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1- Introduction
The effective planning and monitoring of the Gorongosa National Park (GNP) and the
Gorongosa Mountain ecosystems will require understanding of past, present and future
interactions between the biophysical, animal and human environments. The compilation,
analysis and modeling of the variables controlling these complex interactions could be
facilitated through the use of Geographical Information Systems. Park managers are
increasingly using such tools to assist them in landscape-level conservation planning,
species distribution modeling and human infrastructure monitoring and modeling, as well
as in setting priorities for specific species. While we recognize the need to address an
overall information system for the entire Gorongosa complex (including non-spatial
information), in this report, we will discuss only the important spatial data sets.
This report summarizes recommendations regarding essential data sets collection and
information systems for the effective management of the Gorongosa Park.
2- Geo-datasets Standardization and Information System for the GNP
GIS standards should be established as soon as possible, and data standards and protocols
for each GIS layer and database should be determined and adopted. Metadata must be
established for each layer, with source and scale information listing all attributes (fields)
and defining all coding information. To achieve the standardization of the data collection
for the park and surrounding area, we suggest that data sets be collected using a new tool
called “CyberTracker” (http://www.cybertracker.co.za/).
•

Cybertracker Data System Collection

The CyberTracker system was developed by Louis Liebenberg and is currently used in
many parks and protected areas in Africa including Kruger National Park (Appendix I)
for collecting field observations on wildlife, inhabitants and illegal activities.
CyberTracker is simply a tool to gather data in a very efficient way. It can be used to
gather data for scientific research, social surveys, population census, market research,
agricultural pest control and environmental monitoring. CyberTracker can be used for
any type of data gathering that involves field workers recording information away from
the office. Normally such data would be captured on paper forms and would then be
transferred to a PC back at the office. However, CyberTracker is more than just a tool.
CyberTracker represents a new way of looking at nature - a new methodology that will
make it possible to monitor the environment on a worldwide basis at a level of detail that
was not possible before (From Liebenberg, 2003).
After collection of the field datasets with the CyberTracker system or standard GPS units
in Lat/long, decimal degree, datum WGS84, the data set should be integrated into a
Relational Data Base (MS ACCESS) and into a GIS (ARCINFO). When integrated in the
GIS, results can be displayed according location, time or other data. Furthermore, the
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data set can be combined for spatial analysis with data sets from collar telemetry
surveys.
•

Cybertracker system short description

CyberTracker automatically records the time and date, a GPS position for every
observation, a unique Device User Name (for the handheld computer) and the observer’s
name. The GPS Timer can be set to automatically take a position every minute.
With a unique Device User Name and the GPS Timer readings, data can be analysed
based on the path followed by the observer. For example, CyberTracker can
automatically calculate the effort of the patrol and index of abundance for selected
observations.
Recording the names of the observers who collected the data makes it possible to validate
the accuracy of the data. The accuracy of data depends on the knowledge and skill of the
observers. Good quality data can only be ensured by high standards of training and
evaluation. Evaluations need to be conducted according to objective criteria that can
stand up to independent scrutiny.
• Cybertracker tool implementation
We recommend training the park manager and guards as soon as possible to use the
CyberTracker system. Standards should be put in place immediately to facilitate data
integration. A sub-contract with a CyberTracker expert with experience working in
conservation could be developed. Pascale Janvier or Louis Liedenberg are CyberTracker
experts and could help with field data collection protocols specific to the Gorongosa data
information needs. This will require the addition of new fields or icons and codes to the
existing standard software and the training of park rangers to use the Palm Pilot hand
units.
For the training of the park personnel, a training workshop should be developed to
include:
1- Learning how to acquire data sets with CyberTracker
2- Exporting data from CyberTracker
Creating tables with attributes containing acquisition time and lat/long position
and export in *.dbf or *.xls format readable in MS Access.
3- Storing data sets in Relational Data Base
In MS Access: Sort, harmonize data and queries for pre-analysis and to permit
linkages with GIS
4- Training in spatial analysis using GIS and data collected for selected data sets (such as
fauna, illegal activities, fires, household surveys.)
In ArcView: SQL Connect, Queries, New tables, Mapping, Overlaying and
Spatial Analysis.
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•

Proposed Information system

We recommend adopting “MIST” (Management Information SysTem), which
has been developed by Ecological Software Solutions for the Uganda Wildlife Authority
(UWA) with GTZ funding (www.uwa.or.ug). This system provides protected area
managers with up-to-date information needed for planning, decision-making, and
evaluation.
The software can be downloaded at no cost from the Internet
(http://www.ecostats.com) as well as other useful software (see Appendix II). MIST was
designed in 1999 and is now being implemented in other countries, such as Ghana and
Cambodia, and is in the process of being applied in the Virunga Park in Republic
Democratic of Congo and Rwanda. Spatial data collected by the rangers are
georeferenced using Global Positioning Systems (GPS). Current products derived from
MIST include (1) indices for monitoring wildlife populations, illegal activities (poaching,
snares, etc.), and resource harvest by local communities; (2) maps of species distribution
and illegal activities; (3) baseline information for patrol deployment planning; (4)
information on wildlife population structure; (5) performance indicators to monitor and
evaluate the implementation of annual operations plans; and (6) reports for collaborating
institutions.
MIST has spatial capacity, and land cover remote sensing derived layers can also
be built directly into the MIST GIS component. Alternatively, information from MIST
can be exported to other GIS software with Open Database Connect (ODBC) capacity
such as Arcview, Mapinfo, etc., for landscape species analysis or biodiversity modeling.
MIST can also be used to achieve the creation of an active “Remote Sensing Maps
Archive” under the existing “Digital Archive” tools menu. The use of MIST will allow
park mangers to check for time series of Landsat image and other geo-spatial products
derived from satellite imagery.
• Tracking of illegal activities
It is also recommended that a database of illegal activities, such as poaching, snares, and
illegal fishing be standardized and maintained in the MIST system. CyberTracker could
be used when physical evidence is present. Reliable hearsay and cases turned in to local
authorities should also be recorded. Each case should be followed up and its punishment
recorded in the database. Monitoring illegal activities and punishment across the region
will help identify what prevention methods have been more successful, such as early
childhood education, closing access roads, job availability, etc.
• Managing GNP research projects applications
We recommend that each researcher working in the GNP should provide a short
description of their project area, with geographic coordinates and lists of potential data
sets to be collected at the Park Research Division. Before the beginning of the research,
an agreement will be formulated with researchers concerning data sharing and
standardized data sets to be provided to the GNP GIS lab. Finally a copy of all or part of
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the data collected will be integrated in the GIS database according to the researchers’
recommendations. This will avoid conflicting research projects at the same location
(reforestation, controlled burn experiment/ long-term monitoring plots, etc.)

3- Base-map recommendations
Currently there are many GIS layers available for Mozambique; however, many are at a
broad country scale (1:200,000 or 1,000,000) and more detailed layers are necessary for
the parks. Ideally most GIS layers for the parks should be at the 1:50,000 (accuracy
within 25 meters) scale, but 1:24,000 (accuracy within 12 meters) is preferable.
Satellite imagery and GPS can also be used to collect data at this finer scale.
According to the type of application and associated mapping objectives, various types of
imagery are currently available, and the most appropriate geospatial imagery or field data
sets will need to be acquired. Table 1 summarizes the best current imagery products
according to specific applications. GPS can also be used to collect data at this finer scale.
• Gorongosa Region
Based on previous collaborative work with conservation organization in Central and
Eastern Africa (WCS, WWF, CI, etc.). We recommend using as initial base-map the
Landsat imagery at 30-meter resolution. All raster datasets can be reprojected in a
common projection such as the UTM projection, Zone 36 N, Datum WGS84 (see figure
1), while all the shape files should be reprojected in both lat/long and UTM to facilitate
their display with ARCVIEW when ARCINFO is not available.
• Gorongosa Mountain / Household survey and reforestation project
We suggest acquiring higher resolution imagery only for specific locations. Highresolution imagery will provide a good baseline data set to monitor the progress of the
reforestation project along the river systems of the Gorongosa Mountain (see table 1).
A 5m resolution black and white, panchromatic SPOT imagery for the year 2003 is
available for $5000. This image could be purchased for the 2006 field survey. If
satisfactory, we could request a 2006 image acquisition for the entire region at 5m. A
preliminary price estimate is about $80,000.
An alternative would be to test the ENSOMOSAIC for the same area. A data estimate
request has been sent to WCS in Tanzania to fly the area and acquire a mosaic of the
imagery. Initial estimates are on the order of 10 to 15K with a resolution of 2.5 meters.
Finally, a data request programmation has been sent to the Japanese Space Agency via
related WHRC NASA projects to acquire ASTER imagery at 15 m resolution for 2006.
This would be the best resolution at no cost to the project , but we do not know yet when
the imagery will be available. The existing imagery for the Gorongosa area is
summarized in Appendix III.
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Figure 1- Landsat base map for the Gorongosa region (30m resolution)

4- Preliminary GIS data layers for the management of the GNP
A draft listing of the main GIS layers needed for the park management inventory and
monitoring should be set up as soon as possible by type of goals/applications. This list
should be reviewed and updated by participants in the park management planning process
and possibly by a GIS standards committee (that could be composed of the WHRC and
University of Beira personnel). It is likely that several layers of information will be
critical for different applications and goals and that a mechanism of data exchange
between the different Gorongosa team researchers should be set up.
We summarize below the existing data sets that we have collated and organized since
September 2005 and suggest the next steps.
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•

List of layers of information already collected

More than 105 GIS data layers have been compiled by the WHRC based on data sets
available at the Carr foundation and from other sources. This list is available in Excel
format and has been sent to Franzika at the University of Beira.
The next steps regarding this list and associated data sets will be:
1- To verify projection, datum and sources for each data layer
2- To create a new archive with ARCCatalogue
3- To update the list of GIS data sets on a regular basis
4- To maintain a copy of the archived list and associated GIS data sets at the
University and at the WHRC. A backup copy should be also available at the
University and at the Carr foundation
5- To develop with Rich a data policy for the GIS data sets
•

Priority list of geographic data sets to acquire

Many GIS layers still need to be collated or generated (e.g., villages: population, main
employment, main tribe or clan, etc.), but we summarize below some of the easiest and
most important data sets that we could acquire in the short term.
•

Vegetation map

A detailed vegetation map is needed for the park. It is recommended to produce at
1:25,000 scale a vegetation map with a minimum mapping unit of 1 ha. This level of
detail was necessary when developing the management zones of several parks in Africa;
fine resolution maps are necessary to delineate critical habitat for many species. The
vegetation map derived from Landsat imagery produced in 2004 for the Carr Foundation
is still not available for integration in the data-base. We have only a small illustration
(Figure 2), and we urge the Carr foundation to request the map in a digital format (ESRI,
ERDAS, PCI or ENVI format compatible).
The development of a good vegetation map will require the acquisition of a large data set
for developing the map and ground truthing. The EnSOMOSAIC could be a very useful
tool for both developing and validating vegetation maps.

• Fire monitoring and burned area mapping
The DANIDA report identified unsustainable land-use practices such as slash-and-burn
agriculture, small-scale mining, and uncontrolled bush fires, all of which led to serious
problems of erosion and high sedimentation loads in the Pungue River and Urema Lake.
It has been reported that uncontrolled bush fires are a recurrent phenomenon in the
Gorongosa area and are believed to account for over 40% of the main causes of land
degradation (study source not provided).
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Figure 2. Vegetation map from Carr Foundation
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Fire is a traditional management tool in most of Africa. The University of Beira has
already started some discussions with local communities in the Gorongosa region to
promote less destructive fires and we could coordinate a fire monitoring activity in
coordination with the University. The fire monitoring system can be based on satellite
imagery. Some satellites take images of the earth every 2 minutes, 30 minutes or daily.
While burn scars can be easily mapped with most satellite imagery, active fires are better
mapped using MODIS, AVHRR or GOES daily or ASTER imagery on a regular basis.
Figure 3 below shows the extent of burn scars (in blue) for an extensive area in the
Gorongosa region using archive Landsat imagery from 1979. The Miombo and Mountain
forest are depicted by the colour yellow. Note that most of the fires are located in the
“Grande Val du Rift”- The Rift valley.
Figure 3: Landsat imagery – MSS from 1979- 08-29

• Land Use DINAGECA
Several land-use maps are available at the Mozambique Ministries, such as the “Carta de
Uso e Cobertura da terra Provincia de Sofola” (Figure 4). The existing digital files should
be collected by the University of Beira or a local Carr Foundation team member and
archived.
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Figure 4: Land Use Map Sofala- Carta de Uso e Cobertura da terra Provincia de Sofola

• Census Surveys- Office of Statistic
The relevant census available at the ministry (past and present) should be collected. The
2007 survey could be used as baseline population data set for the project.

• Health surveys
Several health surveys have been conducted by the government in the Gorongosa Area.
The relevant data sets in the ministries, as well as from local, regional administration,
missions and hospitals. The pertinent variables can be integrated in the health geodatabase. The data entry can be done under the supervision of Franziska in Mozambique.
CyberTracker could be also used to collect health information at the community level,
which could be combined with the household surveys.

• Household surveys
Previous surveys have been done by the office of statistics, and new surveys are planned
for 2006-2007. The next Carr surveys are planned for June 2007 and will target different
communities.
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•

Past and recent wildlife population surveys

We do not have any information from past and recent wildlife population surveys. This
information needs to be compiled and integrated in a GIS. Collared elephants and buffalo
data sets should also be integrated in GIS.
Roberto could take the lead on the species data set compilation. He can also contact the
MIKE (Monitoring of Illegal Killing of Elephant) officer in Maputo to learn more about
the methods used to collect MIKE data sets.
5- Short and long-term GIS management recommendations
While the long-term management of the geo-database will be done at the GNP GIS lab,
we recommend in the short term that the WHRC continue to coordinate the development
of the geo-data base in collaboration with Université Catholique in Beira (UCB). The
university will assist in building the Geo-database and in-country management until the
GIS lab is built at the GNP.
Personnel
The GNP needs a fulltime GIS specialist and at least one GIS assistant. We recommend
to advertise the GIS specialist position in GIS and conservation journals. For 2006,
Franziska will be hired to assist with the in-country GIS system development and start the
training of at least two GIS assistants. Until the GIS lab is built, the WHRC should
continue the supervision of the RS/GIS work, while as much of the work as possible be
implemented in Mozambique by University students and researchers. Ideally, the fulltime GIS specialist would develop, manage and update GIS layers, and offer support to
local GNP researchers. The WHRC will continue to provide assistance with GIS, remote
sensing analysis and conduct analysis and modeling activities in collaboration with GNP
research team.
Proposed short term activities
To improve the existing geo-database in 2006 and assist with the development of an
overall planning process. The following short-term activities should be addressed:
•

Proposed short-term activities for GNP personnel
• Update all roads (using a GPS unit)
• Provide maps of wildlife distribution for targeted species
• Collect telemetry data set from collared elephants and buffalo for GIS
integration and analysis
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•

Provide GPS points of animal observations, collared animal tracks, illegal
activities, etc.

•

Proposed short term activities for the Catholic University of Beira

a. Update the GIS data holding ( Franziska)
b. Verify projections of each GIS
• Reproject raster images into UTM Zone 36 N - WGS84 datum
• Reproject all shape file into lat/long and UTM zone 36 N
c. Collect pertinent GIS data sets in country (land-use map, etc.)
d. Digitize all the rivers and visible roads from Landsat and ASTER imagery
e. Validate Landsat base map (Field mission- take GPS points of land features)

•

Proposed short term activities for the WHRC
f. Organize a training workshop in collaboration with Beira University and a
CyberTraker expert
g. Continue to coordinate GIS and RS activities in collaboration with Beira
University
h. Continue to acquire geo-database in collaboration with UCM
i. Continue to develop maps of land cover change (deforestation rates)
j. Improve the vegetation maps when original digital file of this map is provided
k. Develop maps of burnt areas, and active fire dynamics and impacts on
watersheds

Hardware and software to acquire for the GNP GIS lab
1234567-

Portable computers
GPS units for all park rangers
VISOR Deluxe units (for CyberTracker system )
ARCINFO & ARCVIEW license
ENVI license to ingest satellite imagery/ preprocessing
ENSOMOSAIC license
Satellite Internet connection - Geolink (www.geolink.com, infos@geolink.fr) offers a
satellite connection for about $7000 plus a $700/month fee
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Appendix I : CyberTraker at Kruger National Park

Kruger National Park rangers and field rangers are using the CyberTracker technology to
collect field data. This system aims to benefit both the management and scientific
research of KNP through:
a) the planning of section patrols for area-integrity management;
b) acting as an early warning system for disease outbreaks;
c) identifying trends in the exit and entry points of poachers;
d) managing the control of invasive species and
e) reporting fence-breaks to the veterinary department for animal health purposes, etc.
These data also feed into existing KNP projects including wild dog monitoring, invasive
species, Varroa mite/honey bee, fire management system, archaeological inventory,
establishment of rare game and carnivore distribution patterns and estimated totals, etc.
The objectives of the CT system, therefore, not only provide all section rangers with a
tool for area-integrity-management, but also help provide answers to the various research
questions, outlined as objectives, and associated Threshold of Potential Concern (TPC) in
the new KNP Management Plan. The KNP CyberTracker system is not a tourists’
sightings logger, but scientific services have endeavored to use these data in the absence
of spatially explicit visitor sightings information.

HandSpring VISOR Deluxe unit with GPS
Magellan integrated for data collection

Lion distribution map derived from
Cybertraker
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Appendix II : Other software developed by Ecological Software Solutions

http://www.ecostats.com/
“LOAS – Radio telemetry software with a GIS interface
LOAS software is designed to calculate locations from radio telemetry studies.
With its combined spreadsheet and GIS interface you will find that LOAS is the easiest to
use and most comprehensive radio telemetry software available for Windows®.”
“Biotas - Home range and spatial statistics. GIS interface.
Biotas has been designed to assist in the analysis and understanding of
spatial and temporal data. Studies that can benefit from Biotas include, but not limited to,
those dealing with wildlife, fisheries and plant or animal ecology. Functions include
home range, habitat use, movements, nearest neighbors, spatial randomness tests and
more.”
“MIST - Management Information System.
Developed by Ecological Software Solutions for Deutsche Gesellschaft für Technische
Zusammenarbieit (GTZ)-and Uganda Wildlife Authority, MIST is a unified database
management system designed to service protected area and park management needs.”
“Shape Viewer - Free GIS software.
Shape Viewer is a free GIS and shape display program created using the ESS Shape
Viewer Objects library.”
“LOTE - Free projection conversion software.
LOTE is an easy to use geographical projection converter. The program will convert
either manually entered locations or all the locations in a file (the current version only
imports ASCII text files for universal compatibility). LOTE has been enhanced and
updated to make it even easier to use.”
“TAP - Analysis of instream temperature
TAP was developed as part of a grant with the Sustainable Land Stewardship Institute
(SLSI) and was designed to examine sequential field temperature data from data loggers
and analyze that data using build in queries and summary statistics.”
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Appendix III : Short description of Management Information System (MIST)

By Mr. Aggrey Rwetsiba and Charles Tumwesigye -UWA
Aggrey informed the workshop that Uganda Wildlife Authority started using a database
management system, which is referred to as Management Information System (MIST) in
1999. Before then, UWA used to rely on reports from the various protected areas and
from air patrols, which were made in different formats.
MIST was developed to provide protected area managers and planners with up-to-date
information needed for planning, decision-making and evaluation. It was developed as a
user-friendly application program that is easy to maintain and update, needing only a
computer and a specialist to manage the computer network.
To develop MIST they had to:
• Have a new organizational set-up: the Information Management and Monitoring,
and Research Units
• Consider technical factors such as a central database and spatial components such
as GIS, standardized data collection and processing, user-friendly programming
and easy and flexible information generation.
The guiding principles were:
•
•
•
•
•

The management of information needs; determine data collection, analysis and
outputs.
The need for standardization of data collection and outputs.
The need for geo-referenced data for planning, monitoring and evaluation.
The existence of the central information system.
A user - friendly program for sustainability.

Only data which can be processed into relevant and useful information are collected and
stored. Data collection must be easy, fast and designed to minimize data collection
mistakes during data entry. The handling of data sheets in the field must be easy and
provide for a wide range of outputs. All data are geo-referenced using a Global
Positioning System.
MIST outputs include:
• Geo-referenced data that enable calculation of distance related indices e.g. an
elephant sited per kilometer; snares collected; and costs per kilometer. However,
indices could be calculated from non geo-referenced data, e.g., amount of
resources harvested and effort required for the harvest of a particular resource.
The indices are used for monitoring wildlife populations, illegal activities and
resource harvest by local communities.
• Distribution maps for planning and monitoring.
• Baseline information for patrol deployment planning.
• Performance indicators to monitor implementation of Annual Operations Plans.
16

Appendix III ASTER mosaic for Gorongosa region:

List of ASTER data sets acquired in 2005
AST_L1B_003_10022000081921_12232003113203_corr.hdf

2000-10-02

AST_L1B_003_10022000081930_12072001112012_corr.hdf

2000-10-02

AST_L1B_003_10022000081930_12232003112006_corr.hdf

2000-10-02

AST_L1B_003_10022000081939_12232003131603_corr.hdf

2000-10-02

AST_L1B_00302112005075815_02242005150544_corr.hdf

2005-02-11

AST_L1B_00302112005075824_02242005150626_corr.hdf

2005-02-11

AST_L1B_00302112005075832_02242005150859_corr.hdf

2005-02-11

AST_L1B_00311212003075958_12022003114216_corr.hdf

2003-11-21

AST_L1B_00311212003080007_12022003114336_corr.hdf

2003-11-21

A data acquisition has been planned for 2006***
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