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Preliminary NDVI data treatment
A 10-year time-series of MODIS 16-day L3 Global 250m (MOD13Q1) satellite imagery
formed the base for our Fv (vegetation greenness) analyses. The spatially gridded NDVI

layers for Australia were downloaded from https://remote-sensing.nci.org.au. A detailed

description of the methodology used to produce these layers from the original tiles is
provided by Paget and King (2008). The 230 images of the time-series we used represented
the period 1 July 2000 to 30 June 2010. This time period was selected as it includes some of

the wettest and driest years recorded in Australia (Bureau of Meteorology 2016).

Before analysing the NDVI data it was necessary to ensure that signal contamination (such as
cloud) evident in the downloaded imagery was accounted for. This was achieved by
sequentially analysing images comprising the time-series firstly for ‘dropouts’ and then for
‘spikes’ in reflectance values. A pixel value was identified as a “dropout’ if it had a value
<90% of the value of the corresponding pixel in the previous and subsequent image. When a
‘dropout’ was detected, a value equal to the average of the values of the previous and
subsequent image was substituted. A similar procedure was followed for the detection and
correction of ‘spikes’. Spikes were identified as having a value exceeding 110% of the
corresponding pixels in the previous and subsequent image. The de-contaminated NDVI

time-series data are subsequently referred to as NDV l¢jean.

NDVI of bare soil, NDVlsi

In order to identify pixels potentially lacking green vegetation cover we calculated spatially
gridded minimum values of NDVlciean (NDV Imin) from the 230 images of the 10 year time-
series. Raster layers, with spatial dimensions to match the NDVI imagery, were constructed
for 25 major surface lithology groups represented in the digital database ‘Surface geology of
Australia 1:1,000,000 scale’ (Raymond and Retter 2010). Frequency histograms of NDV Imin

were constructed for each lithology class, and the NDVImin value corresponding to the point
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of maximum frequency was identified. This value was considered to be representative of
NDV lil, the bare soil NDVI, for the lithological group. Values of NDV s for all 25
lithology groups (see Table 1) were then combined to produce a spatially gridded NDV lsoii
layer (Additional Methods Figure 1).

Hornfels and ultramafic lithologies do not occur in the arid zone, and volcanogenic sediments
are rare. Consequently, for these classes, NDVImin would likely include green vegetation. We
arbitrarily assigned NDV Isoii of 0.20 to the hornfels and ultramafic lithologies. For the
volcanogenic sediments, as a broad shoulder peak of the histogram of NDV Imin had a mean
frequency of 0.17, we equated this with NDVlsii. NDV lsoil for the lake and swamp deposits
lithology class was estimated at 0.03. Such a low value was expected as this lithology class
includes playa lakes that commonly have a salt crust. For 93% of pixels NDV s had a value
between 0.13 and 0.17, supporting the selection of a continental value of 0.15 used by
(Donohue et al. 2013).

Additional Methods Figure 1. Frequency histogram of estimated NDV Isoii for Australia.
0.4
0.35
0.3

0.25

Proportional frequency
o
= o
(9] N

o
i

0.05

|, R o

10 530 730 930 1130 1330 1530 1730 1930
(x 10,000)

estimated NDVI

soil



Additional Methods Table 1. Estimated NDV1 of bare soil (NDV i) for major lithological

classes over Australia.

NDV lsoil
Lithology class x10000
(including surface I'\lumbe_r O.f (estimated Frequency
i . pixels within of pixelsat | Comments
lithology code provided litholoav class value for bare NDVlo
in the digital database) 9y soil in soil
parentheses)
Alluvia-a 12762705 1610 102017
Calcrete - k 1262602 1550 25646
clay- sandstone - ¢ 3441653 1190 25894 se(_jl_mentgry
siliclastic
Colluvium - r 16289900 1590 183990
detrital mz?Nflc various- 999924 1970 5366
duricrust carbonate - | 3798661 1410 33820
dunes - d 25327417 1510 471153
estuarine - e 633168 1860 2369
felsic intrusive - g 5026349 1460 39526
hornfels - h 9978 | 3140 (2000) 86 ”O”S()'rr]‘ea”d
felsic volcanic - f 1179008 1580 5501
'gneous 96943 1460 1059
metasedimentary - x
volcanogenljc sediment - 73484 | 2600 (1700) rari(l)rrm]:rld
lake, swamp deposits - t 1663216 340 11453
marine - i 2553912 1530 64747
metamorphic - m 86766 1630 1015
metamorphic —n 1236631 1420 16220
metasedimentary — y 1114826 1390 6464
organic — 0 553569 2010 4394
quartz spring — g 4013 970 89
Sed'me”ta%sa”dp'a'” - 42617281 1550 392085
silcrete —z 263577 1180 3546
ultramafic — u 818947 | 2770 (2000) 5186 ”Otzz)”n:”d
volcanic - b 2917669 1370 12590
volcanic — v 57935 1220 970




Fv
We calculated a time-series of Fv, the fraction of photosynthetically active radiation
intercepted by the sunlit canopy from the SAVI time-series using a linear transform (Carlson

and Ripley 1997, Roderick et al. 1999, Donohue et al. 2013) (Additional Methods Figure 2):

— NDVIciean—NDVIsoi;
V. NDVImax—NDVigpi

Eqn 3

Where NDV1,,,, has a value of 1.00.

For each of the ten years of the time-series we calculated monthly values of Fv. It was
assumed that Fv of a 16-day composite image represents an average value for the 16-day
period. The monthly values of Frwere calculated using a weighting for the number of days of
each 16-day compositing period that occur in each month. An annual mean, F,_,,, was
calculated for each of the ten years of the time-series. The mean Fyfor the 10-year time-

series is subsequently referred to as F,.

Several large scale disturbances, including extensive forest fires in south-eastern Australia
and drought and cyclone damage to tropical rainforests in north-eastern Australia, impacted
on the vegetation during the period of this study. As an aim of this study was to assess the
predictive capacity of environmental variables we needed to minimize the signal of
extraneous noise arising from random environmental events such as fire, cyclones and floods.

To achieve this we determined the maximum value of F,_,,.. This spatial layer is
subsequently referred to as Fypq,. We also determined the minimum value of F,_,,., which

we refer to as Fyun

Additional Material Figure 1. Gridded estimates of mean fraction of photosynthetically active

radiation absorbed by the sunlit canopy (F;,) for the Australian continent.
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Climate parameters

Gridded surfaces of monthly rainfall, pan evaporation and global radiation were generated by
the MTHCLIM component of the ANUCLIM software package (Xu and Hutchinson 2013)
and ground-level elevation data from the GEODATA 9 second DEM (Hutchinson et al.
2008). The monthly mean climate surfaces of precipitation (£, mm) and pan evaporation
(Epan, mm) were generated for the period 1976-2005. Monthly means of daily global solar
radiation on rainfall (Qs, MJ m day™) were calculated for the period 1970-1995. Mean

annual rainfall, P, and mean annual pan evaporation, E,, , were calculated by summing the
grids of the respective monthly means. Mean annual Q, was calculated by summing the
monthly mean daily radiation and multiplying the sum by 30. Potential evaporation, Ep , was
derived from E,,, (Hobbins, Dai et al. 2008):

E, = kEpan Egqn 4

where the constant, k, has a value of 0.75 for Australian evaporation pans.

Two estimates of W were calculated:

W, =P—Q,/4 (see Eqn 2) where A is (~2.5 x 10° J kg H20).

Wy=P—-Ep (Eqn 5)

The formulation of Choudhury (1999) for catchments was used to estimate actual
evaporation, E (mm yr);

P

[1+(%>°<11/°<

E= Eqn 6
where a is a ‘catchment properties parameter’ that alters the partitioning of Pto £rand

runoff. A range of values of o were applied to calculate D;

D=E,—E

as visualised in Additional Methods Figure 2.

Figure A.M. 2 Visualisation of gridded values of D for the Australian continent based on o

values of 6 and 1.9.
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