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Appendix I: Feed Conversion Efficiencies – in kg of feed (dry mass) per kg of output – per Animal Category and Region 

	Animal category
	Animal production system
	Central and South America
	East Asia
	East Europe and CIS*
	North America
	Oceania
	South Asia
	Southeast Asia
	Sub-Saharan Africa
	West Asia and North Africa
	West Europe
	World

	Beef cattle
	Grazing
	76
	90
	48
	40
	46
	280
	163
	110
	97
	59
	70

	
	Mixed 
	63
	61
	31
	24
	36
	121
	90
	56
	41
	53
	52

	
	Industrial
	21
	35
	9
	4
	11
	33
	25
	14
	13
	16
	19

	 
	Overall
	56
	55
	32
	25
	36
	108
	71
	72
	54
	28
	47

	Dairy cattle
	Grazing
	3.8
	4.8
	2.6
	2.3
	1.8
	6.5
	7.4
	4.1
	3.3
	3.3
	3.5

	
	Mixed 
	2.6
	1.8
	2.0
	1.0
	1.3
	1.9
	3.5
	3.2
	1.9
	1.2
	1.6

	
	Industrial
	0.0
	0.9
	1.3
	0.5
	0.7
	0.0
	0.0
	0.0
	0.0
	0.6
	1.1

	
	Overall
	3.2
	2.0
	1.7
	1.1
	1.4
	2.2
	3.7
	3.8
	2.0
	1.5
	1.9

	Broiler chickens
	Grazing
	9.7
	9.8
	8.0
	13.3
	13.3
	14.0
	8.6
	7.9
	8.9
	14.3
	9.0

	
	Mixed 
	4.5
	4.7
	3.6
	5.9
	6.0
	6.4
	5.3
	4.4
	4.0
	6.4
	4.9

	
	Industrial
	2.4
	2.4
	2.3
	3.0
	3.1
	2.8
	2.5
	2.2
	2.0
	3.3
	2.8

	 
	Overall
	4.5
	4.2
	4.7
	3.4
	3.4
	5.8
	4.7
	4.9
	4.8
	3.6
	4.2

	Layer chickens
	Grazing
	10.2
	8.0
	11.3
	8.0
	6.7
	10.6
	9.5
	8.3
	9.7
	8.0
	9.3

	
	Mixed 
	4.5
	4.3
	5.1
	3.8
	3.2
	4.7
	4.2
	3.9
	4.6
	3.9
	4.4

	
	Industrial
	2.4
	2.3
	2.7
	2.1
	1.8
	2.6
	2.3
	1.8
	2.3
	2.1
	2.3

	
	Overall
	3.3
	3.1
	3.5
	2.3
	1.9
	3.6
	3.2
	4.0
	3.4
	2.3
	3.1

	Pigs
	Grazing
	12.3
	14.5
	9.3
	9.3
	14.0
	8.0
	12.2
	8.4
	15.4
	13.7
	11.3

	
	Mixed 
	6.1
	6.9
	4.7
	5.1
	6.7
	6.2
	6.6
	7.3
	8.2
	6.6
	6.5

	
	Industrial
	4.0
	4.2
	3.2
	3.2
	4.0
	4.6
	4.2
	4.1
	4.4
	4.0
	3.9

	 
	Overall
	6.1
	6.4
	5.7
	4.1
	5.3
	5.8
	6.1
	7.0
	6.2
	5.2
	5.8

	Sheep and goats
	Grazing
	113.8
	49.2
	95.8
	33.0
	40.3
	53.5
	36.4
	44.3
	33.0
	0.0
	49.6

	
	Mixed 
	73.5
	21.1
	46.6
	27.1
	27.1
	20.3
	20.9
	26.9
	16.7
	33.1
	25.8

	
	Industrial
	29.7
	13.6
	23.3
	0.0
	0.0
	10.6
	8.3
	9.7
	7.3
	0.0
	13.3

	 
	Overall
	72.5
	24.8
	62.1
	30.3
	34.2
	21.8
	18.4
	30.2
	21.2
	33.1
	30.2


The output weight refers to the weight of carcass (for beef cattle, broiler chickens, pigs, sheep and goats), weight of milk (for dairy cattle) or weight of eggs (for layer chickens)

* CIS represents The Commonwealth of Independent States.

Appendix II: Estimated Consumption of Feed per Animal Category and World Region (103 ton dry mass/year)

	Type of feed
	Animal category
	Central and Southern America
	Eastern Asia
	Eastern Europe and CIS
	Northern America
	Oceania
	South Asia
	South East Asia
	Sub-Saharan Africa
	West Asia and North Africa
	Western Europe
	Total

	Concentrate feed 
	Beef cattle
	15046
	11398
	13347
	46803
	1013
	9249
	8485
	10265
	7012
	19342
	141959

	
	Dairy cow
	17725
	17720
	60510
	35667
	3161
	22970
	1221
	3687
	21608
	64470
	248739

	
	Sheep and goats
	138
	101
	400
	20
	88
	200
	45
	420
	2045
	136
	3595

	 
	Pigs
	14290
	105389
	32491
	39085
	1024
	1015
	11326
	2376
	570
	81262
	288829

	 
	Broiler chickens
	34278
	32931
	11312
	29311
	1551
	9624
	15440
	6618
	19332
	20153
	180551

	 
	Layer chickens
	10614
	52641
	12444
	7205
	229
	9021
	6492
	4485
	8858
	10046
	122035

	 
	Total concentrate
	92091
	220181
	130503
	158091
	7066
	52078
	43009
	27851
	59426
	195410
	985707

	Roughage
	Beef cattle
	768202
	310641
	158432
	276180
	95208
	431969
	85698
	216172
	117142
	198238
	2657881

	 
	Dairy cow
	173954
	30669
	105111
	57026
	28651
	71609
	5327
	40678
	36897
	126231
	676153

	 
	Sheep and goats
	29701
	69732
	44179
	3549
	39848
	28570
	2883
	37611
	44647
	37978
	338697

	 
	Pigs
	17534
	169643
	10378
	2827
	1642
	1890
	15949
	2562
	110
	12122
	234657

	 
	Broiler chickens
	22189
	10082
	3148
	21094
	1050
	223
	3153
	1327
	759
	4426
	67453

	 
	Layer chickens
	5916
	16116
	3335
	5185
	155
	209
	1326
	508
	363
	2435
	35549

	 
	Total roughage
	1017496
	606884
	324582
	365861
	166553
	534469
	114336
	298859
	199918
	381431
	4010390

	Total feed
	 
	1109587
	827065
	455085
	523952
	173620
	586547
	157346
	326710
	259344
	576841
	4996097


Appendix III: Estimated Consumption of Feed per Production System and World Region (103 ton dry mass/year)

	Type of feed
	Animal production system
	Central and South America
	East Asia
	East Europe and CIS
	North America
	Oceania
	South Asia
	Southeast Asia
	Sub-Saharan Africa
	West Asia and North Africa
	West Europe
	Total

	Concentrate feed
	Grazing
	14119
	4248
	20886
	10350
	538
	1762
	983
	8126
	15557
	13377
	89946

	 
	Mixed
	41138
	121794
	71328
	93612
	3672
	39466
	26732
	16729
	33943
	97545
	545958

	 
	Industrial
	36834
	94139
	38290
	54129
	2856
	10850
	15294
	2996
	9926
	84488
	349803

	Roughage
	Grazing
	383782
	80502
	147434
	84664
	52895
	52056
	8643
	174068
	104204
	72777
	1161026

	 
	Mixed
	566853
	462190
	137533
	261445
	110402
	459372
	99482
	120693
	90178
	236640
	2544789

	 
	Industrial
	66861
	64192
	39615
	19751
	3256
	23041
	6211
	4098
	5536
	72013
	304575

	Total feed
	 
	1109587
	827065
	455085
	523952
	173620
	586547
	157346
	326710
	259344
	576841
	4996097


Appendix IV: Fraction of Concentrate Feed in Total Feed Dry Matter, per Animal Category, Production System and Region

	Animal category
	Animal production system
	Central and South America
	East Asia
	East Europe and CIS
	North America
	Oceania
	South Asia
	Southeast Asia
	Sub-Saharan Africa
	West Asia and North Africa
	West Europe
	Total

	Beef cattle
	Grazing
	0.002
	0.000
	0.028
	0.065
	0.004
	0.000
	0.047
	0.010
	0.028
	0.009
	0.016

	
	Mixed 
	0.012
	0.008
	0.054
	0.158
	0.010
	0.010
	0.036
	0.083
	0.061
	0.020
	0.039

	
	Industrial
	0.125
	0.150
	0.574
	0.753
	0.103
	0.213
	0.486
	0.260
	0.407
	0.204
	0.211

	 
	Overall
	0.019
	0.035
	0.078
	0.145
	0.011
	0.021
	0.090
	0.045
	0.056
	0.089
	0.051

	Dairy cattle
	Grazing
	0.033
	0.099
	0.262
	0.163
	0.040
	0.045
	0.027
	0.064
	0.244
	0.148
	0.086

	
	Mixed 
	0.178
	0.422
	0.267
	0.454
	0.112
	0.294
	0.205
	0.135
	0.391
	0.417
	0.321

	
	Industrial
	0.000
	0.961
	0.620
	1.000
	0.272
	0.000
	0.000
	0.000
	0.000
	0.929
	0.665

	
	Overall
	0.092
	0.366
	0.365
	0.385
	0.099
	0.243
	0.186
	0.083
	0.369
	0.338
	0.269

	Broiler chickens
	Grazing
	0.412
	0.561
	0.686
	0.244
	0.269
	0.877
	0.642
	0.699
	0.934
	0.372
	0.633

	
	Mixed 
	0.570
	0.735
	0.863
	0.325
	0.359
	0.983
	0.812
	0.925
	0.992
	0.485
	0.701

	
	Industrial
	0.998
	1.000
	1.000
	0.650
	0.660
	1.000
	0.999
	1.000
	1.000
	0.909
	0.810

	 
	Overall
	0.607
	0.766
	0.782
	0.582
	0.596
	0.977
	0.830
	0.833
	0.962
	0.820
	0.728

	Layer chickens
	Grazing
	0.185
	0.374
	0.214
	0.243
	0.249
	0.723
	0.545
	0.781
	0.773
	0.333
	0.502

	
	Mixed 
	0.238
	0.617
	0.573
	0.324
	0.332
	0.964
	0.726
	0.995
	0.967
	0.444
	0.636

	
	Industrial
	1.000
	0.978
	1.000
	0.647
	0.664
	1.000
	1.000
	1.000
	1.000
	0.897
	0.932

	
	Overall
	0.642
	0.766
	0.789
	0.582
	0.596
	0.977
	0.830
	0.898
	0.961
	0.805
	0.774

	Pigs
	Grazing
	0.143
	0.100
	0.539
	0.370
	0.003
	0.073
	0.107
	0.296
	0.600
	0.327
	0.298

	
	Mixed 
	0.349
	0.255
	0.918
	0.891
	0.008
	0.182
	0.313
	0.483
	0.924
	0.787
	0.425

	
	Industrial
	0.984
	1.000
	1.000
	1.000
	0.905
	0.984
	0.960
	0.955
	0.947
	0.997
	0.995

	 
	Overall
	0.449
	0.383
	0.758
	0.933
	0.384
	0.349
	0.415
	0.481
	0.838
	0.870
	0.552

	Sheep
	Grazing
	0.001
	0.000
	0.003
	0.002
	0.001
	0.000
	0.000
	0.003
	0.011
	0.000
	0.004

	
	Mixed 
	0.006
	0.003
	0.014
	0.011
	0.004
	0.017
	0.021
	0.032
	0.051
	0.004
	0.011

	
	Industrial
	0.029
	0.007
	0.042
	0.000
	0.000
	0.065
	0.074
	0.109
	0.381
	0.000
	0.092

	
	Overall
	0.006
	0.002
	0.009
	0.006
	0.002
	0.017
	0.024
	0.019
	0.051
	0.004
	0.013

	Goats
	Grazing
	0.000
	0.000
	0.000
	0.002
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.000

	
	Mixed 
	0.000
	0.000
	0.001
	0.014
	0.000
	0.002
	0.004
	0.002
	0.002
	0.000
	0.001

	
	Industrial
	0.002
	0.001
	0.009
	0.094
	0.000
	0.009
	0.036
	0.016
	0.058
	0.000
	0.011

	 
	Overall
	0.001
	0.000
	0.002
	0.021
	0.000
	0.002
	0.008
	0.002
	0.006
	0.000
	0.002


Appendix V: Overview of data sources

	· Animal production systems: Seré and Steinfeld (1996) have developed a classification of animal production systems based on agro-ecology, the distinction between pastoral, mixed and landless systems and on the presence of irrigation or not. They distinguish eleven animal production systems grouped under three headings: grazing (extensive), mixed and industrial (intensive). In this study we use the schematization into these three production systems.

· Feed conversion efficiencies: For ruminants, the feed conversion efficiencies were estimated as explained in method section. For non-ruminants (pigs, broiler and egg laying chickens), feed conversion efficiencies per animal category, per production system and per economic region were obtained from Hendy and others (1995). For both ruminants and non-ruminants, the feed conversion efficiency data were scaled such that at the level of world regions they match the efficiencies as reported in Bouwman and others (2005).

· Annual production of animal products: Data on the annual production of animal products (beef, pig meat, sheep meat, goat meat, chicken meat, milk and egg) per production system for different economic regions were obtained from Seré and Steinfeld (1996). Production data per product and country for the period 1996-2005 were obtained from FAOSTAT (FAO 2009). The two data sources have been combined to derive production data per animal category, production system and per country for the period 1996-2005. We scaled the production data per production system such that at national level, the production aggregated over the different production systems equals the production as reported in FAO (2009) for the period 1996-2005.
· Number of animals: Seré and Steinfeld (1996) provide the total animal population for the different production systems for the year 1995 for a number of geographic regions in the world. Wint and Robinson (2007) provide the total animal population for the year 2005 for the different production systems for developing countries. We have combined the two sources to obtain number of animals per animal category, per production system and per country. We scaled the numbers such that at national level, the number of animals aggregated over the different production systems equal the numbers as reported in FAO (2009) for the period 1996-2005.
· Number of slaughtered animals and animal off-take rates: The annual number of slaughtered animals for beef cattle, pigs, sheep, goats and broiler chickens per country have been taken from FAO (2009). The animal off-take rates at national level have been derived from the same source by dividing the annual number of slaughtered animals by the total population. The off-take rate for the grazing system was assumed to be 90% of the national average off-take rate for the animal category considered (Bouwman and others 2005). Per country, the off-take rate for the mixed and industrial production systems were scaled until the total number of slaughtered animals per animal category equalled the value provided by FAO (2009).
· Animal live weight: Hendy and others (1995) provide live weight of ruminant animals (beef cattle, dairy cattle, sheep and goat) by production system and economic region. FAO (2003) give animal live weight for cattle, pigs, sheep, goats and chickens. We combined these two sources, taking advantage of the fact that Hendy and others (1995) specify data per production system (but not per country) and FAO (2003) provides data per country (but not per system).
· Carcass weight as percentage of live weight: FAO (2003) provides carcass weight as percentage of live weight for the different animal categories per country. 

· Ruminant animals daily feed intake rate: Daily feed intake rate for ruminant animals (beef cattle, dairy cattle, sheep and goat) was obtained from Hendy and others (1995). 

· Share of concentrate feed in total animal feed: The contribution of concentrate feeds such as cereals, oil-meals, roots and other crop products in the total feed composition was obtained from Hendy and others (1995) and Bouwman and others (2005). 
· Composition of the concentrate feed: The composition of concentrate feed per animal category was estimated following mainly Wheeler and others (1981). In addition, we used Steinfeld and others (2006) for data on the relative composition of poultry and pigs feed for major countries. The data available in Wheeler and others (1981) and Steinfeld and others (2006) are not sufficient to specify the feed composition at the level of specific crops or crop products. In order to come to that level of detail we use the Supply and Utilization Accounts of FAOSTAT (FAO 2009), which provide the total concentrate feed utilization per country per crop and crop product. 
· Composition of the roughage feed: We used Bouwman and others (2005) to estimate the composition of the roughage feed (grass, fodder crops, crop residues).
· Water use for drinking and animal servicing: Data were obtained from Chapagain and Hoekstra (2003). 
· Water use for mixing feed: Following Chapagain and Hoekstra (2003), the water use for feed mixing is assumed to be 50% of total concentrate feed intake (or 0.5 liter per kg of concentrate feed intake).
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