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1 INTRODUCTION 

This chapter presents a description of the climate and local meteorology of the area surrounding the Project 

Sea Dragon Stage 1 Legune Grow-out Facility (the Project or Project Area).  

1.1 TERMS OF REFERENCE ADDRESSED IN THIS CHAPTER 

The Terms of Reference (ToR) addressed in this chapter, and the relevant sections in which they are addressed, 

are presented below in Table 1. 

TABLE 1 TERMS OF REFERENCE 

Section Terms of Reference Chapter Section 

3.1 Existing Environment - Physical and Biological 

 Existing aspects to be discussed must include: 

 Climate and local meteorology in the context of Project environmental 

management, including rainfall patterns and intensity, temperature, 

evaporation, wind, and the predicted frequency and severity of extreme 

weather events, such as storms and cyclones for the 2, 10 and 100 year 

average recurrence intervals (ARI).  

Section 3 

2 METHODS 

A weather station for the Project has been installed at Legune Station and will be used to inform operational 

decision making with regards to weather events. At the time of writing not enough data was available to 

enable any meaningful analyses; hence, the description of the climatic environment around Legune Station, 

presented herein, relies solely on external data sourced from the Bureau of Meteorology (BoM) at a number of 

stations around Legune. These stations and their proximity to Legune are shown in Figure 1. Recorded data in 

the area is relatively sparse; the distance between Legune and Wyndham (where the longest record of data 

exists) is over 100 km.  

Probabilistic storm tide modelling was completed for Legune Station by Systems Engineering Australia Pty Ltd 

(SEA 2016). The study provided a prediction of existing (2015) storm tide levels for a number of return periods 

(ARI 2, 10, 50 and 100).  

SEA provided synthetic tropical cyclone track parameters which generate 50 and 100 year ARI storm tide levels 

offshore of Legune Station (i.e. the combination of tidal water level and storm surge). A synthetic storm which 

generates a 1000-year ARI storm surge offshore of the site was also modelled.  
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FIGURE 1 LOCATION AND PROXIMITY OF WEATHER AND TIDAL STATIONS TO LEGUNE 
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3 EXISTING ENVIRONMENT 

3.1 CLIMATE 

The climate at Legune Station is considered to be tropical monsoonal. The dry season occurs from June to 

August and is hot and dry, and the wet season occurs from late December through March and is hot and 

humid. Transitional conditions occur between these two periods and vary in length. A tropical cyclone season 

between November and April overlaps with the wet season. 

A key factor in the description of climatic conditions is the variability of conditions across a number of 

timeframes. The combined effects of global weather systems such as the El Niño-Southern Oscillation (ENSO), 

the Indian Ocean Dipole (IOD) and the Maddern-Jullian Oscillation (MJO) can lead to longer periods of change 

and variability away from “normal” (sometimes considered average) conditions.  

3.1.1 Temperature 

Figure 2 shows the average monthly minimum and maximum air temperatures, along with the average 

recorded daily minimum and maximum air temperatures for the stations shown in Figure 1. Across the year, 

the wet season has the lowest range in daily temperatures during January and February when the daily average 

temperature ranges between 25
o
C and 35

o
C. During July and August, the daily average temperature ranges 

from 16
o
C to 32

o
C. The hottest months are November and December as the wet season begins. Average 

monthly maximum temperatures in this period are 38
o
C and 37

o
C respectively.  

 

FIGURE 2 MONTHLY TEMPERATURE VARIATION 

3.1.2 Rainfall  

Rainfall is driven by a combination of moist south-east trade winds, monsoonal conditions and tropical 

cyclones. The heaviest rainfall generally occurs across a monsoonal trough or during landfall of a tropical 

cyclone. Conditions in the Pacific Ocean which drive the El Niño/La Niña/Neutral cycle also influence rainfall in 

the northern and eastern Australian region. El Niño years are generally drier, whilst La Niña conditions result in 

the opposite with more rainfall across the north and east.  
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The monthly rainfall recorded at Legune Station (1957 to 2016) and surrounding sites is presented in Figure 3. 

The general pattern of wet summer months and dry winter months is demonstrated by the average monthly 

rainfall total at both Legune and regionally. Higher average monthly rainfall totals can be observed at Legune 

compared to the wider area. The average annual rainfall is close to 1,200 mm at Legune with over 90% 

occurring in the period from November through to April. Port Keats shows similar annual rainfall totals to 

Legune Station, however, stations across the region which are less affected by coastal storms record an 

average annual rainfall of less than 950 mm. 

The monthly rainfall recorded at Legune Homestead for 2015/16 wet season is also shown against a 

background of total monthly averages for Legune and the broader region in Figure 3. A very wet December was 

followed by a dry January, February and March resulting in one of the driest wet seasons on record at Legune. 

The blue and gold columns represent the highest single daily rainfall total recorded at Legune Homestead and 

within the region respectively. The highest daily rainfall event is often above the long term mean and median 

monthly total, illustrating the intense storms which can impact the area. 

Daily recorded rainfall at Legune Homestead is shown in Figure 4. Analysis of the week around the Christmas 

Eve 2015 storm, presented in Figure 5, shows how daily rainfall can vary considerably across the region with a 

high daily total at Port Keats compared with a more constant daily total at Legune Homestead. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

            

FIGURE 3 MONTHLY AVERAGE RAINFALL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

 

FIGURE 4 DAILY RECORDED RAINFALL AT LEGUNE HOMESTEAD 
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FIGURE 5 REGIONAL RAINFALL 23-25 DECEMBER 2015 

3.1.3 Evaporation 

The high temperatures in the region lead to high rates of evaporation. Evaporation data in the region is sparse, 

with pan evaporation data collected at only the Kimberley Research Station (near Kununurra). A summary of 

daily average evaporation between 1965 and 2010 at this station is provided in Figure 6. As shown, average 

daily evaporation increases through the dry season before peaking in October, prior to the onset of the wet 

season and then reducing through the wet season to March.  

 

FIGURE 6 AVERAGE DAILY EVAPORATION VARIATION (KIMBERLY RESEARCH STATION) 

3.1.4 Wind 

Winds in the north of Australia are generally driven by the south-east trade winds which blow across the 

continent (BoM 2008). Monsoon conditions result in a reversal of these wind patterns during the wet season as 

monsoonal troughs (fronts of low pressure) are pushed south onto northern Australia. The heating up of the 
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continental land mass causes air pressure to increase over central Australia allowing the monsoonal fronts to 

push south. The active monsoonal period is generally shorter than the inactive period, the cycle repeating 

every four to eight weeks during the wet season. Average conditions across the region are generally onshore 

during the wet season and offshore during the dry season as shown in Figure 7. Average wind speeds offshore 

from Legune during January are 10-15km/h (2.5-4.2m/s) onshore and during July and 20-25km/h (5.5-7m/s) 

offshore (BoM 2016). 

 

FIGURE 7 AVERAGE WIND CONDITIONS DURING JANUARY (LEFT) AND JUNE (RIGHT)  

Figure 8 shows the wind roses generated using the The Air Pollution Model (TAPM) for the dry and wet seasons 

on Legune Station (see Volume 5, Appendix 18). The dry season wind rose for Legune Station shows strong 

offshore winds from the east and south-east direction. In contrast, the wet season wind rose shows the 

predominant winds coming from the north and north-west direction.  

 

FIGURE 8 DRY SEASON (LEFT) AND WET SEASON (RIGHT) WIND ROSE FOR LEGUNE 
STATION 
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3.2 TROPICAL CYCLONES 

3.2.1 Occurrence in the Region 

Tropical cyclones occur on average once per year in the area of the Northern Territory west of the Gulf of 

Carpentaria (around 2 per year occur within the Gulf of Carpentaria) (BoM 2015). Cyclones which may affect 

the region will typically form in the Timor Sea to the north of Joseph Bonaparte Gulf or within the Arafura Sea 

to the north-east during the months of November through to April. Cyclones forming in these areas typically 

travel in a southwest and west direction, travelling parallel with the general shape of the coastline. 

Statistics provided by the BoM show that 104 cyclones were recorded in the Northern Territory and the Gulf of 

Carpentaria (including Queensland) in the period between 1960 and 2007. Of these, 31 were considered 

“severe” – a category 3, 4 or 5, and 4 were category 5 events. A detailed review of BoM data indicates that 44 

cyclones have been recorded within a 200 km radius of the proposed facility since 1906. 15 of these cyclones 

passed within 50 km of Legune (see Figure 9).  

Cyclone Ingrid, shown as the thick purple line is the only cyclone of any significant intensity to pass across the 

region. Cyclone Ingrid reached a category 4 with winds of over 180 km/h whilst passing across Joseph 

Bonaparte Gulf. An unnamed cyclone (not shown) also passed across Legune as a category 2 storm in 2014 with 

winds of 100 km/h, however staff at Legune station did not report significant damage from the storm. The 

cyclone travelled from northwest to southeast roughly parallel with the western coast of Joseph Bonaparte 

Gulf and thus conditions offshore were likely to have been driven by easterly winds, resulting in significant 

damage at Port Keats but not Legune. Coupled with this, the cyclone occurred during a neap tide period and 

crossed the coastline at Legune at roughly low tide.  

 

FIGURE 9 CYCLONES PASSING TO LEGUNE (BOM CYCLONE DATASET, 1943 - 2011) 
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The four main components of a tropical cyclone that combine to make up the total cyclone hazard are 

described below:  

 Extreme winds - Tropical cyclonic intensity is rated Category 1 through 5 depending on the maximum 

average wind speed. A Category 1 cyclone has a 10-minute average maximum wind speed between 63 and 

88km/h (17.5m/s – 24m/s) whilst Category 5 cyclones have a 10-minute average maximum wind speed 

greater than 200km/h (55.5m/s). 

 Extreme waves - Tropical cyclones can generate very large ocean waves as a result of the transfer of 

energy from the wind to the ocean surface. Legune Station is exposed to waves generated by cyclones 

crossing the Joseph Bonaparte Gulf, although the duration of the wind blowing onshore will be relative to 

the cyclone size and speed of travel. 

 Storm surge - In the vicinity of the coastline, tropical cyclones can produce significant storm surges. Storm 

surges are meteorologically forced increases in coastal water levels caused by the combined action of 

extreme surface winds (which drive ocean currents towards the coastline) and the reduction in 

atmospheric pressure (which causes a local rise in sea level). The peak of a tropical cyclone storm surge 

generally only lasts for a few hours near the region of maximum wind speeds. The shape of Joseph 

Bonaparte Gulf will also funnel storm surges towards Legune Station. 

 Intense rainfall - The rain bands of a tropical cyclone can expand up to 1000km in diameter with the 

heaviest rainfall usually located within the eye wall. Rainfall is not directly correlated to cyclone intensity 

and recent low category cyclones have resulted in near record rainfalls within the Darwin region (BoM 

2015). 

The impacts that various cyclone tracks may have on conditions at Legune Station are summarised in Table 2. 

TABLE 2 CYCLONE TRACK AND IMPACT AT LEGUNE 

Cyclone track Impacts 

Crosses east to 

west north of site 

 

 Offshore winds prior to cyclone passing will cause a set down in water levels and no 

onshore waves 

 Onshore waves following cyclone will cause storm surge and increased wave energy 

Crosses east to 

west south of site 

 Westerly wind conditions prior to and as cyclone passes may cause some setup and 

wave action in the Victoria or Fitzmaurice Rivers 

Crosses north to 

south over site 

 Easterly winds prior to, and westerly winds after cyclone crossing will have only minor 

impact on water level or wave conditions at Legune 

Crosses north to 

south west of site 

 Onshore winds prior to and following cyclone shore crossing will have significant 

impact on water levels and waves, causing storm surge and high wave energy at 

Legune 

Crosses west to 

east north of site 

 Onshore winds prior to cyclone shore crossing will have significant impact on water 

levels and waves, causing storm surge and high wave energy at Legune 

 Offshore winds following cyclone will cause water levels to drop 
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3.2.2 Storm Tides  

3.2.2.1 Predicted Storm Tides 

The term storm tide refers to coastal water levels produced by the combination of astronomical and 

meteorological sea level forcing. The meteorological component of a storm tide is commonly referred to as 

storm surge and collectively describes the variation in coastal water levels in response to atmospheric pressure 

fluctuations and wind setup. 

Based on the probabilistic storm tide modelling completed by SEA (2016), storm tide levels for a number of 

return periods, at a number of points along the open coast at Legune are provided in Figure 10. The large tidal 

range at Legune (peak measured tidal range during October 2015 was in the order of 9 m) results in a lower 

storm tide level than might be expected for extreme events. The timing of the cyclone track and the tidal phase 

is a key factor of the storm tide magnitude and the worst case scenario for storm surge is the coincidence of 

the peak storm surge and the peak spring high tide. However, the joint probability of these two events is 

significantly reduced by the large tidal range, and the large variability in tidal range between spring and neap 

tides. As a result, water levels only exceed highest astronomical tide (HAT) during the 50 and 100-year ARI 

events in Victoria River and Forsyth Creek. 

 

FIGURE 10 TROPICAL CYCLONE STORM TIDE LEVELS 2015 

3.2.2.2 Storm Tide Inundation 

The storm tide modelling completed by SEA (2016) captured the generation and movement of tropical cyclones 

and oceanic processes over a wide region. This provides further detail of the impact of the cyclone on the 

coastline and floodplains at Legune, a synthetic cyclone which produced the 100 year ARI storm tide level on 

the coast was selected at random and simulated in the numerical model. The potential inundation of the 

floodplain around Legune is presented in Figure 11.  

The modelling provides an indication of conditions within the waterways which could be expected during the 

passing of a cyclone. It should also be noted that topography across the floodplain north of the Project 

footprint is not available and levels in this area have been estimated based on other datasets. The influence of 

chenier ridges, small tidal channels, vegetation and other topographical changes to the north of the site may 

not have been accurately represented in the modelling. 
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The modelling indicates that the funnel shape of the Keep and Victoria Rivers results in an increase in storm 

tide into the estuaries. Storm tide levels at the intake location on Forsyth Creek could be 0.1-0.2 m greater than 

offshore, with similar levels occurring at the discharge location on Alligator Creek. Depths across the floodplain 

will vary with vegetation and local topography (taking note of the limitations detailed previously). However, 

conditions will be largely driven by conditions in and distance to the Keep and Victoria Rivers. In general, 

modelling of the synthetic cyclone indicates that cyclones result in only minor increase to the spring tidal water 

levels, as predicted by the SEA modelling.  

 

FIGURE 11 MODELLED 100 YEAR ARI STORM TIDE 

The synthetic event modelled above (a randomly selected cyclone track which produced a 100 year storm tide 

water level) was a weak tropical depression (peak wind speed 30km/h) which relied on a high tide to generate 

a 100 year ARI water level.  

To further assess the potential for cyclonic conditions at Legune Station a higher severity storm was simulated. 

This synthetic storm, produced by SEA, generated an extreme storm surge offshore. To illustrate the impact of 

the macro-tidal range on total water levels, the storm was delayed by 2, 4, 6, 8 and 10 hours such that the peak 

of the storm surge occurred at different phases of a spring tide. The result of the change in cyclone time on 

total offshore water level is presented in Figure 12. This indicates a range of offshore storm surges of between 

0.35 – 0.9 m coinciding with different phases of the tide. This wide range illustrates the sensitivity of the storm 
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surge to tidal water level. Considerable difference is also observed in the water levels during the preceding low 

tide where water levels can increase by 0.5 – 1.6 m depending on the timing of the cyclone front.  As noted 

earlier, the second synthetic cyclone modelled provides extreme conditions and inundation levels are 

considered to be well above the 100 year ARI return period. 

 

FIGURE 12 WATER LEVEL VARIATION CAUSED BY AN EXTREME SYNTHETIC CYCLONE  

3.2.3 Extreme Wave Conditions 

Waves within Joseph Bonaparte Gulf are typically relatively small wind waves. The exception to this is during 

the passing of a cyclone when wave conditions can become significant. Geoscience Australia (2011) report that 

extreme wave heights of up to 8 m can occur in the offshore waters of Joseph Bonaparte Gulf during the 

passing of a cyclone. Geoscience Australia (2011) found that wave heights are a function of not only the wind 

speed (i.e. tropical cyclone category) but also the fetch distance which is dependent on the cyclone track. 

Geoscience Australia (2011) concluded that “all cyclone categories are capable of producing significant wave 

heights of over 5 m in outer gulf waters”.  

A higher intensity cyclone used to test the sensitivity of storm surge and water levels has been simulated to 

establish the range of potential wave heights which could occur. This cyclone is considered as being 

comparable to a category 5 event. Table 3 presents wave heights at key locations around Legune Station for 

the modelled conditions, which are indicative only based on the model's assumptions and limitations as 

presented in Volume 5, Appendix 8.  

TABLE 3 EXTREME CYCLONIC WAVE CONDITIONS 

 Significant Wave Height (m) Ts (s) MWD (deg) 

Category 5 cyclone, peak wind speed 201 km/h 

Offshore 5.5 10 335 

Discharge point 0.5 2.5 270 

Intake point 1.1 3 0 



Project Sea Dragon  

Stage 1 Legune Grow-out Facility  

Draft Environmental Impact Statement 

Volume 2 - Environmental Assessment 
Chapter 11 - Climate and Local Meteorology  11-12 

4 CONCLUSION 

The climate at Legune Station is tropical monsoonal with a hot and dry season occurring from June to August, 

and a hot and humid wet season occurring from late December through March. Transitional conditions occur 

between these two periods and vary in length. The hottest months are November and December as the wet 

season begins. Average monthly maximum temperatures in this period are 38
o
C and 37

o
C degrees respectively. 

The high temperatures in the region lead to high rates of evaporation. Average daily evaporation increases 

through the dry season before peaking in October, prior to the onset of the wet season and then reducing 

through the wet season to March.  

The average annual rainfall is close to 1,200 mm at Legune with over 90% occurring in the period from 

November through to April. Higher average monthly rainfall totals can be observed at Legune compared to the 

wider area. Port Keats shows similar annual rainfall totals to Legune Station, however, stations across the 

region which are less affected by coastal storms record an average annual rainfall of less than 950 mm. Wind 

patterns at Legune Station during the dry season are offshore from the east and south-east direction. In 

contrast, predominant wet season winds come from the north and north-west direction.  

A tropical cyclone season between November and April overlaps with the wet season. Tropical cyclones occur 

on average once per year in the area of the Northern Territory west of the Gulf of Carpentaria. A detailed 

review of BoM data indicates that 44 cyclones have been recorded within a 200 km radius of the Project Area 

since 1906. 15 of these cyclones passed within 50 km of Legune Station.  

Based on the probabilistic storm tide modelling completed by SEA (2016), storm tide levels for a number of 

return periods, at a number of points along the open coast at Legune were predicted. The large tidal range at 

Legune (peak measured tidal range during October 2015 was in the order of 9 m) results in a lower storm tide 

level than might be expected for extreme events. The modelling shows that water levels only exceed HAT of 5 

m during the 50 and 100-year ARI events in Victoria River and Forsyth Creek. Modelling of a synthetic cyclone, 

which produced the 100 year ARI storm tide level, indicates that cyclones result in only a minor increase to the 

spring tidal water levels. Wave heights during a higher intensity cyclone were also predicted using the model. 

During a Category 5 cyclone with a peak wind speed of 201 km/h the significant wave height at the discharge 

point is predicted to be 0.5 m and at the intake point, 1.1 m.  


