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SUMMARY AND CONCLUSIONS

FAO AGAH has devoted considerable efforts and resources in recent years towards the mapping of livestock species at sub-national resolution, using a variety of statistical and modelling techniques. The techniques can be used to both enhance the level of detail and to interpolate from known data, thereby filling gaps in available distributions. Because they are image based, the data are not linked to specific geographic units, and so can be used to support trans-boundary analyses, thereby avoiding the limitations placed on many quantified analyses by the political boundaries to which data are so often tied. 

This work set out to produce seasonal distribution maps of animals in the Middle East, as one of several contributory elements to studies of disease spread and animal movement in the ‘Eurasian Ruminant Street’. In this aim it has not been conspicuously successful – partly because there are no seasonal data available to compile administrative unit level animal maps to train the modelling process, and partly because the primary predictor variables of all livestock species relate largely to timing and variability rather than the mean levels of environmental parameters. As a result, the models used to produce annual mean distributions could not be modified to produce seasonal maps. 

Annual livestock distributions do not appear to be sensitive to changes in temperature, which also precludes providing projections of livestock distributions consequent upon medium term climate change based on likely increases in temperature. Rather any such projections must rely on relating livestock densities to the distribution of grazing resources – to which they are more sensitive – but which are likely to be affected by climate change in a very complex manner that cannot be estimated here. However, such studies are currently in progress, and outputs may be available in the short to medium term to use to predict future animal distributions. The key variables suggested by this study are pasture suitability, NDVI, and human population.

It should be noted that these results may be characteristic of the area being mapped – which includes large tracts of very arid rangeland as well as substantial regions of highland pasture that is completely covered in snow during the winter. These are particularly variable in terms of vegetation, which may serve to emphasise the role of seasonality in determining livestock numbers. In less extreme regions, ruminant densities may prove sensitive to more conventional predictor parameters. 

It was, in contrast, possible to use the monthly NDVI levels to assess the likely availability of grazing throughout the year, - and in particular to identify both areas suitable for pastoral use, as well as areas that could not support grazing, in each season. As livestock must either be fed on stored food or be moved out of places when there is no grazing, such maps of seasonal availability can be used to infer likely movement patterns during the year. 

Such movement maps can readily be incorporated into the models of disease spread provided by the companion studies to this work – diseases will spread less quickly within areas with high emigration, and more quickly within areas with high immigration. Conversely diseases will spread rapidly from areas with substantial emigration, but more slowly from areas with heavy immigration.

An advantage of using movement probability (or some correlate thereof) within spread models is that similar principles could be applied to both seasonal movements of pastorally managed animals (as investigated here) and to trade movements of more intensive husbandry systems. This broadens the potential applications significantly beyond those derived from models based purely on seasonal distributions. Movement based models should also be substantially easier to construct as they would be based on seasonal grazing and trade data which are both more readily available than seasonal animal distributions. The animal distribution data that are available – usually annual means – can then be used as an additional modifier, as provided for within the current Spread Module.
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1 Background and Objectives

The Middle East has long been a focus of attention for animal health professionals because it supports very large numbers of ruminant livestock – especially sheep. Much of the region is arid or semi arid, which drastically limits the potential availability of natural pasture. Much of the area cannot support grazing for large parts of the year – because it is too dry, too cold, or is covered in deep snow.

In an area that has been settled for longer than most other parts of the world, it is to be expected that a wide range of traditional management systems have evolved to optimise the use of the grazing that is available. Many rely on movement – either nomadic pastoralism or seasonal transhumance – to winter and summer pastures, or less regular movements to reach the unpredictable patches of grazing characteristic of very low rainfall areas. Though these are slowly giving way to more intensive husbandry techniques that rely on supplementary or stall feeding, opportunism is still a widely practiced strategy. 

The Middle East thus supports an unusually mobile livestock population, in areas with particularly variable grazing distribution patterns. Add to this the fact that there is a very large volume of international trading, driven to a great extent by the demand for small ruminant meat from the Gulf States, and from the pilgrims to the annual religious festival in Mecca. This draws animals from all the Middle Eastern states, many getting there by foot rather than mechanised transport.

Such fluidity has significant consequences for the spread of animal diseases, both infectious and vector borne. Though rather poorly understood, at least in quantitative terms, it is widely assumed that such pronounced mobility magnifies the risk of an outbreak spreading extensively over large areas. 

The fact that the animal populations are densely concentrated in rather limited areas, and often to smaller areas of suitable grazing for parts of the year, or kept in stalls and feedlots for considerable periods, is likely to exacerbate the potential for disease transmission. There is thus a real possibility of, for example, Foot and Mouth Disease originating in Pakistan reaching the Gulf and Turkey in a relatively short period. The potential threat to the highly developed European agricultural industries should not be ignored.

FAO’s Animal Health Service (AGAH) is therefore devoting substantial efforts to acquiring essential information and developing the monitoring and prediction techniques required to combat disease and disease outbreaks in the Middle East. This initiative has a number of interconnecting strands:
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 estimating the numbers and distributions of the animal populations at risk, at sub-national resolution;
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assessing the availability of natural pasture resources throughout the year; 
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evaluating the levels of animal movement, especially trans-boundary movement driven by trade and by traditional management strategies;
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assessing the distributions of certain diseases within the region; and
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developing statistical techniques to project the spread of disease from one place to another.

Central to all the strands is the requirement to ensure that the skills needed to undertake these activities is developed within the countries concerned, and not confined to international agencies and institutions.

To this end AGAH has recently commissioned a number of studies to assess the extent of movement and FMD in Turkey and Iran; to evaluate the levels and correlates of trade, animal movement and disease within the Middle East and Gulf Pensinula
,
; to provide tools needed to obtain and analyse the satellite imagery required to map vegetation and climate
; and to develop preliminary techniques to project and map disease spread
. 

This study addresses the issue of mapping ruminant distribution primarily within Pakistan, Iran, Iraq, and Turkey. It sets out to determine seasonal distributions of the major ruminant livestock species, - bovines, sheep and goats – partly as a way to identify areas where there is substantial livestock movement, and partly as a contribution to the disease spread module, which can incorporate either seasonal animal distributions or seasonal movement probability data layers as modifiers to the basic dispersal models.

2 Annual Ruminant Distributions

Previous work for AGA produced some mean annual distribution maps for the area for bovine and small ruminant densities (See Figure 1) which served to highlight the band of quite dense small ruminant populations that stretches from India to Turkey
 – the ‘Eurasian Ruminant Street’.
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Figure 1: Ruminant Livestock densities for Asia

These maps are, however, based on quite sparse and low resolution input data
. In the last two or three years, FAO AG (see Acknowledgements, and Appendix) has acquired more information that can be used to ‘train’ the distribution modelling process and is summarised in the Appendix Table 3, using the methods detailed in the Appendix Section 1. 

The methods used have been substantially enhanced since the 1999 study and now incorporate the correction of training data for suitability of the land for livestock (Appendix Section 2.1), and for the first time in this series of studies, the correction of the distribution model outputs to match the input polygon animal densities (Appendix Section 2.2). The distribution models for Bovines, Sheep and Goats are presented in Figure 2, Figure 3 and Figure 4.

Figure 2: Predicted Mean Annual Bovine Distribution 
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Figure 3: Predicted Mean Annual Sheep Distribution 
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Figure 4: Predicted Mean Annual Goat Distribution 
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It is widely held that goats are less selective in their habitat and grazing requirements than are bovines and sheep. This suggests that goats are likely to be found in wider range of environmental conditions, and in areas that are unsuitable for the other species. Accordingly, the distributions shown for bovines and sheep are corrected for suitability and input polygon totals, whilst two goat models are shown – one derived from suitability corrected training data, and one from the raw uncorrected training data. Both goat predictions are corrected for input polygon densities.  

Drawing inferences from the precise identity and ordering of predictor parameters in multivariate analysis is not usually recommended. The general pattern of predictor types may, however, provide some insights.  Table 1 shows first three predictors for each animal category, and it is quite striking that human population density, or the associated variables of distance to roads and night-time lights (in brown) are important predictor variables for all species. Of the environmental and topographic variables, those relating to levels (mean, min, or max, in blue) are comparatively poorly represented, and the majority describe the timing or variability of the environment (in black).

Table 1: Livestock Model Predictors by Analytical Zone

	
	
	Bovines
	
	
	Sheep
	
	
	Goats
	

	Zone
	Predictor 1
	Predictor 2
	Predictor 3
	Predictor 1
	Predictor 2
	Predictor 3
	Predictor 1
	Predictor 2
	Predictor 3

	1
	NDVI Amp3
	Road Distance
	Light Distance
	NDVI Phase1
	NDVI Phase2
	Pop Density
	VPD Seas2
	Pop Density
	NDVI SeasA

	3
	MIR Phase2
	MIR Min
	LST Seas1
	NDVI Phase1
	Pop Density
	LST SeasA
	NDVI Variance
	NDVI Amp2
	VPD Phase1

	4
	LST Amp1
	VPD Max
	
	NDVI Amp1
	NDVI Seas2
	VPDAmp2
	MIR Phase1
	NDVI Phase2
	NDVI Variance

	5
	NDVI Min
	Pop Density
	Light Distance
	NDVI Min
	Pop Density
	Elevation
	NDVI Amp2
	MIR Seas3
	MIR Phase1

	6
	MIR Range
	NDVI Phase2
	NDVI Mean
	NDVI Phase2
	MIR Phase1
	NDVI Min
	MIR Phase1
	NDVI Phase2
	NDVI Variance

	7
	NDVI Mean
	Pop Density
	Elevation
	NDVI Min
	NDVI SeasA
	LST Range
	Pop Density
	VPD Min
	Elevation

	8
	MIR Range
	NDVI Phase2
	NDVI Mean
	NDVI Phase2
	MIR Phase1
	NDVI Min
	MIR Phase1
	NDVI Phase2
	NDVI Variance

	9
	Pop Density
	VPD Phase1
	Pasture Suit
	NDVI Phase2
	NDVI Amp3
	VPD Phase1
	Pop Density
	NDVI Amp1
	VPD Phase1

	10
	Pop Density
	NDVI Seas1
	MIR Seas1
	Pop Density
	NDVI Seas1
	MIR Seas1
	Pop Density
	NDVI Seas1
	MIR Seas1

	11
	NDVI Phase3
	Elevation
	VPD Range
	NDVI Amp3
	Road Distance
	LST SeasA
	Pop Density
	VPDAmp1
	LST Phase1

	12
	MIR Phase2
	NDVI Phase1
	LST Seas2
	MIR Phase1
	NDVI Amp1
	Light Distance
	MIR Phase2
	NDVI Phase1
	LST Mean

	14 
	Pop Density
	NDVI Phase2
	MIR Min
	NDVI Phase2
	Pop Density
	NDVI Min
	NDVI Phase2
	VPD Mean
	MIR Phase1

	15
	NDVI Seas2
	Pop Density
	MIR Phase2
	NDVI Phase2
	VPD Min
	NDVI Amp2
	VPD Min
	NDVI Phase2
	Pop Density

	16
	NDVI Amp3
	Slope
	
	NDVI Amp3
	Slope
	
	VPD Phase1
	VPD Seas2
	

	17
	MIR Range
	NDVI Phase2
	NDVI Mean
	NDVI Phase2
	MIR Phase1
	NDVI Min
	MIR Phase1
	NDVI Phase2
	NDVI Variance

	18
	NDVI Seas2
	VPD Phase2
	NDVI Min
	NDVI Range
	LGP
	MIR Phase1
	Pop Density
	LST Seas2
	NDVI Phase2

	19
	Pop Density
	Pasture Suit
	VPD Phase2
	Pop Density
	VPD Max
	NDVI Phase2
	Light Distance
	Pop Density
	VPD Range

	20 
	Pasture Suit
	Pop Density
	NDVI Min
	Pasture Suit
	Pop Density
	NDVI Min
	Pasture Suit
	LST Seas2
	NDVI Min

	22
	LST Amp2
	Elevation
	MIR Mean
	LST Amp2
	VPD Mean
	Elevation
	LST Amp2
	Elevation
	NDVI Min

	24
	Pop Density
	VPD Seas1
	VPD Phase1
	LST Range
	Pop Density
	MIR Phase2
	Pop Density
	LST Range
	VPD Phase1

	25
	MIR Range
	NDVI Phase2
	NDVI Mean
	NDVI Phase2
	MIR Phase1
	NDVI Min
	MIR Phase1
	NDVI Phase2
	NDVI Variance


This is characteristic of variable environments, particularly arid and semi-arid ones where animal distributions are likely to be severely resource limited. It is under such conditions that animal numbers, even mean annual ones, are most likely to be determined by when, and for how long, resources are available. This, in turn, serves to further emphasise the significance of seasonality in these environments.

3 Seasonal Distributions

The preferred method of producing seasonal animal distributions is to use regression modelling based on seasonal training data. In the absence of such information, a second possibility is to use annual distribution models based on annual predictor data, but substituting seasonal predictor values in the model equations. This assumes a constant relationship between environment and animal density. Though this is unlikely to hold true, as many livestock management systems incorporate some form of seasonal feeding on stored or imported fodder, the procedure may highlight where major changes in distribution are most likely. A third possibility is to identify seasonal variations in essential resources or limiting factors to define areas most suitable for animals at different times of year. If it can be assumed that livestock are largely moved away from areas when they become unsuitable, it becomes possible to identify likely movement patterns.  

3.1 Animal Distributions

Attempts to calculate seasonal distributions by replacing mean vegetation levels with seasonal values were not successful – winter NDVI is nearly always less than mean, so predicted population levels for the winter were consistently lower than the mean, unless the models are corrected for training polygon totals, a process that cannot be applied to one season only. This restricts the predicted seasonal changes in distributions to within training polygons, whilst actual movements are likely to occur between the polygons.
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Enhancement 2: Regression Modelling

Figure 5: Calculated Seasonal SR Distributions (Totals Corrected)
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Figure 5 shows that the predictions so produced are more or less indistinguishable – and they are thus very unlikely to be at all accurate.

Though non totals corrected predictions using annual mean models with summer NDVI levels cannot, of course, be used to estimate summer distributions, they may provide a way to identify areas of summer grazing. The difference between predicted distributions using mean and summer vegetation levels also indicates the sensitivity of animal population levels to changes in grazing availability. In essence, this procedure therefore produces a summer grazing map weighted by the degree to which animal distributions are determined by vegetation levels – in some ways akin to an estimate of seasonal changes in carrying capacity.

This calculated change is quite dramatic for small ruminants (Figure 6), and suggests that much of the highland areas can support small stock densities higher than the mean annual levels during the summer, whilst the dry lowlands cannot. Whilst this may be fairly reliable for the areas of projected seasonal increase, it does not appear to be realistic for areas that are consistently less vegetated in the summer, such as Pakistan and the Gulf States, unless these apparent shortfalls are made up by stored or imported feed.

Figure 6: Calculated % Summer Change in Small Ruminant Distributions 
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In conclusion, though these various attempts to generate seasonal animal distributions may provide some localised insights, they are not, however, considered to produce widely applicable or generally reliable results and have not been pursued further. Efforts have, instead, been concentrated on assessing seasonal grazing availability.

Grazing Availability

Seasonality of climate and vegetation resources were thus used to provide some indication of seasonal availability of grazing. NDVI levels are very dynamic as indicated in the Appendix Figure 23, and the animation in Figure 7 below. The areas of high vegetation move steadily according to the season, with the major changes occurring in late autumn and early spring. The month of maximum NDVI is shown in Figure 8 and varies substantially across the region – being the winter months in the driest regions and the early summer in the wetter areas.
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Figure 7: NDVI and Seasonality

Click picture to animate providing the video file specified on the grey bar is in the same folder as this document.
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Figure 8: NDVI Peaks

Though also very seasonal, the spatial patterns of Land Surface Temperature (animation in Figure 9, monthly means in Figure 24, and month of maximum in Figure 10) differ somewhat from those of the vegetation in that there is little spatial change in relative distributions – a hot area is always relatively hot – and the highest temperature is consistently in mid summer through the region.
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Figure 9: Land Surface Temperature Seasonality 

Click picture to animate providing the video file specified on the grey bar is in the same folder as this document.
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Figure 10: Land Surface Temperature Peak

NDVI is thus likely to be a better discriminator of livestock distributions and available grazing than temperature which suggests the mean vegetation indices for each month can be used to identify seasonal grazing availability. Without some ground truthing, it is difficult to set the threshold value that best identifies grazing. A low value reduces the errors of omission (i.e. the false prediction of zero grazing), whilst a higher one will minimise the false identification of grazing where there is in fact none. Three levels, corresponding to availability at scaled values above 2002,2003, and 2004 (NDVI = 0.06, 0.07, and 0.08) in Figure 11, were therefore used to produce three estimates.

Figure 11: Mean Annual NDVI
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Expert evaluation of the results suggests that the most ‘optimistic’ threshold (<=2002, NDVI= 0.06 is unsuitable) produces an accurate output for Iran, and the resulting prediction of seasonal change in available grazing is presented in Figure 12 as an animation and as monthly images in Figure 13. 
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Figure 12: Monthly Grazing Availability with threshold 2002 

 Click picture to animate providing the video file specified on the grey bar is in the same folder as this document.
[image: image35.wmf]Figure 13: Monthly Suitability (threshold value 2002)

Given the sensitivity of the estimated grazing distributions to changes in threshold values, winter (November to January) and summer (June to August) vegetation indices, calculated from the monthly imagery, may provide a less volatile indication of the distribution of seasonally available grazing, and allow the identification of areas suitable in winter and in summer. This would also allow the delineation of winter only and summer only grazing, as well as that which is permanently available. Figure 14 shows the results of using the three break values, and again demonstrates that very small changes in threshold value markedly affects the derived grazing distributions.

Figure 14: Predicted Grazing Availability at Different Thresholds
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It may also be possible to re-interpret the legends of these maps in terms of seasonal stock movement. Areas with grazing available for winter or summer only are less likely to support permanent animal populations. Thus seasonal movements are likely from the ‘winter only’ to ‘always available’, and ‘from always available’ to ‘summer only’ in the spring, returning in the autumn. Animals remaining in the marginal areas when there is no grazing are likely to be fed on stored or imported feed. 

It should be noted that this preliminary analysis assumes that the threshold definitions are constant for all regions and for all species. It may well be that the appropriate threshold varies from place to place, and that a more conservative cut-off may be more reliable for certain areas. It is most likely that the appropriate boundary values are different for each livestock species.

4 Assessment of Long Term Changes in Livestock Populations

A significant body of data are becoming available on the possible impacts of global climate change on agro-climatic conditions. A number of temperature scenarios are being produced, considerable effort has gone into assessing the possible changes in agricultural potential over the next fifty or more years. At the forefront of the agricultural projections is the study by IIASA and FAO
 which details project changes in a range of cropping potentials. Recent work has produced assessments of suitability for rain-fed and irrigated pasture production, the first of which has been incorporated into the suite of predictor variables used in the livestock distribution models presented in Section 2. IIASA are currently working to provide projections of pasture suitability for the years 2030 and 2080 (Fischer and van Velthhuizen, pers. comm.). When these are available, they can be used to replace the current pasture suitability predictors, and the models re-run, to produce estimates of livestock distributions as they may be determined by climate change.

In the meantime, the sensitivity of smallstock numbers to changes in (Land Surface) temperature  – were assessed, as a precursor to estimating possible impacts of climate change on livestock densities. The predicted change in densities caused by a rise in LST of two degrees is however minimal (Figure 15), which suggests that any effect of rising temperatures on animal distributions will act through an impact on vegetation rather than directly via temperature. Any further attempts to investigate these topics must perforce be dependent on the forthcoming projections of pasture and vegetation as affected by climate changes.

Figure 15: Calculated % Change in Small Ruminant Distributions in response to Temperature Rise
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5 Data CD

All figures presented in this report are derived from the data provided on the CD accompanying this report. To access the CD, either open the file meseasgr.htm in Widows Explorer or directly in a browser such as Internet Explorer or Netscape. Alternatively open the Arcview project file meseasgr.apr in Windows Explorer or in Arcview3.2

Seven views are provided in the Arcview Project– each with corresponding layouts:

Livestock Change showing predicted changes in Small Ruminants from Annual Mean to Summer or rise in Temperature

Livestock Predictions Annual with predictions of mean annual distributions for bovines, sheep and goats

Livestock Predictions Seasonal with predictions of seasonal small ruminant densities

Seasonal Grazing Availability with seasonal grazing availability at various threshold levels of availability

Suitability with the component parameters used to define land suitability for livestock

Training Raw with raw training densities for each livestock species

Training Suitability Corrected with suitability corrected training data for each livestock species

The geographic information is all in ESRI Arcview3.2 format, and requires Spatial Analyst to display correctly. The maps can be accessed directly from the CD but will display rather slowly, even on a fast machine. To speed up the display, install the data by copying the entire CD directory onto a hard disk, so that all the data is in a folder named \meseasgr . The data filenames are shown in Table 2, below.

Table 2: Data File Names

	Path
	File/folder
	Name
	Type
	Description/Function/Contents

	
	
	
	
	

	\meseasgr
	
	
	
	

	
	FILE
	memask1.dbf
	Arcview polygon attribute data file
	Map Boundary Mask

	
	FILE
	memask1.shp
	Arcview polygon component file
	Map Boundary Mask

	
	FILE
	memask1.shx
	Arcview polygon component file
	Map Boundary Mask

	
	FILE
	medatafilenames.xls
	Excel spreadsheet
	Data File/Folder names

	
	FILE
	mecountry.dbf
	Arcview polygon attribute data file
	attribute data file

	
	FILE
	mecountry.sbn
	Arcview polygon component file
	National Boundaries

	
	FILE
	mecountry.sbx
	Arcview polygon component file
	National Boundaries

	
	FILE
	mecountry.shp
	Arcview polygon component file
	National Boundaries

	
	FILE
	mecountry.shx
	Arcview polygon component file
	National Boundaries

	
	FILE
	seaslst.avi
	Windows media animation
	Land Surface Temperature animation in Report Document

	
	FILE
	seasndvi.avi
	Windows media animation
	NDVI animation in Report Document

	
	FILE
	mendvi2002.avi
	Windows media animation
	Grazing Availability animation in Report Document

	
	FILE
	faoseasgraz.doc
	Word Document 
	Report

	
	FILE
	meseasgr.apr
	Arcview 3.2 Project 
	Open in Explorer to display geographic data

	
	FILE
	meseasgr.htm
	Browser file
	Open in Explorer or browser to access data descriptions

	
	
	
	
	

	\meseasgr\mepred
	
	
	
	

	
	FOLDER
	info
	Arcview system directory
	

	
	FOLDER
	mesrnewc
	Arcview raster image
	Totals Corrected Winter Small Ruminant Densities

	
	FOLDER
	mesrnet%
	Arcview raster image
	Change in Small Ruiminant Densities with temperature increase of 2 degrees

	
	FOLDER
	mesrnesc
	Arcview raster image
	Totals Corrected Winter Small Ruminant Densities

	
	FOLDER
	mesrnes%
	Arcview raster image
	Change in Annual Small Ruiminant Densities with Summer NDVI

	
	FOLDER
	mesh1nsr
	Arcview raster image
	Predicted Sheep Densities, Corrected for Suitability

	
	FOLDER
	mesh1nsc
	Arcview raster image
	Predicted Sheep Densities, Corrected for Suitability and Training Polygon Totals

	
	FOLDER
	megtnsr
	Arcview raster image
	Predicted Goat Densities, Uncorrected 

	
	FOLDER
	megtnsc
	Arcview raster image
	Predicted Goat Densities, Corrected for  Training Polygon Totals

	
	FOLDER
	megtns1nsr
	Arcview raster image
	Predicted Goat Densities, Corrected for Suitability

	
	FOLDER
	megt1nsc
	Arcview raster image
	Predicted Goat Densities, Corrected for Suitability and Training Polygon Totals

	
	FOLDER
	mebv1nsr
	Arcview raster image
	Predicted Bovine Densities, Corrected for Suitability

	
	FOLDER
	mebv1nsc
	Arcview raster image
	Predicted Bovine Densities, Corrected for Suitability and Training Polygon Totals

	
	
	
	
	

	meseasgr\seasimg
	
	
	
	

	
	FOLDER
	info
	Arcview system directory
	

	
	FOLDER
	me14a0ll
	Arcview raster image
	Mean Annual NDVI

	
	FOLDER
	me14max
	Arcview raster image
	Maximum Annual NDVI

	
	FOLDER
	meez160
	Arcview raster image
	Satellite derived Ecosystems

	
	FOLDER
	meldspop
	Arcview raster image
	Human population density (Landscan)

	
	FOLDER
	meldsslp
	Arcview raster image
	Slope (Landscan)

	
	FOLDER
	mendviok02
	Arcview raster image
	Seasonal Grazing Availability - Threshold 2002

	
	FOLDER
	mendviok03
	Arcview raster image
	Seasonal Grazing Availability - Threshold 2003

	
	FOLDER
	mendviok04
	Arcview raster image
	Seasonal Grazing Availability - Threshold 2004

	
	FOLDER
	mepktoiv
	Arcview raster image
	Protected areas

	
	FOLDER
	mesicrav10
	Arcview raster image
	Suitability for Rainfed Pasture *100

	
	FOLDER
	mesutfin
	Arcview raster image
	Suitability for Livestock

	
	FOLDER
	metrcovpc
	Arcview raster image
	Treecover

	
	FOLDER
	mewatnodata
	Arcview raster image
	Water and No data Mask

	
	
	
	
	

	meseasgr\training
	
	
	
	

	
	FILE
	melivno.dbf
	Arcview polygon attribute data file
	Livestock Training Data

	
	FILE
	melivno.shp
	Arcview polygon component file
	Livestock Training Data

	
	FILE
	melivno.shx
	Arcview polygon component file
	Livestock Training Data


Appendix

6 Distribution Modelling Techniques Summary

The techniques used here for the prediction of livestock distributions have been described at length in earlier work6,
 and so are only briefly summarised here (see also Figure 16). For each of the predictor and observed variables, which are all stored in raster images at 0.05 degree resolution, values are extracted for approximately ten thousand regularly spaced sample points. Regression analyses are then run to establish the relationships between the observed and predictor variables. Details of the predictor and predictor variables are given below, in Appendix Section XX. Four sets of regressions are investigated comprising raw and natural log transformations of the dependent and all independent variables. From these relationships, those with the highest R squared (percent variance explained) are selected. 

The influence of people may override that of the environment, and scale dependency may be an issue at sub-national levels. For the predictions of livestock, therefore, regression relationships were examined at the continental level, and for each of a number satellite derived ecozones, shown inset in Figure 16. These were defined using the ADDAPIX software to provide unsupervised classifications of the continent based on elevation and 10 remotely sensed variables: the minimum, maximum, range, mean and Fourier component phase 1 of each of NDVI, Channel 3, Land Surface Temperature, and Vapour Pressure Deficit. The equations so defined are then applied to the independent variable imagery, using custom written software to produce the prediction images. 

[image: image36.wmf]Figure 16: Regression Modelling Technique Summary

7 Training Data 

The process of predicting livestock levels requires an observed data set for each that can be used to ‘train’ the predictor variables described above, thereby establishing the relationships between observed and predictor variables for a large number of sample points. The necessary data was acquired from a wide range of sources, as detailed Table 3, for cattle, sheep, and goats, as numbers per administrative region, from which ‘observed’ densities were calculated. 

Table 3: Training Data Sources

	Country
	Data Type
	Year
	Source
	Polygon Type

	Armenia
	Cattle, Small Ruminants, Pigs, Poultry

Crops
	2000
	National Statistical Service of the Republic of Armenia

http://www.armstat.am/StatData/2001/Agriculture.pdf
	Country

	Bahrain
	Cattle, Sheep, Goats, Pigs, Chickens

Crops
	2001
	FAOSTAT

http://apps.fao.org/page/collections?subset=agriculture
	Country

	Iran
	Cattle, Buffalo, Sheep, Goats, Chickens, Layers

Crops
	1993
	Source: Statistical centre of Iran (2001). Statistical year book 1379 (March 2000-March 2001). Tehran, Islamic Republic of Iran pp786.

http://www.sci.or.ir/english/sel/f4/F21.HTM
	Admin 1

Ostan

	Iraq
	Sheep
	??
	Hanan.Mohammed@fao.org
	Admin 1

	Israel
	Cattle, Sheep, Goats

Crops
	2000

2000
	Agriculture division, Central Bureau of Statistics

www.cbs.gov.il
	part Admin 1

	Jordan
	Cattle, Sheep, Goats
	2000
	Department of Statistics, Amman

http://www.dos.gov.jo/owa-user/owa/FOCAL_AGR_anm.show_param?LANG=E&dis=1
	Admin 1

Governorate

	Kuwait
	Cattle, Sheep, Goats, Camels, Poultry
	2000
	Central Statistical Office and Public Authority for Agriculture and fisheries

http://www.mop.gov.kw/mopwebsite/statpdf2001/Chapter07.pdf
	Admin 1

Governorate

	Lebanon
	Cattle, Sheep, Goats, Pigs, Chickens, Layers, Boilers

Crops
	1998
	Ministère de l'Agriculture, Recensement Général de l' Agriculture 1999

http://www.agriculture.gov.lb/rgacdrom/rgacdrom/Mohafaza.htm

Level 2 data available on site
	Admin 1

Mohafaza

	Oman
	Cattle, Sheep, Goats, Pigs, Chickens

Crops
	2001
	FAOSTAT

http://apps.fao.org/page/collections?subset=agriculture
	Country

	Pakistan
	Cattle, Buffaloes, Sheep, Goats, Pigs, Camels, Chickens

Crops
	1996
	Statistics Division Ministry of Economic Affairs and Statistics  

1996 Livestock Census data: Agricultural Census Organisation

http://www.statpak.gov.pk/depts/aco/publications/publications.html#1996
	Admin 2

District

	Saudia Arabia
	Cattle, Sheep, Goats, Pigs, Chickens

Crops
	1998
	Source: AGA transcript of Statistical Yearbook 1999, 

Kingdom of Saudi Arabia Ministry of Planning, Central Department of Statistics, 35th issue
	Admin 1

	Syria
	None
	
	
	

	Turkey
	Cattle, Buffalo, Sheep, Goats, Pigs, Chickens, Layers, Boilers Crops
	1998
	Source: ERGO transcript of data from STATE INSTITUTE OF STATISTICS (SIS) 

http://www.die.gov.tr/english/ISTATIS/ESG2/f.htm
	Admin 1

Province

	United Arab Emirates
	Cattle, Sheep, Goats, Pigs, Chickens

Crops
	2001
	FAOSTAT

http://apps.fao.org/page/collections?subset=agriculture

Regional data available from UEA Ministry of Agriculture and Fisheries, but no matching polygons
	Country

	West Bank and Gaza
	Cattle, Sheep, Goats, Pigs, Chickens

Crops
	2001
	FAOSTAT

http://apps.fao.org/page/collections?subset=agriculture
	Country

	Yemen
	Cattle, Sheep, Goats

Crops
	2000

1999
	AGA transcript of data from National Information Centre

http://www.nic.gov.ye/English%20site/SITE%20CONTAINTS/internal%20economy/agriculture/Agrc..html
	Country


7.1 Suitability Masking

Some land – for example deserts, lakes, mountains - is simply not suitable for agriculture, be it livestock or cultivation. In other areas – such as national parks or game reserves agriculture is typically prohibited. The density calculated must therefore be corrected to take such factors into account – to give the density of animals per kilometre of available land.

In addition to the National Parks and water, pixels were defined as permanently unsuitable if they supported more than 500 people per square kilometre, had a slope of more than 50 percent, a maximum scaled NDVI of <= 2002 (actual value approx 0.06), were within the driest of the defined ecozones, or was defined as being unsuitable for rainfed pasture according to recent International Institute for Applied Systems Analysis (IIASA) estimates. The suitability thresholds for the three vegetation related parameters have been set deliberately low to make sure that areas suitable for grazing for parts of the year only are not excluded from the potential livestock ranges. The various contributory elements are shown separately in Figure 17, following.

Figure 17: Calculated Suitability for Ruminant Livestock
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The resulting raw and suitability corrected training livestock densities are shown in Figure 18 (bovines), Figure 19 (sheep), and Figure 20 (goats). These are combined to give a ruminant biomass density in Figure 21.

The major effect of the suitability correction is obviously to increase effective livestock densities. This is particularly noticeable in areas with rather high uncorrected densities – such as Pakistan – that have significant proportions of protected or populated areas. The effect in the desert areas is to concentrate the comparatively few animals into the areas defined as suitable, but the impact is more on distribution rather than density.

Figure 18: Bovine Training Densities
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Figure 19: Sheep Training Densities
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Figure 20: Goat Training Densities
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Figure 21: Ruminant Biomass Densities
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Totals Correction

The main objectives of regression modelling are to redistribute target populations within the training data polygons according to relationships between animal numbers and predictor variables; and to fill information gaps, by providing estimates for areas where training data are not available. The technique will always, however, tend to smooth known distributions, and therefore runs the risk of under-representing high density patchy populations. This problem can be largely overcome by applying a post prediction correction factor to each polygon with known densities, so that the mean polygon values (and therefore the total animal numbers) for predicted and training data are the same. An example of the raw prediction for goats (corrected for suitability) and the ‘totals corrected’ version is shown in Figure 22
Figure 22: Totals Correction - Goats
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8 Predictor Data

A range of information has been incorporated into these analyses as predictor variables, including eco-climatic data, topography, human population, cartographic data and protected areas.

8.1 Satellite Imagery

The study used the following satellite-derived measures of land-surface or atmospheric characteristics
:

a) 
Normalised Difference Vegetation Index  (NDVI) from the Advanced Very High Resolution Radiometer (AVHRR) commonly used as an indicator of vegetation cover (data from the Pathfinder Program, initially supplied by the NASA Global Inventory Monitoring and Modelling Systems (GIMMS) group). 

b) A measure of land surface temperature, derived using the Price split window technique by TALA personnel, from two of the thermal channels (Channel 4 and 5) of the same instrument that produces NDVI data
; 

c) A measure of middle infrared reflectance (allied to temperature but less susceptible to atmospheric interference) derived from Channel 3 of the AVHRR data;

d) A measure of Vapour Pressure Deficit also derived from the AVHRR channels 4 and 5 and ancillary processing.

All the AVHRR satellite data were available in dekadal images for an 18 year series from 1982-1996. Each series was subjected to temporal Fourier analysis, re-sampled to 0.05 degree (approx 5km) resolution and re-projected to latitude/longitude (geographic) projection. Fourier processing extracts, from each multi-temporal data stream, the characteristics of the annual, biannual and tri-annual components
. Mean values, and the amplitudes and phases (i.e. timing of the seasonal peaks) of the annual, bi-annual and tri-annual cycles were recorded and turned into IDRISI image data layers, together with the maximum, minimum and ranges (maximum - minimum) of each Fourier description of the observed signal. The percentage of the total variance attributable to each of the three Fourier components (a measure of the relative importance of each component) was also calculated for each parameter series. Further details can be found in Appendix Table 4, below. 

Table 4: Predictor Fourier Variable Names

	Fourier
	
	
	Data
	

	Variable
	Middle infraRed

Channel 3
	Land Surface Temperature
	NDVI
	VPD

	Mean
	ME03A0LL
	ME07A0LL
	ME14A0LL
	ME20A0LL

	Amplitude1
	ME03A1LL
	ME07A1LL
	ME14A1LL
	ME20A1LL

	Amplitude2
	ME03A2LL
	ME07A2LL
	ME14A2LL
	ME20A2LL

	Amplitude3
	ME03A3LL
	ME07A3LL
	ME14A3LL
	ME20A3LL

	Phase1
	ME03P1LL
	ME07P1LL
	ME14P1LL
	ME20P1LL

	Phase2
	ME03P2LL
	ME07P2LL
	ME14P2LL
	ME20P2LL

	Phase3
	ME03P3LL
	ME07P3LL
	ME14P3LL
	ME20P3LL

	Variance of Mean
	ME03VRLL
	ME07VRLL
	ME14VRLL
	ME20VRLL

	Variance 1*
	ME03D1LL
	ME07D1LL
	ME14D1LL
	ME20D1LL

	Variance 2*
	ME03D2LL
	ME07D2LL
	ME14D2LL
	ME20D2LL

	Variance 3*
	ME03D3LL
	ME07D3LL
	ME14D3LL
	ME20D3LL

	Variance All*
	ME03DALL
	ME07DALL
	ME14DALL
	ME20DALL

	Min
	ME03MNLL
	ME07MNLL
	ME14MNLL
	ME20MNLL

	Max
	ME03MXLL
	ME07MXLL
	ME14MXLL
	ME20MXLL

	Range
	ME03RNLL
	ME07RNLL
	ME14RNLL
	ME20RNLL

	*e.g. Variance 1 refers to the  % of variance in annual signal accounted for by Fourier component 1


The mean monthly NDVI and Land Surface Temperature are shown in Figure 23 and Figure 24 respectively
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Figure 23: Monthly NDVI
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Figure 24: Monthly LST

8.2 Other Eco-climatic and Land Related Data

Digital Elevation Model (DEM) data were obtained from the GTOPO30 1km resolution elevation surface for Africa, produced by the Global Land Information System (GLIS) of the United States Geological Survey, Earth Resources Observation Systems (USGS, EROS) data centre. 

A series of land use variables were extracted from the 1998 extracted from the Columbia Universities LANDSCAN
 data set including slope and water. Potential Evapotranspiration (PET), and annual rainfall data were taken from the FAO IIASA data archive7 and re-sampled to a 0.05 degree resolution. Suitability for rainfed pasture was provided by G. Fischer and H. van Velthuizen of IIASA. Length of Growing Period was also derived from IIASA estimates7, using regression modelling of the type used for livestock.  

8.3 Human Population

The human population data used are derived from three sources: a global coverage of population number per image pixel obtained from University of California at Berkeley provided by FAO AGL at 5 minute resolution; a population density coverage at the same resolution from the Consortium for International Earth Science Information Network (CIESIN: http://www.ciesin.org), derived from data collated by the National Centre for Geographic Information and Analysis (NCGIA: http://www.ncgia.ucsb.edu); and range of population related data for 1998 extracted from the Columbia Universities Landscan archive. This last included night-time light intensity and roads, each of which was recoded to presence and absence from which distance to roads and distance to lights images were constructed.

8.4 Cartographic Boundary Data

The administrative boundary data was compiled from files provided by ESRI’S Digital Chart of the World (DCW) and the ArcMap boundaries supplied with ArcView3.2. Turkish boundary data was supplied by FAO SDRN. Protected Area boundaries were taken from the map archives supplied with ESRI’s ArcView software, supplemented with the UNEP/WCMC protected areas database provided by FAO AGA.
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