPE_Length Double ez o o
SHAPE frea Double Yes 0 0
Land cover ¢ between 2004 and 1990, Polyaons of 2004 can have o 2 in geometry andior land
a0 Ze 57}

Domivarit Iaved comer o 2004
Secorudary Limd comer i 2004
eofthe dominant land comer i 2004

Flaz forpolrgons with, a chargze
Domitarit Iarvd comer i 1990
Secotudary i comer i 1990

Feofthe domivant Iatd comer m 1990
Poly ID i 1990

Poly I in 2004 (parerit-child relation )
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INTEGRATED ASSEZSMENT OF MOZAMBICAN FORESTS

LAND COVERAISE ASSESSMENT DATA MODEL

Land Cover - 2

MANICA GEODATABASE DIAGRAM - 2
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2FNC Chged e open BB amar with £ty oo tiation
ZFD Broadkawd gem b deckinons chsed test
VANET Wioceliand Bmporarlly ek d
LZET Shnks Emparily ook
LHYVT He haceans Bmporarlly fexkad
IFCR Ralvkd crops

ﬁ Land_cover_Topology

T e

Cluster tolerance: 0,1 ,@

Farticipating featire classes and ranks

RS =3

Lawd_cower F

Li:_chanie 3

Lo bt tpe 3

Topalogy riles
s
Lawel_cowe r MustNotHas Gas

Lmtl_-::uer RMustBe Cove i By iﬂ](h-'_-]l?a
Lancl_n::wer Area Bonwdary MastBe Covered By Bovadan o1 LC-_CiaI(JE
Lancl oo r Muztiowe r Each Otier L_chane
Lc_t-re:st_tﬂ.w Srea bonndary Mgt Be Coue red By Bonedany OT L,HII:I_IIM*I
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

LAND COVERAISE ASSESSMENT DATA MODEL

LANICA GEODATABASE DIAGEAM - 3
Villages - fromn IGH/CENARCARTADINAGECS database

Ancillary data - 1

Simple festure class

Geometry
Coral: Moales

Polrt

Mo

Field name

ORJECTIO
TIPO_TOR
TOPOH Ik
I0_OPER
SHAPE

Al oowr

Data type null=
Object 1D

Short integer Yes

String Yz

Long integer Yes

Geometry  Yes

Default

walue

Aldleias Corlis Zwales  Ne
HMiow  Default
Field name Data type nulls walue Domain 2ale Lengthy
OBJECTID Object 10
HOME String Yes a0
TOTAL Long integer Yes 1]
TS CULIND Long integer Yes i]

FEINIMO Long integer Yes 1]
AGREGADOS Long integer Yes i]
COoOOIGO_CEM Double Yes o 1]
CODIGO_CENS String Yes 14

SHAPE Geometry  Yes
Towms - from IGHICENARCARTADINAGECS, datdbase
L] 5'!"”'8 feature class .:omns'ﬁfﬂa'}fﬂf :t.;
v | Cidades Na

Ilain roads - frora IGHICENARCART ADINAGECS database

Estradas

Simple feature clazs
J.|.| P

Geametry
coral: Boahes
ol Zuales

Hlow  Default
Field namme Data type nulls walue Dorain is
OBJECTID Object 10
TIFO_COh Short integer Yes 1]
I0_OPER Long integer Yes 1]
SHAPE Geometry  Yes
SHAPE_ Length DOauble Yes 1] 1}

Polpine
No

Mo

Catalog of topographic maps at 1:250,000 scals

Simple feature clazs

Geometty  Polvg

Fiald narne
OBJECTID
1]
PRESENT
NOTE
SHEET
SHAPE
SHAPE_Length
SHAPE Area

Object 1D

Long integer Yes
String Yes
String Yes

Long integer Yes

Geometry  Yes
Oauble Yes
Double ez

P
Dornain is

=) Gria_2s0 oo iAo
Blow  Default I
Field namme Data type nulls walue Dorain is
OBJECTID Object 10
FOLHA String Yes & Shest rommber
HOME String Yz A0 N Shest hame
PRESENT String Yes 3 BIfaps arailable tothe project
SHAPE Geometry  Yes
SHAPE Length Double Yes i] i}
SHAPE Frea Diouble Yaz 1] 0
Catalog of topograplhic maps at 1:50,000 scale
= Simple festure class C-:u'allsIﬁ'le:i;«r;:?:»T ﬁlﬂm
Grid_s0 Corials Zuales Mo

3 RIMaps arailable tothe project
20 FHotes
Eheet rommbier
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

LAND COVERAUSE ASSESSMENT DATA MODEL Ancillary data - 2

MANICA GEODATABASE DIAGEAM - 4

Soils and terrain digital databases (SOTER)

i Geomelly Fovigon
B Simple feature class Corls Muahes  No

corlal: Zualesr  No

Soter

Fiald narme
OBJECTIO_I

OBJECTID ] ]
SOTERSAF1T Double Yes 1] 1]
150CsUI0 String Yes 10
suin Double Yes 1] 1]
OTHER String ez 15
LAHDF QRN String Yes 10
LITHOLOGY String Yes 10
50ILS String ez 10
rFH String ez A0
DomSaILE String Yes z
CODE_WWREB String Yes 16
SHAPE Geometry  Yes
SHAPE_Length Double Yas i] 1}
SHAPE Arez Doubla Yes i] 1}

The UNESCOIAETFATIINSD (White's) Vegetation Ivlap of Aftica

] imple Teaturs class Cortins Magites Noo

Eco_zones Contali: Zuales Mo

ult

Field narne E 2 Dlornain

OBJECTID Object 1O

SHAPE Geometry.  Yes
TERF_ECO%_ Double Yes 1] 1]
TERR_ECOS1 Double Yes 1] 1]

REALM String ez 3

BIOME Short integer Yes 1]

ECO_MLUN Short integer Yes 1]

ECO_ID Long integer Yes 1]
ECO_MAWE String Yes og

ECO_5%M Short integer Yes 1]
Bol Short integer Yes 1]

CURR_STAT Short integer Yes i]

THREAT Short integer Yes 1]
FUTR_STAT Short integer Yes 1]
PRICR_STAT Short integer Yes i]

GHL_STAT Short integer Yes 1]
GIO0_REGIO String Yes og
Gzo0_B1OkiE Short integer Yes 1]

G200 _STAT Short integer Yes i]

G200_ MLk Long intager Yes 1]
Gz00_OLIME Short integer Yes i]

A5 Short integer Yes 1]

ECO_CODE String R 16
SHAPE_Length Doubla ez o o
SHAPE Area Double ‘fas 1] 0

Hydrograply
| Simple feature class Gealnelry Palyiie
Hidrografia

Altow  Default
Field name Data type nolls . walue  Domaini

OBJECTIO Object 10
OFR DB Short integer Yes 1}
TOPOMINMO String Yes A0
I0_DOPER Long integer Yes 1}
SHAPE Geometry  Yes
SHAPE_Length Double ez 1] 0
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INTEGRATED ASSESSMENT OF MOZAMEBICAN FORESTS
LANMD COVERAISE ASSESSMENT DATA MODEL

MANICA GEODATABASE DIAGRAM - 5

Field narne
OBJECTID
I0_OPER
OCUP1
EZTA1
50LM
LWENORA
Us0A1
WEGET1
PCT_OCUP1
OCupPz
E5TAZ
S0Loz
LWENORZ
Usoaz
WEGETZ
PCT_OCUP2
OCUP3
ESTAZ
50L03
LWEHORZ
Us0a3
WEGET2
PCT_OCUPS
CahiPO
CAJU
CANA
coco
CHA
SHAPE
SHAPE Length
SHAPE_Area

El Simple festure class
Landcover_dinageca

Object 1D

Long integer Mo
Short integer Mo
String Mo
Short integer Mo
Short integer Mo
String Mo
Short integar Mo
Short integer Mo
Short integer Mo
String Mo
Short integar Mo
Short integer Mo
String [
Short integer Mo
Short integar Mo
Short integer Mo
String Mo
Short integer Mo
Short integer Mo
String Mo
Short integer Mo
Short integer Mo
String Mo
Short integer Mo
Short integer Mo
Short integer Mo
Short integer Mo
Geometry Yes
Diouble ez
Double Yes

Contali: Muales  No
Contals Zeales  No

Geometry Poligon

& Length

o i e |

oo o o

=
=

Ldministrative boundaries of Tlanica Province

Ancilfary data -

B

Simple feature class

Provinee Conah: Zyales Mo
Alow  Defaolt Pre
Field name Datz type nulls walue Dornain s
OBJECTID Object 10
FROWINGIA String ez a0
HECTARES Diouble fes 1] o
SHAPE Geometry Yes
SHAPE_Length Diauble ez o o
SHAPE #frea Double  Wes o 0

Geomelry  Foljgot
Corah: Muahes Mo

Ldrmaristratiee boundares of Ilarica's Distrcts

&l

| Simple feature clazs

Distritos

Field name

DBJECTID
DISTRITO
PROMINGIA
SHAPE
SHAPE_Length
SHAPE ‘Prea

Mlow  Default
Datz type nulls walue
Object 1O
String Mo
String M
Geometry  Yes
Diouble ez
Diouble Yez

Dormain is

Geometny ~ovgon
Contal Muale:s Mo
Contal: Zyale: Mo

. ]

This land-nsefoorver data set was created b the Joint
Venture IGH f CENACART L fDINAGECA to
produce a land-cover data set for the whole of
Mozarabicue (199619993 by the visual interpretation
of high resolution satellite images completed with
field surveys. See the relevant documentation for a

2 [ corplete description of these data.
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS .
LAND COVERAISE ASSESSMENT DATA MODEL Satellite catalogue and
work management
MANICA GEODATABASE DIAGRAM - 6
Greographic satellite catalogne with relevant metadata. This feature class is
an indesx to satellite images stored in external files.
Simple festure class Geometry  Polygos
5 Coval: M al Mo
Ed Satellite _catalogue c m:.i:“::: No
¢ Default Pri
Field name Diata ty walue  Domain
OBJECTID Object 10
NAWE String Mo A0 || Satellite image I rome
ORIGIN String es 50 || Data sonamce
DATE Date Yes 1] 1} g Referrice date
PROJ_ORIG String Yes Projections 50 Criginal projectioz
PROJ String Yes Projections A0 || Finalprojectioz
PATH String es 80 || Belatire path wduere the imyze is stored
NOTE String Yes 150
SHAPE Geometry  Yes
SEMSO0R String Yes Categories 30
RESOLUTION Float fas 0 1]
SHAPE_Length Diouble es o 1}
SHAPE Area Double Yes 1 1}
This feature class represents the didsion of the study area arong interpreters
atid status progress recorder to mordtor the worlk status and to coordinate the
interpretation on the border between nterpreters.
i Geometry  Polygon
E” Simple Testure class Cortins B aahes N
Work_division Cotal: Zwales Mo
Field name 2 L-'-_-I'lgﬂ'l
OBJECTID Object 10
NOTE String es 70
LAaMDOSAT String Yes A0 || Larudeat scetwe to be rderpreted
AUTOR Short integer Yes Operators D Photoirderpreter Tesporsible for the scene
STATUS Short integer Yes o Status ] Wtk s stage
SHAPE Geometry ez
SHAPE_Length Double ez ] 1}
SHAPE #rea Diouble Yes 1] 0
Coded value domain
Categories
Coded walue domain Desciptiol Do camganes
Projections FEK e St
Deseription  Fedaice spomms pipliey Demaaltvalie
Fekip 52 Me e sl tvalie
Spiitpolley Dot m_
Merge Dermihaie Lanckat Lanckat
ATEI Bikr
UTH 36 WSS UTR 365 WGEEH Mo NODE
g st sy ST RSID ek RESID mesak:
UTH 375 WESSE UTH 375 WG4 Lanck s Lanck s
UTR 3T INGEEL UTH 3T INGESL
UTM 36 Tek UTM 36 Tek
UTR 37z ®E UTM 37c &€
Geographlc WGSEL Geograph ke WGSEE Coded walue domain
Geog 1aphk Tek Geographk Tek Operators
Ho ek e ché-EITI Ho re®resce Hgkem D?SGT!MI DR cone
Flkl iy wEger
spltpoley o
Me e Dl ival
e
Status a o
Dezcription vk sa8s 5 ;
Fle Kl type v
Splitplisy : 4 ‘
Merge : 5 5
gl 5 ;
2 Dowe 1 7
| 1ok I prog ress
1] To ke cowe
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LAND COVERAUSE ASSESSMENT DATA MODEL

INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

Field samples - 1

MANICA GEODATABASE DIAGEAM - 7

k. Relationzhip class
1 FS_orientation-sample

Ty Simpe Fomsan lde| FS_sempe oescipdon
Cardhalty Cne bone Backward ke | CrlenEfon_smmes
Hotcation Maose

Crigin Baurm nia s D= ginaion Rbin
Filed zaruples nzed for orentation phase Hame oren@ton_smmes  Name FS_same desciipdon
a o Simple festure class o G';E“}W'-' iﬂ im‘:ﬁ f;'r. ;’_u' H‘T_;?
* | Orientation_samples T:c.';mrfs :::.::: ;\,.2 7
- N relafonsh
Aoy Default
Fiald namme Datatype nulls  walue Domain
OBJECTID Object 10
F_UThAZES Lang integer  Yes 1} X coordinate n TITHEGS WS84
Y _UThA365 Lang integer Yes 1} W coordinate h TTTHEGE WESE4
SHAPE Geometry  Yes
PROMNCE String ez 10 || Prowitwe adwers the smpls is
LC_CLass String ez LC_clazzes 10 || Larwd comer class defired o the Geld
l%% Htring fes S0 || Sample iderdificater
5 Shart integel Yes 1} Sample rommber
SAMPLE PHASE Sting Ves &0 (| Sample collected during orisrdation
= Tahlz Diata on the field samples. Point feature
clags and descriptive tables are all linked
to this table.
Fiald mame Data type
OBJECTIO Object 1O
String ez 30 ] Sample iderdificator
- WORE Diouble Yes 1] 1} Sample romber
SMFLE_FHJ':'\SE Qtl'il'lg Yaz 17 Samp],e commdmmmvaﬁm
PROMIMCE Htring Yes 11 | Prowince where the sampls is
LC_CLASS String Yes 14 1 Land cower class defined on the field
AUTOR String Tes 18 Orperator who collected the field data
DATE Date Yes 1] 1] 3 Drate of feldmizsion
AREA HA Diouble Tes 0 o Hectares emahiated
ACCESSIBILITY Htring Yes 16
SLOPE String ez 15
H_UThi36 S Diouble Yes 1] o X coordinate in TTTHEGS WESE4
Y _UThzES Double ez 1] 1} T coordinate o TTHEGS WESE4
H_LATLON Diouble ez 1] 0 ¥ i geogrphic coordinates
W_LATLOM Diouble ez 1] o T i geographic coordivates
CISTRICT Htring Yes 5
NOTES $tring Yes 260
SAMPLE_POSITION  $tring s 12
DISTANCE Long integer Yes 0 Dristatyce from the poirt. fudicated othe form
ORIENTATION String Tes 15 | Ormtation ofthe poft trespect tothe one i the form

I Relationship class
1 FS_validation-sample

Forwarl b= 55 sempe aescipion
Backwarl kel valldedor sanmes

Filed sarples used for validation phase

origin Brlirs slnEs Dawinzinn fnle

% = i N R Samyes Hame 55 sampe oess
g 5'”"?"3 ffeature clazs -"n:ulizilh::Er;.l?ml.v:;T 3“3 Pr"“af'."gfg o.“__-%e i “e-'-';'fﬂ" i
*_| Validation_samples Cortile Tuahes Mo Fom i bey SEAGPLE (D
Al o u P Lt nshin s pednad.
Field narme Datatype rulls value  Domain i A i e
OBJECTID Object 1D
SHAPE Geometry ez

H_UThA3E S Lang imteger Yes I} Hecoordinate i TITHEGS WESE4

F_UThZES Lang integer Yes 1} W coordinate i UTHEGE WESE4
LC_WALIDATED String Yaz LC_classas 10 || Lawnd comer clase defired oo the Geld
LC_PREDICTED String ez LC_classes 10 || Lamd cower class from fotodrdepretation

PROMINCE String Yes 10 || Prowince where the sample ic

N SAPLE_ID String Tes a0 || Sample iderdificator
SAMPLE_MUMBER Short integer Yes I} Sample rommber

SAMPLE PHASE String Yes 20 || Sample collected dirme ralidatior
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INTEGRATED ASSESSMENT OF MOZAMEBICAN FORESTS ,
LAND COVERAISE ASSESSMENT DATA MODEL Field samples - 2

MANICA GEODATABASE DIAGRAM -8
Site description around the samiple points.

E\ Tahle
==| F5_site description
Field narne Diata ty walue  Daormain Zlgle I
OBJECTID Object 1D o
SAPLE_ID | String Yes 255
SAMPLE_HUMBER - Long integer Yes 1]
SAFLE_PHASE String fes el
WEGETATED String es el
TERRESTRIAL String Yes 30
AQUATIC String Yes 10
CLULTIATED String fes 10
CULTIATED_PRIMGC String es 10
CLULTRASTED_SEC String Yes 10
HATURAL String Yes 10
NATURAL_PRINC String fes 10
MATURAL_SEC String es 10
LR BAN String Yes 10
URBAN_PRINC String Yes 10
URBAN_SEC String fes 10
BARE String ez 10
BARE_PRINC String Yes 10
BARE SEC String  Yes 10
ATER String ez 10
ATER_PRINGC String es 10
WIATER_SEC String Yes 0
HOMOGEMITY String Yes 255
SEASOMAL_TREES String Yes 158
SEASONAL SHRUBS String es 20
SEASOMAL_HERBS String Yes 20
SEASOMAL_CULTIATED  String Yes 20
CAMOPY_COWER String es 20
TREES_SPECIES String Ves 150
—

= Relationship class
0 F5_sample_photo
Ty Compoaa Forward I F&_m
Cardally Cue DiEny Backwar lae ] =5 sampe escelpdon

Notifeation Fovvarnd
i ©rigin tabla Basinaton abls Sy

Hame B3 same oescpo Name F5_mhom
Frmarykey SERLE D
Fale ki b key SAVPLE (D0
Diefault i N0 BRI RS G,
value Domain

OBJECTID Object D

SAMPLE IO String Yes a0

—h Relationship class

Index to photos taken around the sarnple points. | F6 sample sie

m— Table Ty Commos's Fomward lde| 55 sl cescrindon
== F5_photo candhalty Gie poany Backwand kel F5sampe ceacipfon

Hotcation Forvars
Origin &hbin

| Default Fre

Da ginadion fble

Field name Data type ‘iz valUe  Dornainisicn

DBJECTID.  Objest ID NAIT £ S b s NaAMRE S SR cRaiy
; Primarkey SAAdPLE I
SAMPLE_ID Sting  Ves 16 Folekjh by SAMPLE (D
SAWPLE_MUMBER Double  Yes 0 ] ,u.j,-;-.;-m_-_&-_-_--_a_-_,,-egag_':.-_a?_
5APLE_PHASE  String Yas 16
FHOTO_ID String  Yes 22
PHOTO_LINE  Sting  Ves 24
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INTEGRATED ASSESSMENT OF MOZAMBICAN FORESTS

LAND COVERAUSE ASSESSMENT DATA MODEL

Field samples - 3

MANICA GEODATABASE DIAGRAM -2

Ao Default
Field name Data type nulls  walue  Domain isio
OBJECTID Object 1D
SAPLE_ID String Yes 30

~ Relationship clazs

Tye CommosE
Cardiialry
Hotfcstion

Prinankey
Fole kb by 5

1 FS_sample_cover
Forward el F5_cover oescipdon
Backwan J=|

F5_sane oR o

Desinadon Whin

Naing F5_cover geacs oo

Tahle
FS_cover_description

o
Data type

-] L-'-_-ru;lﬂ'l

Fiald namse
OBJECTID Object 1D
SAVPLE_ID | String Yes
SehiPLE_MUMBER Double Yes o 1]
SAPLE_PHASE String Yesg
TREES_LEW1_COWER Long integer Yes o
TREES_LEA_HEIGHT Long integer Yes o
TREES_LEW1_LEAF_TYPE String Yes
TREES_LEW1_LEAF_PHEMOLOGY String Yes
TREES_LEWZ COWER Lang integer Yes o
TREES_LEWE_HEIGHT Long integer Yes i}
TREES_LEWZ_LEAF_TYPE String Yeg
TREES_LEWZ_LEAF_PHEMOLOGY String Yes
TREES_LEWZ_COMER Long integer Yes o
TREES_LEWE _HEIGHT Long integer Yes i}
TREES_LEWS_LEAF_TYPE String Yes
TREES_LEWS_LEAF_PHEMOLOGY String Yes
SHRUBS_LEWI_COWER Doubla Yesg o 1]
SHRUBS_LEWI_HEIGHT Double Yes o o
SHRUBS_LEW_LEAF_TYPE String Yes
SHRUBS_LEWA_PHEMOLOGY String Yes
SHRUBS_LEWZ COWER Double Yes o o
SHRUBS_LEWZ_HEIGHT Doubla Yes o o
SHRUBS_LEWZ_LEAF_TYPE String Wesg
SHRUBS_LEWZ _PHEMOLOGY String Yesg
GRAMINOIDS_COWER Doubla Yes o 1]
GRAWINOIDS_HEIGHT Double Yes o o
CONVER_ESTIMATION String Yes
PRIb_CULTI_LIFEFORM String Yes
PRI _CULTI CROP_NAME String Yes
SEC_CULTI _LIFEF ORh String Yesg
SEC_CULTMN CROPMAMWE String Yes
AWERAGE_FIELD_SIZE Double Yes o o
FIELD_DISTRIBUTION String Yes
CULTPRATION_FERICD String Yes
CULTIWATION_TIME_FAC_R String Yes
WATER_SUPPLY String Yesg
URBAN_NWEGETATION String Yes
BARE_S0ILS String Wes

i)

30

20
a0

]
20

20
ap

25
5

]
]

Land cowver deseription around the sawple points.
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INTEGRATED ASSESSMENT OF MOZAMEBICAN FORESTS
LAND COVER/USE ASSESSMENT DATA MODEL

MAPUTO GEODATABASE DIAGRAM

Integration

=l Simple feature class
—=!| Reservas
D=t

Field name ]
Object 10

OBJECTID
TIPO_RES Short integel Yes
TOPOMINMO String Yes
SHAPE Geometry  Yes
SHAPE Length Diouble Yes
SHAPE Area Double fes

Geometry
Contales B vales
Contleg

Polygon
N
No

Default

ualue

1]

&0
o ]
1] 1]

Watural protected areas - from IGH/
CENARCARTADINAGECA database

ﬁ Land_cover_Topology

Farticipating featire classes ahd rahks

Cluster talerance: 0,1 12

= o ey

Shickarea

= aw

Lanil_cimer [

"

MustHot

[EET

Tapalogy riles

v T
Tawd_cow Myt Hot Hae Gops
Land_coet MustEe o ted By Ty area
: Geomely,  Polbgon
B simple feature class contals Mmaer Mo
Land_cover Covtals Tuales Mo

Ml Default Fr
Field narne Data type nulls  walue Dormain ision Scale Length
OBJECTID Object 1D
LC String Mo AN LC_classes 5
LC_SEC String Yes LC_classes 5
AUTOR Short integel Yes Opergtors . 0O
SHAPE Geometry ez
PERC_1LC Short integer Yes Percentage: 0
HECTARES Long integer Yes i}
POLY_IO Long integer Yes 1}
SHAPE_Length Double faz o 1]
SHAPE Area Double Yes 0 1]
=) Simple feature clazs T et Bl
Study_area Covtls Tuales Mo

Ml DOefault
Field narne Data type nulls  walue Dornain
OBJECTID Object 1D
PROMIMEC] A String Ha a0
HECTARES Double M 1] ]
SHAPE Gaometry Yes
SHAPE_Length Double Yes i} o
SHAPE Prea Dlouble Yes 0 ]
= Tahle
ZZ! LANDCOVER_CODES
Diefault
Field name Data type value Darnain
OBJECTID Object 1D
CODE String Yes q
DESCRIPTION String Yes fid
LCCS_CODE String Yes A0

Coded walue domain
LC_classes
Dezoription  Landcower dasmss

FEKILE 5
cplttpollyy  Dwaicas
Merge polky Ot fvaloe
Code De mrpdon
T Te ke detleed
ITF Tree ciops
ITSW Forstplantton
ZFEG Galkryorest
2FDC Ropane ceage
Z20DC Ropane o=
;GCT Tree ta@na
e et Shnb sauana
MoS OpEkshnbsaana
SEU EAlttap arsas
GER Bare rocks
GBZ Bare solk
TIE Artclalwate r boelks
SNE Nataral wake r bolies
IZxF Shiteg o hation with op= o clsed BEcEd ana
ZFE Broadkawed gemb eve g men chosed test
2NE EBroadtkeaned demb eve g ree s ops s e twit shits
20D Broadkeaned Gem b ceckinons opsn trestwith chrks
2TE Broadkaed dem b e g men ket
2TD Broadlkeaned sem b cecklions thicket
2SE B roadkaned dem b eue i ree s £ hrabland
50 Brosddkaved dem i ckckinens £ hralskand
2FZ Chgec o ope s TR A ar Wit £ bty o tation
2FD Broadkaed gem b ckckinons chged fiest
UNET Wiclancl EmpErarly ekl
HVT He thaceong emporarlly texkd
IFCR Falvkd crops
IFCI Ik e crops
IDEZ Coarflceaie et
2DED coastalope et
LFEP Rang rowe ckige
AHYP He xaceons pe mans vty ok
UNEP Rlang]owe opa
BSS Db
LSET Shrblard Bmporarily texkd
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NTEGRATED ASSESSMENT OF MOZAMEICAN FORESTS

LAND COVER/USE ASSESSMENT DATA MODEL

Integration

MOZAMBIQUE GEODATABASE DIAGRAM - 1

=4

Simple feature class
Land_cowver

Geometry  Poligog
Corlale: Mvale:s  No

corlah: Zvalhe: Mo

Al Oefault P
Field name Data type nulls walue Domain i
OBJECTID Object [0 .
LC_PRI String Mo wwn - LG _classes & Dominarit Jand comer
LC_SEC String Yes LC classes H} Secorvdary land comer
LC_TER String ez LC_classes 5 Tertiary lmd comer
MOTE String Yes o
AUTOR Shart integel Yes Operators 0 Photoirterpreter who aeated the data
SHAPE Geometry  Yes
LC_PRI_PER Short integel Yes Perc_class 0 Yeofthe dominart lamd comer
LE_SEC_PER Short integel Yes Perz_class D Yeofthe secondary laxd cower
LC_TER_PER Shart integel Yes Perz_class 0 oo the tertinry Lawd comer
HECTARES Long integer Yes 1]
POLY_IO Long integer. Yes 1] Palrzon idertificator
SHAPE_ Length Diouble Yes 1] o
SHAPE #rea Diauble Yes 1] 1} =
22 Coded walue domain
Percentage
| Simple feature class i e L o mﬂ ezl
s —u il altpoliey Sho ge
Study_area Corals Zuales Mo r.1?rc_|e||3-:-|b,-' e E-;'u'e
Field name Data type | Dormzin izio | cons  oewriston |
: 1 [
OBJECTID Object 1D i
2 e SE
SHAPE Geometry  Yes = A
SHAPE_ Length Dioubla Yag il ] * i -::Ff'&
SHAPE Area Diouble Yes 1] 1] i -
— a 100
mmm Tahle Coded walue domain
== LAHDCOVER_CODES LC_classes
_ Bl Default ~ Pre Diﬁ"ﬁ' RO casses
Field narne Datatype nulls walue  Domainis pltpsliey :
OBJECTID Object 1D Merge poliey  Den
CODE String Yes q
DESCRIPTION String Yas Gid o Tobe defed
LCCS_CODE String ez A0 ITC Tree crops
(] Shob ey
1FC Fle ki cops
ICXF Thiteg) coftation Wi frest
2FE Semb Beigreer bt
ZFD (Semb) Deckhons brest
E Land_cover_Topology Cluster tolerance _@ SNE Samb) B g ree  woodiank
_ 20D (Sem by Deckinons woodianck
Participating fegtive classes ahd rankis f_* ﬂ;rr:ﬁ::“
v puc] Gl s
bl Forestwith ¢ g oo fhation
3ac otk aquatic or g ulark tooded areas
F B nati /e karky feoe o woodlanck
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NTEGRATED ASSESSMENT OF MOZAMEICAN FORESTS
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10 ON-THE-JOB TRAINING

Together with DNFFB/UIF training needs were iddatf included in the on-the-job training
programme conducted in the period 21 November Dddember 2005 in Florence, Italy, for three UIF
Staff members. As an evident technical level witlif is present, the focus of the training was on:

Emphasis on the remote sensing and land-coverpietiation process, the steps to take, the
crosschecks to be executed, the continuous queligcking (both of the land-cover types
identified as on the spatial characteristics ofdat layer), etc., was a key issue.

The importance of the selection of the period fleage acquisition and the resulting type of image
with its spectral characteristics were demonstragidg the available imagery.

Working with different LANDSAT band combinationsgdal image processing, mosaicking, and
working with images from different seasons to ecttthe maximum amount of information.

The advantages and disadvantages of visual imaggmpiatation versus automatic classification
(using the example described in paragraph 8.2).

The visual interpretation of land cover at Natiolezkel using the degraded LANDSAT images.

Design of a sampling scheme for field validatiord asubsequently calculation of thematic
accuracy of the interpretation (using the examplManica Province described in paragraph 6.2
and 7.2.1 as the field validation data for Maputovihce had not yet arrived in Florence and the
design at National level was under discussion).

The different approach to field validation adopstdNational level with the explanation that at the
nominal scale of 1:1,000,000 the use of detailettlfsurvey information becomes a matter of
costs/benefit analysis in a season in which fieldseying is anyhow impossible (November-
December) and an area would be involved that wagdn high costs of transportation of any
field survey teams the alternative of using a défe, more detailed type of free of charge
downloadable satellite images becomes an optintaligo for the level of detail required even in
the accuracy assessment at such a nominal scale.

Feedback of field validation data into the intetation in order to finalise it as well as the u$e o
expert knowledge into the preliminary National leirgerpretation (i.e. the procedure of field
orientation was not used at National level).

Interpretation issues and level of information Wwitthe land-cover polygons at 1:250,000 versus
1:1,000,000 nominal scales (this was extensive$gudised and it was explained why certain
classes, for example coastal dunes, with a todleiétievel of information were not included in
the National level interpretation though they cam dxtracted with GIS procedures) (see also
paragraph 8.1).

Visits to a limited number of selected institutegémisations in Italy dealing with remote sensing
applications to examine state-of-the-art applicei(e.g., the Istituto Agronomico per I'Oltremare
of the Italian Ministry of Foreign Affairs (IAO) ahIBIMET national research centre).

In addition to the agreed focus on the points nometil above, the on-the-job training comprised also
the downloading of satellite images from Internéégcribed in Appendices C and D), a detailed
explanation of the FAO/UNEP LCCS version 2 for diion of classes (see Chapter 4) and for
semantic data harmonisation (see paragraph 88gxplanation of the approach to land-cover change
adopted for Manica Province (see paragraph 8.4)aapdssible approach to monitor burnt areas (see
paragraph 8.5). A special session was organiseddier to explain the importance of a well-structure
and organised geodatabase not only during the eesgatsing and land-cover interpretation but also fo
facilitating work in the long term (see Chapter 8uring the on-the-job training more hands-on
experience in the use of both ERDAS Imagine and>$cwas obtained.
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11 RESULTS AND CONCLUSIONS

11.1 The resulting land-cover data sets

Three land-cover data sets have been produced asisgreen visual interpretation of LANDSAT 5
TM satellite images of the period 2004-2005 usiegesal ancillary data sets. A multiple-view remote
sensing approach was taken combining multi-stageti-spectral and multi-temporal sensing. In the
interpretation process various levels of complewre encountered, from a simple direct recognition
of objects to the inference of site conditions. Tecess of convergence of evidence to successfully
increase the accuracy and detail of the land-cionerpretations was used.

The applied minimum mapping units are fkfor the 1:250,000 nominal scale interpretationd an
16knt for the 1:1,000,000 nominal scale interpretatibine difference in requested minimum mapping
unit at Province level, 1khversus the 4kfmentioned in the TOR, is due to the differencaveen the
two nominal scales that is a factor 16 and noteghsgquently, more detail has been included invtioe t
data sets at Province level. In addition, at Natidevel a higher level of detail was reached hyirsg
two different thresholds for the minimum mappingiturfl) polygons containing mixed classes
maintained a minimum mapping unit of 16 %rand (2) a minimum mapping unit of 9 kmas set for
single class polygons.

The resulting data sets for Manica Province, MapRtovince and Mozambique have a positional
accuracy with a RMSE in the range of 15.5-23.4m3i0on average), 11.7-19.7m (15.6m on average)
and 7.3-51.8m (20.7m on average) per LANDSAT scenggesponding with an average error of less
than one pixel (LANDSAT has a pixel of 30m) at bd®hovince and National levels. This is the
minimum error possible as a pixel is the smalle@ment of the LANDSAT image. These
georeferencing errors should be combined with thokethe imagery used for image-to-image
georeferencing, i.e. LANDSAT images with a RMSHesfs than 50m. Thus, the positional accuracy in
case of error propagation results in a RMSE of axiprately 2 pixels at both Province and National
levels. The thematic accuracies of the land-cowaa dor Manica Province, Maputo Province and
Mozambique are 87.0% (KHAT=0.84), 86.0% (KHAT=0.8%)d 86.0% (KHAT=0.83) respectively,
thereby fulfilling the TOR requirement of being laast 85%. The positional and thematic accuracy
assessment results allow the use of these datéosetpplications with nominal scales of 1:250,@GQ20
Province level and 1:1,000,000 at National level.

The timeframe for the satellite image interpretatimd execution of field surveys was limited by the
availability of the favourable dry season. Fieldveys for field orientation and field validationnposes
could be executed for the two Provinces (with 14d 813 field observations respectively), but when
the National level interpretation was undertakenPhoject found itself in the unfavourable wet seas
Considerations of the costs/benefits of field sysveovering the whole of Mozambique using a nominal
scale of 1:1,000,000 should be balanced againsaoother. Therefore at National level no furtheldi
surveys were executed but 338 observations on ASiFEd)es having 15m resolution served as
validation data. Another very important aspechi any Forest Inventory can only start once thd-la
cover data set is finalised according to the qualiiteria defined in the TOR because it is thechas
data set for stratification. Even though the tirokeslule was very tight, the completion of the Manic
Province land-cover data set permitted the executfothe Forest Inventory in that Province by late
2005. The completion of the data sets for MaputiviRce and at the National level in a timely manner
by December 2005 permits the Forest Inventory b62be full use of the dry season for survey.
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Table 33. Land-cover statistics of 2004 for Manica Province

Land-cover class

Class in mixed land-cover

types 2 Class as pure | Total of the class | Total area relative
LCCS Land-cover category asprimary  as secondary | land-cover |in mixed and pure|  to provincial
User code User name land cover land cover type land-cover types surface

(Ha) (Ha) (Ha) (Ha) (%)

A11. Cultivated and managed 1TCF  Tree crops 0 3,126 0 3,126 0.03
terrestrial areas 1TCW  Forest plantations 21,362 0 21,362 21,362 0.22
1SCT  Tea plantations 0 0 0 0 0.00

1FCR  Rainfed field crops 335,469 193,721 74,169 529,190 5.57

1FCI  lIrrigated field crops 0 0 0 0 0.00

1CXF  Shifting cultivation with open to closed forested areas 353,241 1,311 272,227 354,552 3.73

A12. (Semi-) natural terrestrial 2DEC  Coastal dense woody vegetation 0 0 0 0 0.00
vegetation 2DEO  Coastal open woody vegetation 0 0 0 0 0.00
2FEM  Closed broadleaved (semi-) evergreen mountainous forest 75,601 8,664 70,757 84,265 0.89

2FE  Broadleaved (semi-) evergreen closed forest 160,212 56,161 123,793 216,373 2.28

2FEG  Gallery forest 163,281 107,559 63,184 270,840 2.85

2FEA  Mecrusse dense 0 0 0 0 0.00

2FD Broadleaved (semi-) deciduous closed forest 364,123 89,552 175,138 453,675 4.77

2FDC  Mopane dense 72,677 66,606 45,163 139,283 147

2FDB  Miombo dense 768,079 172,519 152,514 940,598 9.90

2WEM  Open broadleaved (semi-) evergreen mountainous forest 30,754 3,823 12,626 34,577 0.36

2WE  Broadleaved (semi-) evergreen open forest with shrubs 27,877 5,973 8,788 33,850 0.36

2WEA  Mecrusse open 0 0 0 0 0.00

2WD  Broadleaved (semi-) deciduous open forest with shrubs 199,089 170,692 86,414 369,781 3.89

2WDC  Mopane open 713,276 110,577 377,065 823,853 8.67

2WDB  Miombo open 814,937 639,041 318,748 1,453,978 15.30

2TE  Broadleaved (semi-) evergreen thicket 4,613 10,128 592 14,741 0.16

2TD  Broadleaved (semi-) deciduous thicket 11,680 125,608 2,301 137,288 1.44

2SE  Broadleaved (semi-) evergreen shrubland 3,983 2,740 2,158 6,723 0.07

2SD  Broadleaved (semi-) deciduous shrubland 136,468 494,073 22,620 630,541 6.63

2GCT  Tree savanna 291,857 229,419 123,345 521,276 5.49

22 The calculation of the area statistics in casedlasses compose a so-called mixed class has psemstically set at 60% of the polygon area ferdbminant land-cover

class and 40% of the polygon area for the secoridadycover. This approach is identical to the apglied by the FAO AFRICOVER project.



Land-cover class

Class in mixed land-cover

types 2 Class as pure | Total of the class | Total area relative
LCCS Land-cover category asprimary  assecondary | land-cover |in mixed and pure|  to provincial
User code User name land cover land cover type land-cover types surface

(Ha) (Ha) (Ha) (Ha) (%)

2GCS  Shrub savanna 316,385 443,245 85,054 759,630 7.99

2G0OS  Open shrub savanna 105,946 97,276 39,735 203,222 214

2FXC  Closed to open forested areas with shifting cultivation 894,799 4,190 705,415 898,989 9.46

A23. Cultivated aquatic or 3GCO  Rice crops 0 0 0 0 0.00
regularly flooded areas

A24. (Semi-) natural aquaticor | 4FEP  Mangrove dense 0 0 0 0 0.00

regularly flooded vegetation 4WEP  Mangrove open 0 0 0 0 0.00

4WET  Woodland temporarily flooded 171,748 79,086 125,885 250,834 2.64

4SET  Shrubland temporarily flooded 73,676 5,580 4,775 79,256 0.83

4HVT  Herbaceous temporarily flooded 42,670 106,696 10,045, 149,366 1.57

4HVP  Herbaceous vegetation permanently flooded 0 0 0 0 0.00

4HVS  Tandos 0 0 0 0 0.00

B15. Artificial surfaces and 5BU  Built-up areas 11,502 0 8,251 11,502 0.12

associated areas

B16. Bare areas 6BR  Bare rocks 27,119 6,675 4,901 33,794 0.36

6BS  Bare soils 17,896 30,623 1,182 48,519 0.51

6SS  Dunes 0 0 0 0 0.00

B27. Artificial water bodies TWB  Artificial water bodies 9,533 0 9,533 9,533 0.10

B28. Natural water bodies 8WB  Natural water bodies 8,500 10,553 5,396 19,053 0.20




Table 34. Land-cover statistics of 2004 for Maputo Province

Class in mixed land-cover

Land-cover class Total of the class|  Total area
types 2 Class as pure | " - .
LCCS Land-cover category asprimary  as secondary |land-cover type in mixed and pure r'ela't|ve to
land-cover types |provincial surface
User code User name land cover land cover (Ha) (Ha) (%)
(Ha) (Ha)
A11. Cultivated and managed 1TCF  Tree crops 136 0 2,099 2,235 0.10
terrestrial areas 1TCW  Forest plantations 0 0 2,858 2,858 0.12
1SCT  Tea plantations 0 0 0 0 0.00
1FCR  Rainfed field crops 71,407 36,672 86,194 194,272 8.48
1FCI Irrigated field crops 24,131 3,462 30,562 58,155 2.54
1CXF  Shifting cultivation with open to closed forested areas 0 0 46,775 46,775 2.04
A12. (Semi-) natural terrestrial | 2DEC  Coastal dense woody vegetation 0 4,031 0 4,031 0.18
vegetation 2DEO  Coastal open woody vegetation 466 633 633 1,732 0.08
2FEM  Closed broadleaved (semi-) evergreen mountainous forest 0 0 0 0 0.00
2FE Broadleaved (semi-) evergreen closed forest 13,228 0 43,762 56,990 2.49
2FEG  Gallery forest 4,952 280 31,453 36,685 1.60
2FEA  Mecrusse dense 0 0 0 0 0.00
2FD  Broadleaved (semi-) deciduous closed forest 12,909 2,228 110,620 125,757 5.49
2FDC  Mopane dense 2,798 37,988 0 40,786 1.78
2FDB  Miombo dense 0 0 0 0 0.00
2WEM  Open broadleaved (semi-) evergreen mountainous forest 0 0 0 0 0.00
2WE  Broadleaved (semi-) evergreen open forest with shrubs 9,725 4,948 18,952 33,624 147
2WEA  Mecrusse open 0 0 0 0 0.00
2WD  Broadleaved (semi-) deciduous open forest with shrubs 70,932 47,821 108,929 227,682 9.94
2WDC  Mopane open 119,923 77,109 65,998 263,030 11.49
2WDB  Miombo open 0 0 0 0 0.00
2TE Broadleaved (semi-) evergreen thicket 5,494 1,410 7,152 14,056 0.61
21D Broadleaved (semi-) deciduous thicket 8,100 3,716 15,579 27,395 1.20
2SE  Broadleaved (semi-) evergreen shrubland 194 0 3,862 4,056 0.18
2SD  Broadleaved (semi-) deciduous shrubland 104,567 90,528 56,868 251,964 11.00

% The calculation of the area statistics in casedlasses compose a so-called mixed class has pstemstically set at 60% of the polygon area ferdbminant land-cover

class and 40% of the polygon area for the secoridadycover. This approach is identical to the apglied by the FAO AFRICOVER project.



Class in mixed land-cover

Land-cover class ¢ ” Total of the class Total area
ypes Class as pure |. .
LCCS Land-cover category as primary  as secondary [land-cover type in mixed and pure r.ela'tlve to
land-cover types |provincial surface
User code User name land cover  land cover (Ha) (Ha) (%)
(Ha) (Ha)
2GCT  Tree savanna 188,018 25,254 84,693 297,965 13.01
2GCS  Shrub savanna 37,686 84,887 114,135 236,708 10.34
2GOS  Open shrub savanna 7,963 2,383 4,558 14,904 0.65
2FXC  Closed to open forested areas with shifting cultivation 0 273 98,659 98,932 4.32
A23. Cultivated aquatic or 3GCO  Rice crops 0 0 0 0 0.00
regularly flooded areas
A24. (Semi-) natural aquaticor| 4FEP ~ Mangrove dense 664 0 4,572 5,236 0.23
regularly flooded vegetation 4WEP  Mangrove open 0 386 0 386 0.02
4WET  Woodland temporarily flooded 13,798 2,029 19,941 35,768 1.56
4SET  Shrubland temporarily flooded 1,753 0 4,267 6,020 0.26
4HVT  Herbaceous temporarily flooded 11,845 46,326 28,949 87,120 3.80
4HVP  Herbaceous vegetation permanently flooded 6,240 5,568 9,648 21,456 0.94
4HVS  Tandos 0 0 0 0 0.00
B15. Artificial surfaces and 5BU  Built-up areas 10,321 5,126 20,881 36,328 1.59
associated areas
B16. Bare areas 6BR  Bare rocks 0 0 0 0 0.00
6BS  Bare soils 203 4,077 1,910 6,190 0.27
6SS  Dunes 827 1,761 3,475 6,063 0.26
B27. Artificial water bodies 7WB  Artificial water bodies 0 208 7,216 7,424 0.32
B28. Natural water bodies 8WB  Natural water bodies 10,861 3,964 22,270 37,095 1.62




Table 35. Land-cover statistics of 2004-2005 for Mozambique

Land-cover class® Area
LCCS land-cover category User User name (Ha) (%)
code
A11. Cultivated and managed terrestrial areas TC Tree crops 1,000,528 2.43
1SC  Shrub crops 0 0.00
1FC  Field crops 6,002,813 7.67
1CXF _ Shifting cultivation with forests 3,565,343 4.55
A12. (Semi-) natural terrestrial vegetation 2FE  (Semi-) evergreen forests 5,440,814 6.96
2FD  (Semi-) deciduous forests 16,013,101 20.47
2WE (Semi-) evergreen woodlands 936,229 1.20
2WD (Semi-) deciduous woodlands 15,295,665 19.55
2TK  Thickets 1,039,777  1.33
2SL  Shrublands 8,276,292 10.58
2GL Grasslands 7,407,510 947
2FXC Forests with shifting cultivation 5,405,275 6.91
A23. Cultivated aquatic or regularly flooded areas | 3AC Cultivated aquatic or regularly flooded areas 14,772 0.02
A24. (Semi-) natural aquatic or regularly flooded | 4FF  Aquatic or regularly flooded forests 335,520 043
vegetation 4WF  Aquatic or regularly flooded woodlands 832,335 1.06
4SF  Aquatic or regularly flooded shrublands 437,045 0.56
4HF  Aguatic or regularly flooded herbaceous vegetation | 2,169,887 2.77
B15. Artificial surfaces and associated areas 5BU  Built-up areas 1,168,422 1.49
B16. Bare areas 6BA Bare areas 947669 1.21
B27. Artificial water bodies 7WB Artificial water bodies 33278 0.04
B28. Natural water bodies 8WB Natural water bodies 1,009,149 1.29

% In case of so-called mixed classes the areatitatisave been calculated using 40%, 30% and 30ftecdrea of the polygon respectively for the d@minsecondary and
tertiary land-cover class that composes such adriless. This calculation is conform the FAO AFRNER approach.
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The data sets comprise a legend defined with th@/BNEP Land Cover Classification System, an
international standard (Di Gregorio and JansenQR00he defined set of classes includes thoseeof th
TOR-Appendix 2 and goes beyond, as non-vegetated-daver classes have also been included.
Although not requested by the TOR, for each cldsstified also the percentage of this class in the
polygon is specified. In Manica Province 31 differéand-cover classes were differentiated and in
Maputo Province 33 different classes. At Natioeakl 20 classes were differentiated.

This Technical Report, accompanying the three lamngkr data sets produced in digital format, ousline
the extent, distribution and relationships betwd#ferent land-cover types. Reliable up-to-datedlan
cover statistics concerning the spatial extentefdifferent land-cover types at National level &od
the two Provinces were obtained.

In Manica Province, the land-cover is dominateqdTable 33):
1. Miombo forests (open and closed) with a 25.2%tafl cover of the Province;
2. Savanna (Tree and Shrub) with 13.5% of totaéca¥ the Province;
3. Shifting cultivation with 13.2% of total covef the Province; and
4. Mopane forests (open and closed) with 10.1%tal tover of the Province.

In Maputo Province, the land-cover is dominatedTgble 34):
1. Savanna (Tree and Shrub) with 24.0% of totakco¥ the Province;
2. Mopane (Open and dense) with 13.3% of total coféhe Province;
3. Open forest with shrubs with 11.4% of total aoekthe Province; and
4. Shrubland with 11.2% of total cover of the Pnoé.

Mozambique is a country where (Semi-) deciduousdigrare dominant covering 20.5% of the country,
followed by (Semi-) deciduous woodlands with 19.6Pable 35). Shrublands with 10.6%, Grasslands
with 9.5% and Field crops with 7.7% of total cof@tow at lower frequencies. If one combines the tw
classes Shifting cultivation with forests (1CXF)drorests with shifting cultivation (2FXC), the dbt
area where one finds a combination of forests aifttyation amounts to 11.5% and is thus substantial

Comparisons of statistics on either land cover orand-cover change with previous data setSaket

et al., 1995; IGN/CENACARTA/DINAGECA, 199%re not recommended for the simple reason that
although all these data sets used remote sensingeir class sets (i.e. legends) are very different
For the first time classes like Shifting cultivatiaith open to closed forests (1CXF) and Open ¢geadi
forests with shifting cultivation (2FXC) have bedelineated in order to have spatially explicit data
areas where a mixture of forest uses and agri@lltiges is found. The land-cover change application
has been specially developed to allow UIF/DNFFBide satellite data of previous periods to delineate
the changes from the period that occurred beftvereby going back in time. One should be aware,
though, that by going back in time uncertaintieshie data would increase, as one cannot validate th
change interpretations in the field. In the intéigraal scientific literature, the attribution ofettprocess

of deforestation to shifting cultivators is seenaasimplification. Case study evidence confirms tha
shifting cultivation alone is never considered tause deforestation, it occurs along with other
agricultural activities and other proximate cauéeg., wood extraction, expansion of infrastructure
(Geist and Lambin, 2001; Lambin et al., 2001).

In the three created land-cover data sets thereseveral classes that are very similar in their
physiognomic-structural description and they arky distinguished at the level of certain plant spsc
that are characteristic. Examples are, for instaBoeadleaved (semi-) deciduous closed forest, Mepa
closed and Miombo closed, as well as Broadleaverhis deciduous open forest, Mopane open and
Miombo open.
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Table 36 shows an example of comparison of thnedlasi classes at the LCCS classifier level. This
example illustrates that the only difference betwdleese three classes is the use of the classifier
“floristic aspect”. This means that on satelliteages these classes having the same leaf type aid le
phenologycannotbe distinguished from one another, this is onlysfie with the use of ancillary data
and/or expert knowledge of the terrain.

Table 36. Comparison of similar land-cover classes at LCCS classifier level

2FD 2FDC 2FDB
LCCS Classifiers used Broadleaved (semi-) Mopane dense Miombo dense
deciduous closed forest
Life form A3. Trees A3. Trees A3. Trees
Cover A10. Closed (= 70%) A10. Closed (= 70%) A10. Closed (= 70%)
Height B2.25m B2.=5m B2.=5m
Macropattern - - -
Leaf type D1. Broadleaved D1. Broadleaved D1. Broadleaved
Leaf phenology E2. Deciduous - (E4. semi) E2. Deciduous — (E4. semi) E2. Deciduous — (E4. semi)
Floristic aspect - Colophospermum mopane Brachystegia spp.

If the data sets contain polygons that are labeMi#d one of these three classes and one would find
after a field visit that this class label shoulddifferent (which in the above example would onéythe

case if the “floristic aspect” has been identifigcbngly as the class 2FD remains at a more generic
level or one would want to add “floristic aspeat” ¢class 2FD in which case it should become either
2FDC or 2FDB), then the data set can of coursedpesied to better reflect the ground truth. One
should keep in mind, however, that (1) the landecamterpretation is based upon examinatioarefis

and not of a single sampimint, and (2) thatsuch a change wilhot have any effect on the thematic
accuracy assessment at aggregated data levelsasdiasses in this accuracy assessment were already
grouped. The data quality at aggregated data isv¥kus not affected.

11.2 Operational implementation of methodologies

Operational implementation of state-of-the-art testbgies related to remote sensing and land-cover
interpretation included the interpretation of lasalrer types in a fully digital environment with rtiple
interpreters working at the same time on the saand-tover interpretation (see Appendix G for the
team composition). The remote sensing process dadlueverything from image acquisition, to
georeferencing, image enhancement, creating FC@esndor interpretation purposes, the use of
multiple images and available digital ancillaryalaets.

However, the application of remote sensing techesgeannot produce reliable results if there isamot
investment made in establishing the relationshgig/éen what one visually can interpret on-screeh an
what one observes in the field. Therefore, two sypefield surveys were executed. Field orientation
established a better understanding between thérapeflectance values of the satellite images thed
ground truth during interpretation, whereas thédfiealidation confronted the interpretation witheth
ground truth in order to assess the thematic acgudd the interpretation. These field surveys
contributed to the high quality of the resultingdacover data sets.

The adopted procedures strengthen the existing ¢ipacity to monitor natural resources. All
methodologies and standards applied have beemfptdie on-the-job training conducted in the context
of the Project and they can be replicated in futaydJIF/DNFFB. In this Technical Report detailed
explanations are provided of all the steps takethén remote sensing and land-cover interpretation
component in order to function, if necessary, kmd of manual.

Agriconsulting S.p.A.



AIFM - Satellite image interpretation of land-cougpes 130

11.3 The land-cover/use assessment geodatabase

The remote sensing and land-cover component is lepvetyp integrated in the general framework of the
Project, but it had also some individual requiretaefherefore, it was decided to devetodedicated
geodatabase for this specific component of the Pt in order to structure and organise the data
from the very beginning of operational activities s as to have a flawless data production, storage,
integration and analysis chain This resulted in the so-called land-cover/usesssent geodatabase.

This geodatabase was the primary technical topetéorm the land-cover interpretations. The sofewar
and hardware were selected to manage a multi-as&oament. The GIS software used is ArcGIS and
the database SQL Server. ArcSDE handled the cdonebetween the GIS tools, installed on every
computer/workstation, and the geodatabase locat¢kdeoserver.

The geodatabase is structured around five key thiemsad functional groups: (1) Land Cover, (2) Hiel
Sample Data, (3) Ancillary Data, (4) Work Managetnamd (5) Satellite Data. Not only the produced
land-cover data sets are included but also alltaligincillary data that was used. Furthermore, a
complete metadata description is associated tiagdl layers, according to the ISO 19115 standard.

The land-cover/use geodatabase can be imported tlsn“.XML” file by either creating an empty
geodatabase using ArcSDE for the multi-user enwiiemt or by using ArcCatalog for creation of a
personal geodatabase in a stand-alone environdmettte files handed over to UIF/DNFFB, there is
also a “light” version of the three geodatabasatsdibes not contain the raster images.

The land-cover/use assessment geodatabase has bemstructed in such a way that UIF/DNFFB
can use it as a framework to build on and include ew land-cover and other data sets in future
The created geodatabase can be used for the p@mdeéta range of outputs (e.g., maps, tables and
reports) and applications (e.g., land-cover chabgmt area monitoring, environmental modelling, et
and facilitates data exchanges with national atetriational institutions and services.
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12 RECOMMENDATIONS

12.1 The resulting land-cover data sets

It is strongly recommended in order to be able tnitor the occurrence of land-cover types, their
location, extent and distribution over tinte stick to a well-defined methodology that shouldbe
systematically applied at regular intervals The use of available free of charge downloadahtellite
imagery from the Internet was made with the maieadtive that such a procedure could be adopted also
in future.

The use of the three created land-cover data ketddsnot remain limited to providing the baseldsa
for the Forest Inventory of the AIFM Project. Lamdver is a subject that is relevant in many
environmental and agricultural applications andligtst The value of these data sets is related to the
frequency and intensity of their use It is therefore of prime importance that thesadaill be shared,
as those who will ultimately benefit from its use ¢ghe people in Mozambique.

The option to use on-screen visual interpretatoodilect land-cover data at the 1:1,000,000 nomina
scale using LANDSAT satellite images should besi®d for a number of reasons:

» LANDSAT satellite images have a pixel resolutiorB6in that is suitable for delineation of land-
cover polygons when working at nominal scales magdiom 1:50,000 to 1:250,000.

* There are various problems with the LANDSAT progrand the availability of this type of
imagery in the long term has become uncertain.

» If LANDSAT images would be no longer an option, rdhare others types of satellite imagery
(e.g., multi-spectral data from SPOT with 20m ragoh, ASTER with 15m, IKONOS with 4m,
etc.) that however all have a pixel resolutionesfsl than 30m meaning that the level of detail on
these images is even greater than on the LANDS/AqQans.

» The nominal scale of 1:250,000 is well adaptedPimvince level applications. These data can be
scaled to 1:1,000,000 nominal scale if and whendede

12.2 Operational implementation of methodologies

The adopted procedures strengthen the existing ¢#pacity to monitor natural resources. All
methodologies and standards applied were parteobthithe-job training conducted and they can be
replicated in future by UIF/DNFFB. The real testetler or not the implemented procedures, standards
and methodologies are operational will come afteswre of the AIFM Project. Therefore during the
life span of the Project, it is recommended to kaemntinuous intensive dialogue going between the
UIF/DNFFB/MINAG and Agriconsulting S.p.A.

12.3 The land-cover/use assessment geodatabase

The land-cover/use assessment geodatabase hasdrestructed in such a way that UIF/DNFFB can
use it as a framework to build on and include nemdicover and other data sets in futlirés strongly
recommended that in the general AIFM geodatabase péication of data sets already included in
the created and delivered land-cover/use assessmeagaodatabase is avoided as it would lead to
unnecessary multiplication of data volumes

Data management is an essential part of any ddi&ciwon effort andt is strongly recommended not
to wait until data has been collected but to projecan Information System, or once one is
established its possible modifications, before dateollection in order to have a perfect data flow
from collection until the analysis phase Projection of an Information System, its desigwl #esting
well in advance of its operational use will savieteof time and effort in order to deliver the regted
products at the agreed moment of delivery.
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12.4 Correspondence between Forest Inventory and la  nd-cover data sets

Correspondence between the Forest Inventory dadatlam three land-cover data sets may bring
discrepancies to light that should be avoided aljhothese data sets are the result of different
methodologies and scales. It should be understaaidttis unrealistic to expect a 100% corresponden
between these data sets due to the different dlasawith which they were created.

It is recommended to make an ulterior check of thdand-cover type of the Forest Inventory
sampling sites This is the more important at National scale whap to three land-cover classes may
be found in a single land-cover polygon, but oneusth not exclude -considering the scale of thisdat
set- that more than three land-cover types mayrbsept. Therefore, it is important to check on the
original LANDSAT satellite images with 30m resohui if the selected sample site corresponds with a
land-cover type of interest to the Forest Invent@ych an ulterior crosscheck has also been exkcute
for the selection of sample sites in Manica Progibg the remote sensing and land-cover interpogtati
team in Florence once they had made a preselegftiseimple sites. As this team has completed itstas
in the context of the AIFM Project, it is now upWdF to perform the same role.

The data resulting from the Forest Inventory shouldalso be crosschecked with the land-cover
interpretations, as the level of detail of the Forest Inventoryada greater in addition to having been
always actually measured in the field. One showdpkin mind however that the Forest Inventory
collect detailed data at sample points, wheread-¢awer data is based upon examination of areas. Th
proposed solution is that the Forest Inventory daily overrule the land-cover class derived at a
smaller scale when there is ample proof that thelevarea is reflected by the Forest Inventory sampl
But this crosschecking can only take place onceltta sets have been collected and therefore teeds
be scheduled in the final phase of the AIFM Projébis crosscheck should include once more the on-
screen visual interpretation in order to decidetiMeor not a polygon label needs to be adjusted.
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Appendix A. Georeferencing accuracy

Area P'ﬁ:‘ DSR'?\;V Number of GCP | RSME (m) | Error at level of pixel

Manica Province 168 75 14 18.96 0.63
168 74 12 2225 0.74
168 73 15 21.68 0.72
168 72 16 23.41 0.78
168 71 15 17.33 0.58
167 75 15 15.49 0.52
167 74 13 15.69 0.52

Maputo Province 168 78 17 17.69 0.59
168 77 14 12.02 0.40
167 79 15 17.09 0.57
167 78 13 19.66 0.66
167 77 13 11.67 0.39

Rest of the country | 170 71 15 15.96 0.53
170 70 15 21.64 0.72
169 11 15 16.01 0.53
169 70 17 19.65 0.66
169 76 15 14.85 0.50
169 75 15 13.90 0.46
168 76 14 15.15 0.50
168 70 16 20.58 0.69
168 69 15 34.62 115
168 68 15 15.96 0.53
167 76 14 13.45 045
167 73 15 12.99 043
167 72 15 20.18 0.67
167 11 15 26.18 0.87
167 70 13 25.95 0.87
167 69 23 16.71 0.56
167 68 15 28.30 0.94
166 77 15 13.88 0.46
166 76 18 15.33 0.51
166 75 8 8.95 0.30
166 73 9 18.46 0.62
166 72 17 14.74 0.49
166 71 14 18.58 0.62
166 70 13 2318 0.77
166 69 14 22.36 0.75
166 68 152 47.49 1.58
165 72 12 16.19 0.54
165 71 15 51.82 1.73
165 70 13 25.65 0.85
165 69 14 24.75 0.83
165 68 15 31.87 1.06
165 67 11 17.81 0.59
164 72 6 13.20 0.44
164 11 10 14.88 0.50
164 70 15 27.92 0.93
164 69 10 7.31 0.24
164 682%
164 677

% This LANDSAT scene was georeferenced using a skoatter polynomial.
%6 This LANDSAT scene was not received by AgricorisgitS.p.A. before 23 December 2005.
" This LANDSAT scene was not received by AgricorisgitS.p.A. before 23 December 2005.
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Appendix B. Land-cover classification using FAO/UNIP LCCS

The FAO/UNEP Land Cover Classification System (LECé&hdorsed by the Land Use and Cover Change (LU&ZGject of the International
Geosphere Biosphere Programme (IGBP) and Intematiduman Dimensions Programme on Global ChangBR} has been designed with two
main phases, thBichotomous Phasand theModular-Hierarchical Phaseln the latter, land-cover classes are createthéycombination of sets of

pre-defined classifiers. These classifiers areiadl to each of the eight major land-cover typd® definitions of the distinctions at the varioegdls
are provided in the table below (Di Gregorio andsés, 2000).

Dichotomous phase: first-level distinction based on the criterion of “ presence of vegetation”

A. Primarily Vegetated Areas

This class applies to areas that have a vegetative cover of at least 4% for at least two months of the year. This cover may consist of the life forms Woody (Trees, Shrubs), Herbaceous (Forbs,
Graminoids) or a combination of them, or consist of Lichens/Mosses (only when other life forms are absent). A separate cover condition exists for Lichens/Mosses that can be only applied if
this life form contributes at least 25% to the total vegetative cover.

B. Primarily Non-Vegetated Areas

This class includes areas that have a total vegetative cover of less than 4% for at least 10 months of the year, or an absence of Woody or Herbaceous life forms and with less than 25% cover
of Lichens/Mosses.

Dichotomous phase: second-level distinction based o n the criterion “ edaphic condition”

Al. Terrestrial Primarily Vegetated Areas

The vegetation is influenced by the edaphic substratum.

B1l. Terrestrial Primarily Non-Vegetated Areas

The cover is influenced by the edaphic substratum.

A2. Aquatic or Regularly Flooded Primarily Vegetat  ed Areas

The environment is significantly influenced by the presence of water over extensive periods of time. The water is the dominant factor determining natural soil development and the type of
plant communities living on its surface. Includes marshes, swamps, bogs and all areas where water is present for a substantial period regularly every year. This class includes floating
vegetation.

B2. Aquatic or Regularly Flooded Primarily Non-Veg  etated Areas

The environment is significantly influenced by the presence of water over an extensive period of time each year.




Dichotomous phase: third-level distinction based on the criterion “ artificiality of cover

All. Cultivated and Managed Terrestrial Area

Areas where the natural vegetation has been removed or modified and replaced by other types of vegetative cover of anthropogenic origin. This vegetation is artificial and requires human
activities to maintain it in the long term. In between the human activities, or before starting crop cultivation, the surface can be temporarily without vegetative cover. Its seasonal phenological
appearance can be regularly modified by humans (e.g., tillage, harvest, and irrigation). All vegetation that is planted or cultivated with an intent to harvest is included in this class (e.g., wheat
fields, orchards, rubber and teak plantations).

Al12. (Semi-) Natural Vegetation

Natural vegetated areas are defined as areas where the vegetative cover is in balance with the abiotic and biotic forces of its biotope. Semi-natural vegetation is defined as vegetation not
planted by humans but influenced by human actions. These may result from grazing, possibly overgrazing the natural phytocenoses, or else from practices such as selective logging in a
natural forest whereby the floristic composition has been changed. Previously cultivated areas which have been abandoned and where vegetation is regenerating are also included. The
secondary vegetation developing during the fallow period of shifting cultivation is a further example. The human disturbance may be deliberate or inadvertent. Hence semi-natural vegetation
includes vegetation due to human influences but which has recovered to such an extent that species composition and environmental and ecological processes are indistinguishable from, or in
a process of achieving, its undisturbed state. The vegetative cover is not artificial, in contrast to classes A11 and A24, and it does not require human activities to be maintained long term.

A23. Cultivated Aquatic or Regularly Flooded Areas

Areas where an aquatic crop is purposely planted, cultivated and harvested, and which is standing in water over extensive periods during its cultivation period (e.g., paddy rice, tidal rice and
deepwater rice). In general, it is the emerging part of the plant that is fully or partly harvested. Other plants (e.g., for purification of water) are free-floating. They are not harvested but they are
maintained. This class excludes irrigated cultivated areas.

A24. (Semi-) Natural Aquatic or Regularly Flooded  Vegetation

Areas that are transitional between pure terrestrial and aquatic systems and where the water table is usually at or near the surface, or the land is covered by shallow water. The predominant
vegetation, at least periodically, comprises hydrophytes. Marshes, swamps, bogs or flats where drastic fluctuations in water level or high concentration of salts may prevent the growth of
hydrophytes are all part of this class. The vegetative cover is significantly influenced by water and dependent on flooding (e.g., mangroves, marshes, swamps and aquatic beds). Occasionally
flooded vegetation within a terrestrial environment is not included in this class. Natural Vegetated Aquatic habitats are defined as biotopes where the vegetative cover is in balance with the
influence of biotic and abiotic forces. Semi-Natural Aquatic vegetation is defined as vegetation that is not planted by humans but which is influenced directly by human activities that are
undertaken for other, unrelated purposes. Human activities (e.g., urbanization, mining and agriculture) may influence abiotic factors (e.g., water quality), affecting species composition.
Furthermore, this class includes vegetation that developed due to human activities but which has recovered to such an extent that it is indistinguishable from its former state, or which has built
up a new biotope which is in balance with the present environmental conditions. A distinction between Natural and Semi-Natural Aquatic Vegetation is not always possible because human
activities distant to the habitat may create chain reactions that ultimately disturb the aquatic vegetative cover. Human activities may also take place deliberately to compensate for effects as
noted above with the aim of keeping a “natural” state.

B15. Artificial Surfaces and Associated Areas
Areas that have an artificial cover as a result of human activities such as construction (cities, towns, transportation), extraction (open mines and quarries) or waste disposal.

B16. Bare Areas
Areas that do not have an artificial cover as a result of human activities. These areas include areas with less than 4% vegetative cover. Included are bare rock areas, sands and deserts.

B27. Artificial Water bodies, Snow and Ice
Areas that are covered by water due to the construction of artefacts such as reservoirs, canals, artificial lakes, etc. Without these the area would not be covered by water, snow or ice.

B28. Natural Water bodies, Snow and Ice

This class refers to areas that are naturally covered by water, such as lakes, rivers, snow or ice. In the case of rivers, the lack of vegetation cover is often due to high flow rates and/or steep
banks. In the case of lakes, their geological origin affects the life conditions for aquatic vegetation. The following circumstances might cause water surfaces to be without vegetation cover:
depth, rocky basins, rocky and/or steep shorelines, infertile washed-in material, hard and coarse substrates.




Each of the above-described eight categories fedusubdivided in so-called “Structural Domains”.

Modular-hierarchical phase: fourth-level distinctio

ns

Al1. Cultivated and Managed Terrestrial Areas

Tree crops

Shrub crops

Herbaceous crops : further subdivided into
Graminoid crops
Non-graminoid crops

Managed lands

Al12. (Semi-) Natural Terrestrial Vegetation

Forests
Woodlands
Thickets
Shrublands
Grasslands
Sparse vegetation
Lichens/Mosses

A23. Cultivated Aquatic or Regularly Flooded Areas

Aquatic or regularly flooded graminoid crops
Aquatic or regularly flooded non-graminoid crops

A24. (Semi-) Natural Aquatic or Regularly Flooded
Vegetation

Aquatic or regularly flooded forests

Aquatic or regularly flooded woodlands
Aquatic or regularly flooded closed shrubs
Aguatic or regularly flooded open shrubs
Aguatic or regularly flooded grasslands
Aquatic or regularly flooded sparse vegetation

B15. Artificial Surfaces and Associated Areas

Built-up areas
Non built-up areas

B16. Bare Areas

Consolidated areas
Unconsolidated areas

B27. Artificial Water Bodies, Snow and Ice

Artificial water bodies
Artificial snow
Artificial ice

B28. Natural Water Bodies, Snow and Ice

Natural water bodies
Snow
Ice
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In the FAO/UNEP LCCS (Di Gregorio and Jansen, 20@@umber of terms are used for which the
definitions are given below in order to avoid caifun between these definitions -followed in this
Technical Report- and the interpretation of certpiiie common terms.

Canopy coveiin LCCS is defined as follows:The cover can be considered as the proportion of a
particular area of the ground, substrate or watarface covered by a layer of plants consideredchat t
greatest horizontal perimeter level of each planthe layer”. A distinction is made between Closed
(more than 60-70 percent), Open (from (70-60 pdjder(20-10 percent)) and Sparse (less than (30-10
percent)”.

Aquatic vegetationAreas that are transitional between pure teiedsind aquatic systems and where
the water table is usually at or near the surfacethe land is covered by shallow water. The
predominant vegetation, at least periodically, cosgs hydrophytes. Marshes, swamps, bogs or flats
where drastic fluctuations in water level or higtncentration of salts may prevent the growth of
hydrophytes are all part of this class.

Bare areas This class describes areas that do not have t#iciak cover resulting from human
activities. These areas include areas with less thar percent vegetative cover. Included are bare
rock areas and sands

Built-up areas These are characterized by the substitution ebtiiginal (semi-) natural cover or water
surface by an artificial, often impervious, covEhis artificial cover is characterized by a lonyeo
duration (more than one year).

Forests (Semi-) natural vegetation dominated by Closeddr(shrubs or herbaceous may be present).

Grasslands (Semi-) natural vegetation dominated by Close®pen herbaceous, graminoids or forbs
(trees and/or shrubs may be present but only \pidinsg cover).

Herbaceous crop<Lultivated area dominated by Herbaceous crops.cbiver duration is limited to the
harvest stage.

Managed landsVegetated areas that are enclosed by any kinglb@in construction. These areas form
isolated patches within the urban area.

Shrublands (Semi-) natural vegetation dominated by Open lshiirees can be present, but only with
sparse cover; herbaceous may be present).

Thickets (Semi-) natural vegetation dominated by Closedilsh (trees can be present but only with
sparse cover; herbaceous may be present).

Tree crops Cultivated area dominated by Tree crops. Thetplaften form a distinct block and are
often planted in a regular spacing/pattern (e.ghards, nursery stock). In general, the duratibn o
the crop cover lasts many years.

Water bodies
» Atrtificial water bodies applies to areas that aoveted by water due to the construction of

artefacts such as reservoirs, canals and artifigies, etc. Without these the area would not be
covered by water, snow or ice.
» Natural water bodies applies to areas that araalbtiwovered by water such as lakes and rivers.

Woodlands(Semi-) natural vegetation dominated by Openst{ghrubs or herbaceous may be present).
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Appendix C. How to download LANDSAT 5 TM and 7 ETM+ images

The Global Land Cover Facility (GLCF) at the Unisi¢y of Maryland hosts an image archive that has
LANDSAT TM, LANDSAT ETM+ and other satellite imagesvailable for most of the world for
downloading (Figure 34). The address for the GLERtip://landcover.org/

Figure 34. GLCF home page
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with land cover fram
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Quick Links
+ GLCF Data Guides
- GLCF FAQs
+ Landsat GeaCover
+ SRTM DEM GeaTIFFs
+ MODIS NDVI
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Summer Meeting(2005.6.21)
o UNEP relpases Atias{z005.5.10)

- MODIS VCF
- Rapid Respanse

- UCN Protected Areas

pyright @ 1997-2005 Universi ity nf
& MRVLANS @
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Once you enter the GLCF site, click on the Datar&dacts link at the top of the page. This page has
links to all of the data sources available throtigh archive. To locate LANDSAT imagery, click the
LANDSAT link. Here one will find an overview of thdifferent LANDSAT sensors (e.g., MSS, TM
and ETM+). More technical information about the gaey can be found in the links on the left side of
the web page. The LANDSAT data in the GLCF archige be accessed through a web interface, or
directly through an FTP server. Although a web riiatee is the easiest manner to find imagery for a
particular area of interest, the FTP server oftamains additional images that are not availalbieuth

the web interface. To search for LANDSAT data thlgylouhe web interface, click the Download
LANDSAT in Web Interface link at the top of the gag

Three different options for searching are thenqmesd:
» Choose a "Map Search" to find imagery based omtanactive world map.
» If you know the Path/Row of an image, you can deasing these numbers directly.
» Click the Map Search link to enter the interactivap server.

On the Map Search page, you will see a world map, gan choose the type of imagery you are
interested in finding on the left, and click thedape Map button to see the areas where images are
available in red (Figure 35). Use the magnifyingsgl tool on the map to zoom in to your area of
interest. Please note that there are tabs aboveaapdor searching based on Path/Row, Lat/LongePla
Name, Draw (trace a search area polygon) and Mgprkgselect other map layers to be viewed). Once
you have identified your area of interest, usesilect tool (arrow with plus sign) to select onerare

tiles. You will see the number of images availdi#éow the map (Figure 36).

Click Preview and Download to see the available DT images for the selected area.
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Figure 35. Earth Science Data Interface (ESDI)
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Figure 36. LANDSAT images in selection
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Among the search results, additional informatioowthihe images is available including the Path /Row
identifiers and the date the images were acquireglife 36 and Figure 37). The Path/Row is a unique
identifier used to index LANDSAT imagery known & tWorld Reference System (WRS). There are
two WRS versions. WRS 1 is used for the first tHtAAIDSAT satellites (from 23 July 1972 to 16 July
1982) and WRS 2 is used for subsequent LANDSATIIgate Click the Download link to download

the image files.

Each of the LANDSAT bands is compressed and tleeni@dmes end with the “.GZ” extension. These
files are compressed using the gZip format andbmmncompressed using most any decompression

software. Most of the images are in the GeoTIFmdr
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Figure 37. Search results.
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The individual image bands will need to be compotmgkther into a single file. Instructions for
compositing LANDSAT bands can be found in paragragh?2 of this Technical Report. Each band is
noted by ".NN#' where "#" is the band number. Forxameple the file name
"p006r24_ 51920615 nn4.tif.gz" represents a LANDSHM band 4 image for path 6, row 24, acquired
on June 15, 1992. In some directories you will adgand 8 and that is the 15m panchromatic ETM
band. Bands 61 and 62 are the high and low gaiméiebands corresponding to LANDSAT ETM band
6. Files with an “.MET" extension are metadatadfithat can be viewed in a text editor and contain
valuable information regarding the specificatiohthe image.

Once the path and row number for the scene(s)oimdrested in are known, they can be downloaded
directly (with a maximum of three at a time, a dtveler software can be used to automate large
amounts of bands). Another option is to use GLERB server (Figure 38). To access the server, point
your web browser or favourite ftp client tip.glcf.umiacs.umd.eduf you are using a web browser
type in this URL:ftp://glcf.umiacs.umd.eduNavigate to GLCF =>LANDSAT =>WRS2 (or WRS1 if
you are looking for older imagery) and then sethetdirectory that represents the path for younsce
Next, select the directory that represents thefoswour scene. Within the "row" directory you wilke

one directory for each LANDSAT image that is avaléa If the directory name has the word
“orthorectified” in it that means the image has rbeethorectified as part of théeoCover project
Inside the image directory you will find “.JPEG”gwew images for the scenes. Preview images are
useful to see if the scene will meet the user néeds, correct area of interest, cloud cover) auth
having to download the entire image. Copy the imfilge from the server to your desktop and refer to
the paragraphs above for information on the fikenfats.
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Figure 38. FTP server
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Appendix D. How to download ASTER images

Through the web sitbttp://Ipdaac.usgs.gov/aster/glovis.htsipossible to check which ASTER scenes
are availabl® and find their ID (Figure 39). The USGS Global M4tization Viewer (GLOVIS) is a
quick and easy online search and order tool foectetl satellite data, including ASTER Level IIB
images. When you first open GLOVIS, you will see tBlobal View: a MODIS image of the world.

Clicking on the map selects an area of interest, displays colour browse images for the sensor you
have selected.

Figure 39. USGS Global Visualization Viewer

ator Iy hat area

| Select Sensor | Landsat [ View Images

What's New! Browser Requirements | Hew |
Download Source Catle
Quick Start Guide About Browse Images

U5, Depariment of the intesior U.S. Geclogical Survey (USGS)

Please read this geners! Disclaimer o

URL: hitp#G1oNis. usgs. gow Browse Browser. shirm SOV

Maintather: Giollis Web Master smail to: EIR.ng’_O_\

Last Update: Tuesdav, 27-Sep-2005 08:54.26 COT . v

Just select the desired sensor and click on therrggu want to investigate. The system will shaway
the images available in the selected frame; youcbaonse frame dimension (1000, 400 or 90 miles), th
sensor, additional layers, cloud cover limits (Fégd0). Once one has defined any constraints,ablail
images can be browsed troughev SceneandNext Scengdate acquisition order). Trough the arrows
you can jump from one scene to the adjacent oriekiid) with the right key of the mouse, a usefutian
user-friendly menu appears. Pay attention thatsdeae 1Dcan be copied from the metadata list.

If you want to buy this image trough USGS, seleddAn the bottom left of the page, then finally,
Order. At the moment, it is not possible to ord&TAR free of charge from this web site. To obtained
ASTER free of charge, see the previous methoddiodiynd yourscene ID Once you have copied it, go

to http://edcimswww.cr.usgs.gov/pub/imswelcoraed enter as a guest (you can also become a
registered user if you like) (Figure 41). Selectssg ASTER and in thEhoose Data Set Lishighlight

both ASTER Ilb registered radiance at the sens62\@hd ASTER IIb-registered radiance at the sensor
v003 and then OK. In thehoose a Data Search Typ&ame, selecData Granule ID Search(Figure

42). Paste thecene IDin the windowEnter one Data Granule ID per line and then selecbtart
Search

28 |n February 2006 information was received thatéds no longer possible to download free of char§&BR images.
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Figure 40. ASTER image in selection
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Figure 41. Earth Observing System Data Gateway.

Land Processes
Distributed Active Archiv

Al Matice: If you are new to the EOS Data Gateway, of are having difficulties placing an order, please refer to the quick-start tutorial for &
assistance. For questions and answers please visit the LP DAAC's customer support center

Earth Observing System Data Gateway

Search for and order earth science data products from NaSa and affiliated centers

Enter as guest
Enter as a registered user
Other Data Gateway Sites
. My Account glents
Become a registered user
Forgot my password

« What's New
Warehouse Inventory Search
Tool (beta): Give us feedback
New Data Sets
Data Gateway News
EQS Program News

- How-to
User Support
FAQ

Tutorial
Browser check-out

«+ Useful links
Earth science data sources and
archives
@ NASA Earth Observing Systern

Once the system has found your image, it will slyow the following image attributes:

* Image ID

» Checking the little white square in the Select ool you can be confirmed of image geographic
position trough the option show map coverage aad #oom in up to 16X

» Image price and attributes
* Image Quick look

» Receive, trough ftp, an image portion having a éigiesolution than the quick look

» Special Processing, if available

» Start and Stop Image acquisition Date
» Average Cloud Cover

* Image Center Point

« Enter the Data Gateway « Data Center Status

GSFC:

The MODIS Ocean Color product suites are
no longer available for ordering from the
GES DAAC, as these particular products are
outdated. The agreed NASA Ocean Color
products are those being produced and
available at the Ocean Biology Processing

Group at http://oceancolor. gsfc.nasa. gov

» Tue, 20 Dec 2005 16:00:00 UT to Tue, 20

Dec 2005 20:00:00 UT:

NSIDC's data holdings for AMSR-E, GLAS,
MODIS and NISE products will not be
accessible during this time due to systems'
maintenance. Please contact NSIDC User
Services for more information or assistance.
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Figure 42. Search creation.
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Figure 43. Search results

Results: Granule:
@ Listing

Have a question, a problem, or a comment?* | Help for this page

Ship navigator (led biowsets)  You are automatically being shown the Granule list since there was only one data set refurned.
Starred links open new

ini selections | map time  |selections
Eonn0165 tocart |coverage |coverage | tofolder ||itens selected on all pages v

Customize this table - add additional information, éhmgc columns/number of rows, sort order, ete.
Text-only version® - for printing or import into a spread sheet.

Search and Order

User Preferences

F oy e Select  Data Granule ID Gramle  Online Image  Reguest o .

T (Local Gramie ID) Eitarniation Aecass ] [Gidel lonks Sampla] S2EC

it SC:AST_L1RB.003:2014269867 Attributes A D
>Results: Granule ] g _ ! g utes CCESS o Srkls ocume

MyFolder (AST L1B#003_08202000083144_06252003151951hdf)  Pricing  Unavailble —onc  28BE paag,

Shopping Cart

Exit to Home

Alse, please read the NASA Privacy, Security, Netices and the EOS Data Gateway accessibility policy
Search types
Comments, Juestions, or Problems ? Email us*

Data Search Created by EOS Data Gateway version 3.6.5
Detaled Document Webnnastor: Chao.Hsi Chang (chao-hst_chang@sesda com)
Surnmary Document | Responsible NASA Qffcial- Medora Macte (Mail Code 423, NASA/GSRC, Greenbelt, MD 20771)

User Manual

User Suppott Contacts®
Check Order Status
Other EDG Sites

HDEF Viewing Tools

Ask a Question &

& >

Once you are sure to be interested to acquirernttagé, start the obtaining procedure throdgtu
selections to cart In theOrder Options column, selec€hoose OptionsOption 9: AST_07 (ASTER
On-Demand L2 Surface Reflectance) VOO®rovides you, for free, reflectanemlue of the first 9
ASTER bands registered by NASA parameters. Selaetyou want to receive the imagelP PULL

if options 9 has been chosen, and then s@&ticcept my choice.SelectGo to step 2: Order Form
and fill the fields with your personal data. Thiggsis not necessary if you have previously reggste
yourself as a registered user. Seabmit Order Now. You will receive first an email confirming that
your order is going to be processed and then andesmail with FTP information (Figure 43).
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You have one week to complete the download after rgzeive the second email and 24 hours since
you start the download. You will be allowed to déead three files:

» File.hdf0 feflectance of bands 1-2-3) 184,196 Mb

» File.hdfl ¢eflectance of thermal bands 4-5-6-7-8-9) 76,961 Mb

» File.hdf.met (image metafile, can be open with Wadj 60 Kb

Since full option 9 has a size of about 260 MB,hkhégpeed connection and FTP software are highly
recommended. The “.HDF” format can be imported toep common formats like “.TIF" and re-
projected with specific software. If this file foanis not supported by the software in use, HEG
(http://newsroom.gsfc.nasa.gov/sdptoolkit/HEG/HE@idchtml) can be used. It is a free of charge tool
made available by NASA. The georeferencing quaditguite low, i.e. 100-250m accuracy error, thus
often a georeferencing process is required.
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Appendix E. Land-cover legends in Portuguese

Translated legend used at the Province level at1260,000 nominal scale:

User code User name IAdditional remarks LCCS standard name
1TCF  Cultivos Arboreas Inclui Caju, coco, manga, etc Area de cultivo permanente com cultivos arboreas de folha larga de
sequeiro
Tipo de cultura: Frutos de suco/ Amendoas
Cobertura de cultivo: Fechado > (70-60)% (Plantagoes)
1TCW  Plantagbes Florestais Inclui Eucalyptus (combustivel lenhoso), Pinheiros (uso industrial). Plantagoes para |Area Permanente de plantagoes florestais
cpmbustiveis lenhosos sao encontradas perto dos maiores centros urbanos. Tipo de produto: Madeira/lenha
Plantagoes de Casuarins spp. Foram plantadas para estabilizar as dunas.
IActualmente usada pela populagao para lenha e madeira.
1SCT  Plantagoes de Cha Area de cultivo permanente com cultivos Arbustivos de folha larga de
sequeiro
Cultura dominante: Cha (Camellia sinensis (L.) O.K.);
Cobertura de cultivo: Fechado > (70-60)% (Plantagoes)
1FCR  Cultivos de sequeiro As culturas sao constituidos por tabaco e algodao, bem como mandioca usada para [Cultivos herbaceo de sequeiro // Cultivos arbustivos de sequeiro
la subsistencia.
1FCI  Cultivos de regadio Cultivos herbaceo de regadio // Cultivos arbustivos de regadio
1CXF  Agricultura itinerante/Florestas Classes mistas de campos cultivados por alguns anos, dentro e areas de florestas  [Pequenos campos de cultivos herbaceous de sequeiros nao
fechadas a abertas. uniformemente distribuidos
2DEC  Vegetagao arborea/arbustiva egetagao arborea encontrada ao longo da costa, no interior a partir dos mangais; [Vegetagao arborea/arbustiva fechada sempre verde
costeira densa lassociados a solos arenosos Floristic aspect: Mimusops spp., Diospyrus rotundifolia, Brachylaena
discolor, Euclea racemosa, Sideroxylon inerme
2DEO  Vegetagao arborealarbustiva egetagao arborea encontrada sempre ao longo da costa, no interior a partir dos |Vegetagao arborea/arbustiva aberta sempre verde
costeira aberta mangais; associados a solos arenosos Floristic aspect: Mimusops spp., Diospyrus rotundifolia, Brachylaena
discolor, Euclea racemosa, Sideroxylon inerme
2FEM  Floresta densa sempre verde de  [Pertencem a altitudes elevadas (>1300m a.n.m.a.m.), e um percipitagao media Arvores sempre verde de folha larga
montanha lanual (>1400mm). Adicionalmente, este tipo de floresta possui uma rica flora. Maior class: Montanhosa (1000-1500 m)
Floristic aspect: Aphloia myrtifolia, Maesa lanceclata, Curtisia faginea,
Rawolfia inebrians, Canopharngia stapfiana
2FE  Floresta densa sempreverde Esta classe permanece nao especificada a nivel de espécies e a descricao da sua |Arvores sempre verde de folha larga
lestrutura fisionomica ¢ identica as classes 2FEG, 2FEA e 2FEM.
2FEG  Florestas de galeria Este tipo de floresta pode ser inundada por algum tempo devido aos picos dos Floresta alta sempre verde de folha larga
regimes das inondagoes dos rios. Maior class: Plano
2FEA  Mecrusse denso Floresta sempre verde de folha larga
Floristic aspect: Androstachys johnsonii
2FD  Floresta densa (sem-) decidua Estas classes continuam nao especificadas a nivel de espécies e a sua descricao  |Arvores de folha larga deciduas // Arvores de folha semi-deciduas
estrutural fisionomica € identical a das classes 2FDC e 2FDB.
2FDC  Mopane denso Arvores de folha larga deciduas // Arvores de folha larga semi-deciduas

Climate: Tropics - Dry semi-arid

Floristic aspect: Colophospermum mopane




User code User name

IAdditional remarks

LCCS standard name

2FDB  Miombo denso Este tipo de vegetagao pode ter dois a tres estratos; Arvores de folha larga deciduas // Arvores de folha larga semi-deciduas
Floristic aspect: Brachystegia spp.
2WEM  Floresta aberta (semi-) sempre  [Este tipo de floresta é aberta por razoes edaficas ou interferencias humanas. Este  [Floresta aberta de folha larga sempre verde
verde de montana ultimo ocorre especialmente na parte baixa das montanhas em combinagao com  [Maior class: Montanhosa (1000-1500 m)
solos ferteis e profundos usados para cultivos. Quando natural faz parte de um Floristic aspect: Aphloia myrtifolia, Maesa lanceclata, Curtisia faginea,
gradiente de vegetacao. Rawolfia inebrians, Canopharngia stapfiana
2WE  Floresta aberta (semi-) sempre Esta classe continua nao especificada a nivel de espécies e a sua descrigao Floresta aberta de folha larga sempre verde // Floresta aberta de folha
verde lestrutural fisionomica € identica a das classes 2WEM, 2WEF e 2WEA. A classe larga semi-sempre verde
pode ou nao ter um segundo estrato de arbustos.
2WEA  Mecrusse aberto A classe pode ou nao ter um segundo estrato de arbustos. Floresta aberta de folha larga sempre verde
Floristic aspect: Androstachys johnsonii
2WD  Floresta (semi-) deciduas aberta [Esta classe continua nao especificada a nivel de espécies e descrigao da sua Floresta aberta de folha larga sempre verde // Floresta aberta de folha
lestrutura fisionomica € identica a das classes 2WDC e 2WDB. A classe pode ou naoflarga semi-sempre verde
ter um segundo estrato de arbustos.
2WDC  Mopane aberto A classe pode ou nao ter um segundo estrato de arbustos. Floresta aberta de folha larga decidua
Floristic aspect: Colophospermum mopane
2WDB  Miombo aberto A classe pode ou nao ter um segundo estrato de arbustos. Floresta aberta de folha larga decidua
Floristic aspect: Brachystegia spp.
2TE  Matagal (semi-) sempre verde Esta classe € tipica em areas aridas. E igualmente encontrada nas zonas proximas [Matagal de folha larga sempre verde
das vilas, onde constituem regeneragao em campos cultivados abandonados.
2TD  Matagal (semi-) deciduo Esta classe & tipica em areas aridas. E igualmente encontrada nas zonas proximas [Matagal de folha larga decidua
das vilas onde constituem regeneragao em campos cultivados abandonados.
2SE  Arbustos (semi-) sempre verde Podem ocorrer arvores emergentes. Esta classe é tipica das areas com solos pobre |Areas de arbustos sempre verde de folha larga // Areas de arbustos
le superficiais e de baixa precipitagao. Ocorre igualmente como regeneragao em sempre verde de folha larga
lareas de agricutura itinerante ou seguindo queimadas descontroladas.
2SD  Arbustos (semi-) deciduos Podem ocorrer arvores emergentes. Esta classe é tipica das areas com solos pobre |Areas de arbustos deciduos de folha larga // Areas de arbustos semi-
le superficiais e de baixa precipitagao. Ocorre igualmente como regeneragao em sempre verde de folha larga
lareas de agricutura itinerante ou seguindo queimadas descontroladas.
2GCT  Pradaria arborea \Vegetagao de herbaceas com arvores
2GCS  Pradaria arbustiva Ocasionalmente pode se encontrar arvores. \Vegetacao de herbaceas com arbustos
2GOS  Pradaria arbustiva aberta \Vegetacao de herbaceas com arbustos abertos
2FXC  Floresta com agricultura itinerante |Classe mista de florestas fechada a aberta com campos cultivados por um periodo  [Cobertura de arvores densa a aberta / Pequenos campos de cultivos
de tempo. herbaceous de sequeiros nao uniformemente distribuidos
3GCO  Campos de arroz Campos continuos de gramineas
Maior class: Plano; Classe de montanha: Plano a quase plano
Dominant crop: Cereals - Rice (Oryza spp.)
4FEP  Mangal denso Floresta sempre verde em terrenos permanentemente inundados (com

ariagoes diarias)
Maior class: Plano; Classe de montanha: Plano a quase plano

Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora mucronata




User code User name

IAdditional remarks

LCCS standard name

4WEP  Mangal Aberto Existe um Segundo estrato de arvores em regeneragao. Floresta aberta sempre verde em terrenos permanentemente inundados
(com variagoes diarias))
Maior class: Plano; Classe de montanha: Plano a quase plano
Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora mucronata
4WET  Floresta aberta temporariamente Floresta aberta sempre verde em terrenos temporariamente inundados
inundada
4SET  Areas arbustivas abertas IArbustos abertos em terrenos temporariamente inundados
temporariamente inundadas
4HVT  Vegetagao herbacea Este tipo florestal ocorre em depressoes onde a agua pernanece estagnada \Vegetacao herbacea fechada em terrenos temporariamente inundados
temporariamente inundada temporariamente levando para um crescimento abundante de plantas herbaceas.
4HVP  Vegetagao herbacea permanente [Este tipo florestal ocorre em depressoes onde a agua pernanece estagnada \Vegetacao herbacea fechada em terrenos permanentemente inundados
inundada permanentemente.
4HVS  Tandos de Marromeu; Este tipo de vegetagao peculiar ocorre somente na provincia de sofala (Marromeu). [Vegetagao herbacea dispersa em terrenos temporariamente inundados
Presenca de morro de Muché.
5BU  Areas habitacionais Esta classe inclui areas de urbanas, industrial e associadas. Areas habitacionais
6BR  Rochas sem vegetagao Rochas sem vegetagao
6BS  Solos sem vegetacao Esta classe inclui todo o tipo de solo sem vegetagao, incluindo solos salinos Solos sem vegetacao e/ou outros materiais nao consolidados
separando os mangais de outros tipos de vegetagao.
6SS  Dunas Esta classe inclui as dunas onde a vegetacao é rara ou ausente. Dunas
7WB  Corpos de agua artificiais Corpos de agua artificiais
8WB  Corpos de agua naturais Corpos de agua naturais




Translated legend used at the National level a1 th@®00,000 nominal scale:

User code User name

Additional remarks

LCCS standard name

1TC  Cultivos Arboreas/Plantagdes Cultivos arboreos (frutos e amendoas)/ Madeira/lenha
Florestais
1SC  Cultivos arbustivos Cultivos Arbustivos
1FC  Campos cultivados Descrigao geral dos campos cultivados Cultivos herbaceos // cultivos arbustivos
1CXF  Agricultura Itinerante con florestas | Classes mistas de campos cultivados por alguns anos, dentro e areas de florestas | Pequenos campos de cultivos herbaceous de sequeiros nao
fechadas a abertas. uniformemente distribuidos
2FE  Floresta (semi-) sempre verde Arvores sempre verde de folha larga // Arvores semi-sempre verde de
folha larga
2FD  Floresta (semi-) decidua Arvores de folha larga deciduas // Arvores de folha larga deciduas semi-
deciduas
2WE  Floresta aberta (semi-) sempre Floresta aberta de folha larga sempre verde // Floresta aberta de folha
verde larga semi-sempre verde
2WD  Floresta aberta (semi-) decidua Floresta aberta de folha larga // Floresta aberta de folha larga semi-
decidua
2TK  Matagal Arbustos Fechados (Matagal)
2SL  Areas arbustivas Arbustos abertos
2GL  Pradaria . Vegetacao herbaceas fechadas a aberta
2FXC  Floresta fechada a aberta com Classe mista de florestas fechada a aberta com campos cultivados por um periodo | Cobertura de arvores densa a aberta/ Pequenos campos de cultivos
agricultura itinerante de tempo. herbaceous de sequeiros nao uniformemente distribuidos
3AC  Campos cultivados em areas Campos cultivados em areas regularmente inundadas
regularmente inundadas
4FF  Mangal denso Floresta sempre verde em terrenos permanentemente inundados (com
variagoes diarias)
Maior class: Plano; Classe de montanha: Plano a quase plano
Floristic aspect: Avennia marina, Ceriops tagal, Rhyzophora mucronata
4WF  Floresta aberta em areas Floresta aberta em areas permanente ou temporariamente inundadas
regularmente inundadas
4SF  Arbustos em areas regularmente Vegetacao arbustiva fechada a aberta em terrenos pernamente e
inundadas temporariamente inundados
4HF  Vegetacao herbacea regularmente | Este tipo florestal ocorre em depressoes onde a agua pernanece estagnada Vegetacao herbacea fechada a aberta em terrenos pernamente e
inundada temporariamente levando para um crescimento abundante de plantas herbaceas. | temporariamente inundados
5BU  Areas habitacionais Esta classe inclui areas de urbanas, industrial e associadas. Areas habitacionais
6BA  Areas sem vegetacao Areas sem vegetagao
7WB  Corpos de agua artificiais Corpos de agua artificiais
8WB  Corpos de agua naturais Corpos de agua naturais
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Appendix F. Land-cover field data sheet and explartaon

FIELD SURVEY DATA SHEET: I ntegrated Assessment of Mozambican Forests

| A GENERAL INFORMATION

RELEVEE N° FIELD SAMPLE N s East
or as
AREA NAME COORDINATES
LOCATION
OBSERVER
DATE ACCESSIBILITY 3 Very Good
3 Good
TIME 3 Medium
RELEVEE SIZE (in mz or ha) /] Bad
On the spot Observing the spot from a distance
[ =
Indicate Relative Position of Gl Distance from viewpoint to observed point (m)
Coordinates N ) . o
i o The bearing of the observed point ©)
FIELD PHOTOGRAPHS
I Film Roll N©
. Photo Shot N° |  Position
N [8]— ) A 2~ - [e]
|
1
Relative Position of photograph

GENERAL LANDFORM

Slope Flat to Gently Sloping Terrain (0 -7 %)

Gently Sloping to Moderately Sloping (8 -3 %)

Sloping to Moderately Steep, Undulating to Rolling terrain (14 -20 %)
Steep to Very steep, Rolling to Hilly Terrain (21 -55%)

Extremely Steep Terrain, Steeply Dissected Hilly
and Mountainous Terrain (56 - 140 %)

000010

Agriconsulting S.p.A.
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Bi- GENERAL LAND COVER INFORMATION

LAND COVER
- General Land Cover Type A. 3 Vegetated / Non-Vegetated
Relevee Site Two Mixed Major Land Cover Aspects
B. [ Terrestrial m—
- Specific Land Cover Type Single Major Land Cover Aspect
Most Important Second
Cultivated — ] —
Natural / Semi-Natural — — |
Built Up — —c —
Bare  a— —= —
Artificial Water Body  — — |
Inland Water — — —

AREA LANDCOVER HOMOGENITY ( Applicable if on spot )

Land Cover Homogeneous for more than 300 m 1 Yes 0 0
around the sample area : = o
{1
LAND COVER SEASONAL ASPECTS
Natural / Semi-Natural Vegetation Cultivated Fields
dry green |[flowering| fruits ploughed [Jinitial stage | full mat. stage | harvested
TREES  — — — — — —  — —
SHRUBS — — — — — m—] — —
HERBS — — — — — — — —
| C,-SPECIFIC.LAND:COVER: INFORMATION
|| NATURAL AND SEf NATURAL VEGETATION | Leaf Type Leal_Phenology
Level Cover Height Broad Needle | Aphyllous Evergreen| Deciduous
| woopy — — — — —
| Trees 1 ] — — — —
P ] — — — —
3 — — — — —
| Shrubs 1 ) — — — —
2  —  —  —  — —
| HERBACEOUS
Graminoids
Forbs
Cover Estimation of vegetation Visual 3 Instrumental 3 Other

Total canopy cover: I:I %.

3 most frequent species:

Agriconsulting S.p.A.
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) Leaf Type Leaf Phenology
- Life Form of MAIN CROP
Broad Needle Evergreen | Deciduous Fruit Trees | Plantation
— Trees — — — — — —
— Shrubs — — — —
3 | Herbaceous
3 | Graminoids - Crop Name : | |
— Other
Leaf Type Leaf Phenolo
- Life Form of SECOND CROP s e}
Broad Needle Evergreen | Deciduous Fruit Trees | Plantation
— Trees — — — — — —
— Shrubs — — ] —

3 | Herbaceous

3 | Graminoids

- Crop Name

— Other

- Average Field Size

[ ] cmoma

- Field Distribution = Bordering Fields
—— Distance between fields < average field size
— =11to 3 X average field size
— =310 9 X average field size
— >9 X average field size
- Cultivation period = main crop, during two or more different periods within same year
> second crop in same period as main crop
3 second crop in different period as main crop
C—= second crop starts during active period main crop
- Cultivation Time Factor Time lap between two consecutive active periods — =<1 year
(— 1to 4 years
— > 4 years
- Water Supply / Irrigation 3 Postflooding
3 Not Irrigated c—  Surface
3 Sprinkler
1 Supplementary Irrigation == Drip
3 Other
- Life Form MANAGED LAND Urban Vegetated Area
Area covered by trees is o >40%
33 between 20 % and 40 %
C <20%
| ebasibninntnntinshashathefibatipnspusnuiaahnEbakbatpntputprprhnthaknEnnEniRpr s hpi bt npEnnEnsEnsbaiheihp i npinstnsbnsbaibat 1
| BARE AREAS 1
3 Consolidated — Bare Rock
— Gravel, Stones and Boulders
— Hardpans
3 Unconsolidated  — Bare Soll  — Stony (5 - 40 %)
 m—] Loose and shifting sands | 3 Very Stony (40 - 80 %)
3 Dunes — Barchans
— parabolic  m—] Saturated
— Longitudinal — Unsaturated

This field survey data sheet is based upon thalmtevas used by the FAO AFRICOVER Project.

Agriconsulting S
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FIELD SURVEY DATA SHEET:

I ntegrated Assessment of Mozambican Foresd

INFORMACAO GERAL

Notas: «NOTE»
Localizacao do ponto: «SITE»

PONTO NUMERO

«|D»

COORDENADAS
UTM 36 S

GPS

Sul «Y_UTM36S»

Este «X_UTM36S»

PROVINCIA «PROVINCIA»
DISTRITO «DISTRITO»
ANOTADOR

DATA

HORA

(ha)

TAMANHO DA AREA OBSERVADA

Accesibilidade
do ponto

|

OO0

Muito boa
Boa

Media

Mala

[J Laobservacao foi feita no ponto

[] La observacao nao foi feita no ponto

Distancia da o ponto (metros):

Rumo (graus):

FIELD PHOTOGRAPHS

[5]

Sl |

[~] | <

« [6]

Relative Fesition of photograph

LISTA DAS FOTOGRAFIAS

NUMERO DA
FOTO

POSICAO

NOME DO FILE

TOPOGRAFIA

PLANO O QUASE PLANO (0 — 7%)

DECLIVE

SUAVEMENTE ONDULADO A ONDULADO (8 — 13%)

FORTEMENTE ONDULADO (14 — 20%)

ESCARPADO A MUITO ESCARPADO (21 — 55%)

O o|oo;o ™

EXTREMAMENTE ESCARPADO (56 —140%)

Agriconsulting S.p.A.
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INFORMACAO GERAL SOBRE A COBERTURA DO SOLO
COM VEGETACAO SEM VEGETACAO
TERRESTRE AQUATICO
Um solo tipo de | Doais tipos de cobertura
Tipo de cobertura cobertura Tipo Tipo
principal secundario
Cultivos 0 0 0 0
Natural ou semi-natural 0 0 0 0
Areas urbanas 0 0 0 0
Solo descoberto 0 0 0 0
Cuerpos de agua atrificiais 0 0 0 0
Agua O O O O
O tipo de cobertura € homogeneo numa area de mais de 300 metros?
O Sim ] Nao
VEGETACAO
Vegetagao natural ou semi-natural Campos cultivados
Secos Verdes Com flores | Com frutos Arado Estado Maduro Colheitado
inicial
Arvoles 0 O 0 O 0 0 O O
Arbustos 0 0 0 0 0 0 0 0
Ervas O O O O O O O O
C. INFORMACAO ESPECIFICA DA COBERTURA DO SOLO
1. (FLORESTA OU OUTRA VEGETAGAO |Tipo de folhas Fenologia das folhas
NATURAL)
Estrato Cobertura | Altura Latifolidas | Agulheras | Afilas Sempreverdes | Deciduas
(%) (metros
‘ Arvoles 1 0 0 0 0 0
2 O O O O O
3 O O O O O
’ Arbustos 1 0 0 0 0 0
2 O O O O O
Ervas
Graminaceas
Forbs
Estiamcao da cobertura: [0 visual [ Instrumental 0 Outra

Cobertura total de copas (%):

As 3 especies mas frequentes:

Agriconsulting S.p.A.
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2. (PLANTACOES FLORESTAIS OU AREAS DE AGRICULTURA)

Cultivo principal Tipo de folhas Fenologia das folhas
Latifoliadas Agulheras Sempreverde | Deciduas Arvoles de | Plantagoes
fruta florestais
I Arvoles O O O O O O
] Arbustos O [ [ O
L] _Herbaceas Nome do cultivo:
] Graminoides
0 Outro
Cultivo Tipo de folhas Fenologia das folhas
secundario
Latifoliadas Agulheras Sempreverde | Deciduas Arvoles de | Plantagoes
fruta florestais
1 Arvoles O [ [ [ O |
L] Arbustos O O O O
L] _Herbaceas Nome do cultivo:
[0 Graminoides
0 Outro
Dimencoes da machamba (m2 ou ha):
Distribucao espacial
Tem campos vecinhos? .
‘ pos vecinhos ‘El Sim ‘D Nao |
Si tem campos vezinhos qual & o seu tamanho?
[0 =1a3vezes ‘l:l =3 a9vezes ‘I:l >0 vezes |
Periodo do cultivo
I Cultura principal | 1 Cultura secundaria no | [ Cultura secundaria en | Cultura secundaria
durante dois ou mais mesmo periodo que a um periodo diferente comienza quando a
periodos no mesmo ano cultura principal que cultura principal cultura principal esta

ativa

‘ Diferencia entre dois periodos acivos

o

=<1 ano

[0 1a4anos

[0 > 4anos

Irrigacao

‘ 0 Irrigado

o

Nao irrigado

No caso de areas urbanas com vegetagao:
La area cubierta con arvoles es

‘l:l 40%

‘ [0 entre 20% e 40

‘ O <20%

3. SOLO DESCOBERTO

‘ ] Consolidado

‘ ] Nao consolidaao

‘ [J Dunas

COMENTARIOS GERAIS:

Agriconsulting S.p.A.
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Guide on how to make a field observation

1. Localise the position of the field sample sising the GPS. Look around to see if the sampleisite
representative for the area. If yes, proceed. If ok for a sample site close by that is
representative.

Servir-se do GPS para localizar a posicéo dos pemt® levantamento e verificar que o ponto seja
rappresentativo de uma area mais grande.

2. The area that is most suitable for a samplitggsiould be homogeneous for at least 300m from the
point selected (see figure):

01

Individuar a zona mais apropriada para fazer odetamento: tem que ser homogénea no minimo
300 metros a volta do ponto seleccionado (ver jicha

3. When taking photographs avoid taking peoplereasthat are of no interest to the field survegy.(e
roads, houses, etc.) or areas that are too clas@dots that obscure the horizon as one can g¢be in
photograph below that is an example of how one Ishroat take a photo.
Tirar as fotografias procurando de evitar de endua pessoas o areas sem interesse (estradas,
casas) ou perto de coisas que podem esconder pondei, como na imagem:

4. When making photos, look to position yourselaimanner and in a point from where you can take
several photos in different directions as indicdietbw. Take the photos in the main wind directions
as indicated on the field survey sheet:

» Photo 1 is taken to the North, Photo 2 to the Est,
* Photos 5, 6, 7 and 8 should be taken, when posséibla a certain distance from the sample
site and should provide an overview from outsidedrea described of the sample site.

Agriconsulting S.p.A.
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Tirar as fotografias estando em pontos de ondepa#de ver o mais possivel a volta. Tirar as

fotografias apontando para os quatros pontos caaincomo indicado na ficha: a foto n°1 tem que

ser tirada na difrac¢éo norte, ecc. As fotos 5&8m que ser tirada, quando possivel, a distancia
do ponto central para o centro (do exterior paranterior).

FIELD PHOTOGRAPHS Fotografias do campo
? ?
4 A
Y/ N/
TN (8] ¢—> «[g] TN (8] +—> «[g]
v \
) A
@ @
Relative Position of photograph Posicdes relativas das fotografias

5. Example of a photo well-taken (don't forget tmw the sample site number):
Exemplo de image bem feita:

6. Collect with care the information on the vegetatwith particular attention to the height andwen
canopies.

Preencher exactamente as informacdes sobre aagyetprestando muita atencdo as alturas e a
cobertura.

7. If there are more layers of vegetation, defimeaverall canopy cover(for trees only, or for shrub
only when trees are completely absent). So oneldghake the sum of all relevant layers but this
shouldnot result in a figure bigger than 100% (in the examptonsider only the ground surface
where the shadow of thieghestcrown canopy would fall).

Se ha mais layers de vegetacéo, definiobertura total (para os arvores ou para os arbustos se
nao houver arbores) sem fazer a soma aritmeticapgmsentagens dos layers (ndo se considera a
copertura do layer inferior se esta coberta por layer superior). A cobertura total ndo pode ser
por isso mais do 100%.

Agriconsulting S.p.A.
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100 %

100 %

8. Describe at least the three most frequent peeias; if no trees are present describe the thoes
frequent shrub species.

Descrever no minimo as 3 especies de arbores fing@jgentes e se ndo ha arbores, as tres especies
mais frequentes de arbustos.

Agriconsulting S.p.A.



Appendix G. Remote sensing & land-cover team

The activities related to the remote sensing and-taver interpretation component of the AIFM Pebjeesulting in the 1:250,000 nominal scale land-
cover data sets for Manica and Maputo Provincestlaad ;1,000,000 nominal scale National land-calaa set described in this report were carried

out by the following persons:

Name
Short Curriculum vitae

Main activities

Louisa J.M. Jansen

She graduated in Agricultural and Environmental Sciences at the University of Wageningen, The Netherlands, in
1991. She worked as lecturer and researcher on the application of remote sensing and GIS for water resources
surveys and soils at the International Institute for Aerospace Survey and Earth Sciences (ITC, The Netherlands). She
developed methodologies to collect land-use information from land-cover data (Kenya and Lebanon) and covered
subjects like land-use planning, erosion/land degradation, land evaluation and classification at the FAO Land and
Water Development Division (several Sub-Saharan African countries). She is author of the FAO/UNEP Land Cover
Classification System. Her extensive experiences in remote sensing and GIS applications comprise environmental
change dynamics and land degradation for the Dutch Royal Tropical Institute (Mali), natural resources evaluation and
food security for the Italian Ministry of Foreign Affairs (Niger and Senegal), land-cover/use inventory for agricultural
land reform (Romania and Moldova), land-cover data harmonisation for the Nordic Council of Ministers of
Environment (Denmark, Estonia, Norway and Sweden), coastal area management for UNEP (Malta), environmental
change dynamics for the World Bank (Albania) and land-use policy for the EU Phare programme (Albania).

* Overall management/co-ordination remote sensing and land-
cover component

« Training on the use of land-cover data, classification and legend,
use of LCCS, accuracy assessments, land-cover change analysis

 Selection of LANDSAT 5 TM images

 Writing, overall co-ordination and editing of Technical Report

Marco Bagnoli

He graduated in Forest Sciences at the University of Florence, Italy, in 1988, and specialised in Remote Sensing and
Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare? (IAO). He did research on the use of
remote sensing for detection of deforestation in tropical areas and in this context participated in FAO projects (e.g.,
Bhutan and Iran). His extensive experience in satellite remote sensing and GIS comprises applications related to land
cover/vegetation, forestry (e.g., regional forest inventories), land-use (planning) and land-unit mapping while working
for various private companies, the Italian Ministry of Environment and the EC Joint Research Centre. He covered the
Middle East, Asia and Latin America for EURIMAGE, he worked on the use of remote sensing for natural resources
evaluation for the Italian Ministry of Foreign Affairs (Angola) and on setting up a GIS for land-use planning for the
Italian ONG Crocevia (Palestine Territories).

* Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(June-Oct. 2005)

 Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

« Land-cover change Manica Province (Nov. 2005)

» Documentation of remote sensing protocols and burnt area
monitoring application

29 |stituto Agronomico per I'Oltremare of the Italiafinistry of Foreign Affairs, Via A. Cocchi 4, 501Florence, Italy (web sitduttp://www.iao.florence.)t




Sara Chimenti

She graduated in Geological Sciences at the University of Pisa, Italy, in 2004, and specialised in Geomatics and
Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAO). She is an expert in geochemistry and
has worked at the operational centre of Stromboli Island providing scientific information on vulcanology to visitors.

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(July-Oct. 2005)

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

Land-cover change Manica Province (Nov. 2005)

Documentation of used ancillary data and metadata

Angela Dell’Agnello

She graduated in Forest Sciences at the University of Florence, Italy, in 1982, and specialised in Remote Sensing
and Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAO). She gained extensive experience
in forest inventories, forest change assessments and land-cover/vegetation data collection using satellite remote
sensing while working for various regional forest inventories and vegetation surveys with extensive field campaigns,
the FAO Forest Resources Assessment projects (FRA90 and FRA2000), the data consistency assessment
(geometric and thematic validation) of the TREES project (e.g., tropical forest belt covering Africa, Asia and Latin
America) and the FAO Africover project (land-cover data collection in the Democratic Republic of Congo and overall
evaluation of data consistency in nine Eastern African countries). She has also been involved in data collection for
wildlife applications. She has also considerable experience in teaching in the fields of environment and natural
resources.

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(June-Oct. 2005)

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

Land-cover change Manica Province (Nov. 2005)

Documentation of interpretation protocols

Marco Focacci

He graduated in Forest and Environmental Sciences at the University of Florence, Italy, in 2002 and specialised in
Geomatics and Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAQ). He worked for the
ltalian ONG MAIS on the implementation of agroforestry systems and reforestation (Guatemala) and for the
Guatemalan Government on forestry policy. He has also experience in teaching in the field of environmental
education.

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Oct.-Dec. 2005)

Land-cover change Manica Province (Nov. 2005)
Documentation of interpretation protocols and land-cover change
Manica Province

Sinforosa Anna Monaco

She graduated in Agronomic Sciences at the University of Perugia, Italy, in 1991. She gained considerable
experience in the use of aerial photo interpretation with a range of Italian private companies in the context of the EC
Common Agricultural Policy (e.g., subventions related to production of milk, olive oil, annual crops, tree crops and
vineyards) and she worked for the EU LUCAS (Land Use Cover Assessment) project.

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(June-Oct. 2005)

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

Land-cover change Manica Province (Nov. 2005)

Documentation of interpretation protocols




Paolo Sorini

He graduated in Tropical and Subtropical Agricultural Sciences at the University of Florence, Italy, in 1997 and
specialised in Geomatics and Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAO). His
experience covers remote sensing and GIS as he was involved in the realisation of an information system dedicated
to international co-operation at IAO and worked on the mapping of natural resources for agricultural use and planning
in a UNDP/FAO project (Libya). He has also worked as volunteer providing humanitarian aid in Eastern Europe
(Croatia, Czech Republic and Poland).

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(July-Oct. 2005)

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

Land-cover change Manica Province (Nov. 2005)

Documentation of remote sensing protocols and the downloading
of LANDSAT and ASTER images

Saverio Stoppioni

He graduated in Geological Sciences at the University of Genoa, Italy, in 1998 and specialised in Remote Sensing
and Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAO). He gained considerable
experience in satellite remote sensing and GIS while working for the FAQ Africover project (land-cover data collection
in Sudan and the Democratic Republic of Congo) where he was also involved in database management, overall
evaluation of data consistency (nine Eastern African countries) and in the FAO Asiacover project he was involved in
the translation of Southeast Asian land-cover legends with the FAO/UNEP Land Cover Classification System
methodology; he worked on land-cover data quality for a FAO project (Egypt) and on the improvement of coastal land
degradation monitoring for an EU project (Lebanon and Syria).

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(July-Oct. 2005)

Land-cover interpretation LANDSAT 5 TM 2004/2005 for the
National coverage (Sept.-Dec. 2005)

Land-cover change Manica Province

Internal data consistency checking

Updating and documentation of the land-cover legends

Semantic land-cover data harmonisation and documentation

Ferdinando Urbano

He graduated in Environmental and Land Planning Engineering at the Polytechnic University of Milan, Italy, in 1999
and specialised in Geomatics and Natural Resources Evaluation at the Istituto Agronomico per I'Oltremare (IAQO). He
gained considerable experience in GIS and satellite remote sensing while working on environmental management
and human rights for the Portuguese NGO INDE (Guinea Bissau, Timor East and Portugal), protected areas and
land-cover change for the Italian Ministry of Foreign Affairs (Niger), the creation of a water resources management
system for the Italian NGO LVIA (Tanzania) and the development of environmental models to map desertification risk
at the Italian National Soil Conservation Institute. He has also experience in teaching in the field of GIS applications
for rural development.

Land-cover interpretation LANDSAT 5 TM 2004 for the Provinces
(June-Oct. 2005)

Data modelling and design plus documentation

Geodatabase development and management

Satellite images elaboration

GIS data management

In the period 18 November - 14 December 2005 tamt@as joined by:
Carla Cuambe (UIF)

Jaoquim Armando Macuéacua (UIF)

Pachis Mugas (UIF)

Training on the adopted remote sensing and land-cover
interpretation methodology

Expert knowledge input into the LANDSAT 5 TM 2004/2005 land-
cover interpretation at National level and Maputo Province




Appendix H. Schedule of executed activities

2005 2006

Activities land-cover/use assessment
May Jun. Jul. Aug.  Sept. Oct. Nov. Dec. Jan. Feb.

A. Satellite image selection and acquisition:
- For Manica and Maputo Provinces at 1:250,000 nominal scale
- For the national level at 1:1,000,000 nominal scale

B. Satellite image interpretation and land-cover legend:
- For Manica and Maputo Provinces at 1:250,000 nominal scale
- For the national level at 1:1,000,000 nominal scale

C. Ground verification and accuracy assessments:
- For Manica and Maputo Provinces at 1:250,000 nominal scale
- For the national level at 1:1,000,000 nominal scale

D. Land-cover data entry into the geodatabase:

E. Crosscheck of land-cover data with Forest Inventory data:
- For Manica and Maputo Provinces at 1:250,000 nominal scale
- For the national level at 1:1,000,000 nominal scale

F. Training in remote sensing and land-cover data collection:

Technical reporting

Workshop to present results RS & LC component




