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Classifying Hydrology-Driven Zones

To explore hydrologic connectivity we make use of an Australian hydromorphol-

ogy dataset generated by Hou et al. (2019) that provides mapped information on

river morphology attributes including the extent (stream flow width) and frequency

of stream inundation, upstream drainage area, and flow regime, among others. The

dataset was produced using surface water extent mapping from 27 years of Landsat

imagery overlaid onto a detailed mapping of 1.4 million river reaches across Australia,

the Australian hydrological geospatial fabric, which is a specialized Geographic Infor-

mation System (GIS) for Australia. The primary approach for classifying hydrology-

driven zones used throughout the study is a threshold of 1000 km2 for the upstream

drainage area. Further to this, we test two alternative approaches, also based off

attributes in the Hou et al. (2019) dataset.

The first alternative approach is based upon inundation frequency maps derived

by Hou et al. (2019) that give the average streamflow width at various recurrence

frequencies for each stream segment. Hydrology-driven grid cells in our analysis

(at the 0.05 degree grid resolution) are classified as those with any stream segment

that has a maximum stream flow width greater than 100 m at the 0.5% recurrence

frequency (Fig. S2B). Note that this refers to a ”recurrence frequency of surface water
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occurring as a percentage of the number of times the surface was clearly observed for

each grid cell” (Hou et al., 2019). Grid cells with no streams or only with streams

that have a maximum flow width less than 100 m are classified as precipitation-driven.

This effectively classifies hydrology-driven regions as those with large but infrequent

streamflow and/or flooding events and a substantial supply of water from upstream

(runoff) is likely.

The second alternative approach is based upon the total number of stream seg-

ments that occur in each spatial grid cell (Fig. S2C). This provides an approximation

of regions where high hydrologic connectivity may occur due to extensive stream

networks such as those in floodplains.
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Figure S1: Fraction of cropping area coverage per grid cell mapped over the arid and semi-arid
biome, as determined from the Australian Dynamic Land Cover Dataset v2.1. Any grid cells with
more the 5% cropping fraction are excluded from the EVI-precipitation sensitivity and EVI-soil
moisture sensitivity analyses.
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Figure S2: Hydromorphology of Australia’s desert biome mapped to the 0.05 degree regular climate
grid. This shows the (A) total upstream drainage area (B) maximum streamflow width at the 0.5%
return frequency and (C) the number of stream segments per grid cell.
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Figure S3: Hydromorphology of Australia’s Kati Thanda-Lake Eyre Basin mapped to the 0.05 degree
regular climate grid. This shows the (A) total upstream drainage area (B) maximum streamflow
width at the 0.5% return frequency and (B) the number of stream segments per grid cell.
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Figure S4: The Kati Thanda-Lake Eyre basin (panel A). Land cover classes (B) where the numbers
correspond to the codes in Table 1 of the main text. Average annual total rainfall for 2000-2019
(C). Average soil moisture over 2007-2019 (D). Total upstream drainage area per pixel (E), where
gray pixels contain no stream segments. The sensitivity of annual EVI anomalies to annual total
precipitation anomalies across the arid and semi-arid biome (F). For panel F linear regression is used
to determine the slope of the relationship between annual total precipitation anomalies (indepen-
dent variable) and annual EVI anomalies (dependent variable); gray pixels indicate non-significant
relationships (p-value >0.05).
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Figure S5: Box plots of (A) precipitation climatology (2000-2019) and (B) soil moisture climatology
(2007-2019), separated by vegetation type and further into either precipitation-driven (gray boxes) or
hydrology-driven zones (blue boxes). Statistical significance is assessed with a two-sided t-test, not
assuming equal variance, with n.s. representing a non-significant difference (p >0.05), * a significant
difference at p <0.05, and ** a significant difference at p <0.01. The slope of the significance test
line indicates which of the two mean values are higher.
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Figure S6: Box plots of soil properties separated by land-cover class and further into either
precipitation-driven (gray boxes) or hydrology-driven zones (blue boxes). Clay fraction and sand
fraction are 0-5 cm depth estimates. Statistical significance is assessed with a two-sided t-test, not
assuming equal variance, with n.s. representing a non-significant difference (p >0.05), * a significant
difference at p <0.05, and ** a significant difference at p <0.01. The slope of the significance test
line indicates which of the two mean values are higher.
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Figure S7: Same as Fig. 5 of the main text but using an alternative definition of hydrology-driven
zones as any grid cell with a maximum stream flow width greater than 100 m at the 0.5% recurrence
frequency. With this definition the hydrology-driven zones cover approximately 16% of the desert
biome. Top: Normalized density distributions of the interannual variability (IAV) in BIOS-2 GPP
(1981-2014) for precipitation-driven zones (gray) and hydrology-driven zones (blue). Vertical solid
lines represent the median of the distribution and vertical dashed lines represent the 5th and 95th
percentiles. Summary statistics are available in Table S1. Bottom: Distributions of the interannual
variability (IAV) in BIOS-2 GPP (1981-2014) in gray. Overlaid in blue shows the fraction of pixels
per IAV bin that are classified as hydrology-driven zones.
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Figure S8: Same as Fig. 5 of the main text but using an alternative definition of hydrology-driven
zones where the number of stream segments per pixel must exceed five. With this definition the
hydrology-driven zones cover approximately 9% of the desert biome. Top: Normalized density
distributions of the interannual variability (IAV) in BIOS-2 GPP (1981-2014) for precipitation-
driven zones (gray) and hydrology-driven zones (blue). Vertical solid lines represent the median of
the distribution and vertical dashed lines represent the 5th and 95th percentiles. Summary statistics
are available in Table S1. Bottom: Distributions of the interannual variability (IAV) in BIOS-2 GPP
(1981-2014) in gray. Overlaid in blue shows the fraction of pixels per IAV bin that are classified as
hydrology-driven zones.

10



Figure S9: Top panel shows normalized density distributions of the annual anomalies in EVI (A),
VPM GPP (B) and BIOS-2 GPP (C) for precipitation-driven zones (gray) and hydrology-driven
zones (blue). Vertical solid lines represent the median (50th percentile) of the distribution and
vertical dashed lines represent the 5th and 95th percentiles. Summary statistics are available in
Table S3. Bottom panel shows distributions of the annual anomalies in EVI (C), VPM GPP (D)
and BIOS-2 GPP (E) in gray. Overlaid in blue shows the fraction of pixels per annual anomalies
bin that are classified as hydrology-driven zones, with the area coverage of hydrology-driven zones
in the horizontal dashed line.
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Figure S10: Difference in mean GPP rates from VPM (B) and BIOS-2 (C) between hydrology-driven
zones and precipitation-driven zones, averaged across the Australian arid and semi-arid region, along
with the regional average of the annual precipitation (A). The year on the x-axis represents the
hydrological year (e.g. 2000 = September 2000 to August 2001).
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Figure S11: The classification of hydrology-driven pixels over the desert biome affects the relative
contribution of these ecosystems to desert GPP. This shows how different thresholds used to de-
fine ‘hydrology-driven’ pixels (on the x-axis) affect the area coverage and the relative contribution
to Australian arid and semi-arid GPP. The left column (A, D, G) shows the effect of classifying
hydrology-driven grid cells as those with an upstream drainage area greater than x. Note, our defi-
nition of hydrology-driven regions used throughout the paper is grid cells with an upstream drainage
area greater than 1000 km2. The middle column (B, E, H) shows the effect of classifying hydrology-
driven grid cells as those with a maximum streamflow width at the 0.5% frequency greater than x.
The right column (C, F, I) shows the effect of classifying hydrology-driven grid cells as those with
more than x stream segments per grid cell. The top row shows the differences in average GPP rate
the hydrological year 2000 between hydrology-driven and precipitation-driven zones under differing
classifications. Middle row shows the contribution of hydrology-driven zones to total GPP of the
desert for the hydrological year 2000 and the area coverage. Bottom row shows the contribution of
hydrology-driven zones to the anomaly GPP of the desert for the hydrological year 2000 and the area
coverage. By including grid cells with smaller upstream drainage areas, lower streamflow widths or
less stream segments, the number of grid cells captured and hence area coverage increases.
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Figure S12: The classification of hydrology-driven pixels over the desert biome affects the relative
contribution of these ecosystems to desert GPP. This shows how different thresholds used to de-
fine ‘hydrology-driven’ pixels (on the x-axis) affect the area coverage and the relative contribution
to Australian arid and semi-arid GPP. The left column (A, D, G) shows the effect of classifying
hydrology-driven grid cells as those with an upstream drainage area greater than x. Note, our defi-
nition of hydrology-driven regions used throughout the paper is grid cells with an upstream drainage
area greater than 1000 km2. The middle column (B, E, H) shows the effect of classifying hydrology-
driven grid cells as those with a maximum streamflow width at the 0.5% frequency greater than x.
The right column (C, F, I) shows the effect of classifying hydrology-driven grid cells as those with
more than x stream segments per grid cell. The top row shows the differences in average GPP rate
the hydrological year 2010 between hydrology-driven and precipitation-driven zones under differing
classifications. Middle row shows the contribution of hydrology-driven zones to total GPP of the
desert for the hydrological year 2010 and the area coverage. Bottom row shows the contribution of
hydrology-driven zones to the anomaly GPP of the desert for the hydrological year 2010 and the area
coverage. By including grid cells with smaller upstream drainage areas, lower streamflow widths or
less stream segments, the number of grid cells captured and hence area coverage increases.
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Table S1: Land cover classes, their area coverage of the Australian arid and semi-arid study region,
the precipitation sensitivity (mean ± 1σ) and soil moisture sensitivity (corresponding to Fig. 2 of
the main text). Total area of this study region is 4.43 million km2.

Land Cover Class Area Coverage EVI-Precip. EVI-Soil Moisture
Sensitivity Sensitivity

Tussock 0.6% 0.0116 ± 0.0034 0.0308 ± 0.0140
Grasslands 0.0142 ± 0.0072 0.0295 ± 0.0115

Hummock 6.1% 0.0057 ± 0.0022 0.0187 ± 0.0117
Grasslands 0.0057 ± 0.0022 0.0181 ± 0.0086

Scattered Shrubs 64.3% 0.0084 ± 0.0038 0.0218 ± 0.0171
and Grasses 0.0102 ± 0.0053 0.0240 ± 0.0169

Shrublands
17.9% 0.0085 ± 0.0038 0.0237 ± 0.0117

0.0089 ± 0.0041 0.0228 ± 0.0114

Woodlands and 4.3% 0.0104 ± 0.0035 0.0265 ± 0.0117
Open Forests 0.0103 ± 0.0044 0.0222 ± 0.0097

Nullarbor Plain
4.3% 0.0207 ± 0.0066 0.0375 ± 0.0099

0.0221 ± 0.0064 0.0371 ± 0.0098
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Table S2: Vegetation types, their area coverage across the Australian arid and semi-arid study region,
and the Pearson correlation coefficient (r) for EVI anomalies vs precipitation anomalies (P) and EVI
anomalies vs soil moisture anomalies (SM). We also show the difference in r between the P vs EVI
correlation and SM vs EVI correlation. Correlations are performed separately for precipitation-
driven zones (gray) and hydrology-driven zones (blue) within each vegetation type. Correlation
coefficients of EVI anomalies with soil moisture anomalies are systematically higher than those of
EVI anomalies vs precipitation anomalies. Total area of this study region is 4.43 million km2.

Vegetation Type Area Coverage r r Difference
(P vs EVI) (SM vs EVI) in r

Tussock 0.6% 0.72 0.77 0.05
Grasslands 0.66 0.79 0.13

Hummock 6.1% 0.64 0.75 0.11
Grasslands 0.66 0.77 0.11

Scattered Shrubs 64.3% 0.66 0.71 0.05
and Grasses 0.68 0.74 0.06

Shrublands
17.9% 0.59 0.73 0.14

0.67 0.76 0.09

Woodlands and 4.3% 0.52 0.75 0.23
Open Forests 0.67 0.80 0.13

Nullarbor 4.3% 0.73 0.85 0.12
Plain 0.81 0.87 0.06
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Table S3: Statistics for the water availability (precipitation and soil moisture) in the precipitation-
driven and hydrology-driven zones of the arid and semi-arid regions of Australia. The climatology
and interannual variability (IAV) statistics summarize the long-term average and variability in con-
ditions of each zone, with the spread representing spatial variability within each zone. The annual
anomalies statistics summarize the spatial and temporal variability within each zone. Corresponding
figures are found in the main text. In general, hydrology-driven regions receive lower average precip-
itation but average soil moisture levels are higher. The IAV for both precipitation and soil moisture
is generally higher for hydrology-driven zones, yet the relative difference is 12% for precipitation
IAV and 33% for soil moisture IAV (difference in medians).

Variable Aggregated Region 5th Median 95th

Precipitation Precipitation-driven 161mm 280mm 480mm
Climatology Hydrology-driven 156mm 274mm 460mm
Soil Moisture Precipitation-driven 7.8% 15.0% 27.5%
Climatology Hydrology-driven 6.9% 16.9% 30.5%
Precipitation Precipitation-driven 60mm 114mm 213mm
IAV Hydrology-driven 70mm 128mm 207mm
Soil Moisture Precipitation-driven 1.4% 4.9% 10.5%
IAV Hydrology-driven 1.4% 6.5% 12.1%
Precipitation Precipitation-driven -182mm -15mm 238mm
Anomalies Hydrology-driven -178mm -26mm 207mm
Soil Moisture Precipitation-driven -9.0% 0% 10.6%
Anomalies Hydrology-driven -10.9% -0.2% 13.7%
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Table S4: Summary statistics for vegetation productivity IAV and annual anomalies across the Aus-
tralian arid and semi-arid biome, separated into distributions of precipitation-driven zones (gray)
and hydrology-driven zones (blue). Statistics are provided for distributions of IAV and all annual
anomalies in MODIS EVI, VPM GPP, and BIOS-2 GPP. Hydrology-driven zones have distributions
of anomalies with longer tails as indicated by higher skewness and kurtosis values, while the medi-
ans are similar. IAV also shows higher positive skewness and much higher 95th percentile values,
indicating a tendency of the sample to have higher IAV compared with precipitation-driven zones.
Units for GPP are g C m−2 yr−1.

Arid and Semi-Arid Australia
5th median 95th skewness kurtosis n

percentile percentile skewness kurtosis n
EVI 0.007 0.013 0.025 1.43 3.56 134828
IAV 0.008 0.015 0.033 1.90 5.86 22463
VPM GPP 21 70 161 1.44 4.22 134828
IAV 29 92 217 1.38 2.98 22463
BIOS-2 GPP 21 69 200 1.41 2.25 134278
IAV 27 97 244 0.78 0.008 22621
EVI -0.022 -0.002 0.024 0.72 3.16 2561732
anomalies -0.027 -0.003 0.032 1.006 5.26 426790
VPM GPP -126 -10 152 1.10 6.06 2561662
anomalies -166 -17 205 1.47 7.04 426708
BIOS-2 GPP -126 -11 159 2.91 23.66 4565452
anomalies -159 -17 217 2.73 16.4 769114
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