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Riassunto: Agro-MAPS is an interactive web-based information system on land use which was created specifically to support several key global applications requiring sub national statistical data on crop production, area harvested, and yields. These selected statistics represent a limited, yet important component of agricultural land use. In response to user needs, data are provided in both vector and raster formats. The system allows users to query and browse interactively the geo-referenced statistical data in the form of maps and subsequently to download data and maps for a selected country or region of interest. The data can also be processed interactively on the Agro-MAPS web site in order to display maps of locally and regionally important crops. A broad range of land-use applications relevant to rural development is supported by Agro-MAPS data. These applications span a range of nationally to globally important issues, including food security and poverty, sustainable land management, climate change, as well as policy formulation and planning. This paper describes the potential use of Agro-MAPS data for the development of selected land-use indicators which are relevant to these issues, as well as a recent application in the characterization of national and global land-use (farming) system maps. Such maps are also of value as spatial planning and policy frameworks in support of rural development using a ‘territorial’ approach.
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1. Introduction

1.1 Land issues of relevance to rural development
For many developing countries, policy issues on land resources within the context of rural development can broadly be linked to Millennium Development Goals 1 (Eradicate extreme poverty and hunger) and 7 (Ensure environmental sustainability)(Millennium Ecosystem Assessment, 2005). Some major recurrent and emerging land-use (LU) issues which influence progress by countries toward these goals are briefly described below.
Goal 1

· Where and what LU changes are needed in order to enhance food security and poverty? This is a recurring issue made more urgent in view of recently reported slow progress toward the 1996 World Food Summit goal to reduce by half, between 1990–92 and 2015, the number of undernourished people 
 (FAO, 2008a) 
· How to minimize the risk of poorer farmers in insecure tenure conditions being driven to increasingly marginal lands as a consequence of high demand for bio energy production.
· How to cope with land scarcity due to low national endowment in suitable cropland relative to needs? This issue has been exacerbated by recent trends of large- scale sovereign-backed acquisition of croplands for irrigated crop production. Such acquisitions, which often occur with little to no involvement of local stakeholders, increase competition for water resources and may lead to water scarcity. 

· What are the likely impacts of climate change on land suitability and land use? There is a need to encourage appropriate adaptation of existing land-use (production) systems to expected changes in rainfall and temperature patterns

· Increasing global urbanization tendency. The proportion of world population in urban areas is expected to grow from 47% in 2000 to 60% in 2030 (UNHABITAT, 2009). This highlights differences in peri-urban vs. rural needs, in terms of use of land and water resources, and the need for adequate information on land use along with appropriate means for deciding on land use options.

· Highly variable food prices. What investments and land use changes are needed to maximize opportunities to the vulnerable poor who spend a large % of household income on food and would be adversely affected by high prices?
· What are the expected impacts on rural development in the major centers of present-day crop production as a result of adoption of new agricultural technologies?
Goal 7
· Land degradation. What LU options should be promoted and where in order to reduce the social and economic impacts of land degradation?
· Sustainability of current agro-ecosystems. What LU changes are needed to ensure that levels of social, economic and environmental benefits concurrently fall within limits considered acceptable by stakeholders, on a long-term basis?
· Food versus environmental trade-offs. Biodiversity may be negatively affected by changes in LU – e.g. (i) replacement of forests by cropland in order to meet food production needs. (ii) The production of bio energy crops in order to mitigate climate change may reduce food crop production and lead to higher food prices.
A key element in objective decision making on these land-related issues is access to appropriate information, including statistics – at policy relevant scales on the endowment in natural resources of a given country or region as well as on how these resources are used within the given socio-economic setting i.e. the land use. Here, land use refers not only to the socio-economic purpose of activities undertaken in order to obtain desired benefits from the land (e.g. crop or livestock production), but also to information on the land management (e.g. rain fed vs. irrigated, use of fertilizers, mechanization, etc.) which is applied in order to obtain such benefits. 
There is relatively little treatment of land-related issues in Chapter II (National and international rural development policies) of the current handbook on Rural households’ livelihood and well being (Wye City Group, 2009). A main objective of this paper is therefore to show how existing statistical data available within the Agro-MAPS land use information system – when analyzed in combination with other relevant datasets -  could be useful for meeting the information needs of decision making on some of the critical issues outlined above. In particular, the paper shows how these data could be used to develop several useful indicators at sub national scale as well as their application in the mapping of major land use systems at policy-relevant scales (sub national to regional) in support of land degradation assessment and remediation. The LU system maps serve as spatial ‘livelihood-based’ frameworks in support of targeted policy interventions. This framework is consistent with the gradual shift from a ‘sectoral’ to a ‘territorial-based’ approach to rural development policy formulation in developing countries described in Chapter II.3 of the handbook (Wye City Group, 2009).

2 Agro-MAPS

2.1 Origins and key database characteristics
Agro-MAPS is an interactive web-based information system on land use which contains statistics on primary food crops, aggregated by sub-national administrative districts, on crop production, area harvested and crop yields (Agro-MAPS, 2009). The database was originally developed as a joint initiative by FAO, IFPRI (the International Food Policy Institute), SAGE (The Center for Sustainability and the Global Environment) and CIAT (The International Center for Tropical Agriculture) to support a variety of applications being developed separately by the three institutions. Agriculture is a major source of employment and use of land in many developing countries. The raw statistics and directly derived information available through Agro-MAPS therefore represent a limited, yet very important component of land use.
Agro-MAPS permits regional to global overviews of crop production statistics and their spatial variation with a sub national level of detail. Agro-MAPS data are obtained mainly from published reports on national agricultural censuses, usually carried out every 5 to 10 years, or from annual estimates reported in published sources. The data are subject to minor pre processed in order to ensure overall consistency and enhance accuracy of the final integrated database. This includes (i) replacement of non-standard crop names and statistic descriptions with standardized FAO unique identifier codes
 (ii) conversion when necessary, of data on ‘production’, ‘area harvested’ and ‘yield’ to standardized reporting units (i.e. metric tons, hectare and metric tons per hectare, respectively). Where possible, differentiation is made between ‘not reported’ and true ‘zero’ values. Basic meta-data, including citation of original sources, are included.
Agro-MAPS contains data aggregated at the first and second levels of administrative subdivision below the national level. The statistical tables include unique identifier codes (NUTS
 for European countries, and SALB
 for most other countries) for the administrative districts in each country. The codification schemes allow ready visualization of the tabular data as maps. Emphasis has been placed on compiling recent data; however, data covering multiple years are also available for many countries. Data for a total of 134 countries (130 countries at admin1 level and 59 countries at admin2 level), from six geographic regions (Africa, Asia, Near East in Asia, Latin America and the Caribbean, North America and Oceania) and representing approximately 92 percent of the world’s land surface, are currently available in Agro-MAPS. It is planned to improve further Agro-MAPS contents and coverage through distributed updating of site contents by partner institutions. 

Access to the latest Agro-MAPS data is facilitated through an Interactive web site. Users can interactively browse the database and download statistical data in a variety of output formats (csv, dbf, xml) as well as the related shapefiles. Users can also create, for a selected country or region, thematic maps showing the spatial distribution of crop production, area harvested and yields, by year (or for the latest year for which data are available). Data distributions can be examined and display legends subsequently modified dynamically. The system can also generate interactively maps showing locally important crops or user-definable crop groupings, based on relative contributions of individual crops or crop groups to the total harvested area for a given administrative unit (see below). 
2.2 Adding value

The Agro-MAPS database is essentially a compilation of existing publicly available statistical data. However, it contains information of added value in the following key aspects that are of interest to a wide range of applications at sub national to global scales (see Annex). 
· The database is a standardized global compilation of sub national data – in contrast to national aggregates available in FAOSTAT. Agro-MAPS thus facilitates regional to global analyses and perspective studies with a sub national level of detail which allows for better geographic targeting of interventions within countries.
· Data are geo-referenced and available in both vector and raster formats so as to facilitate ready integration with multiple user applications.

· The basic statistics are used to compute derived information, notably (i) the identification of locally important crop (or FAO crop groups). This information is a required input for the characterization of land use systems as described in the section which follows (ii) Agro-MAPS data are combined with other data in order to produce land-use indicators of relevance to a variety of rural development issues.
The application of Agro-MAPS data to the characterization of land use systems and the development of indicators of relevance to MDG goals 1 and 7 is outlined in the following section.

3 Selected applications of Agro-MAPS data

3.1 Mapping and the characterization of major land use systems 
Land use systems are areas representing significantly distinct geographic assemblages of three major land-use characteristics: (i) the natural resources base, (ii) current land use and management, and (iii) the socio-economic setting, which influence the choice of land use and management options (George and Petri, 2006). These three classes of criteria inform on, among others, the inherent potentials and constraints of the resources base under prevailing socio-economic conditions. A LU system map therefore provides a useful spatial basis of ‘stratification’ for the purposes of tailoring planned interventions according to geographic zones sharing broadly similar characteristics of relevance to rural development. LU system maps therefore support an integrated ‘livelihoods’ (as opposed to a focused sector-based) approach to rural development planning. They facilitate analyses not only of problems but also of opportunities for appropriate interventions.
In practice, maps of LU systems are created by spatial integration of relevant data corresponding to each of the 3 major land-use characteristics with the aid of geographic information systems as well as with input of expert local knowledge (George and Petri, 2006)(CSE, 2007). Expert knowledge is often a key requirement for mapping at national to sub national scales in order to overcome limitations in accurately delimiting small, yet locally significant LU systems, during the integration of spatial datasets which may vary widely in spatial resolution. 
During the creation of the LU system maps, data from Agro-MAPS are used to identify sets of locally-important (dominant)crops which are associated with areas in which cropping is considered significant as interpreted from land-cover information derived from remote sensing imagery. Locally-important crops for each administrative unit are identified by noting which set of crop(s) having the highest relative percentages of total harvested area together just exceed a predetermined threshold percentage (75%) of the total harvested area for the administrative unit in question. A range of attributes (biophysical, socio-economic) could be linked to each land use system map in order to broaden its eventual usefulness for various applications. Dominant crop groups
 (e.g. root crops, cereals, tree crops...) distinguish cropping activity within various agro-ecological zones. Such groupings were also a key element used by Dixon et al (2001) in characterizing land into broad farming systems using a predominantly expert-based approach in which on-site as well as off-site characteristics considered important in defining livelihoods (e.g. off-site income) were used in determining system boundaries. The farming systems were used to identify specific agricultural and rural development needs and opportunities, including priority areas for investment to counter food insecurity and poverty. Off-site characteristics are not considered in LU system mapping owing to the general unavailability of relevant spatial data.
A map of major land use systems at a global scale was recently created using GIS analyses only for the LADA project (Nachtergaele and Petri, 2008) (LADA, 2009). At national level, LU systems are used in the LADA project to guide assessment of the type and severity of land degradation as well as plan appropriate remedial measures, including policy formulation for rural development. Selected results for Senegal are presented in Figures 1 and 2. 
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Figure 1: Map of locally important crops at departmental level in Senegal, reproduced from data generated interactively on the Agro-MAPS website.
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Figure 2: Map of the major land use systems of Senegal overlain with administrative boundaries (Centre de Suivi Ecologique, 2007). Observations on land-management practices and land degradation within each land use system are aggregated to each administrative unit.
3.2 Facilitating a ‘territorial’ approach to addressing land issues

Preliminary insights on livelihoods which could be of priority concern in achieving progress towards MDG1 may be obtained by more in- depth analyses of LU system maps. Specific analyses could target, for instance, the identification of ‘hotspot’ areas requiring priority attention for remedial actions by mapping areas which are (i) characterized simultaneously by high poverty, high population density and high levels of land degradation (ii) subject to highest relative pressures on the sustainability of agro-ecosystems as determined from spatial analysis of globally available data on several key environmental and socio-economic factors (George et al, 2009). The outcomes of these analyses support decision making in rural development in that they are indicative of pressures influencing changes in land-use, migration rates, and rural employment opportunities. 
4. LU indicators

Agro-MAPS data, either alone or in combination with other data on the natural resource base or socio-economic setting are useful for developing indicators relevant to most of the land issues presented earlier under ‘Introduction”. Indicators which inform specifically on land degradation and land scarcity include the following:
· Percent changes in (i) crop production, (ii) area harvested or (iii) yields (however, changes may be affected by fluctuations due to land management and rainfall) 
· Percent changes in (i) per capita crop production or (ii) per capita area harvested
· Proportion of harvested area to total suitable land (Note: this differs from ‘ratio of arable land to total land area’ cited in FAO, 2008b)
· Cropping intensity (i.e. harvested area/cropland area). This indicator could be calculated for cases where crop data are comprehensive and the extent of cropland is known. It is useful for estimating future food production under given conditions of the availability of land suitable for cropping and population growth. 
· Yield gap. Difference between potential yields and actual yields available from Agro-MAPS. Potential yields can be predicted from agro-ecological modeling or through field trials which examine crop response to plant nutrients. The FERTIBASE information system contains data from field-trials on yields within selected agro-ecological zones for the main crops of a country (FERTIBASE, 2009). Mapping of yield gaps allow geographic targeting of regions where productivity gains having predictable positive impacts on crop production and eventually rural employment and increased food security, are possible.
5. Concluding remarks
The Agro-MAPS land use information system facilitates access to sub national aggregated statistics on area harvested, production and yields, on a global basis. These data, especially when combined with other widely available information, are useful for a range of user applications, including the mapping of land use systems at various scales. Such systems facilitate the adoption of more effective ‘territorial’, rather than sectoral-based, approaches to planning and policy formulation for rural development. The data are also useful in developing a range of indicators at a sub national level on recurrent and emerging issues related to land resources and MDG goals 1 and 7.
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Annex: Selected applications in which Agro-MAPS data are used
(Extracts from an Agro-MAPS user survey conducted in April 2009)

Climate change

· GIS-based cropland GHG inventory for Burkina Faso and Tanzania
· Carbon sequestration calculation 
· MSc research project aiming to upscale the emissions of the ozone depleting gas methyl bromide
· research on carbon sequestration in croplands
Land-use (policies; assessment; planning)

· Land use assessment in calculating arid and semi arid land area in Kenya

· Plantation planning
· Comparing yields between SSA and LA
· Biofuels policies impact on land use

· For presentation of sugarcane production areas under cultivation and yield in India
· For research Purpose- Land-livestock planning on country scale
· Data Preparedness for response to emergency
· Preparation of seminar on food security

Investment and marketing
· Investment research
· Preparing analyses for sales department
· Size markets in Argentina and Brazil
· Soybean production in Madhya Pradesh research
· Researching oil palm industry in DRC

· Gain understanding of African agricultural imports/exports 

· Food production and consumption in Asia
Environment analyses and management
· Geospatial analysis for evaluating North American and European Union ecological areas for pesticide dissipation studies project

· Ecological Region analysis North America and EU
· Establish GIS database for environment management

Academic and scientific
· Modeling exercise on water use

· Research on Crop Growth Modeling

· Bio-fuels research
· Change in indigenous land practices since 1950 
� The Millennium Development Goal 1, target 3 is to halve, between 1990 and 2015, the proportion of people who suffer from hunger.


� FAOSTAT � HYPERLINK "http://faostat.fao.org/site/567/default.aspx#cible" ��http://faostat.fao.org/site/567/default.aspx#cible�


� NUTS � HYPERLINK "http://ec.europa.eu/comm/eurostat/ramon/nuts/splash_regions.html" ��http://ec.europa.eu/comm/eurostat/ramon/nuts/splash_regions.html�


� Second Administrative Level Boundaries project � HYPERLINK "http://www3.who.int/whosis/gis/salb/salb_home.htm" ��http://www3.who.int/whosis/gis/salb/salb_home.htm�


� Selected major FAO crop groups: (i) Cereals – e.g. wheat, rice, barley, maize, oats, millet, sorghum, fonio; (ii) Roots and Tubers – e.g. potatoes, cassava, yams; (iii) Pulses – e.g. beans, peas, lentils; (iv) Oil bearing crops – e.g. soybeans, groundnuts, oil palm, olives, sunflower seed, sesame seed, cotton seed; (v) Vegetables (vi) Fruits 
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