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resolution (30 metres)

Background

The aridity index, also known as the Budyko radiative index of dryness, is a
dimensionless parameter that represents the long-term balance between net radiation
and precipitation (Nyman et al. 2014). The method used here to generate the high-
resolution aridity index layer across New South Wales was developed by Nyman et al.
(2014). Justification for the method is discussed in the method section below.

The dataset allows identification of finer-scale variations in local moisture balance
related to aspect, owing to its 30 m resolution. Existing aridity index layers have coarser
resolution (~1 km: Trabucco and Zomer 2018; Zomer et al. 2022).

This dataset can be used for assessing environmental conditions such as predicting the
likelihood of debris flows after bushfires. The potential applications section discusses
other possible uses of the aridity index.

Method for aridity index calculation

Aridity index or radiative index of dryness (Alg) is a non-dimensional measure of the
long-term balance between rainfall and net radiation (Nyman et al. 2014).
Landscape aridity can be calculated from the ratio of the annual sum of net
radiation and precipitation using the following equations and key datasets (Table 1).

Equation 1 Alg = Rn/)\P

where R, is the annual sum of net radiation (MJ/m?), a model of Australia’s net
radiation from Gallant et al. (2014a) has been used here. P is the average daily
rainfall (m/day), and A is the latent heat of vaporisation (MJ/m3) which is a function
of topographic adjusted surface temperature, TD (°K) (Equations 2, 3, and 4).

Equation 2 A= (3.146 — 0.002361 Tp) x 103
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Equation 3

(Tlapse x(Z- Zb))

Tp O = To — T0E + [k X (STD - #) x (1 a L/f;:llax)]

Where, T, = air temperature (°C), Tipse = the change of temperature with elevation =
9.8 °C per thousand metres, STD = the topographic downscaling factor, a model of
Australia’s shortwave radiation ratio from Gallant et al (2014b) has been used here.
Z = the elevation of each 30 m cell (elevation from SRTM), Z, = the average
elevation of 5 km tile (resampled STRM to 5 km), k =1, and LAl = leaf area index of
each 30 m cell, and LAlm.x (resampled LAl to 5 km) = maximum leaf area index of
each 5 km cell.

Band 5

Equation 4 LAl = o Fands

Due to the lack of ecological vegetation classes in New South Wales that were
used by Nyman et al (2014), in Victoria Landsat 8 bands were used to calculate LAI
(Ganguly et al. 2012). Bands 4, 5, and 6 refer to Landsat 8 scenes bands.

Finally, for use in equation 2, Tp (°C) is converted to degrees Kelvin (Equation 5).

Equation 5 Tp (°K) = Tp (°C) + 273
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Table 1

Parameter and symbol in
the equation
1 arc second monthly net

radiation (Rn)

1 arc second monthly
shortwave radiation ratio

(Sto)

Historical precipitation data
(P)

Mean surface temperature
(Ta)

30 m Shuttle Radar
Topography Mission (SRTM)
digital elevation model (Z)

30 m leaf area index (LAI)

Parameters used for aridity index calculations

Description

Modelled mean monthly solar
radiation across Australia using
topography from the 1 arcsecond
resolution SRTM-derived DEM-S
and climatic and land surface data.
The 12 SRAD modelled net
radiation layers (MJ/m?/day) were
used to calculate the net radiation
layer.

Modelled mean monthly shortwave
radiation ratio across Australia
using topography from the 1
arcsecond resolution SRTM-
derived DEM-S and climatic and
land surface data. The 12 SRAD
modelled short wave ratio layers
were used to calculate the mean
short wave ratio layer.

Historical precipitation data from
1992 to 2021 was incorporated to
calculate the mean daily rainfall.

Historical surface temperature
data was incorporated to calculate

the mean surface temperature over

the 30 years between 1992 and
2021.

SRTM elevation data was used to
calculate topographic adjusted
surface temperature.

Bands 4, 5 and 6 of 48 Landsat 8
scenes were used to create a Leaf
Area Index layer by Equation 4.
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Potential applications of the high-resolution
aridity index dataset

Aridity index can be defined as the balance between rainfall and evaporative moisture
demand. Aridity can have a significant influence over a range of ecosystem
characteristics such as vegetation type, post-fire vegetation recovery rates, fuel
moisture, and susceptibility to post-fire debris flows. The high-resolution aridity index
dataset has a range of potential applications due to its high spatial resolution (30 m).
Briefly discussed below are the relationships between aridity and landscape
characteristics that may be of importance to land and water managers, to highlight the
potential application of the aridity index dataset in environmental management
decision-making.

Aridity and vegetation type

Aridity acts as a strong selective pressure for vegetation communities (Quiroga et al.
2010). Over long periods plants compete for resources, which leads to the development
of distinct plant communities in different aridity zones (Berdugo et al. 2019).

Vegetation type and structure is largely a function of aridity (Nyman et al. 2018; Figure
1). For example, there is a notable disparity in aridity values between dry and wet
sclerophyll (Figure 1). The relationship between vegetation type and the 30 m resolution
aridity index dataset allows fine-scale assessments of potential habitat/vegetation
refuges in areas where vegetation data is coarse or imprecise.
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Alpine Complex

Rainforests

Wet Sclerophyll Forests (Shrubhy sub-formation)
Wet Sclerophyll Forests (Grassy sub-formation)
Heathlands

Dry Sclerophyll Forests (Shrub/grass sub-formation)
Dry Sclerophyll Forests (Shrubby sub-formation)
Grassy Woodlands

Vegetation type Not classified
Forested Wetlands

Grasslands

Semi-arid Woodlands (Grassy sub-formation)
Freshwater Wetlands

Semi-arid Woodlands (Shrubby sub-formation)
Saline Wetlands

Arid Shrublands (Chenopod sub-formation)

Arid Shrublands (Acacia sub-formation)

0 2 4 6 8 10
Aridity index
Figure 1 Mean aridity index values with standard error bars for different vegetation

types within New South Wales. The labels on the bars indicate the proportion
(%) of each vegetation type covering New South Wales.

Aridity and post-fire vegetation recovery

Aridity can affect plant recovery timeframes or regrowth rates following bushfires
(Puig-Girones et al. 2017). In arid environments, plant regrowth after fires typically takes
longer compared to more humid areas. The slow pace of recovery can be due to the
combined effects of surface dryness (Shuang and Christopher 2012), severity,
temperature and duration of fires (Manges et al. 2021).

A comparison of normalised difference vegetation index (NDVI) as a proxy for
vegetation recovery over time (Zhou et al, 2023) versus different aridity categories in
the Tuross River catchment indicates that dryness is a crucial factor in vegetation
recovery (Figure 2). Regrowth in the 3 years after the 2019-20 fires was significantly
slower where aridity is greater than ~2. The relationship between average NDVI and
aridity shows a negative trend beyond the second quartile, as depicted in Figure 2,
where aridity values exceeded approximately ~ 2.

The significant differences observed between aridity quartiles (Table A4) lend support
to the notion that higher levels of aridity will lead to slower vegetation regrowth.
However, this is complicated by the fact that vegetation in drier areas may tend to have
lower NDVI values. Nonetheless, this highlights the potential applicability of the NSW
aridity index dataset for prioritising and monitoring post-fire vegetation recovery.
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Figure 2 The average normalised difference vegetation index (NDVI) 3

years after 2019-20 bushfire against aridity index quartile groups in Tuross
River catchment area. Each aridity quartile group represents a range of aridity
values:Q1=0.106539-1.540778, Q2 =1.540779-1.853088, Q3 =1.853089-
2.099244, Q4 = 2.099245-2.716552. The Kruskal Wallis test and the post-hoc
pairwise comparison tests showed a significant difference between NDVI
values against each aridity quartile group (see Table 2). The outliers have been
removed from the box plots.
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Table 2 Description of applied statistical tests

Statistical test

P-value

Kolmogorov-Smirnov

test?

Levene’s test®

Kruskal-Wallis testb

Post-hoc pairwise
comparison - Dunn-
Bonferroni test

<0.05

<0.05

<0.05

<0.05

Null hypothesis

Normally distribution
of variable - average
NDVI

Homogeneity of
variances of variable
within groups -
average NDVIin
aridity quartiles

The same distribution
of variable within
groups - average
NDVI in aridity
quartiles

The same distribution
of variable within
groups - average
NDVI in aridity
quartiles

Description

The null hypothesis is
rejected when the p-
value is less than
0.05. As aresult, the
dependent variable
(NDVI) does not have
a normal distribution
(see Table Al).

The null hypothesis is
rejected when the p-
value is less than
0.05. As aresult,
NDVI variances are
not uniformly
distributed in aridity
quartile groups (see
Table A2).

The null hypothesis is
rejected when the p-
value is less than
0.05. As aresult, the
distribution of the
dependent variable
(NDVI) in the aridity
quartile groups
differs (see Table A3).

The null hypothesis is
rejected for all
pairwise comparison
of NDVIs in aridity
quartiles (1-4). As a
result, the
distribution or median
ranks of the
dependent variable
(NDVIs) in all pairwise
aridity quartile
groups differ (see
Table A4).

a Assumptions for one-way ANOVA are violated (normality distribution and homogeneity of variances),

one-way ANOVA test is not recommended.

b The Kruskal-Wallis test was used as an equivalent non-parametric test of one-way ANOVA.
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Aridity and fuel moisture

Aridity has an influence on fuel moisture and ground fuel in wetter areas dries slower
compared to drier parts of the landscape (Nyman et al. 2018). More research is required
to understand this relationship, but the implications are that wetter parts of the
landscape may act as barriers to landscape flammability by reducing the connectivity of
dry surface fuel (Nyman et al. 2018). In severe drought conditions, however, this
influence is likely to be muted. Evidence from the 2019-20 bushfires indicates that
prolonged dry periods can reduce fuel moisture across landscapes and different
vegetation types, meaning that these ‘wetter’ barriers may not persist in extremely dry
conditions (Deb et al. 2020; Ehsani et al. 2020).

Aridity and post-fire debris flows

Aridity is one of the significant factors that play a major role in post-fire debris flow
activity (Nyman et al. 2015). Through its influence on soil hydraulic properties, aridity
has been shown to be an important factor determining the susceptibility of hillslopes to
severe post-fire erosion (Sheridan et al. 2015; Moody et al. 2013). Locally drier slopes -
equator-facing slopes for example - have been shown to have lower infiltration rates
and the post-fire vegetation recovery is slower than polar-facing slopes with higher
average moisture balances, allowing a longer window within which a high-intensity
rainfall event can trigger severe erosion (Noske et al. 2016).

A NSW post-fire debris flow map (NSW Government and NSW DCCEEW 2024) has been
produced applying the high-resolution aridity layer, alongside other key factors that
influence debris flow, namely slope, fire severity, geology and soil erodibility.
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Appendix

Table A1 Test of normality with Kolmogorov-Smirnov
Average NDVI Statistic df Sig b
Quartile1& 2 0.048 15678 <0.001
adf= degree of freedom
b Sig. = Significance difference
Table A2 Homogeneity of variances with Levene’s test
Levene dfl df2
Statistic
Average Based on mean 76.699 3 15674
NDVI Based on median 77.795 3 15674
Based on median and 77.795 3 15581.108
with adjusted df
Based on trimmed 78.313 3 15674

mean

Sig.

<0.001
< 0.001
<0.001

< 0.001

Table A3 Kruskal-Wallis test

Average
NDVI

Kruskal-Wallis H 442.635
df 3
Sig. < 0.001

1
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Table A4 Pairwise comparison of average NDVI within aridity quartile groups

Pair groups P-value Test statistic Standard Error Standard test
statistic
Quartile 1& 2 <0.001 -566.324 104.695 -5.409
Quartile 1& 3 <0.001 360.422 102.476 3.517
Quartile 1& 4 <0.001 1515.680 104.131 14.555
Quartile 2 & 3 <0.001 926.747 100.644 9.208
Quartile2& 4 <0.001 2082.005 102.330 20.346
Quartile 3 & 4 <0.001 1155.258 100.057 11.546
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