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Abstract The east coast of Australia has a relatively high frequency of midlatitude cyclones, locally known
as East Coast Lows (ECLs), which can cause severe weather including widespread flooding and coastal
erosion. The elevated topography close to the east coast has been hypothesized to play a role in both the
genesis and impacts of cyclones in this region, but existing studies have been limited to case studies of
individual events. In this paper we present the results from two 20 year simulations over the Australian region
using the Weather Research and Forecasting Model and assess the results from removing all topography in
the region on both mean atmospheric circulation and ECL frequency. Removing topography results in an
increase in sea level pressure to the south of Australia and an increase in moisture flux convergence and
rainfall near the east coast, as well as a decrease in potential vorticity to the north of the ECL region. This
results in a change in the spatial distribution of cyclones, with a 37% decrease in the frequency of cyclones
that develop to the south of the ECL region but a 20% increase in cyclones near the east coast. This results in
little overall change in the frequency of ECLs
and suggests that coarse topography is unlikely to be responsible for the difficulties in simulating coastal
cyclones in global climate models.

Plain Language Summary The Australian east coast experiences frequent severe weather from
midlatitude cyclones, locally known as East Coast Lows (ECLs). The mountains in this region are poorly
represented in climate models but have a large influence on local climate. This paper uses a regional climate
model to investigate how important mountains are for the frequency and impacts of East Coast Lows. Overall,
when the land is flattened, the rainfall and winds on the east coast change, including the rain and winds from
ECLs. However, there is only a small change in the total number of ECLs.

1. Introduction

On the eastern seaboard of Australia, the midlatitude cyclones locally known as East Coast Lows (ECLs) are
responsible for the majority of severe weather events including coastal floods [Callaghan and Power, 2014]
and large waves [McInnes and Hubbert, 2001; Dowdy et al., 2014], with the severe ECLs of June 2007 causing
more than AU$1 billion in damage [Mills et al., 2010]. This region can be considered a hot spot of cyclone
activity, with a relatively large frequency of explosive cyclogenesis [Allen et al., 2010] and numerous cyclones
that develop very rapidly close to populated areas [Holland et al., 1987].

The eastern seaboard is a narrow region on the east coast of Australia, bordered to the east by the warm East
Australian Current and to the west by the Great Dividing Range (Figure 1). The eastern seaboard has very dif-
ferent rainfall patterns and relationships with major climate drivers than areas west of the Great Dividing
Range, which can be related to factors including the influence of topography on the impacts from changes
in themidlatitude westerlies [Rakich et al., 2008; Pepler et al., 2014a] as well as the presence of East Coast Lows
[Pepler et al., 2014b].

ECLs can form in a range of synoptic situations and throughout the year, although the highest frequency of
cyclones and most damaging events tend to occur during the late autumn and winter [e.g., Hopkins and
Holland, 1997; Speer et al., 2009], while summer events are particularly important for rainfall in the northern
part of the domain [Pepler et al., 2014b]. The “classic” East Coast Low is a surface subtropical or extratropical
cyclone that develops in a trough or “easterly dip” near the east coast, with blocking to the south and east of
the region [Holland et al., 1987]. The surface low is typically located to the southeast of an upper level cold
pool or cutoff low, with strong upper level jets contributing to the intensification of the surface low [Mills
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et al., 2010; Dowdy et al., 2011]. However, not all cyclones demonstrate this structure, with the region also
prone to shallow surface lows that develop within a coastal trough, cyclones that develop out of the
midlatitude westerlies, or even decaying or transitioning tropical cyclones [Speer et al., 2009].

While the high frequency of low pressure systems on the east coast is a result of several factors, including the
temperature contrasts between the continent and warm coastal sea surface temperatures [Holland et al.,
1987; Pepler et al., 2016b], topography in this region is also expected to play a role in the frequency and
impacts of ECLs, which has been noted in idealized model simulations elsewhere in the world [Brayshaw
et al., 2009]. In Australia, an early numerical modeling case study noted that removing topography hindered
the intensification of the East Coast Low and weakened the maximum winds [Leslie et al., 1987]. This was
attributed to the cyclonic deflection of onshore winds by the coastal topography, which resulted in increased
boundary layer convergence and more concentrated convection in the control case than when topography
was removed. However, this study examined only a single event over 26–27 July 1984, and thus was unable
to assess how robust results are to ECLs that form under a range of synoptic situations or at different times
of year.

The eastern seaboard and neighboring topography tend to be poorly represented in global climate
models, with higher-resolution regional climate models improving the simulation of rainfall near areas
of elevated topography [Evans and McCabe, 2013; Pepler et al., 2015b]. This is consistent with the influence
of topography on rainfall elsewhere in the world [Tselioudis et al., 2012; ter Maat et al., 2013]. Globally, poor
representation of topography contributes to biases in the global storm tracks [Brayshaw et al., 2009; Pithan
et al., 2016] and influences the deflection of tropical cyclone tracks [Lin et al., 2016], with east Asian
orography in particular having a strong influence on both the Pacific and Atlantic storm tracks [Saulière
et al., 2011]. However, idealized global studies have typically excluded the Australian landmass including
east Australian topography from their model simulations, providing limited information about the impacts
of topography on cyclones in the southern hemisphere [e.g., Brayshaw et al., 2009; Saulière et al., 2011].
Thus, it remains unclear the extent that topography influences the development and intensification of
Australian midlatitude cyclones. Knowing the answer to this question may also indicate the extent the
poor representation of topography in GCMs may contribute to their underestimation of ECL frequency
near the Australian east coast, particularly during the winter months [Di Luca et al., 2016; Pepler
et al., 2016a].

In this paper we will use a series of regional climate model experiments to assess the influence of topography
on the mean atmospheric circulation in the Australasian region and the frequency, development, and inten-
sification of Australian East Coast Lows. This expands on the work of Leslie et al. [1987] by quantifying how

Figure 1. The regional model domain used in this analysis with ETOPO5 topography showing the elevated topography near the southeast coast of Australia (the
Great Dividing Range). The black box indicates the smaller (10 km) model domain, and the blue line indicates the ECL analysis region, described in section 2.
(Data Announcement 88-MGG-02, Digital relief of the Surface of the Earth. NOAA, National Geophysical Data Center, Boulder, Colorado, 1988.)
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topography influences the total frequency of ECLs, as well as the seasonality of this influence, and the effect
of topography on different ECL types.

2. Method
2.1. Model Setup

Experiments were performed using version 3.6 of the Weather Research and Forecasting model [WRF;
Skamarock et al., 2008], with atmospheric initial and boundary conditions and time-varying sea surface tem-
peratures from the ERA-Interim reanalysis [Dee et al., 2011]. The model was run over the CORDEX-Australasia
[Giorgi et al., 2009] domain shown in Figure 1, with 30 vertical levels to a model top of 50 hPa. This is an equa-
torial rotated coordinate systemwith a resolution of 0.44° × 0.44°, giving a quasi-regular resolution of ~50 km.
The 50 km resolution results provide boundary conditions for nested 10 km resolution simulations over a
smaller domain covering southeast Australia and the adjacent ocean. The physics parameterizations are
listed in Table 1 and have been previously identified as the optimum combination for simulating East
Coast Lows through comprehensive analyses of events during the years 2007 and 2008 [Evans et al., 2012;
Ji et al., 2013; Pepler et al., 2016b].

A control simulation using these parameterizations had been previously initialized at 0000 UTC on 1 January
1979 and run over the period of 1979–2009, using the default WRF topography with four-point interpolation
and one pass of smoothing. We performed an additional “NoTopo” simulation initialized on 1 January 1989
and run over 1989–2009, with all topography set to zero during the transformation of input data to the WRF
model domains. This allows the changed topography to be accounted for in the process of generating the
terrain-following vertical coordinates and other fields such as the slope of topography. No additional changes
to the land-seamask, land use, or other variables have been applied. The first year of the NoTopo simulation is
discarded as spin-up, with changes over the 20 year period 1990–2009 compared to the same period in the
control simulation.

Neither the control nor NoTopo simulation employs nudging, and the main area of analysis is more than 10°
from the model boundaries, allowing the regional model to vary freely. While this is expected to allow the
local effects of topography to be fully integrated, it is important to note that regional models are not able
to reflect the full indirect effect local topography may have on the global circulation.

2.2. ECL Tracking

While there are a large number of automated approaches for cyclone detection and tracking, in this paper we
use the University of Melbourne tracking scheme [Murray and Simmonds, 1991; Simmonds et al., 1999]. This
was evaluated with three other East Coast Low identification methods by Pepler et al. [2015a] and identified
as having the highest skill in comparison to a subjective ECL database.

In order to apply the tracking scheme, a two-step regridding process is performed. First, the mean sea level
pressure (MSLP) for the 10 km and 50 km WRF simulations is bilinearly regridded from the rotated-pole
coordinates to a regular 0.5° grid. For ease of analyzing the 10 km domain, this is performed by first regrid-
ding the 10 km output to a regular grid, and then filling missing values outside the model domain with
the corresponding 50 km model grid. While this may cause some inconsistencies near the boundaries of
the high-resolution domain, it is necessary to run the cyclone tracking scheme.

The University of Melbourne cyclone tracking scheme then regrids the mean sea level pressure data on a
polar stereographic grid with an effective resolution of 1.5° at 30°S and applies diffusive smoothing of both
the SLP data and a provided topography grid to minimize erroneous lows within trough lines or associated
with the reduction of pressure to mean sea level. In this way, cyclone tracks for both the 10 km and 50 km

Table 1. The Physics Parameters Used for the WRF Simulationsa

Micro Physics Cumulus Physics PBL Scheme Surface Physics Longwave Radiation Physics Shortwave Radiation Physics

Parameterization WRF Double Moment
5-class (WDM5)

Betts-Miller-
Janjic

Mellor-Yamada-
Janjic

Eta Rapid Radiative Transfer
Model

Dudhia

aFor more information on the specifics of the model parameters see Skamarock et al. [2008].
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resolution model simulations and the ERA-Interim (ERAI) reanalyses are identified on a common grid. The
low-resolution projection was chosen to minimize uncertainties related to resolution, as high-resolution
reanalyses can produce very different ECL frequencies at the native resolution, hindering evaluation of
regional climate model output [Di Luca et al., 2015, 2016]. However, results were insensitive to the choice
of projections, with similar changes observed when topography was removed when using a projection
equivalent to 0.5° at 30°S. For consistency with ERA-Interim, cyclones were tracked at a 6-hourly resolution
in both the reanalysis and model simulations.

Cyclones are identified as a maximum in the Laplacian of MSLP before identifying a corresponding closed
isobar, with the average Laplacian of MSLP within 2° of the cyclone center required to be greater than
1 hPa (deg.lat)�2. These are combined into events using a probability matching function, with only those
ECLs with durations of at least 6 h and at least one cyclone center present within the domain in Figure 1
retained for analysis. As 79% of ECLs in the ERA-Interim reanalysis first reach intensities greater than 1 hPa
(deg.lat)�2 within the ECL region, a weaker intensity threshold of 0.5 hPa (deg.lat)�2 is also used to identify
the genesis location of precursor lows. Results were insensitive to the choice of radius used for calculating
the intensity of cyclones, with similar outcomes (not shown) observed when a radius of 5° was used with a
correspondingly lower intensity threshold. Explosive cyclones are identified based on the maximum normal-
ized deepening rate:

NDR ¼ Δp
6h

sin60°

sin θ
≥ 1;

where Δp is the pressure change and θ is the latitude [Sanders and Gyakum, 1980]. This is calculated over a 6 h
rather than 24 h period due to the relatively short duration of many ECLs.

As well as identifying ECLs from MSLP analyses, we calculate the 2 day running average maximum 500 hPa
geostrophic vorticity within the region bounded by 24–34°S and 145.5–160.5°E for each time step. This is a
measure of the strength of upper atmospheric forcing of ECL development and is strongly correlated with
ECL occurrence and impacts [Dowdy et al., 2011, 2013, 2014]. As this paper focuses on ECLs in the southern
hemisphere, all geostrophic vorticity values have been multiplied by�1, so that larger values indicate stron-
ger vorticity. In addition, we assessed the relative contribution of different types of ECLs to observed changes
using Hart’s [2003] cyclone phase space, which distinguishes between subtropical, extratropical, and tropical
cyclones based on their three-dimensional structure.

For each ECL we present composites of the 6-hourly rainfall accumulations within 500 km of the cyclone cen-
ter, with composites centered on the time of the analysis. Cyclones are oriented by cardinal points rather than
by direction of movement. From these composites we calculate both the spatial average and point maxima of
the 6-hourly accumulated rainfall centered on the time of the low within a radius of 500 km around the
cyclone center.

Figure 2. Average annual frequency of ECLs between 1990 and 2009 as identified from the (left) ERA-Interim reanalysis, (middle) 50 km resolution simulation, and
(right) 10 km resolution simulation.
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3. Results
3.1. Model Evaluation

Over the 20 year period 1990–2009, there were 18.65 ECLs per year in the control simulation at the 50 km
resolution, slightly below the frequency of ECLs in ERA-Interim using the same intensity threshold
(21.35p.a.). The average frequency of ECLs was slightly higher using the 10 km resolution domain at 22.0
ECLs p.a., despite both simulations having been regridded to a common grid, with high-resolution model
simulations generating more intense pressure gradients for a given cyclone. The 50 km WRF simulation
simulates fewer strong ECLs: while there are 4.5 ECLs per year with maximum intensities above 2 hPa
(deg.lat)�2 in ERA-Interim, only 2 ECLs reach this intensity in the 50 km domain. This is a statistically signifi-
cant decrease in frequency using a t test on annual data (p ≪ 0.01). The 10 km WRF simulation produces
more strong ECLs, with an average of 3.4 per year, which is not statistically significantly different to ERA-
Interim (p = 0.11).

Figure 3. Changes in average circulation patterns in 1990–2009 when topography was removed: (a) MSLP (hPa), (b) 200 hPa geopotential height (m), (c) average
500–1000 hPa horizontal moisture flux (vectors) and divergence (contours), (d) 800 hPa and 250 hPa winds (m/s), (e) average precipitation (%), and (f) 500 hPa
potential vorticity (PVU). The dashed lines indicate statistical significance at the 5% level using a t test on annual data, while a grey line in the bottom figures shows
the eastern seaboard region used for calculating rainfall anomalies.
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The seasonal distribution of ECLs was similar to ERA-Interim, with 60% of ECLs identified in the cool season
May–October. While ECLs are less common during the warmer months, they can occur at any time of year,
with the average number of ECLs in ERA-Interim varying between 1.1 in February and 2.7 in September.
ECLs are most common in the southern half of the region, with the spatial distribution of ECL occurrence
also well represented by the regional climate model simulation (Figure 2). In the larger, low-resolution
simulation, 68% of ECLs first reach intensity thresholds within the ECL region, a slightly smaller proportion
than ERAI (79%).

There is a correlation of 0.61 between the annual frequency of ECLs in the 50 km WRF simulation and
ERA-Interim (p = 0.004), but this is weaker for the high-resolution simulation (r = 0.44, p = 0.055). Summer
is the only season where correlations are statistically significant between ERAI and both the high-resolution
and low-resolution simulations. The weak to moderate correlations suggest that broader atmospheric and
oceanic drivers such as ENSOmay have an influence on ECLs, but much of the interannual variability is intern-
ally generated. This is consistent with observational studies which have found mixed relationships between
ECL frequency and key climate drivers [Hopkins and Holland, 1997; Pepler et al., 2014b; Browning and
Goodwin, 2016].

3.2. Changes to Mean Circulation

Figure 3 shows the average changes to circulation patterns in the 50 km resolution simulation when topogra-
phy is removed. There is a statistically significant decline in mean sea level pressure over northeast Australia
(Figure 3a), with an increase in mean sea level pressure over western Australia and New Zealand. There is no
statistically significant change in mean sea level pressure over the ECL region; instead, the width of the sub-
tropical ridge over eastern Australia decreases, increasing the average pressure gradient in this region. This
leads to northeasterly anomalies in the mean lower level (850 hPa) winds and the 500–1000 hPa vertically
integrated moisture flux (Figures 3c and 3d), and a small increase in moisture flux convergence over the
eastern seaboard.

In the upper atmosphere, the change in 200 hPa geopotential height exhibits a dipole pattern (Figure 3b),
with negative height anomalies over much of mainland Australia and positive anomalies to the east of the
continent, generating northwesterly wind anomalies across most of southeast Australia and the ECL region
(Figure 3d). This results in an increase in the vertical wind shear and decrease in 500 hPa potential vorticity
across the ECL region, noting that negative vorticity is cyclonic in the southern hemisphere (Figure 3f). In
comparison, a paper by Cohen and Boos [2017] found that removing Asian topography generated a cyclonic
gyre east of the area of elevated topography. This incongruity is resolved if the patterns are instead consid-
ered as a response to the topography in western Australia, suggesting that this region has a larger impact on
the circulation over Australia than the Great Dividing Range.

Table 2. Annual and Seasonal Mean Frequencies of ECLs Satisfying a Range of Criteria Across theWRF Simulations, As Well As Relative Changes in FrequencyWhen
Topography Is Removeda

50 km Resolution 10 km Resolution

Control NoTopo %Change Control NoTopo %Change

Annual ECLs 18.7 16.8 �10% 22.0 19.6 �11%
MAM ECLs 3.6 4.2 +18% 4.3 4.9 +14%
JJA ECLs 6.0 5.6 �8% 7.3 6.5 �11%
SON ECLs 5.9 4.3 �27% 6.2 4.5 �27%
DJF ECLs 3.4 2.7 �20% 4.3 3.6 �17%
Hours with an ECL north of 37°S 76.1 70.0 �8% 97.5 90.7 �7%
Hours with an ECL south of 37°S 81.0 62.9 �22% 90.3 72.9 �19%
Strong ECLs (≥2 hPa (deg. lat)�2) 2.2 2.2 +2% 3.4 3.2 �7%
Explosive ECLs 2.2 2.4 +9% 2.9 3.1 +5%
Formed in domain 12.6 12.7 +0%
Formed outside domain 6.0 4.0 �33%

aChanges are bolded where they are statistically significant at the 5% level using a Student’s t test on annual data.
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Mean rainfall decreases over elevated regions including western New Zealand, western Australia, and the
Great Dividing Range due to a decrease in orographic uplift (Figure 3e), consistent with results in other
parts of the globe [ter Maat et al., 2013]. Rainfall is increased to the east of these ranges, with a
10–20% increase in the Tasman Sea adjacent to the Australian east coast as well as increased rainfall over
central Australia, associated with an increased northeasterly moisture flux into these regions. On the east-
ern seaboard itself, a large proportion of rainfall is associated with the orographic uplift of moist easterly
winds [Rakich et al., 2008]. The removal of topography results in a decrease in coastal and alpine rainfall on
days when the 850 hPa zonal wind is easterly. However, the combination of an increase in the proportion
of time with easterly winds, as well as an increase in coastal rainfall on days when the prevailing winds are
westerly, results in no statistically significant change in the mean rainfall across the eastern seaboard.
There is a nonsignificant 9% decline in annual rainfall in the 50 km resolution simulations and 5% decline
in the 10 km resolution simulations, primarily due to the decline in rainfall over the areas of
elevated topography.

3.3. Changes to ECLs

Removing topography from model simulations results in a small decrease in the frequency of ECLs, with
the average number of ECLs during 1990–2009 declining by about 10% when topography is removed at
both resolutions (Table 2). While declines are not significant using annual data, there is a strong and sta-
tistically significant 27% decrease in the frequency of ECLs in both the high- and low-resolution simula-
tions during the spring months, September–November, with a nonsignificant ~20% decrease in ECLs
during summer. Annually, there is a large and statistically significant decline in the frequency of ECLs
in the south of the region. This is dominated by spring and summer, when there is a greater than
30% decline in the frequency of cyclones south of 37°S and an increase in average MSLP in this region
(not shown). Little change was observed in the frequency of southern cyclones during autumn
and winter.

There is no change in the distribution of ECL types, with a decline of 10% in the frequency of both extratro-
pical and subtropical cyclones using the Hart [2003] phase space. There is also no significant change in the
frequency of strong ECLs or those with explosive intensification, with decreased frequency in spring and
summer but increases in autumn and winter.

There is a statistically significant 33% decrease in ECLs that first reach ECL intensities outside the ECL region,
with a decrease in all seasons except autumn, when such cyclones are rarest. This is also clear when using a
weaker intensity threshold to assess precursor cyclones. While 33% of cyclones form within the ECL region
even when using a threshold intensity of 0.5 hPa (deg. lat)�2, cyclones also develop over the southeast
Australian continent or to the south of the mainland before intensifying in the ECL region, with rarer cyclones
first developing further to the east or north. When topography is removed, there is a shift in cyclogenesis
toward the previously elevated areas of topography on the east coast (Figure 4), while the number of ECLs
per year with genesis south of 37°S decreases from 5.3 to 3.3 (p = 0.01). There is also a statistically significant
decline in cyclones with genesis west of 142°E, from 5.1 to 2.9 cyclones per year (p = 0.004). The areas with a

Figure 4. Mean cyclogenesis of precursor cyclones in the (left) control and (right) NoTopo simulations at the 50 km resolution, 1990–2009.
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decline in the frequency of cyclogenesis also correspond to areas where the average MSLP increases in the
NoTopo simulations (Figure 3a).

The shift in ECL genesis is associated with a shift in the location of all cyclones. While the frequency of
cyclones declines in the south and east of the domain, there are corresponding increases in the total num-
ber of cyclones closer to the coast (Figure 5). The total number of days where a cyclone center is located
north of 37°S and within 500 km of the coastline increases from 11.1 to 13.7 days per year in the 10 km reso-
lution simulations (p = 0.02), with a similar but nonsignificant 20% increase in the frequency of cyclones
close to the coast in the 50 km resolution simulations. While ECLs are most likely to be close to the coast
during the winter months, the increase in ECL frequency near the coast is strongest during the autumn,
when the total number of coastal ECL days increases from 2.5 to 4.1 in the high-resolution simulations
(p = 0.03). The increased coastal ECL frequency is consistent with an increase in convergence and rainfall
in this region (Figure 3e).

The average change in mean sea level pressure and potential vorticity at times when an ECL is present in
the region is shown in Figure 6. The overall change in mean sea level pressure is similar to Figure 3a but
with large and statistically significant increases in mean sea level pressure to the south and east of the ECL
region. At the same time, there is a small but statistically significant decrease in the average 500 hPa
potential vorticity to the northwest of the cyclone region. However, there is no change in the average spa-
tial patterns of MSLP or 500 hPa potential vorticity when composited within 500 km of the cyclone center.

Figure 5. Percentage change in ECL frequency between the Control and NoTopo simulations, 1990–2009 at the (left) 50 km and (right) 10 km resolutions. The crosses
indicate where the change is statistically significant for p < 0.05 using a t test on annual data.

Figure 6. Average change in (left) mean sea level pressure (hPa) and (right) 500 hPa potential vorticity (PVU) across all identified cyclones when topography is
removed in the 50 km resolution simulations. The dashed lines indicate statistical significance at the 5% level using a t test.
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This suggests that the changes observed are related more to changes in the statistics of ECLs, such as their
preferred region of formation, than changes in the structure of events.

When topography is removed, there is little change in the average rainfall within 500 km of the cyclone
center in the low-resolution simulations (not shown), with a slight increase in average rainfall in the high-
resolution simulations from 4.2 to 4.5 mm/6 h (p = 0.002) as well as a nonsignificant increase in the frequency
of ECLs with average rain rates above 6 mm/6 h. However, the change in ECL rainfall is sensitive to the loca-
tion of the cyclone center.

For cyclones within 500 km of the coast and with centers north of 37°S, which are the cyclones most likely to
produce rainfall on the east coast, there is a decrease in the average rainfall to the southwest of the cyclone
center (Figure 7), which is largest for cyclones during the autumn and winter. There is a corresponding
increase in rainfall to the southeast, associated with a shift in the region of heaviest rainfall away from the east
coast. There is also a decrease in the average wind speed to the west of the cyclone center for these ECLs in all
seasons (Figure 8), consistent with the results from Leslie et al. [1987], with increased wind speeds to the
southeast of the cyclone. The combination of an increase in the total number of days per year with an ECL
close to the coast, but a decrease in the average rainfall to the southwest of the cyclone center, means there
is no change in the amount of rainfall on the eastern seaboard that can be attributed to an ECL located
within 500 km.

Figure 7. (left) Average rain rate (mm/6 h) around an ECL within 500 km of the coast in the 10 km resolution simulations, 1990–2009, and average rainfall change
(mm/6 h) when topography is removed in the (middle) 50 km and (right) 10 km simulations. The dots indicate where the change is statistically significant using
a t test for p < 0.05.

Figure 8. (left) Average 10 mwind speed (m/s) around an ECL within 500 km of the coast in the 10 km resolution simulations, 1990–2009, and average change (m/s)
when topography is removed in the (middle) 50 km and (right) 10 km simulations. The dots indicate where the change is statistically significant using a t test
for p < 0.05.
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4. Discussion and Conclusions

East Coast Lows are midlatitude cyclones that form or intensify close to the east coast of Australia. Previous
case studies using a regional weather forecasting model observed that the presence of elevated topography
close to the coast plays a role in their formation and intensity [Leslie et al., 1987]. The poorly resolved topo-
graphy in this region in global climate models has been suggested as a reason for their poor simulation of
cyclones close to the coast [e.g., Pepler et al., 2016a]. To quantify the importance of topography for both
the frequency and impacts of ECLs, this paper presents the results of removing topography in a 20 year regio-
nal model experiment over the Australasian region.

The overall influence of topography on ECLs is weak, with a nonsignificant 10% decline in the total number of
ECLs identified when topography is removed. This decline is dominated by a 37% decrease in the frequency
of ECLs that develop to the south of the ECL region, where the average mean sea level pressure increases
when topography is removed, particularly during the spring months. In contrast, there is an ~20% increase
in the frequency of ECLs close to the east coast, including an increase in cyclogenesis over the eastern sea-
board, associated with a decrease in the average 500 hPa potential vorticity to the northwest of this region
as well as increases in moisture convergence and precipitation.

The relatively small impacts of removing topography on ECL frequency contrast the large impacts of both
the Rocky Mountains and the Himalayas on storm tracks in the northern hemisphere [e.g., Brayshaw et al.,
2009; Saulière et al., 2011]. This may be because the topography over Australia is relatively low and indi-
cates that the poor representation of topography is unlikely to be responsible for the underestimation
of ECL frequency near the coast noted from global climate models [Pepler et al., 2016a]. The results pre-
sented are generally consistent between the high- and low-resolution simulations, with the high-resolution
simulations producing more realistic rainfall and wind patterns but having little impact on the overall
changes in ECL characteristics associated with changes in topography when both simulations are regridded
to the same resolution.

A previous study of a single East Coast Low by Leslie et al. [1987] identified that removing east coast topogra-
phy result in a decrease in the intensity of the cyclone, with cyclonic deflection of winds near topography and
a concentration of convection resulting in explosive cyclogenesis. Over a larger range of ECLs, removing
topography indeed resulted in a decrease in both wind speeds and rain rates near the areas of elevated topo-
graphy. However, no overall decline was observed in the frequency of strong ECLs or explosive development
in this study, while the largest decrease in ECL rainfall was observed for cyclones near the coast, where the
total number of ECL days increased when topography was removed. This suggests that the local effect of
topography on individual events is not a good indicator of its importance for cyclone development in gen-
eral. In particular, the effects of topography on broader circulation patterns, including through decreasing
the divergence of moisture flux and increasing rainfall over the Tasman Sea, may have the effect of increasing
the frequency of ECLs, and thus counteract the local effects of topography on the development of
individual events.

The results of this paper suggest that topography has a relatively small influence on East Coast Lows, with the
contrast between the Australian landmass and the warm East Australian Current having a larger impact on
cyclogenesis in this region [Pepler et al., 2016b]. However, it is important to note the shortcomings of the
simulations presented here. Most importantly, the use of a regional climate model can result in issues near
the boundaries of the domain and will not incorporate any broader scale effects that removing topography
has on global circulation patterns. The large size of the model domain, with boundaries well beyond the
regions of ECL development, means that these effects are unlikely to be significant in the 50 km resolution
simulations. In addition, results have only been presented for one regional climate model using a single
set of parameterizations; however, this parameterization has previously been assessed as the most accurate
at simulating ECLs, and results of sensitivity tests are robust to the choice of parameterizations [Evans et al.,
2012; Ji et al., 2013; Pepler et al., 2016b].

This study presents the results for removing topography over the whole model domain; it may be that future
work that focuses specifically on the impacts of removing just the local topography in eastern Australia or
New Zealand would demonstrate larger impacts. However, these results suggest that topography is unlikely
to be a major reason for the poor simulation of ECLs in coarse resolution climate model simulations, and the
importance of other factors such as the representation of convection should be further investigated.
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