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1. 
INTRODUCTION

Fisheries and aquaculture can make significant contributions to world food security, poverty alleviation and to social and economic stability, thus contributing to the fulfilment of the Millennium Development Goals
.  Fish is an excellent and inexpensive source of protein and, in many countries in Africa, provides the predominant source of protein.  However recent figures indicate that per capita consumption of fisheries products in Africa (8.2 kg) is half the level of that in the rest of the world (16.5 kg)
.  In fact, Africa is the only region that has seen recent decreases in per capita consumption of fishery products.

For Africa, as for most regions of the world, production from capture fisheries is expected to remain constant, at best, and perhaps even to fall in the coming years.  Increasingly, production from aquaculture will be expected to fill in the gap arising from decreased production from capture fisheries and increasing population.  Due to various constraints including the lack of appropriate governance mechanisms and quality feed and seed resources, this potential has not been realized in Africa. But there are hopeful signs that Africa may be on the verge of a period of rapid development in the aquaculture sector, spurred on by commercial opportunities in the private sector and increased attention from national governments.

In August of 2005, the New Partnership for Africa’s Development (NEPAD) – Fish for All Summit concluded with the adoption of the Abuja Declaration on Sustainable Fisheries and Aquaculture in Africa.  The Declaration endorses an Action Plan based on five key areas: supporting capture fisheries, developing aquaculture, improving fish market chains, increasing benefits from fish trade and supporting decision makers with information
.  Furthermore, the FAO Committee on Fisheries Sub-Committee on Aquaculture endorsed the establishment of a special program to promote aquaculture development in Sub-Saharan Africa
.

II.
FISHERIES STATISTICS ACTIVITIES AND INITIATIVES IN AFRICA 
In light of the importance being placed on fisheries resources, the need for improved data and information is clear.  Several recent activities have contributed to improving information on the fisheries and aquaculture sectors in Africa.

The 2010 Programme for the World Census of Agriculture includes guidelines for including aquaculture activities in agriculture data collection. The degree to which aquaculture is included by a country would depend on the degree of development of the sector, the resources available and the national priorities.  Countries have the opportunity to tailor the WCA to meet their needs.  At minimum, countries are recommended to document the presence or absence of aquaculture activities (and/or inland capture fishing) within the agricultural holding.  In the best case, the country would undertake a combined, complete census of agriculture and aquaculture.  

Currently, FAO is working with the United Republic of Tanzania, the Republic of Uganda, the Republic of Kenya, and the Lake Victoria Fisheries Organization on a project aimed at improving data collection for aquaculture in the Lake Victoria region.  Many economic variables aimed at estimating farm productivity are being collected in an effort to develop general models to allow current and prospective farmers to assess potential profitability in the aquaculture sector.  The results of this project will be available through the project Web site and it is hoped the models derived can serve as examples for other countries.

For capture fisheries, the FAO FishCode STF (Improving Status and Trends Reporting for Capture Fisheries) project recently held the Sub-Regional Workshop on Improving Information on Status and Trends of Capture Fisheries in the West Central Gulf of Guinea region.  Participants discussed project proposals for the improvement of their fishery information systems.

The remainder of this paper focuses on the potential use of Geographic Information Systems (GIS)
 and remote sensing for data collection activities for fisheries and aquaculture and, by extension, for agriculture.  In particular, the African Water Resource Database (AWRD) is highlighted.
III.
GIS TOOLS FOR FISHERIES AND AQUACULTURE STATISTICS 

3.1 
Issues

There is an urgent need for better data on inland fisheries that could be interpreted in both economic and ecological terms. Reporting should be by water bodies, individually or in clusters, and should enable considering the information in terms of river and lake basins. The fundamental problem for the sustainability of inland fisheries today remains the lack of quantitative data. This stems from an even more basic lack of information on the locations and expanses of waters that support inland fisheries. Without such basic information, estimates of production and the socio-economic aspects of fishing will always be incomplete, and comprehensive estimates of inland fishery potential and the impacts of environmental changes on fishery resources cannot be gauged
.

There is a lack of accurate information on fisheries and aquaculture structures. Inventory and monitoring of this resource is extremely important for governments as this generates baseline information for the proper development of fisheries and aquaculture, which in turn affects regulatory laws, environmental protection and revenue collection. However, traditional data collection methods, especially those conducted in remote tropical and subtropical areas with poor access are often inadequate to generate the amount and precision of data necessary for this purpose.
3.2 
The role of geographic information systems and remote sensing in fisheries and aquaculture statistics

Most sustainable development decisions are inherently multidisciplinary or cross-sectoral, because they require trade-offs between conflicting goals of different sectors. However, most natural resource development agencies are single-sector oriented. GIS can help establish cross-sectoral communication by providing not only very powerful tools for storage and analysis of multisectoral spatial and statistical data, but also by integrating databases of different sectors in the same format, structure and map projection in the GIS system.

FAO deals continually with issues of development and management of renewable natural resources. Soil, water, climate, plants, animals, people and the ways in which they interact are at the heart of the FAO mandate to assist developing countries to increase food production and to provide food security. FAO is a source of global, regional and sub-regional information on land-use planning and management, and provides technical assistance in these areas to member countries. Meeting these responsibilities requires the collection, analysis and dissemination of massive amounts of different kinds of information: about soils, rainfall, vegetation and land uses; locations of towns, highways, railroads and waterways; figures on population, income, health and nutrition, just to name a few. 

GIS, remote sensing, agrometeorological and other environmental observations assist in acquiring and processing data for addressing a variety of key issues related to environment and natural resources management, food production and food security, coastal zone monitoring, desertification, biological diversity, energy and climate change impact. Geo-referenced data from other sources, for example, socio-economic data, can also be combined with environmental data for more in-depth analyses. 

Aquaculture plays an increasingly critical role in the global economy, and fisheries are vital for poverty alleviation, food security and recreation. As recognized in the FAO Code of Conduct for Responsible Fisheries (CCRF), sustainability is a fundamental management and development requirement for both sectors. Many of the issues important for sustainability are either entirely spatial or have important spatial elements. The use of GIS and remote sensing are increasing in fisheries and aquaculture management and provide the tools for addressing issues of habitat quality, ecosystem management and suitability of site and zoning, which can support decision-making. 

In general, data collection methods on fisheries and aquaculture statistics in many areas are often based on the application of traditional methods of government fishery officers. There are two general means to obtain information on fisheries and aquaculture statistics: 

a) direct measurements through frame surveys; catch assessments surveys, census at landing sites, counting number of fishers, gears, boats, etc. and
b) indirect measurement using GIS and statistical modeling, interpolation, and Remote Sensing, 

Direct measurements have not been adequate to represent the entire diversity of informal or small scale inland fisheries and are best used for large-scale, managed fisheries. Practical alternative approaches to information collection are agricultural surveys, consumption studies, including household surveys; use of geographic information systems (GIS) coupled with remote sensing; market surveys and co-management or fishery group surveys.
What makes GIS different from other kinds of computer analysis tools is that GIS incorporates both statistical attributes (e.g. statistics, soil type, vegetation type, etc.) and spatial attributes (including both location and spatial relationships with neighbours), and is capable of both displaying these data in thematic maps and conducting sophisticated statistical analysis.
3.3 
Potential for GIS and remote sensing to improve statistics on inland fisheries and aquaculture at the Aquaculture Management and Conservation Service (FIMA)

A framework in which to organize information about inland fisheries and aquaculture is embodied in the African Water Resource Database (AWRD)
. The AWRD is a set of data and custom-designed tools, combined in a GIS analytical framework aimed at facilitating responsible inland aquatic resource management with a specific focus on inland fisheries and aquaculture. 

The basis for the AWRD originated with an earlier project entitled the “Southern African Development Community Water Resource Database” (SADC-WRD) coordinated by the Aquatic Resource Management for Local Community Development Programme (ALCOM). The AWRD was designed based on recommendations of the Committee on Inland Fisheries for Africa (CIFA) and represents both the continuation and enhancement of the body of work resulting from ALCOM’s earlier efforts. The main objective of the AWRD effort is to facilitate responsible inland aquatic resource management, thus proving a valuable instrument to promote food security. 
The AWRD data archive includes an extensive collection of datasets covering the African continent, including: surface waterbodies, watersheds, aquatic species, rivers, political boundaries, population density, soils, satellite imagery and many other physiographic and climatological data. To display and analyse the data, it also contains a large assortment of new custom applications and tools programmed to run under version 3 of the ArcView GIS software environment (ArcView 3.x). There are six analytical modules within the AWRD interface: 1) the Data and Metadata Module; 2) the Surface Waterbodies Module; 3) the Watershed Module; 4); the Aquatic Species Module; 5) the Statistical Analysis Module; and lastly, 6) the Additional Tools and Customization Module. Many of these tools come with simple and advanced options and allow the user to perform analyses on their own data.

At present it is difficult to either itemize all of the potential applications of the AWRD or to weigh the expected benefits. Nonetheless, drawing upon the best practices reported from the original SADC-WRD, and based on the design parameters of both the interface and data, one of the expected benefits of the AWRD is the improvement of inland fisheries and aquaculture management through improved reporting practices, improved generation of statistics organized ecologically by waterbody, river and lake basins, and improved communication of results from inland fisheries and aquaculture planning.

The Department of Fisheries and Aquaculture of FAO provides instant online access to a number of Web-based information systems, publications and many other information sources on aquaculture. The National Aquaculture Sector Overview (NASO) provides a general overview of the aquaculture and culture based fisheries aspects at the national level. FAO is currently preparing NASOs for more than 100 FAO member countries. NASO maps could potentially be enhanced by using the AWRD to inventory and monitor aquaculture sites, and/or to ingest aquaculture site locations from NASO maps to conduct site suitability and zoning assessments. 

3.4 
Examples of field projects that will be used as case studies for aquaculture and inland fisheries data collection using GIS and remote sensing

There is a wide range of potential users of the AWRD in the domains of environmental sustainability; continental, regional, national and local development planning; and research and education. In data-poor countries, the AWRD tools and data archive provide a jump start for the local institutions, non-governmental organizations (NGOs) and water resource committees in terms of identifying areas either most at risk or in need of water and fisheries-related development interventions. The AWRD may be most suited in local areas for the identification of specific data gaps, and represents an important and easy-to-use resource that can be employed in community meetings, discussions with local leaders, and strategic planning sessions with subnational administrative authorities.

A number of opportunities to implement the AWRD data and tools in Africa have already been identified. During 2008, the AWRD will be used in two FAO Technical Cooperation Projects (TCP) to assist in the elaboration of a plan for the development of aquaculture using practical examples of profitable aquaculture in the Republic of Cameroon; and in the Islamic Republic of Mauritania the AWRD will be used to support the formulation of a strategic framework and a plan for sustainable development of fisheries and inland aquaculture. Collection and analysis of statistics on inland fisheries and aquaculture will be explored in both projects using the AWRD.

3.5 
Relevance to agriculture

The use of GIS depends on how the statistics are gathered by each country. Most countries do not use GIS and Remote Sensing techniques for agricultural statistics. FAO has been using GIS to display and publish data on agricultural statistics. For example “AgroMaps”, uses GIS to display information on crops at three administrative levels (http://www.fao.org/ag/agl/agll/agromaps/datasource.jsp), and information on irrigation is provided by FAO as maps (http://www.fao.org/nr/water/aquastat/irrigationmap/index.stm).

In many developed countries remote sensing is often used to establish strata for area frame sampling
.  The National Agricultural Statistics Service (NASS) of the US Department of Agriculture
 has used satellite imagery for two decades to enhance its program of crop acreage estimates. One of the applications of Remote Sensing analysis produced at NASS is the Cropland Data layer. Relevant land use classes for fisheries and aquaculture are provided by the Cropland Data layer therefore synergies between agriculture and fisheries and aquaculture should be sought. In Europe, the LUCAS “Land Use/Cover Area frame statistical Survey" pilot project was launched by Eurostat in 2001
, in close collaboration with the Directorate General for Agriculture and with the technical support of the Joint Research Centre ISPRA. At a national level, Hungary elaborated their agricultural statistical system
, the first really significant GIS system of the Hungarian Central Statistical Office. 

Methodological studies on alternative methods for data collection on crop area and production using more modern techniques, including remote sensing, for agricultural statistics are being explored at FAO. The Forest Resources Development Service of FAO is currently leading  a TCP  on Integrated Land Use Assessment (forestry and other land uses) using a regular grid sampling statistical approach in the Republic of Kenya  and the Republic of Zambia, and a related approach in the context of another TCP project in the Republic of Sierra Leone on land use planning will be led by the Natural Resources Management and Conservation Department of FAO.

The scope of analyses possible via the AWRD is by no means restricted to fisheries and aquaculture reporting or planning. Indeed, due to the diverse range of spatially referenced data at multiple scales and the large number of robust data management and spatial manipulation tool-sets, land managers and analysts from many disciplines may use the AWRD to answer a wide variety of management questions or research problems. The AWRD can support developing planning, biodiversity and environment issues, as well as spatial visualization and mapping and downstream impact assessment. Therefore, the AWRD could be used as a tool to analyze, display and publish data of agricultural statistical subjects, furthermore it can support regional level examinations of results of the agricultural census concerning survey on food crops such as vineyards and fruit trees. 

IV. 
COORDINATION AND COMMUNICATION

Coordinating the collection of fisheries and aquaculture data with agriculture data collection can help optimize the limited resources available for data collection and make more efficient use of the statistical capacity within the country.  It may be the case that the national statistics office or the agricultural statisticians have more technical experience in statistics and data collection than do officers in the fisheries ministry, and therefore communication and coordination among the agencies is essential to optimize this statistical capacity. Officers responsible for fisheries and/or aquaculture should be involved in all aspects of the development of the data collection process.  Results, or raw data, from the core questionnaire should be communicated to the appropriate resource people within the fisheries department.  For their part, after results are analyzed they must be communicated back to officials in the agriculture ministry to ensure that the contribution of fisheries and aquaculture is recognized and accounted for by the national government.

V. 
CONCLUSIONS AND DISCUSSION
The Commission is invited to review the AWRD and to provide guidance to members and FAO, as well as other agencies and international organizations, on how to fully benefit from the use of GIS tools to improve or facilitate the collection and analysis of statistics to improve decision-making. In particular, the Commission may wish to emphasize the following activities which are considered important for the future use of GIS and development of the AWRD:
· Support the development of alternative methods for data collection and analysis using modern technique such as GIS and Remote Sensing;
· Identify mechanisms to assist countries to facilitate the organization of national level fisheries and environmental data collection, storage, and the manipulation and analysis of data within a version of AWRD specifically modified for countries in Africa;
· Establish cooperation and collaboration for the use and development of the AWRD in FAO member countries;
· Develop strategies to promote research, education, training and decision-making, using the AWRD.

The Commission is also invited to consider strengthening GIS capacities at the national level to enhance agriculture, fisheries and aquaculture statistics data collection and analysis. Finally, the Commission is invited to consider the potential for including the collection of basic fisheries and aquaculture data within their agricultural data collections, and to share experiences and opportunities for collaboration with colleagues within the fisheries and aquaculture field.  
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