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Supplementary Figure 1: Relationship between changes in NDVI and BL fraction in the 4 
Amazon Basin. (a) Change in AVHRR NDVI from 1991 to 2016 (difference between the 5 
2012-2016 and 1991-1995 means) in forested (BL >= 80%) grid boxes. (b) Time series of 6 
the median NDVI from these grid boxes. Also shown in blue is the annual proportion of grid 7 
boxes that have BL >= 80% given that they had BL >= 80% in 2001. 8 



 9 
Supplementary Figure 2: Tests of robustness for detrending the VOD time series. In 10 
the main paper, VOD time series are detrended and de-seasonalised using the stl() function 11 
in R (see Methods). Here we vary the time window (t.window) used to calculate the long 12 
term trend, whilst keeping the seasonal window periodic. In the main paper, t.window=19 13 
months. (a) The mean AR(1) time series for each choice of t.window is shown. This is 14 
comparable to Fig. 2a in the main paper. (b) The Kendall t values of the mean AR(1) time 15 
series from the full time series (grey), and from 2003 onwards (black) for each t.window are 16 
all positive. Closed circles denote the Kendall t values are significantly positive (p < 0.05). 17 
(c) The trends removed based on t.window for a typical grid box VOD time series (shown 18 
behind in grey). (d-i) The histogram of point-level Kendall t values from 2003 onwards for the 19 
choices of t.window showing that the skew towards positive tendencies in AR(1) found in the 20 
main paper (when t.window = 19) is robust. 21 



 22 
Supplementary Figure 3: Changes in Amazon vegetation resilience as measured by 23 
NDVI since the early 1990s and from 2003. (a) Mean NDVI AR(1) time series created from 24 
grid points that have >= 80% BL fraction in the Amazon basin. The full AR(1) time series 25 
from 1991 (grey) has a Kendall t value of 0.008 (p = 0.491) and from 2003 (black), a value 26 
of 0.647 (p < 0.001). The tendency of the full time series is strongly influenced by the strong 27 
decrease at the start. (b) A map of the Kendall t values of individual grid boxes from 2003, 28 
shown with contours of MAP (mm/year) over the same time period. (c) A histogram of the 29 
pointwise Kendall t values from the map. 30 



 31 
Supplementary Figure 4: The relationship between annual rainfall sums and distance 32 
from human land use, and vegetation resilience as measured by NDVI. (a) Example 33 
NDVI AR(1) time series for 500mm MAP-bands from 1991 (dashed lines) and from 2003 34 
(solid lines). The legend in the panel shows the p-values for tendencies of the full time 35 
series, and from 2003 onwards respectively (when measured by Kendall t). (b) Full NDVI 36 
AR(1) Kendall t series for a sliding MAP-band, from 1991 (grey) and from 2003 (black). Red 37 
circles show the results from panel (a) and are closed if the Kendall t value is significantly 38 
positive (p < 0.05) and open otherwise. The tendency of these series (also measured by the 39 
Kendall t rank correlation coefficient) are -0.439 and -0.575 respectively, showing there is 40 
generally a more severe decrease in resilience with a decrease in rainfall. Although heavily 41 
influenced by the large decline in AR(1) at the beginning of the time series, over the whole 42 
time period, the Kendall t series suggests that there is an increase in resilience at higher 43 
MAP values as the AR(1) is decreasing overall (t < 0). (c) and (d) show the same as (a) and 44 
(b) but using the distance from human land use rather the MAP on a sliding window. The 45 
tendency of the series in (d) are -0.699 for the full time series, and -0.895 from 2003 46 
onwards, showing there is a more severe decrease in resilience with increasing proximity to 47 
human land use.  48 
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Supplementary Figure 5: Map of human land use areas in the Amazon Basin. Grid 50 
boxes colour black have human land use in 2016 (as defined in the Methods), and those 51 
coloured are our study region (grid boxes that have BL >= 80% in 2001). Contours show the 52 
distance (km) a grid box is from a human land use grid box. Only human land use areas in 53 
the Amazon Basin are shown in the figure, however distances were calculated over a larger 54 
region to include human land use boxes outside the basin. 55 
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Supplementary Figure 6: The change in human land use over time. (a) The grid box 57 
percentage change in human land use (as defined in the Methods using the MODIS Land 58 
Cover Product from 2001 to 2016 in the Amazon Basin. (b) The annual percentage of grid 59 
boxes in the Amazon region that have >0% human land use. Both of these show that there 60 
is an increasing spread and intensity of human land use, and if this trend were to continue, 61 
more forested grid boxes will have their distance to human land use decreased.  62 
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Supplementary Figure 7: The change in MAP alongside VOD AR(1) Kendall t values 64 
from 2003. (a). The change in MAP (mm/year) over the time period used to calculate AR(1) 65 
time series from 2003 (due to the 60 month sliding window, this is the difference in mean 66 
MAP from 1999-2003 and 2012-2016). (b) The VOD AR(1) Kendall t of individual grid boxes 67 
from 2003 onwards (as shown in Fig. 2b of the main paper). The drier south region of the 68 
Amazon Basin is getting wetter, whereas the wetter north is drying. However, the change in 69 
MAP appears unrelated to the pattern of Kendall t values, particularly noticeable in the west 70 
of the region. This is confirmed by a low correlation (Spearman’s r = 0.202, p<0.001). 71 
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Supplementary Figure 8: Changes in Amazon resilience as measured from variance of 73 
VOD over time. (a) Time series of mean regional VOD variance show a non-significant 74 
increase in variance from 2003. (b,c) Grid box Kendall tau values of VOD variance from 75 
2003, where increases are generally seen across the region. (Compare (a)-(c) to Figure 2.) 76 
(d,e) Example mean variance time series by MAP-bands, and corresponding Kendall t 77 
values for all MAP-bands. Solid lines are shown from 2003 onwards, with p-values in the 78 
legend referring to the Kendall t values for the full time series, and from 2003 onwards 79 
respectively. The values are shown as red circles in (e) and are closed if p < 0.05 or open 80 
otherwise. There is a decrease in t for higher MAP bands (in (e) for the full series t = -0.880 81 
and from 2003 onwards t = -0.774). For the full time series, negative trends in variance 82 
suggest resilience is being gained, but this is influenced by the high variance at the start of 83 
the time series. (Compare (d) and (e) to Figure 3.) (f,g) Mean variance time series by bands 84 
of distance from human land use (in (g) t = -0.293 and -0.324 respectively). There is a 85 
decrease in loss of resilience (or increase in gain in resilience for negative t values) seen up 86 
to 250km away. 87 
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Supplementary Figure 9: Changes in Amazon resilience as measured from variance of 89 
NDVI over time. (a) Time series of mean regional NDVI variance showing a significant 90 
increase from 2003. (b,c) Grid box Kendall t values of VOD variance from 2003, where 91 
increases are generally in the south of the region, and decreases in the north. (d,e) Example 92 
mean variance time series by MAP-bands, and corresponding Kendall t values for all MAP-93 
bands. Solid lines are shown from 2003 onwards, with p-values in the legend referring to the 94 
Kendall t values for the full time series, and from 2003 onwards respectively. The values are 95 
shown as red circles in (e) and are closed if p < 0.05 or open otherwise. There is a clear 96 
decrease in t for higher MAP bands (full series t = -0.465, from 2003 onwards t = -0.597). 97 
Negative t values, observed with >2500mm suggest resilience is being gained. (Compare 98 
(d,e) to Figure 3 of the main paper.) (f,g) Mean variance time series for bands of distance 99 
from human land use (in (g) t = 0.242 and -0.702). Despite a decrease in the intensity of 100 
resilience loss with increasing distance for the full time series, resilience loss is observed 101 
across the full time series. From 2003, the highest intensity is observed closest to human 102 
land use, which decreases until 150km, before resilience is gained at further distances.  103 



 104 

Supplementary Figure 10: Kendall t series calculated from an alternative method. 105 
Series are created by taking the mean Kendall t from the AR(1) time series at each 106 
individual grid box in the MAP- and distance-band, rather than creating a mean AR(1) time 107 
series for each band (see Methods). Series are shown in grey for the whole time period, and 108 
black for 2003 onwards. Tendencies (also measured by Kendall t) respectively are as 109 
follows: (a) VOD AR(1) Kendall t Vs. MAP: t=-0.773, -0.684, (b) VOD AR(1) Kendall t Vs. 110 
human land use distance: t=-0.632, -0.836, (c) NDVI AR(1) Kendall t Vs. MAP: t=-0.311, -111 
0.229, and (d) NDVI AR(1) Kendall t Vs. human land use distance: t=-0.342, -0.868. In all 112 
instances, there is a decrease in the severity of resilience loss with increasing MAP or 113 
distance from human land use. 114 


