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Fig. S1 (a-i) Spatial distribution of estimated small ruminant (sheep & goat) density across Kazakhstan for 2000-2008.
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Fig. S2 (a-i) Spatial distribution of estimated small ruminant (sheep & goat) density across Kazakhstan for 2009-2017.
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Fig. S3 (a-b) Spatial distribution of estimated small ruminant (sheep & goat) density across Kazakhstan for 2018-2019.
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Fig. S4 (a-i) Spatial distribution of estimated horse density across Kazakhstan for 2000-2008.
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Fig. S5 (a-i) Spatial distribution of estimated horse density across Kazakhstan for 2009-2017.
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Fig. S6 (a-b) Spatial distribution of estimated horse density across Kazakhstan for 2018-2019.

[image: A map of different countries/regions

Description automatically generated]
Fig. S7 Small ruminant (sheep & goat) density distributions obtained from this study (a & b) and from Gridded livestock of the world (GLW-3) (c & d) for 2010 & 2015. Horse density distributions obtained from this study (e & f) and GLW-3 (g & h) for 2010 & 2015. (i) Off take rate for 2015 from Hankerson et al. 2019 study. Note: Units are not directly convertible. Though different methods and inputs were used, all maps showed similar distributions of relative grazing activity.
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Fig. S8 Variable importance from the random forest regression model for predicting the (a) small ruminant (sheep & goat) and (b) horse density estimates for 2015.
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Fig. S9 Socio environmental system drivers used in this study for predicting livestock density estimates in Kazakhstan using random forest regression model. 
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Fig. S10 (a) Seasonal and permanent waterbody locations in 2015 obtained from JRC Yearly Water Classification dataset for Kazakhstan (~0.2 million water body pixels were detected) and (b) Euclidean distance calculated from all the water body locations.
Table S1 Statistical fit metrics of random forest regression model for predicting small ruminant (sheep & goat) and horses density estimates for 2000-2019 (lower rmse/mae and higher R2 indicate better model fit). The fit statistics are computed between the observed and predicted livestock density values for the test dataset (10% of the settlement points per year)
	Year
	RMSE
	R2
	MAE
	RMSE
	R2
	MAE

	
	Small ruminant (sheep and goat) density predictions
	Horse density predictions

	2000
	6.53
	0.76
	2.77
	0.43
	0.70
	0.22

	2001
	5.16
	0.83
	2.34
	0.45
	0.62
	0.21

	2002
	7.37
	0.79
	3.11
	0.62
	0.58
	0.26

	2003
	7.32
	0.83
	3.01
	1.15
	0.63
	0.43

	2004
	7.71
	0.77
	3.09
	0.52
	0.64
	0.25

	2005
	8.54
	0.85
	3.70
	0.60
	0.76
	0.26

	2006
	10.22
	0.81
	3.78
	0.70
	0.75
	0.27

	2007
	9.73
	0.74
	4.08
	0.75
	0.71
	0.30

	2008
	9.01
	0.87
	3.82
	0.63
	0.75
	0.27

	2009
	7.73
	0.94
	3.71
	0.64
	0.73
	0.29

	2010
	10.86
	0.83
	4.47
	0.91
	0.64
	0.32

	2011
	7.78
	0.93
	3.85
	0.88
	0.64
	0.34

	2012
	9.46
	0.78
	3.86
	1.22
	0.57
	0.41

	2013
	10.46
	0.71
	4.37
	1.05
	0.68
	0.41

	2014
	7.36
	0.88
	3.49
	0.78
	0.80
	0.37

	2015
	11.75
	0.83
	4.74
	2.86
	0.54
	0.78

	2016
	8.52
	0.86
	3.96
	1.69
	0.58
	0.62

	2017
	13.34
	0.63
	4.17
	1.96
	0.57
	0.60

	2018
	16.83
	0.78
	4.56
	1.92
	0.56
	0.64

	2019
	18.12
	0.79
	4.76
	1.84
	0.64
	0.69
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