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1. Why Map Livestock? 

“Livestock make an important contribution to most economies. Livestock produce food, provide security, enhance crop production, generate cash incomes for rural and urban populations, provide fuel and transport, and produce value added goods which can have multiplier effects and create a need for services. Furthermore, livestock diversify production and income, provide year-round employment, and spread risk. Livestock also form a major capital reserve of farming households. Because of livestock's contribution to societies, human and economic pressures can direct livestock production in ways detrimental to the environment.” 
 

Though these roles alone justify considerable efforts to map the distribution of livestock in as much detail as possible, there are several other incentives to devote significant resources to what has been termed ‘livestock geography’. These include (in no particular order):

· the need to locate the environmental impact of livestock, through greenhouse gas emissions, vegetative cover and botanical composition, overgrazing and land degradation, nutrient balance and effluent pollution
;

· the use of livestock data in (rural) poverty indicators or in identifying livelihood strategies, primarily in developing countries, and increasingly in remote areas – thereby contributing to development targeting;

· the need to determine levels of financial subsidies or tax liabilities;

· assessing livestock production and its requirements in relation to cropping: particularly important in this context is the need to identify and project the likely demand for livestock feed, the land resources required to produce it, and the potential for conflict with the requirement for producing crops for direct human consumption;

· assessing livestock production and its requirements in relation to other possibly competing natural resource sectors (wildlife, forestry, amenities); and 

· prioritising agricultural and environmental research
. 

Ancillary to these is the necessity of estimating animal populations at risk from current and emerging diseases, and the possible consequences of disease induced restrictions (such as those imposed on the movement of people in the recent Foot and Mouth epidemic in the UK) on other sectors of the economy, such as tourism. Livestock disease mapping and the associated spatial/temporal epidemiological modelling
 (used to aid the management of disease outbreaks and compare the values of alternative disease controls) are burgeoning fields but have been specifically excluded from this overview. 

The livestock are not monospecific. Bovines (cattle, buffaloes and yaks) have long been, and continue to be, widely perceived as the most important livestock species, presumably because they are large (and hence relatively valuable), they produce a range of valued commodities (meat, milk, hides), their ownership brings with it comparatively high status, and they are a major source of draught power. 

In some ways, however, the other livestock are more significant: sheep, and particularly goats, are more widely owned by the rural poor, and are suited to a wider range of environments; the monogastric species (poultry and pigs) are less tied to the land, and are well suited to intensive or peri-urban production, whilst remaining a feasible source of protein for rural farmers. Less ubiquitous species such as camels and llamas, or less numerous ones like horses, donkeys and asses, all have significant roles in rural economies.

As a consequence, it is important to remember that monitoring or mapping livestock should incorporate as many species as possible. This is justified, not just for the sake of completeness, but because the species composition of a livestock population can provide important clues as to the type of livelihoods they support, as well as the markets being supplied, and an area’s vulnerabilities or resilience to environmental or economic changes. In addition, the increasing human population, and the accompanying urbanisation is driving a ‘Livestock Revolution’
 - the move away from ruminant livestock keeping towards landless animal husbandry, based on relatively intensive production of short-cycle or monogastric species (pigs and poultry). Livestock species composition is thus a dynamic quantity that imparts useful information in its own right.
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Details of animal numbers are only a part of the information required to effectively describe livestock systems. A wide range of additional parameters are needed to provide a useful information base – summarised in Box 1. 

All are amenable to mapping, provided the units used are carefully chosen – for example displaying numbers per country gives a radically different impression to numbers per square kilometre, whilst expressing animal populations in terms of weight (biomass) rather than numbers provides a perspective that is different again, but allows several species to be combined into a single measurement, such as the Tropical Livestock Unit (TLU). 

In general, however, the availability of these types of information is heavily scale and development dependent: numbers, biomass, production, and trade figures are available globally but usually at country level only for developing countries, and at census unit level for industrialised countries; herd composition, socio-economic, and productivity data tend only to be available for small areas within developing countries, often corresponding to in depth surveys of development project areas; but may again be archived at census unit level for more developed nations.

Livestock populations are not static. Their numbers tend to increase with human populations and in concert with cropping levels
. Similarly the production, productivity, socio-economic, economic, and epidemiological aspects of livestock information vary in time. Furthermore, many livestock distributions change with the seasons, with droughts and most probably with the advent of climate change. 

The numbers of many livestock populations, most especially those in developing countries or marginal environments, also vary with the seasons, as a consequence of traditional management practices such as transhumance and nomadic pastoralism. Mapping such populations may not prove feasible, but the potential contrast between wet and dry season distributions which result from transboundary movements, is a major factor to be considered when comparing population estimates from different times.

The transboundary nature of many livestock related distributions – resulting either from movement, or from the influence of environmental rather than administrative determinants of animal distributions – means that the scale of mapping can markedly affect the interpretation of the results displayed. Where movement is widespread, then regional maps of mean annual populations may be most appropriate, and small scale or limited coverage maps may be seriously misleading, as they may misrepresent seasonal fluctuations. The scale of mapping is also usually related to the resolution of the information – national data tend to be represented at global or regional scale, whilst subnational data are rarely available to provide global coverage unless some form of extrapolation or interpolation is used to fill the gaps. Consequently subnational resolution information is usually restricted to regional or national mapping exercises.

In order to understand why this situation arises it is necessary to understand the ways in which livestock data are collected.

2. Data Collection

Livestock data collection methods and frequencies vary according to resources and the economic significance of the results, and the priorities of national recording agencies. Some species have need for more precise numbers and locations than others, especially if it is necessary to track animals’ movements in the context of trade quotas or disease monitoring. 


Census and Survey Techniques

Livestock statistics are usually collected as part of more general censuses of agriculture, undertaken periodically by national governments. Agricultural censuses are organised in various ways in different countries, depending upon the resources available, the importance of agriculture and institutional traditions. Many countries have insufficient resources to mount a series of detailed surveys for different parts of the agricultural sector and restrict their efforts to obtaining data from a single agricultural census, every 5-10 years. Such censuses may involve either complete or sample coverage, with the agricultural holding as the standard unit of enumeration. In some countries such as Australia, only amalgamated data representing numbers of holdings are available, this often greatly diminishing their value. It should be noted, however, that agricultural censuses do not, in general, include communal grazing areas and fallow land under shifting cultivation, both of which may be important categories in many (particularly developing) countries
.

The first World Census of Agriculture took place in 1930, under the auspices of the former International Institute for Agriculture in Rome. A follow-up census was planned for 1940, but was prevented by the Second World War, after which the Food and Agriculture Organisation of the United Nations (FAO) took on responsibility for promoting and co-ordinating a regular World Census of Agriculture that has taken place every ten years since 1950, most recently in 2000
. FAO has actively promoted the standardisation of agricultural census procedures and livestock data collection
, but despite these initiatives, considerable variation remains in the detail and reliability of national statistics. Livestock statistics are not restricted to numbers – censuses often also assess herd structure, production parameters, marketing and trade .

The collection of livestock statistics is a national government responsibility, usually associated with obtaining more general agricultural statistics, and should be standardised as far as possible in terms of species, breed and product categories, and units of measurement. The importance attached to the collection of agricultural statistics and thus the resources allocated to this activity, however, vary from country to country. The importance of the data should escalate considerably in the future, given anticipated financial penalties and trade barriers associated with greenhouse gas emissions, environmental degradation, and threats to livestock and human health.

Animal censuses are usually conducted by ground based surveys and questionnaires, often of sample households, and frequently in conjunction with agricultural (cropping) census, and occasionally agro-economic surveys. Census techniques vary from country to country, often in concert with economic development. In countries such as the UK and USA, for instance, agricultural census information is obtained directly from farmers who are required by law to provide information requested in periodic, postal questionnaires. This is effective as long as the great majority of farmers receive and understand the questionnaire, and are willing to provide the information requested. However, this methodology relies on comprehensive registration of owners, if not animals themselves, and in many less developed countries, where formal registration of farms and farmers is often limited to the commercial sector and thus excludes the majority of small-scale, rural farmers, this method of postal census is clearly inappropriate. Furthermore, the costs of conducting agricultural censuses is, in some countries, leading to less frequent, less detailed and so less useful data collection . 

The basic unit of enumeration for most, if not all, agricultural censuses is the “agricultural holding.” Areas of communal grazing, fallow land and shifting cultivation are usually excluded
. Unless special provision is made in census design to offset this inherent bias in favour of permanent, fixed land holdings, most agricultural statistics will inevitably under-represent the livestock holdings of nomadic and transhumant pastoralists, who occupy “no fixed abode”. This under-representation of pastoral livestock can occur in under populated higher rainfall areas, such as the sub-humid zone of west Africa, but is likely to be greatest in arid and semi-arid regions of Africa, Asia and South America, large areas of which are relatively remote and inaccessible at the best of times.

It is also important to recognise that many developing countries do not have adequate systems of collecting, analysing and reporting agricultural (or, indeed, human) population statistics. Available information about cropped areas and livestock resources is, therefore, often incomplete and of doubtful reliability
. It is for this reason that alternative means of assessing land cover and livestock resources need to be considered for remote and inaccessible regions of many developing countries, especially in Africa. 

Such techniques, used mostly in developing countries, use either aerial or ground based sample techniques. Air survey – developed by the International Livestock Centre for Africa (ILCA, now ILRI) from methodology designed to count wildlife
 -  traditionally uses human observers to count animals. It is usually restricted to population estimation, often primarily for wildlife, with livestock a secondary target, but is regularly used to count large and small domestic ruminants in Botswana, Kenya, Namibia, South Africa, and Zimbabwe.  Sampling can be systematic or random, stratified or unstratified, depending on the range of target variables, how much is known about the animal distributions, and what level of precision is required 
,
,
. Photography and video have been used in recent years to replace human observers and has proved suitable for open country and feasible for large animals only. Infrared photography has also been tried though there are problems in very arid (hot) areas. Photographic methods have the advantage that they provide a permanent record, but they can be expensive of time and equipment. 

Livestock can also be assessed using a range of ground based sample techniques not usually employed in National censuses. These include transects, household surveys, total counts of small areas, road counts, market counts and indirect extrapolations from vaccination records. Dip tank counts are widely used in areas where livestock are well regulated. 

Neither air nor ground surveys are totally satisfactory for livestock, as ground counts tend to be road biased, whilst air count miss an appreciable fraction of (often young) livestock hidden in settlements, cannot always differentiate reliably between for example sheep and goats, and miss those species that are too small to see from the air – especially poultry. Information on flock and herd structure is also lacking.

A solution is to use integrated air and ground survey technique. This combines standard aerial survey assessments of livestock numbers with supplementary estimates of animals that cannot be counted directly from the air, assessed indirectly by aerial counts of rooftops in conjunction with sample ground surveys of livestock per rooftop.
,
 (See Box 2). 
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For all these census methods, results are usually presented as mapping unit summaries – either the sample unit (for example: grid estimates for air surveys, or by administrative region for compatibility with census unit, but which may produce rather different looking maps, see Figure 1). Each has advantages and disadvantages: a grid map provides a reasonable representation of a distribution, and can be amalgamated into any number of larger mapping units for comparison with other datasets. There is, however, the temptation to assign a reliability to the figures for an individual grid which is inappropriate, even if the counts are accurate and precise (which is by no means certain in a sample based count), as populations are rarely static. Administrative (or other) unit based maps, on the other hand, are rather inflexible and manipulation into other mapping units may be difficult. Further, administrative units have the nasty habit of changing, thereby seriously complicating comparisons between one census and another.

Figure 1:  Administrative Unit and Grid Map, Cattle Density, Botswana Wet Season 1994
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Source: Produced from the Botswana Aerial Survey Information System. An automated aerial survey analysis and mapping package constructed for the Department of Wildlife and National Parks, Gaborone, Botswana, April 2000.

3. Data Prediction and Extrapolation 

It is rare that the livestock data collected by any of these methods have no gaps, are sufficiently extensive and are at high enough resolution to satisfy the ever increasing demand for animal maps. As a result, some form of extrapolation or interpolation is often needed. 

Interpolation – typified by using the various kriging techniques as available in, for example, Golden Software’s Surfer package - can be an appropriate tool for ‘improving’ point data, though considerable care must be taken to define the various operational parameters (such as search radius and symmetry, degree of smoothing, interpolation method) so as to ensure a meaningful output. Logistic regression or discriminant analysis methods can also be used to ‘fill in the gaps’, but are largely restricted to using binary presence/absence or ranked training data that are not usually appropriate for population estimation, but may be useful for less numerically variable parameters like ranked indices.

Various weighting techniques have also been used to try to assign national population figures within countries. The least contentious ‘remove’ the animals from areas where they are known not to exist (e.g. glaciers, deserts, vertical slopes, tropical rainforest, water bodies and protected areas) and add them to the ‘habitable’ areas.  More ambitious (and thus less assured) methods have utilised the link between domestic livestock and human densities in partitioning national figures for populations
, production
 and commodities within agro-ecological zones within countries, according to human population levels. This technique can produce some serious anomalies, which may be resolved to some extent by refining the ecological zonations used
.

Extrapolation, based on some established statistical relationship(s) between livestock numbers and a variable or variables for which data is available for all the areas of interest, is also a possible means for filling data gaps – providing the extrapolation is not taken beyond the value limits of the training data. FAO has been devoting some effort towards developing this technique at a continental scale (Box 3) 
,
 and Figure 2. These, or closely allied techniques have also been  used to predict small ruminant and cattle densities in Asia, Africa and South America,  as well as vector and disease risk mapping, including: tsetse and ticks in Africa and Old World Screw Worm in Iraq
.

Such comparatively high resolution maps of animal densities have recently been used as a basis for detailed mapping of cattle production levels
 (for meat and milk) by assigning production parameters to cattle within each of the major production systems in each agroecological zone
 in each sub-continental region.  Livestock production was modelled for all systems to provide beef and milk production beef and milk output per square kilometre (Figure 3) using the herd growth routine of Livestock Development Planning System Version 2 (LDPS2)
. Production per capita of human population was subsequently derived by dividing production density map by the human population density map.
Figure 2:  Observed and Predicted Cattle Densities

Source: Programme against African Trypanosomiasis Information System (PAATIS). A livestock and tsetse information system constructed for the Food And Agriculture Organisation of the United Nations and the UK Department for International Development, August 2001. 

Figure 3:  Predicted Milk Production

Source: P. Chilonda and Otte, J. M. (in prep.). Livestock production systems in sub-Saharan Africa: a quantitative analysis. Livestock Policy Discussion Paper Series, Food and Agriculture Organisation of the United Nations, Rome, Italy.
There is, of course, a real danger that these processing intensive predictive techniques may conceal impressive errors - it is all too easy to be seduced by the fact that a somewhat messy map of fairly reliable data has been converted into an aesthetically more pleasing one, with no holes and apparently believable content. Validation, though an answer, is also prone to problems as little of the verification is likely to be accomplished using new (expensive) survey data, but rather using the original polygon data. Thus, any variation generated within the polygon (a primary objective for the prediction in the first place) will be seen as deviation from known data (and thus error). On the other hand, pixel by pixel comparisons are equally invidious and error prone as the predictions used are statistically based, and designed to be interpreted en masse rather than individually. This suggests that a high resolution prediction can only be effectively validated when re-compiled to administrative level summaries.

4. Livestock in a wider context

Livestock cannot be considered in isolation from their surroundings, nor should they only be mapped as single entities. The established link between livestock numbers, human populations and cultivation levels argues for an effort to quantify and map these associations, and, with improving Geographic Information System (GIS) capabilities, there begins to be ample potential for such combination. 

These systems studies have long been the subject of qualitative definition but in recent years, as the information revolution has taken hold, a quantitative approach has become more feasible. The most widely used definitions at present1 identify four livestock production systems (livestock grazing, landless livestock, rainfed livestock and crops, and irrigated livestock and crops) in three agroecological zones described by length of growing period and temperature. Considerable efforts are currently in progress at ILRI to produce global maps of these systems
, using global datasets of climate (ILRI/CIAT), length of growing period (ILRI/CIAT and FAO/IIASA
), irrigation (University of Kassel), elevation (GTOPO30), cropping, stable city lights
 and human population
,
,
, in conjunction with the available livestock distribution data. ILRI is also assessing how these livestock production systems might change due to human population growth leading to conversion of livestock only systems to mixed systems, in combination with global climate change predictions of length of growing period (LGP) in 2050.

Seven broad categories of farming systems have also recently been mapped in a comprehensive global study by the World Bank and FAO
 which uses the available natural resource base in conjunction with the dominant farm activities and household livelihood pattern to define them. These systems have a stronger crop and poverty focus than many other classifications, and are used to help identify the critical issues for development over the next 30 years.

Simple statistical classifications based on the levels of cattle, cultivation, human populations and elevation have also been attempted
, which have the advantage of producing data driven definitions of ‘farming systems’ and can certainly delineate areas where these parameters are similar in numerical (if not qualitative) terms. They are, however, rather sensitive to the geographical range (and so value ranges) encompassed by the clustered variables. These variables have also been used to identify and locate natural resource based livelihood strategies in an attempt to incorporate livestock related factors into food insecurity targeting
. 

5. Data Compilations, Archives, Information Systems and Atlases

Because of the intervals between censuses or surveys (often five to ten years), much of the data obtainable from census websites and hardcopy reports is somewhat out of date. However, there are some sources of country level data that attempt to provide data on an annual basis – most notably FAOSTAT, assembled by the World Agricultural Information Centre (WAICENT) in FAO
 which compiles annual reports from member countries into a comprehensive database covering animal numbers, production, and trade. Though considerable care is taken to ensure that the numbers are feasible, many are based on extrapolation from earlier data and may not be entirely accurate. Some of these data are presented in map or graphical form on the FAO Livestock Atlas
 website and CD.

Subnational data are rarely available annually, even from developed countries. Eurostat
, however, claims to provide subnational population and production data for the major livestock species in Europe from 1965 onwards, but the datasets made available are inconsistent in terms of both geographical and temporal coverage because of the ever changing constituency of Commission membership. A reasonable number of countries provide summarised regional livestock census data on the web
, including North America and Canada, some Asian nations (China, Japan, India, Thailand, Malaysia), Latin America (e.g. Brazil, Argentina, Chile, Uruguay) and Australasia.  In general, the subnational information provided in this way is limited to coarse administrative level resolution, and more detailed information must be purchased.

The International Livestock Research Institute in Nairobi (ILRI) has a mandate to assemble global subnational data for livestock densities, and has with other CGIAR members, assembled cattle data for Asia, Africa, and Latin America, at a variety of resolutions. These data are usually compiled from national census results, increasingly available on the net, but otherwise transcribed at length from the original hard copy sources. The data are provided as densities, and are mostly derived from the population estimates from the early nineties or late eighties. This variation in dates is a (largely unavoidable) feature common to most regional or continental data sets with subnational data, and means that such information should be taken as indicative of a decade rather than as a precise estimate relating to a particular year. ILRI has also amassed a more detailed and partially validated livestock and cropping database for East and Southern Africa, which contains time series from 1993 until the late nineties, and which is to be released on CD later this year.

A small number of other CD distributed information systems and web based atlases have recently been constructed that contain significant amounts of livestock related information at subnational resolution. These include the AGDAT database
 and the java based Key Indicator Mapping System (KIMS)
 which is being complemented by the Global Livestock Production and Health Atlas (GLIPHA)
; as well as the Programme Against African Trypanosomiasis Information System (PAATIS)
, and the Almanac Characterization Tool
 which are both Arcview based and allow for various degrees of data extraction and analysis. 

6. Challenges and Future Directions

The livestock sector is a poor relation in the agricultural development spectrum in terms of resources devoted to it, yet livestock ownership is often high status in the developing world, and can easily grab headlines in the developed countries (Mad Cow Disease, Foot and Mouth etc). It is frequently perceived as intractable, often located in the most remote places, and is difficult to enumerate and monitor. 

However, remote sensing, statistical know-how, and the rapid proliferation of electronic information have brought us to the edge of a quantum jump in what is possible. With current techniques and emerging technologies it is becoming feasible to assemble more credible, standardised datasets of regional and global livestock resources and production. A number of priorities emerge. 

Perhaps the most pervasive challenge is to change the target resolution of livestock mapping from country to sub-national administrative unit at the least, or using the statistical predictive techniques, perhaps to image resolutions in the range of a few kilometres. The information is available (if occasionally somewhat shy) and requires a fairly modest investment of resources into the acquisition, collation and analysis of existing data (such as those ‘buried’ in hard copy census reports). Setting up enhanced (sub)national data reporting networks to international agencies would pay immediate dividends, provided, of course it was reliably geo-referenced. Some attention should also be given to assessing the less credible statistics from regions for which conventional census techniques are inappropriate, and perhaps through a limited monitoring and validation programme.

The looked-for resolution enhancement techniques are beginning to mature and, again, given a modicum of validation and subsequent modification, could soon become sufficiently reliable to provide livestock related inputs to contribute to the high profile information sectors mentioned in preceding paragraphs – poverty, food security, environmental impact and degradation, and though not discussed in this paper, diseases and their economic impact.

In the context of an ongoing “Livestock Revolution” it is increasingly important to locate, quantify and monitor rapidly rising populations of intensively reared poultry and pigs. Beyond the usual country level data, little is known about these monogastric livestock species in mapping terms, yet their numbers are thought to be rising faster than any other agricultural commodity. A similar plea can be made for more attention to be given to small ruminants – which have less economic, climatic or dietary constraints to ownership than the high profile bovines.

Most livestock mapping efforts to date have been directed at livestock numbers or densities, yet their major impact is through the produce and economic value they represent. Some tentative steps that have been taken in mapping livestock (cattle meat and milk) production, though laudable, overlook the remaining species and their produce, not to mention the need to turn such maps into the dollar terms that attract the attention of donors and national budgetary planners. 

Livestock eat, and they often eat fodder grown on land that could equally well produce crops that people eat. The potential ‘feed/food conflict’ is a real one, especially in areas with very dense human (or animal) populations but little access to imported feed supplements. It can only be identified if livestock numbers, as well as cropped areas and human population levels are adequately assessed, in concert, of course with realistic estimations of feed conversion efficiencies, production levels and the like
,
.

Livestock also affect the environment they inhabit – through methane production, by returning nutrients to the soil in extensive systems, by producing concentrated effluent in intensive systems
, through the effects of (over)grazing, particularly in adverse seasons, and by displacing wildlife to name but a few. Efforts to quantify these effects can only be successful if estimates of livestock numbers are both reliable, and available, at the appropriate resolution. 

Livestock husbandry, its interaction with other aspects of agriculture, and with other natural resource sectors, are intimately bound up with the ‘socio-economics’ of animal keeping. This includes the ranked and qualitative factors that continue to largely elude widespread integration into quantitative cartography and analysis. This is despite the enormous body of knowledge that has been accumulated on both sides of the ‘fence’. Until both these aspects of animal agriculture can be integrated effectively into a single analytical framework, the interpretation and evaluation of either will be compromised. 

The mapping and delineation of livestock (and farming) systems are an expanding area of study as geographic data becomes more widely available, and sharing data becomes more the norm than the exception. There is a danger, however, that definitions will proliferate to such an extent as to cause confusion rather than clarity, unless there is effective coordination of approaches and targets.  

The majority of the preceding discussion has (intentionally) sidestepped the fact that livestock populations change, that many livestock management practices involve significant and substantial seasonal movement in pursuit of grazing - much of it across the boundaries of the convenient mapping units commonly used. There is substantial trade in livestock and feed, both within and between countries. Commercialisation tends to further obscure association between land resources and livestock numbers, as large industrial units are sited more for easy access to inputs, and transport of product than local natural resources. 

Furthermore, human (and thus livestock) populations and the consequent urbanisation and intensification are increasing relentlessly - the demand for livestock products over the next two decades is predicted to double
 - and climate changes may be about to reshape the geography of the planet. To these must be added the possible effects of ‘globalisation’ on the movements of and demands for animals and their products, and on the spread of existing livestock diseases and the emergence of new ones. 

Livestock are thus in a state of perpetual flux. In this context, the major challenge for livestock mapping and monitoring in the future must surely be to turn the essentially static snapshots we can produce today into the dynamic descriptions and attendant projections that we will need for tomorrow. 

Box 1: Mappable Livestock Parameters


Numbers and densities; 


Species ratios; production levels (of e.g. meat, milk, eggs, hides, fibres);


Age and sex composition (herd structures); 


Constraints to production and causes of mortality; 


Productivity parameters and intensification levels; 


Levels of trade and prices; 


Management and husbandry practices and Ownership; 


Breed distributions and genetic diversity.





BOX 2: Integrated Air and Ground Survey


Exemplified by Nigeria, the results of surveys of agricultural holdings by the Federal Office of Statistics, especially those relating to agricultural and livestock holdings, are hotly disputed in government circles. Various alternative means of assessing cattle numbers have been employed in the past, including the use of jangali tax returns, vaccination records, slaughter figures, trade cattle movements and hide exports, but all these indicators are prone to error, bias and manipulation, and population estimates derived from them are based on unverified assumptions on the proportion of total population represented.


In response to widely recognised deficiencies in Nigerian livestock statistics, the Federal Ministry of Agriculture’s Second Livestock Development Project, supported by the World Bank, commissioned an independent assessment of livestock resources. Nigeria’s first national livestock survey took place in 1990, using a combination low level, aerial surveys, which provided systematic sample coverage of the entire country, and a series of complimentary ground surveys of village and urban livestock, and commercial livestock enterprises Results of this study indicated that there were substantially more livestock than estimated by the Federal Office of Statistics: twice as many cattle; one and a half times as many sheep and goats; and four times as many pigs.





BOX 3:Predicting Livestock Populations


The basic technique relies on first accumulating a set of known cattle densities. For the example of African cattle shown here, these represents the national and sub-national census data covering the period between 1985 and 1999, available from a wide range of sources. These include: the International Livestock Research Institute; ERGO aerial survey archives and Government Agricultural Census data. The observed cropping data were obtained from: the Africa Data Dissemination Service; FAO AGDAT�; ERGO/TALA aerial survey archives; transcribed Government Census data; and FAO GIEWS reports.


This ‘observed’ information is largely at the level of administrative units, some of which are very large (Figure 2, top). This resolution has been increased by using stepwise multiple regression to establish statistical relationships between these observed data and a range of predictor variables including: satellite imagery, provided by the TALA Research Group, Oxford University related to rainfall, temperature, vapour pressure deficit, vegetation cover and elevation; potential evapotranspiration; length of growing period; human population; and the number of tsetse species present. The italicised remotely sensed climatic variables were Fourier processed from a 17 year (1982 – 1999) time series of 10 day images.


These data were extracted for some 12,000 sample points covering sub-Saharan Africa, and a separate relationship established for each of a number of ecozones occurring within each country. The resulting equations were then applied to the original imagery to provide predicted maps of cattle at a resolution of 5 kilometres. All the predictive equations used were formally significant to at least the one percent level (p<0.01), and most substantially more so. The predicted distributions can thus be taken to be statistically acceptable, providing, of course, that the underlying training (‘observed’) data are accurate.


The cattle prediction mirrors the observed distribution well (Figure 2 top), and picks out both major foci (e.g. East African and Zimbabwe highlands, Tanzania, semi-arid and dry sub-humid West Africa) and smaller concentrations such as in the Gezira, the Mali Delta, and south eastern Zambia. Relatively high resolution spatial data that exist in the observed survey data for Nigeria and Botswana tend to be smoothed out by the regression methods used to generate the predicted map. Some of the contrasts between observed and predicted maps are due to minor differences between observed and predicted values falling into different mapping classes. There are also some minor anomalies in northern Chad, where very high predicted densities are obviously false, and are caused by  extreme predictor values. The major predictor is human population density, which is the primary determinant in 30% of the equations.
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