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Summary 
The Department of Agriculture, Fisheries and Forestry has prepared this report of its review of 

live sheep exports by sea to, or through, the Middle East during the Northern Hemisphere 

summer (1 May-31 October inclusive). The review assessed the adequacy of the regulatory 

settings implemented in 2020 in reducing the risk of heat stress in sheep exported on voyages to 

the Middle East during the Northern Hemisphere summer. The review concluded that to 

maintain or improve the welfare of exported sheep, an absolute prohibition period during the 

hottest, most humid part of the Northern Hemisphere summer should remain and that a 

conditional prohibition period for some Persian Gulf destinations should be introduced. The 

review also found that welfare of exported sheep could be maintained with a shortening of the 

length of the absolute prohibition period for Qatar, Oman and destinations to, or through, the 

Red Sea.  

In undertaking the review, the department analysed updated climatology data based on 42 years 

of accumulated data from 1979 to 2021 from the Bureau of Meteorology (BOM) (2021 BOM 

report) , which included a wet bulb temperature (WBT) analysis along voyage routes and at 

destination ports in the Middle East area of interest (MEAI). The department reviewed reports 

from the 15 voyages that travelled to the Middle East during the Northern Hemisphere summer 

from 2019 to 2021, which provided mortality data and health and welfare information. In 

addition, the department analysed data from loggers placed on all decks housing sheep, and 

considered scientific literature, industry research, internal and external stakeholder feedback 

and other relevant information. The department undertook public consultation on a draft report 

of findings from 17 December 2021 to 28 January 2022. Following the public consultation, 

additional stakeholder engagement was undertaken in March 2022 due to high levels of interest, 

the complexity of the issues, the important implications for animal welfare and the practical 

requirements of any change to export processes.    

The review found that the regulatory settings implemented in 2020 have been effective in 

reducing the risk of vessels travelling through ambient WBTs of 29°C or above (typically leading 

to deck WBTs of 30°C to 32°C). The review also concluded that the regulatory settings 

introduced in 2020 have been effective in minimising the risk of heat stress and heat stress 

mortalities  and improving animal welfare outcomes for sheep exported to the Middle East 

during the Northern Hemisphere summer. These findings support the ongoing use of a 95th 

percentile maximum ambient WBT threshold of 29 C, first implemented by the department in 

2019 and confirmed through the Regulation Impact Statement (RIS) process in 2020. A 95th 

percentile WBT threshold means that 95% of all recorded temperatures at a specific location are 

below this threshold. The review found that this threshold remained appropriate to manage the 

risk of heat stress in sheep on export voyages to, or through, the Middle East.  

The climate data presented in the 2021 BOM report provided updated information from a 

greater number of locations along voyage routes, and at more destination ports and locations in 

the Middle East, compared to information provided in a 2019 BOM report. The updated WBT 

ÄÁÔÁ ×ÁÓ ÐÒÅÓÅÎÔÅÄ ÉÎ ȬÇÒÉÄ ÃÅÌÌȭ ÓÔÙÌÅ ÃÌÉÍÁÔÏÌÏÇÙ ÍÁÐÓȟ ×ÉÔÈ ÅÁÃÈ ÇÒÉÄ ÃÅÌÌ ÒÅÐÒÅÓÅÎÔÉÎÇ Á σπ Ø 

30-ËÉÌÏÍÅÔÒÅ ÓÑÕÁÒÅ ÐÁÔÃÈ ÏÆ ÔÈÅ ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅȟ ÄÅÐÉÃÔÉÎÇ 7"4 ÄÁÔÁ ÉÎ ×ÅÅËÌÙ ÂÌÏÃËÓ ÏÆ ÔÉÍÅȢ 

This updated information enabled improved delineation of prohibition dates and led to 

amendments to the Export Control (Animals) Rules 2021 (Animals Rules) in April 2022. To 

manage heat stress risks that were not previously evident, and pending finalisation of the 
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review, the department introduced a conditional prohibition period for sheep exports to Persian 

Gulf destinations, other than Kuwait and Oman, for voyages departing Australia from 22 May to 

31 May (typically arriving at these ports in June). For this conditional prohibition period, 

additional requirements were implemented to improve sheep heat tolerance or decrease the 

WBT on sheep decks. The data indicated risks for Qatar were similar to other Persian Gulf 

destinations (other than Kuwait and Oman), so the prohibit ion periods for Qatar were aligned 

with these. The data also indicated a reduced heat stress risk, not previously evident, for voyages 

to, or through, the Red Sea in June, so the prohibition start date was moved to 15 June. These 

changes to the Rules came into effect on 6 April 2022. 

In finalising the review, the department conducted further analyses, considered feedback 

received during consultation, and the available science and evidence. Recommendations in this 

report are based on the same risk parameters implemented in regulation in 2020 and consistent 

with the rationale that informed the changes to the Animals Rules in April 2022. Detailed 

explanations for each recommendation are outlined in the relevant section of the report. 

General findings 
¶ Regulatory settings introduced in 2020, including an absolute prohibition period during 

the hottest, most humid part of the Northern Hemisphere summer, were effective in 

improving animal welfare outcomes and minimising the risk of heat stress and heat 

stress mortalities for sheep exported to the Middle East. 

¶ Updated climate analysis identified options for modifications to Northern Hemisphere 

prohibition dates and conditions. 

2021 Bureau of Meteorology data findings 
¶ The risk of sustained WBTs above the ςωȍ# threshold is higher than previously 

understood at Persian Gulf ports (other than Kuwait and Oman) for voyages arriving at 

these destinations in June. Voyages typically arrive at these ports 17-19 days after 

departing Australia.   

o Ambient WBTs are up to ρȢυȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ςωC threshold for voyages arriving at 

these destinations in June, impacting environmental conditions at ports including 

Hamad, Qatar and Jebel Ali, UAE. 

o The data indicate the heat stress risks at Qatar are similar to other Persian Gulf 

destinations (other than Kuwait and Oman). 

¶ WBTs are typically slightly higher in ȬÏÆÆÓÈÏÒÅȭ ÌÏÃÁÔÉÏÎÓ ÔÈÁÎ ÁÔ ȬÐÏÒÔȭ ÌÏÃÁÔÉÏÎÓȟ 

reflecting the higher humidity in the maritime environment. 

o This trend is most pronounced at Kuwait port  which experiences a markedly cooler 

microclimate (typically 2-σȍ# ÃÏÏÌÅÒɊ than the surrounding maritime environment 

for most of the Northern Hemisphere summer.  

¶ The risk of sustained WBTs above the threshold is lower than previously understood at 

Muscat port for voyages arriving in  late August. Voyages typically arrive at Muscat port 

13-14 days after departing Australia. 

o Data from Muscat offshore and Muscat port indicate a reduced heat stress risk in late 

August (typically around ςȍ# ÃÏÏÌÅÒ than previously understood).  
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¶ The risk of sustained WBTs above the threshold is lower than previously understood at 

Red Sea locations for voyages arriving in  late June and September. Voyages typically 

arrive in the Red Sea 14 days after departing Australia and at Red Sea destination ports 

18-19 days after departing Australia. 

¶ In general, WBTs in the Red Sea start increasing earlier in the Northern Hemisphere 

summer than those in the Persian Gulf and maximum WBTs in the Red Sea are milder for 

the entirety of the Northern Hemisphere summer. 

Data logger findings  
¶ Ambient WBT data (measured on the bridge) along voyage routes and at destination 

ports closely aligns with data from the 2021 BOM report. 

¶ Analysis of logger data provided a record of the incidence of elevated deck WBTs on the 

voyages analysed:  

o 99.8% of all readings (approximately 429,600) recorded deck WBTs less ÔÈÁÎ σςȍ#  

o ωωϷ ÏÆ ÁÌÌ ÒÅÁÄÉÎÇÓ ɉÁÐÐÒÏØÉÍÁÔÅÌÙ τςυȟφππɊ ÒÅÃÏÒÄÅÄ ÄÅÃË 7"4Ó ÌÅÓÓ ÔÈÁÎ σρȍ# 

o 96% ÏÆ ÁÌÌ ÒÅÁÄÉÎÇÓ ɉÁÐÐÒÏØÉÍÁÔÅÌÙ τρςȟςππɊ ÒÅÃÏÒÄÅÄ ÄÅÃË 7"4Ó ÌÅÓÓ ÔÈÁÎ σπȍ#Ȣ 

¶ Voyages in 2020 and 2021 recorded lower maximum and average WBTs on sheep decks 

compared to voyages in 2019, with the 3 voyages recording the hottest deck conditions 

occurring in 2019 and the 3 voyages recording the coolest deck conditions occurring in 

2021. This is likely due to improvements in the ventilation capacity of vessels after 

mandated ventilation upgrades at the start of 2020 and the phasing out of twin-tier 

vessels. 

Voyage reporting findings  
¶ Behavioural and physiological response to heat (including panting) were reported on 

60% of voyages (9 out of 15 voyages). 

¶ Voyages travelling through the Red Sea reported fewer behavioural and physiological 

responses to heat than those travelling to the Persian Gulf. 

¶ Underlying health conditions, including inanition and respiratory disease, were reported 

to possibly contribute to mortalities during elevated WBTs on 1 voyage. 

¶ Inconsistent reporting of heat stress symptoms was identified on some voyages.  

o Independent observers (IOs) generally recorded higher panting scores than 

accredited veterinarians (AAVs) when observing the same pens of sheep. 

o There were a number of different scoring systems used to assess heat stress. 

Mortality data findings  
¶ No mortalities due to heat stress were reported on the 15 voyages. 

¶ The most frequently reported causes of mortality during 2019-2021 were inanition and 

gastro-enteric diseases.  

¶ There has been a 77.5% reduction in sheep mortality rates during the Northern 

Hemisphere summer (1 May to 31 October inclusive) after specific regulatory changes to 

mitigate heat stress and improve animal welfare were introduced over the period 2018 
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to 2020. Voyage mortality rates for Northern Hemisphere summer voyages have now 

stabilised within a narrow range, averaging 0.2%. This strongly indicates that regulatory 

changes have been effective in reducing the risk of heat stress and associated mortalities. 

¶ In May, September and October (Northern Hemisphere summer months outside the 

prohibition period) there has been a 67% reduction in sheep mortality rates. This 

indicates that, independent to a prohibition, regulatory changes, including allometric pen 

space allowances, independent verification of PAT scores and automated watering 

systems, have been effective in reducing the risk of heat stress and heat stress 

mortalities. 

¶ In 2015-17, the highest mortality rates occurred during June, July and August. The 

prohibition has prevented exports departing Australia during these high-risk months. 

The department notes that lower mortality rates alone do not reflect adequate animal welfare 

outcomes during live export by sea; however, if mortality rates significantly decline, it is 

reasonable to deduce that morbidity rates will also have declined and that other welfare 

parameters will have improved.   

In summary, the review concluded that the regulatory settings introduced in 2020 have been 

effective in minimising the risk of heat stress and heat stress mortalities and improving animal 

welfare outcomes for sheep exported to the Middle East during the Northern Hemisphere 

summer. The review also concluded the use of prohibition periods to reduce the risk of heat 

stress in sheep during export to, or through, the Middle East by sea during the hottest part of the 

Northern Hemisphere summer, remains appropriate.   
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Recommendations and findings 
The findings and recommendations of this review relate to updated BOM data, logger data, 

internal and external consultation and voyage reporting from the 15 voyages that travelled to 

the Middle East during the Northern Hemisphere summers of 2019 - 2021.  

Recommendations  
The core objective underlying the recommendations of the review is that in all cases, sheep 

welfare will be maintained or improved. The recommendations are based on the same risk 

parameters implemented in regulation in 2020 and are consistent with the rationale that 

informed the changes to the Animals Rules in April 2022. 

Recommendations presented in this section are based on the findings of the review, and 

specifically address the appropriateness of prohibit ion dates. Key factors considered when 

determining prohibition dates included voyage length, destination port, date of arrival, time 

spent at destination port and additional conditions to mitigate the risk of heat stress. 

The recommendations are summarised in Table 1 and Figure 1. 

Prohibition dates 
General 

1) The principle of an absolute prohibition on the export of all sheep to or through the Middle 

East during the hottest, most humid part of the Northern Hemisphere summer remains 

appropriate as a key strategy to effectively manage the risk of heat stress in sheep. 

Kuwait 

2) The absolute prohibition period from 1 June to 14 September should continue (no change 

from current rules). 

Persian Gulf destinations (other than Kuwait and Oman) 

3) The absolute prohibition period from 1 June to 14 September should continue (no change 

from the current rules for most Persian Gulf destinations). Qatar should also have this 

prohibition period (currently has an absolute prohibition period from 1 June to 21 

September). 

4) In addition, voyages should only depart Australia from 22-31 May if additional conditions to 

mitigate heat stress risks can be met. These conditions should only apply to sheep destined 

for Persian Gulf ports other than Kuwait and Oman. This recommendation was 

implemented in the Animals Rules April 2022 amendment. 

Oman 

5) The absolute prohibition period should be from 8 May to 14 August (change from current 

rules, which prohibit export to Oman from 8 May to 14 September). 

6) Where Oman is one of multiple Persian Gulf destination ports, exporters may discharge 

sheep in Oman first, en route to other destinations, provided the prohibition dates for Oman 

are abided. The prohibition end dates for the other Persian Gulf ports should also apply. 
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Red Sea destinations 

7) The absolute prohibition period should be from 15 June to 7 September (currently from 15 

June to 14 September). Prior to April 2022, the prohibition period was from 1 June to 14 

September. The recommended date change from 1 June to 15 June was implemented via the 

Animals Rules April 2022 amendment. 

8) Voyages that travel through the Red Sea to destinations such as Russia, Turkey and Lebanon 

are subject to the same prohibition dates as voyages discharging at Red Sea ports. 

Port of departure  

9) Voyages departing from ports other than Fremantle should comply with prohibition date 

recommendations and be required to be west of a longitude of 116 East, no later than 31 

May if travelling to the Persian Gulf or no later than 14 June if traveling to the Red Sea.  

Use of bridge loggers  

10) Each vessel exporting sheep must deploy a minimum of 1 data logger on the bridge to 

record ambient (bridge) WBTs. 

Provision of fodder 

11) Sheep should be fed a minimum of 3% of their liveweight daily while on vessels travelling to 

or through the Middle East during the Northern Hemisphere summer.  

Additional conditions 

12) Sheep may be exported to Persian Gulf ports (other than Kuwait and Oman) during the 

conditional prohibition period  (22 May ɀ 31 May) only if the following additional conditions 

are met:  

a) For heat tolerant breeds (e.g. Awassi, Damara, Dorper): 

i)  each sheep must have a maximum liveweight of 66kg 

ii)  each sheep has wool or hair length no longer than 25mm at the time of loading for 

transport to the Australian departure port. 

b) For less heat tolerant breeds (e.g. Merinos and Merino crosses): 

i)  each sheep must have a maximum liveweight of 56kg 

ii)  each sheep has wool or hair length no longer than 20mm at the time of loading for 

transport to the Australian departure port. 

c) Sheep must be provided with at least 3% of liveweight of feed per head per day during 

the voyage. 

d) The pen air turnover (PAT) for the vessel must be: 

i)  a minimum of 180 m³/hr per square metre of pen space (referred to in the 

remainder of this report as m³/hr) when the vessel is in port; or 

ii)  a minimum of 160 m³/hr when the vessel is in port and the sheep must be allocated 

an additional 10% space (above the minimum pen space allocation specified in the 

Australian Standards for the Export of Livestock (ASEL) standard 5.5); or 

iii)  a minimum of 140 m³/hr when the vessel is in port and the sheep weigh 56kg or 

less and have wool or hair length no longer than 10mm.  
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Note: the new additional conditions do not apply to sheep exported to Kuwait or Oman, where 

Oman is the first port of discharge.  

This recommendation was implemented in the Animals Rules April 2022 amendment. 

Table 1 Summary of prohibition dates 

 

 
Destination  

 
 
Prohibition 
introduced in 
2020  

Changes 
introduced 
April 2022  

Recommended NHS prohibition  periods  

Absolute 
prohibition 
period  

Conditional 
prohibition 
period  

Summary of 
changes  

Kuwait 
1 June  
to  
14 September 

Nil 
1 June  
to  
14 September 

N/A  Nil 

Oman (via Persian 
Gulf) 

8 May  
to  
14 September 

Nil 
8 May  
to  
14 September 

N/A  Nil 

Oman (single 
discharge port) 

8 May  
to  
14 September 

Nil 
8 May  
to  
14 August 

N/A  
Prohibition 
shortened by 31 
days 

Persian Gulf (other 
than Kuwait and 
Oman)1  

1 June  
to  
14 September 

Conditional 
Exports  
22 - 31 May 

1 June  
to  
14 September 

22 - 31 May 
10 days with 
additional 
conditions 

Qatar (now included 
in Persian Gulf) 

22 May  
to  
22 September 

Conditional 
Exports  
22 - 31 May 

1 June  
to  
14 September 

22 - 31 May 
10 days with 
additional 
conditions 

Red Sea (to, or 
through)  

1 June  
to  
14 September 

Prohibition 
to start 15 
June 

15 June  
to  
7 September 

N/A  
Prohibition 
shortened by 21 
days 

1. Bahrain, Iran, Iraq, Saudi Arabia via the Persian Gulf, the United Arab Emirates and Qatar. 

Note: Dates in Table 1 and Figure 1 are final recommendations and may differ from dates proposed during earlier 

consultation. The rationale for any differences and for final recommended prohibition dates is outlined in Section 2.  

 

 

 

 



Review of live sheep exports by sea to, or through, the Middle East during the Northern Hemisphere summer 

The Department of Agriculture, Fisheries and Forestry 

xiv 

 

Figure 1 Graphic of prohibition dates 

 

Findings 
General 

1) Regulatory settings introduced in 2020, including an absolute prohibition period during the 

hottest, most humid part of the Northern Hemisphere summer, were effective in improving 

animal welfare outcomes and minimising the risk of heat stress and heat stress mortalities 

for sheep exported to the Middle East. 

2) Updated climate analysis identified options for modifications to Northern Hemisphere 

prohibition dates and conditions. 

2021 Bureau of Meteorology data findings 

3) The risk of sustained WBTs above the 29 C threshold is higher than previously understood 

at some Persian Gulf ports (other than Kuwait and Oman) for voyages arriving at these 

Kuwait

Prohibition introduced in 2020

Recommended  prohibition

Prohibition introduced in 2020

Recommended  prohibition

Oman            

Prohibition introduced in 2020

Recommended prohibition - via Persian 

Gulf 

Qatar

Prohibition introduced in 2020

Recommended prohibition

To or through the Red Sea 

Prohibition introduced in 2020

Recommended prohibition

Absolute prohibition period

Exports permitted 

Conditional prohibition period 

(revised in April 2022, recommended to retain)

106 Days

106 Days

106 Days

85 Days

124 Days

106 Days

99 Days

130 Days

106 Days

130 Days

Recommended prohibition - single port 

discharge

106 Days

Persian Gulf (other than Kuwait and Oman)

10 Days

May Jun Jul Aug Sep Oct
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destinations in June. Voyages typically arrive at these ports 17-19 days after departing 

Australia. 

a) Ambient WBTs are up to ρȢυȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ςω # ÔÈÒÅÓÈÏÌÄ for voyages arriving at 

these destinations in June, impacting environmental conditions at ports including 

Hamad, Qatar and Jebel Ali, UAE. 

b) The data indicate the heat stress risks at Qatar are similar to other Persian Gulf 

destinations (other than Kuwait and Oman). 

4) 7"4Ó ÁÒÅ ÔÙÐÉÃÁÌÌÙ ÓÌÉÇÈÔÌÙ ÈÉÇÈÅÒ ÉÎ ȬÏÆÆÓÈÏÒÅȭ ÌÏÃÁÔÉÏÎÓ ÔÈÁÎ ÁÔ ȬÐÏÒÔȭ ÌÏÃÁÔÉÏÎÓȟ ÒÅÆÌÅÃÔÉÎÇ 

the higher humidity in the maritime environment. 

a) This trend is most pronounced at Kuwait port which experiences a markedly cooler 

microclimate (typically 2-σȍ# ÃÏÏÌÅÒɊ ÔÈÁÎ ÔÈÅ ÓÕÒÒÏÕÎÄÉÎÇ ÍÁÒÉÔÉÍÅ ÅÎÖÉÒÏÎÍÅÎÔ ÆÏÒ 

most of the Northern Hemisphere summer.  

5) The risk of sustained WBTs above the threshold is lower than previously understood at 

Muscat port for voyages arriving in late August. Voyages typically arrive at Muscat port 13-

14 days after departing Australia. 

a) Data from Muscat offshore and Muscat port indicate a reduced heat stress risk in late 

August ɉÔÙÐÉÃÁÌÌÙ ÁÒÏÕÎÄ ςȍ# ÃÏÏÌÅÒ ÔÈÁÎ ÐÒÅÖÉÏÕÓÌÙ ÕÎÄÅÒÓÔÏÏÄɊȢ 

6) The risk of sustained WBTs above the threshold is lower than previously understood at Red 

Sea locations for voyages arriving in late June and September. Voyages typically arrive in 

the Red Sea 14 days after departing Australia and at Red Sea destination ports 18-19 days 

after departing Australia. 

7) In general, WBTs in the Red Sea start increasing earlier in the Northern Hemisphere 

summer than those in the Persian Gulf and maximum WBTs in the Red Sea are milder for 

the entirety of the Northern Hemisphere summer. 

Data logger findings  
Ambient wet bulb temperatures 

8) Ambient WBT data (measured on the bridge) along voyage routes and at destination ports 

closely aligns with data from the 2021 BOM report. 

Deck wet bulb temperatures 

9) Analysis of logger data provided a reliable record of the incidence of elevated deck WBTs on 

the voyages analysed:  

a) ωωȢψϷ ÏÆ ÁÌÌ ÒÅÁÄÉÎÇÓ ɉÁÐÐÒÏØÉÍÁÔÅÌÙ τςωȟφππɊ ÒÅÃÏÒÄÅÄ ÄÅÃË 7"4Ó ÌÅÓÓ ÔÈÁÎ σςȍ#  

b) ωωϷ ÏÆ ÁÌÌ ÒÅÁÄÉÎÇÓ ɉÁÐÐÒÏØÉÍÁÔÅÌÙ τςυȟφππɊ ÒÅÃÏÒÄÅÄ ÄÅÃË 7"4Ó ÌÅÓÓ ÔÈÁÎ σρȍ# 

c) ωφϷ ÏÆ ÁÌÌ ÒÅÁÄÉÎÇÓ ɉÁÐÐÒÏØÉÍÁÔÅÌÙ τρςȟςππɊ ÒÅÃÏÒÄÅÄ ÄÅÃË 7"4Ó ÌÅÓÓ ÔÈÁÎ σπȍ#Ȣ 

10) Voyages in 2020 and 2021 recorded lower maximum and average WBTs on sheep decks 

compared to voyages in 2019, with the 3 voyages recording the hottest deck conditions 

occurring in 2019 and the 3 voyages recording the coolest deck conditions occurring in 

2021. This is likely due to improvements in the ventilation capacity of vessels after 

mandated ventilation upgrades at the start of 2020 and the phasing out of twin-tier vessels.  
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Voyage reporting findings 

11) Behavioural and physiological response to heat (including panting) were reported on 60% 

of voyages (9 out of 15 voyages). 

12) Voyages travelling through the Red Sea reported fewer behavioural and physiological 

responses to heat than those travelling to the Persian Gulf. 

13) Underlying health conditions including inanition and respiratory disease were reported to 

possibly contribut e to mortalities during elevated WBTs on 1 voyage.  

14) Inconsistent reporting of heat stress symptoms was identified on some voyages.  

a) IOs generally recorded higher panting scores than AAVs when observing the same pens 

of sheep. 

b) There were a number of different scoring systems used to assess heat stress. 

Mortality data findings 

15) No mortalities due to heat stress were reported on the 15 voyages. 

16) The most frequently reported causes of mortality during 2019-2021 were inanition and 

gastro-enteric diseases.  

17) There has been a 77.5% reduction in sheep mortality rates during the Northern Hemisphere 

summer (1 May to 31 October inclusive) after specific regulatory changes to mitigate heat 

stress and improve animal welfare were introduced over the period 2018 to 2020. Voyage 

mortality rates for Northern Hemisphere summer voyages have now stabilised within a 

narrow range, averaging 0.2%. This strongly indicates that regulatory changes have been 

effective in reducing the risk of heat stress and associated mortalities. 

18) In May, September and October (Northern Hemisphere summer months outside the 

prohibition period) there has been a 67% reduction in sheep mortality rates. This indicates 

that, independent to a prohibition, regulatory changes, including allometric pen space 

allowances, independent verification of PAT scores and automated watering systems, have 

been effective in reducing the risk of heat stress and heat stress mortalities . 

19) In 2015-17, the highest mortality rates occurred during June, July and August. The 

prohibition has prevented exports departing Australia during these high-risk months. 
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1 Introduction 
This report  ÁÄÄÒÅÓÓÅÓ ÔÈÅ !ÕÓÔÒÁÌÉÁÎ 'ÏÖÅÒÎÍÅÎÔȭÓ ÃÏÍÍÉÔÍÅÎÔ ÔÏ review the effectiveness of 

the regulatory settings implemented for sheep exports by sea to, or through, the Middle East 

during the Northern Hemisphere summer (1 May to 31 October). These settings were 

implemented followed a Regulation Impact Statement (RIS) process, finalised in 2020. Similar 

interim regulatory settings were in place in 2019.  

The primary objective of live sheep export reform since 2018 has been to improve animal 

welfare outcomes by reducing the risk of heat stress in sheep exported to, or through, the Middle 

East during the Northern Hemisphere summer to a very low level. The focus of reform has been 

to: 

¶ reduce the risk of heat stress in sheep to a very low level  

¶ reduce to 5% the risk of exposure to ambient WBTs of 29°C or higher  

¶ maintain a viable live sheep export trade supported by improved animal welfare 

outcomes 

¶ uphold Australia's reputation as an exporter of high-quality livestock.  

The department acknowledges that heat stress management is an area of ongoing scientific 

research, including by industry, and that new technologies could provide valid heat stress 

mitigation options. The department also acknowledges that changes in climate may have 

significant implications for sheep exports in the future. New developments in heat stress 

management, upgrades to the heat stress risk assessment (HSRA) model (HotStuff) and updates 

to Middle East climate analyses, relevant to the live export of sheep, will be considered as they 

become available. 

1.1 Purpose of the review 
The review assessed the adequacy of the current regulatory settings in minimising the risk of 

heat stress in sheep exported on voyages to the Middle East during the Northern Hemisphere 

summer. 

The purpose of the review was to consider: 

¶ the effectiveness of the current regulatory settings in reducing the risk of heat stress and 

heat stress mortalities for sheep exported to the Middle East during the Northern 

Hemisphere summer 

¶ whether the current regulatory settings are maintaining or improving animal welfare 

outcomes, and supporting the sustainability of the live sheep export industry and 

¶ whether there is evidence supporting modification of the current regulatory settings. 

The recommendations presented in this report  are intended to support animal welfare by 

continuing to limit  the risk of heat stress in sheep exported to the Middle East during the 

Northern Hemisphere summer.  

https://obpr.pmc.gov.au/published-impact-analyses-and-reports/live-sheep-exports-or-through-middle-east-northern-hemisphere


Review of live sheep exports by sea to, or through, the Middle East during the Northern Hemisphere summer 

The Department of Agriculture, Fisheries and Forestry 

2 

1.1.1 Background 
The high temperatures and humidity in the Middle East region during the hottest part of the 

Northern Hemisphere summer give rise to conditions which have the potential to cause heat 

stress in sheep and negatively impact their welfare. Highly publicised heat stress events in sheep 

exported in 2017 raised awareness about the onboard welfare of sheep and increased public 

scrutiny of the livestock export trade.  

Following the publicised heat stress events, the Independent review of conditions for the export of 

sheep to the Middle East during the Northern Hemisphere summer (McCarthy 2018) was 

undertaken. Recommendation 3 of the -Ã#ÁÒÔÈÙ 2ÅÖÉÅ× ×ÁÓ ÔÈÁÔ ȬÉÎÄÕÓÔÒÙ ÓÈould move from a 

ÒÉÓË ÁÓÓÅÓÓÍÅÎÔ ÂÁÓÅÄ ÏÎ ÍÏÒÔÁÌÉÔÙ ÔÏ Á ÒÉÓË ÁÓÓÅÓÓÍÅÎÔ ÂÁÓÅÄ ÏÎ ÁÎÉÍÁÌ ×ÅÌÆÁÒÅȭȢ In addition to 

the McCarthy Review, the Review of the Regulatory Capability and Culture of the Department of 

Agriculture and Water Resources in the Regulation of Live Animal Exports (Moss 2018) 

acknowledged that the welfare of exported animals is of significant interest to the Australian 

community. 

The department recognised that improving animal welfare outcomes for exported sheep was of 

critical importance, for the direct benefit of animals undergoing transport and to support a 

viable export sheep trade. The department also sought advice from an independent HSRA 

Technical Reference Panel (HSRA review) on aspects of the assessment of heat stress risk in the 

live sheep export trade.  

In response to the McCarthy Review, the department implemented the Australian Meat and Live-

stock Industry (Export of Sheep by Sea to Middle East) Order 2018 (Middle East Order 2018) 

which came into effect from 7 July 2018. The Middle East Order 2018 introduced a range of 

additional voyage conditions to improve welfare outcomes for exported sheep including 

increased pen space allowances based on allometric calculations, independent verification of a 

ÖÅÓÓÅÌȭÓ 0!4 scores, automated watering systems and a heat stress management plan to be in 

place for each voyage.  

However, during the height of the Northern Hemisphere summer when temperatures and 

humidity reach maximum levels, no combination of additional space, ventilation or other 

measures can effectively mitigate the risk of heat stress. Both the department and the Australian 

Livestock Exporters Council (ALEC) recognised the heightened risk of heat stress during this 

period. Taking effect from 1 July 2019, ALEC announced a 3-month moratorium on live sheep 

exports during June, July and August, and the department implemented an interim prohibition  

on sheep exports from 1 June to 22 September, pending completion of a RIS process.  

In undertaking the RIS process, the department analysed the economic benefits and impacts of 3 

regulatory options to limit the risk of heat stress in live sheep exported to, or through, the 

Middle East, during the Northern Hemisphere summer. The RIS outlined the best available 

science and evidence including a climate analysis conducted by the Bureau of Meteorology 

(BOM) in 2019, the HSRA review, industry research and voyage reports from May 2019 voyages.  

Using a risk-based analysis through the RIS process, the department determined that setting 

prohibition dates based on a 95th percentile maximum ambient WBT of 29C was appropriate to 

manage heat stress risks to sheep on export voyages to, or through, the Middle East. A 95th 

percentile WBT threshold means that 95% of all recorded temperatures at a specific location are 

below this threshold. By extension, 5% of all recorded temperatures at the specific location are 

higher than this threshold. 
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The preferred option identified during the RIS process most effectively addressed the Australian 

ÐÕÂÌÉÃȭÓ ÅØÐÅÃÔÁÔÉÏÎÓ ÆÏÒ ÐÅÒÍÁÎÅÎÔ ÁÃÔÉÏÎ ÔÏ ÉÍÐÒÏÖÅ ÁÎÉÍÁÌ ×ÅÌÆÁÒÅ ÄÕÒÉÎÇ ÌÉÖÅ ÓÈÅÅÐ ÅØÐÏÒÔȟ 

by limiting the risk of heat stress, while also supporting a viable live sheep trade and those 

dependent upon it. The RIS was published in April 2020. 

In 2020, based on the RIS analysis, a prohibition period was introduced under the AMLI 

(Prohibition of Export of Sheep by Sea to Middle EastɂNorthern Summer) Order 2020 

(Northern Summer Order 2020), from 1 June to 14 September with additional prohibition 

periods for Qatar and Oman, combined with additional conditions for the permitted periods 

between May to October (inclusive). The Northern Summer Order 2020 came into force on 1 

May 2020 and aimed to reduce the risk of heat stress to a very low level, by preventing live 

sheep exports to, or through, the Middle East during the highest heat stress risk period. The 

additional conditions included body condition score and automated watering system 

requirements. The independent verification and reporting of the PAT scores of a vessel was also 

required. The review found that these additional conditions should remain.  

1.2 Scope of the review  
The review assessed the adequacy of the current regulatory settings in reducing the risk of heat 

stress in sheep exported on voyages to the Middle East during the Northern Hemisphere 

summer.  In conducting the review, the department collated and analysed a range of data 

relevant to the assessment of heat stress risk in sheep including: 

¶ voyage reports from the 15 voyages that occurred in the Northern Hemisphere summer 

periods 2019-2021 

¶ data and observations of animal behaviour and welfare outcomes provided by IOs, AAVs 

and ship Masters 

¶ over 430,000 WBT measurements from environmental data loggers (loggers) placed on 

every deck where sheep were penned, for the entire duration of all 15 voyages 

¶ an updated BOM Middle East climatology report 

¶ mortality data  

¶ a scientific literature review. 

Of the 15 voyages, 5 voyages departed in 2019, 4 voyages departed in 2020 and 6 voyages 

departed in 2021. All voyages departed from Fremantle. These voyages transported a total of 

684,824 sheep from Australia to 6 destination countries in the Middle East namely Israel, Jordan, 

Kuwait, Oman, Qatar and the United Arab Emirates (UAE) (table 2).  
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Table 2 Middle East destinations by volume (head) during the 2019-21 Northern 
Hemisphere summer periods 

Destination  2019  2020  2021  Total  

Bahrain 0 0 0 0 

Israel 10,000 0 5,039 15,039 

Jordan 78,343 54,523 7,150 140,016 

Kuwait 114,873 107,251 172,971 395,095 

Oman 0 0 6,000 6,000 

Qatar 15,000 20,000 0 35,000 

UAE 40,000 15,000 38,674 93,674 

Total 258,216 196,774 229,834 684,824 

 

All 15 voyages sailed under similar regulatory settings, including a prohibition period from 1 

June to 14 September with additional prohibition periods for Qatar (from 22 May to 22 

September) and Oman (from 8 May to 14 September). Onboard loggers were deployed, and 

allometric pen space allowances were calculated using a k value=0.033.  

1.3 Regulatory framework 
Prior to 28 March 2021, the government regulated the live animal export trade under the 

Australian Meat and Live-stock Industry Act 1997 (the AMLI Act), the Export Control Act 1982 and 

associated orders, regulations, and standards. Included in the regulatory framework is ASEL and 

the Exporter Supply Chain Assurance System (ESCAS). 

Livestock sourced for export also needs to meet all requirements under relevant state and 

territory legislation, including animal welfare law. 

1.3.1 Regulation introduced in 2018 
In response to the McCarthy Review, in 2018 the department implemented the Middle East 

Order to more adequately address the risk of heat stress during the Northern Hemisphere 

summer. Requirements included that the PAT scores for each vessel be verified by an 

independent mechanical engineer, increased pen space allowances based on allometric 

calculations, automated watering systems on all vessels and exporters to have a heat stress 

management plan in place for each voyage. The Australian Meat and Livestock Industry 

(Standards) Order 2005 was also amended which implemented a reduction in the reportable 

mortality rate in ASEL from 2% to 1%. 

1.3.2 Interim regulation in 2019 
As an interim measure, while the department was conducting a RIS process, the AMLI 

(Prohibition of Export of Sheep by Sea to Middle EastɂNorthern Summer) Order 2019 

(Northern Summer Order 2019) was implemented. Under this order the holder of a sheep 

export licence was not permitted to export a consignment of sheep from Australia by sea on a 

vessel that left an Australian port between 1 June 2019 and 22 September 2019 (inclusive) and 

that would travÅÌ ÔÈÒÏÕÇÈ ×ÁÔÅÒÓ ÉÎ ÔÈÅ !ÒÁÂÉÁÎ 3ÅÁ ÎÏÒÔÈ ÏÆ ÌÁÔÉÔÕÄÅ ρρȍ. ÁÔ ÁÎÙ ÔÉÍÅ ÄÕÒÉÎÇ 

the voyage. Outside of the prohibition period, conditions under the Middle East Order applied.  
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1.3.3 Regulation in 2020 and 2021 
At the completion of the RIS process, a prohibition p eriod was introduced under the AMLI 

(Prohibition of Export of Sheep by Sea to Middle EastɂNorthern Summer) Order 2020 

(Northern Summer Order 2020). The order came into force on 1 May 2020 and included a 

prohibition on departures of live sheep exports from Australia to, or through, the Middle East for 

a period of 3.5 months (1 June to 14 September). The order included extended periods of 

prohibition for departures from Australia to Oman from 8 May to 14 September and Qatar from 

22 May to 22 September.   

1.3.4 Changes to the Export Control Act 
On 28 March 2021, the Export Control Act 2020 and Export Control (Animals) Rules 2021 

(Animals Rules) came into force, replacing the Export Control Act 1982, the AMLI Act and various 

subordinate orders in the regulation of live animal exports. Amended Animals Rules came into 

force on 6 April  2022, introducing a conditional prohibition period for voyages departing 

Australia from 22 May-31 May for certain countries in the Middle East. 

The conditions that currently apply to the exports of sheep by sea to, or though, the Middle East 

are set out in Chapter 6 of the Animals Rules. Live sheep exports by sea to, or through, the 

Middle East are prohibited from 1 June to 14 September for most ports with additional 

prohibition periods and conditions as follows: 

¶ departures for Oman prohibited from 8 May to 14 September 

¶ departures for Persian Gulf destinations (other than Kuwait and Oman) are prohibited 

from 22 May to 31 May unless additional conditions to mitigate heat stress risks are met 

¶ there must be no more than 2 ports of discharge for voyages arriving in the Persian Gulf 

after 1 June and departing Australia between 15 and 30 September 

¶ departures for Red Sea destinations are prohibited from 15 June to 14 September. 

Chapter 6 also sets out other conditions that apply to exports during the Northern Hemisphere 

summer, including minimum pen air turnover requirements for vessels, wool length limit s, 

liveweight limits, body condition score limits and feeding requirements. 

The department notes that for the prohibition period to Qatar, the reference to 22 September 

was a drafting error. It was corrected to 21 September when amendments were made to the 

Animals Rules in April 2022. 

1.3.5 Relevant Australian Standards for the Export of Livestock history 
Livestock export licence holders are required to comply with the ASEL, which set out minimum 

requirements to ensure animals are fit to export from Australia, and their health and welfare is 

managed throughout the voyage.  

ASEL 2.3 was reviewed in 2018 and 2019 (ASEL sea review and ASEL air review) by a Technical 

Advisory Committee (TAC). The updated version, ASEL 3.0, was implemented on 1 November 

2020. 

The 9 voyages that travelled in the Northern Hemisphere summer of 2019 and 2020 operated 

under ASEL 2.3. The 6 voyages that travelled in the Northern Hemisphere summer of 2021 

operated under ASEL 3.0. Additional conditions introduced in ASEL 3.0 include: 

https://www.legislation.gov.au/Details/F2022C00137
https://www.awe.gov.au/agriculture-land/animal/welfare/export-trade/review-asel
https://www.awe.gov.au/agriculture-land/animal/welfare/export-trade/review-asel/air-voyages
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¶ changes to the minimum length of time that sheep must remain in a registered 

establishment (RE) prior to departure (sheep must spend 5 clear days at an RE) 

¶ changes to the notifiable mortality rate for livestock (already implemented for sheep 

following the McCarthy Review) and the requirements for notification 

¶ Á ÎÅ× ÄÅÆÉÎÉÔÉÏÎ ÏÆ ȬÖÏÙÁÇÅ ÌÅÎÇÔÈȭ ×ÉÔÈ ÒÅÌÁÔÅÄ ÃÈÁÎÇÅÓ ÆÏÒ ÐÅÒÓÏÎÎÅÌȟ ÂÅÄÄÉÎÇ ÁÎÄ ÆÅÅÄ 

requirements inclusion and extension of additional management plans for sea exports. 

ASEL 3.1 was released following the introduction of the Export Control Act 2020 and the Animals 

Rules to align the text of the standards with new legislative references. ASEL 3.2 superseded 

ASEL 3.1 on 18 November 2021. 

The ASEL is now regularly reviewed and updated, where appropriate. 

1.3.6 Independent observers 
The department administers an independent observer (IO) program for livestock export 

voyages by sea to provide additional assurance of ÔÈÅ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÏÆ ÅØÐÏÒÔÅÒÓȭ ÁÒÒÁÎÇÅÍÅÎÔÓ 

in managing animal health and welfare. IOs are deployed on livestock export voyages by sea to 

ȬÍÏÎÉÔÏÒȟ ÏÂÓÅÒÖÅ ÁÎÄ ÒÅÐÏÒÔ ÏÎ ÁÃÔÉÖities in approved export programs for the purpose of 

ÅÎÓÕÒÉÎÇ ÔÈÅ ÈÅÁÌÔÈ ÁÎÄ ×ÅÌÆÁÒÅ ÏÆ ÌÉÖÅ ÁÎÉÍÁÌÓ ÉÎ ÔÈÅ ÃÏÕÒÓÅ ÏÆ ÅØÐÏÒÔ ÁÃÔÉÖÉÔÉÅÓȭ ɉ$!7% ςπςρɊȢ   

Due to the national and international response to COVID-ρωȟ ÉÎÃÌÕÄÉÎÇ ÔÈÅ ÇÏÖÅÒÎÍÅÎÔȭÓ ÁÄÖÉÃÅ 

to reconsider non-essential international travel, the department paused the deployment of IOs 

on all livestock vessels in March 2020. Of the 15 voyages in this review, IOs travelled on all 5 of 

the 2019 voyages. However, COVID-19 restrictions meant that IOs were able to travel on only 1 

of the 10 voyages during 2020 and 2021. In total, the department reviewed 6 IO reports from the 

2019-2021 Northern Hemisphere summer periods.  

The IO program recommenced from 1 May 2022 (EAN 2022/09) with the department 

continuing to monitor the COVID-19 situation closely for each country to ensure it is safe and 

practical to deploy an independent observer.  

1.4 Changes in the Australian sheep industry 
ABARES (2021) states the sheep flock size in Western Australia (WA) stands at 13.7 million for 

2019-20, down from approximately 25 million in 2004-5 (Figure 2). The WA sheep flock size has 

continued to trend downwards in 2020-21, as a result of a number of factors. MLA Industry 

Projections (2021) reports that eastern states are driving a very high demand for WA sheep. 

During 2020, the eastern states of Australia experienced drought-breaking rain, resulting in 

abundant feed and favourable conditions to increase flock size. At the same time, WA seasonal 

conditions were dry, leading to the possibility of low water supplies in dams during the 

following summer months, further encouraging producers to reduce stock numbers. It is 

estimated that approximately 2.3 million sheep were transported from dry conditions in 

Western Australia to the east coast between January 2020 and July 2021, as eastern producers 

worked to rebuild their drought -depleted flocks (Oldfield 2021). Existing modelling on this 

trend suggests that transfers of this nature can have significant long-term effects, with the 

possibility that WA sheep flocks will  decline significantly over a 10-year period, making it 

difficult to supply the meat and wool industries (Pritchett 2019). This could have flow on effects 

for the live animal export trade, reducing the number of sheep to be exported due to high 

domestic demand. 

https://www.awe.gov.au/biosecurity-trade/export/controlled-goods/live-animals/advisory-notices/2022/2022-09
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Figure 2 Australian live sheep exports and Western Australian sheep flock, 1988-89 to 
2020-21 

 

Source: ABARES 2021 

Mecardo reported that interstate transfers overtook live sheep exports in terms of WA sheep 

turnoff in 2019-20, for the first time in at least a decade, with the trend expected to remain in 

2020-21 (Oldfield 2021).  

These combined factors significantly depleted the pool of available sheep for the live export 

trade. Historically the live export sector provided around 30% of the turnoff options for WA 

sheep producers, with this ratio declining to less than 20% in 2021 (Dalgleish 2021).  

In 2020-21, live sheep exports fell by 45% to 602,000 head (Figure 2) and is forecast to rise by 

10% in 2021-22 (ABARES 2021). The reduction was due in part to limited supply in WA, as 

discussed earlier in this chapter, but also due to weaker demand from traditional Middle Eastern 

markets, where economies have been dampened by the COVID-19 pandemic (ABARES 2021). 

The removal of the Qatar subsidy on sheep meat from imported Australian sheep locally 

slaughtered, came into effect from 31 December 2020 (MLA 2021). This change reduced demand 

for live sheep into the region and resulted in no sheep being exported to Qatar in 2021-22. Prior 

ÔÏ ÔÈÅ ÓÕÂÓÉÄÙ ÃÈÁÎÇÅȟ 1ÁÔÁÒ ÈÁÄ ÂÅÅÎ !ÕÓÔÒÁÌÉÁȭÓ ÓÅÃÏÎÄ ÌÁÒÇÅÓÔ ÌÉÖÅ ÓÈÅÅÐ ÅØÐÏÒÔ ÍÁÒËÅÔȢ 

ABARES (2021) estimates that in 2020-21 90% of Australian live sheep exports were sent to 

Kuwait, Qatar, Jordan, and the UAE. 

The prohibition on the export of live sheep during the Northern Hemisphere summer may also 

be another influence by reducing the months exporters can send sheep to, or through, the 

Middle East.  

Flock rebuilding also resulted in reduced sheep slaughter numbers in 2020-21 (Figure 3). 

Slaughter has decreased in New South Wales, Victoria and Western Australia in the last 2 ɀ 3 

years as more ewes have been retained for breeding, due to favourable production conditions 

for flock rebuilding purposes (ABARES 2021). 
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Figure 3 Lamb and sheep slaughter in Australia, 2001-21 

  
 

Source: ABARES 2021 

1.4.1 Rising lamb and sheep prices 
Tight supply in Western Australia, combined with the increased demand for exported sheep 

meat by China supported a strong price surge in lamb and sheep saleyard prices since 2017 

(MLA 2019) (Figure 4). These effects were compounded in 2020 by market changes associated 

with COVID-19 and the higher Australian dollar during the second half of 2020. Whilst WA sheep 

and lamb prices have historically been lower than those in eastern states, prices in 2019 and 

2020 outperformed those in 2018 and were higher than the previous five-year average (MLA 

2019). These high prices have been mirrored in the eastern states with the gap in prices 

between the two regions appearing to grow with time as a direct response to the movement of 

sheep across the regions. Lamb saleyard prices in the eastern states started to diverge 

significantly from prices in Western Australia in August 2019, with saleyard prices for lambs in 

Western Australia generally remaining below saleyard prices in the eastern states since then 

(Figure 5). In another example, in early 2021, the Eastern States Trade Lamb Indicator was 

100c/kg higher than the Western Australian Trade Lamb Indicator (Oldfield 2021). 
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Figure 4 Lamb and sheep saleyard prices in Australia, 2001-02 to 2020-21 

 

Source: ABARES 2021 

Figure 5 Lamb saleyard prices in New South Wales, Victoria, and Western Australia 2001-
02 to 2020-21 

 

Source: ABARES 2021 
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With market pressures and the rebuilding of flocks continuing, it is expected that higher prices 

will also continue. In 2021-22, live export sheep prices are forecast to rise by 5% to $162/head 

(ABARES 2022).  This is expected to be the highest price ever recorded in nominal terms, and 

the second highest price in real terms (ABARES 2022). An update to these forecasts is provided 

in the June 2022 Agricultural Commodities Report, from ABARES.  

1.4.2 Impact of the prohibition  
The RIS assessed the economic impacts of a range of policy options, including the possibility that 

a prohibition could reduce the demand for exported sheep to international markets. ABARES 

concluded the economic impact of restrictions on the live sheep export trade had been offset by 

the increasing demand for Australian sheep meat internationally (ABARES 2020). The ABARES 

analysis also identified that live sheep export volumes have declined outside of the prohibition 

period, indicating a decline in the trade as a whole. As discussed in Section 1.4.1, this has likely 

been driven by domestic movements of sheep, higher sheep prices, the strong Australian dollar, 

and the impact of the COVID-19 pandemic. However, this conclusion has been disputed in some 

ÉÎÄÕÓÔÒÙ ÐÕÂÌÉÃÁÔÉÏÎÓȢ &ÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ -,! )ÎÄÕÓÔÒÙ 0ÒÏÊÅÃÔÉÏÎÓ ɉςπςρɊ ÒÅÐÏÒÔ ÓÔÁÔÅÓ ȬÁ ÍÁÊÏÒ 

factor accelerating the long-term decline in Australian live sheep exports in recent years has 

ÂÅÅÎ ÔÈÅ ÇÏÖÅÒÎÍÅÎÔ ÂÁÎ ÏÎ ÅØÐÏÒÔÉÎÇ ÔÏ ÔÈÅ 'ÕÌÆ ÄÕÒÉÎÇ ÔÈÅ .ÏÒÔÈÅÒÎ (ÅÍÉÓÐÈÅÒÅ ÓÕÍÍÅÒȭ 

(MLA 2021).   
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2 Climate analysis   
The department has reviewed and analysed climatology data from a 2019 Bureau of 

Meteorology report (2019 BOM report) and an updated 2021 Bureau of Meteorology report 

(2021 BOM report) to assist in determining the appropriateness of the current regulatory 

settings in place during the Northern Hemisphere summer. All WBT data received in the BOM 

reports and discussed in this section refer to ambient WBTs.  

2.1 Meteorological reports 
The 2019 BOM report presented WBT data from selected locations along voyage routes and at 

Middle Eastern destination ports from April to November for the period 1990 to 2018. Data 

were presented in a series of graphs depicting the 95th percentile WBT readings, maximum and 

minimum daily WBTs, plus the highest and lowest on record. These graphs were used to 

determine dates when there was a 5% or greater likelihood that ambient WBTs at specific 

locations would be higher than 29°C. The prohibition periods implemented in 2020 for live 

sheep exports to or through the Middle East during the Northern Hemisphere summer were 

based on these dates.  

The 2021 BOM report provided updated climatology data based on 42 years of accumulated 

climate data from 1979 to 2021, including a WBT analysis along voyage routes and at 

destination ports in the MEAI. The 2021 BOM report uses hourly WBT measurements which are 

aggregated into 7-day periods by date, where 1 May is the start of a 7-day period (and the 

beginning of the Northern Hemisphere summer). The BOM grouped data into 7-day intervals to 

maximise the statistical significance of the WBT analysis for each location. 

The 2021 BOM report provided WBT climatology maps and graphs for 21 locations in the MEAI, 

including in the Persian Gulf, the Strait of Hormuz, the Gulf of Oman and in the Red Sea. The WBT 

maps ÁÒÅ ÄÉÓÐÌÁÙÅÄ ÉÎ Á ȬÇÒÉÄ ÃÅÌÌȭ ÓÔÙÌÅ ÆÏÒ ÅÁÃÈ ÏÆ ÔÈÅ ςχ ×ÅÅËÓ ÏÆ ÔÈÅ .ÏÒÔÈÅÒÎ (ÅÍÉÓÐÈÅÒÅ 

summer, staring on 1 May. Each grid cell represents a 30 x 30-kilometre square patch of the 

ÅÁÒÔÈȭÓ ÓÕÒÆÁÃÅ ÁÎÄ ÄÅÐÉÃÔÓ ωυth percentile maximum WBTs in weekly blocks of time. Grid cells 

on the WBT maps are colour-coded to represent different maximum WBTs, for example, yellow 

grid cells represent areas where 95th percentile maximum WBTs are below 28°C (and above 

27°C) while purple grid cells represent areas where the 95th percentile maximum WBTs are over 

31°C. Areas with 95th percentile maximum WBTs below 27°C are shown in greyscale.  

The WBT graphs depict 95th percentile maximum WBTs for each month of the year, average 

daily maximums, average daily minimums, the 2019 and 2020 daily maximums and highest on 

record daily maximum. The orange (stepped) line in the graphs represents the 95th percentile 

daily maximum WBT, calculated in weekly blocks of time. This means that on 95% of days over 

the 42 years of accumulated data, the WBT is less than the threshold value; conversely, on 5% of 

days the WBT exceeds the threshold value. 

The climate statistics and recommendations presented in Section 2.4 consider voyage duration 

to each destination port, the updated climatology data in the 2021 BOM report and the 95th 

percentile maximum WBT threshold ÏÆ ςωȍ#, determined through the RIS process. This 

threshold was used to determine prohibition dates, implemented in new regulation in 2020, 

which limited vessels arriving in the Middle East when there was a greater than 5% likelihood 

that temperatures would exceed the WBT threshold ÏÆ ςωȍ# for a sustained period. 
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2.2 The impact of climate change 
Several articles in the literature review identif ied that the future climate is expected to be more 

variable with greater frequencies and intensities of very hot periods (Tadesse et al. 2019, 

Thornton et al. 2021, Zhang & Phillips 2019). For example, Thornton et al. (2021) predicts that 

by 2050 the number of days per year of extreme heat and risk of heat stress will have at least 

doubled, imposing increased pressure on the existing capacity of ruminant livestock to adapt to 

extreme environmental conditions. These papers, however, represent general climate 

assessments whereas heat stress risk is location specific. If drier conditions occur in the future, 

then WBTs may decrease in some areas. 

The department discussed with the BOM the different types of climate analysis that would best 

consider the impact of climate change. One possibility was to run an analysis on a short period of 

recent data, for example, the previous 5-10 years, to gain an indication of how climate change 

affects WBTs in the MEAI. The BOM advice was that data from such a small number of years 

would lack the necessary statistical robustness to support the review and ÍÁÙ ÅØÃÌÕÄÅ ȬÏÕÔÌÉÅÒȭ 

measurements.   

In consultation with the BOM, it was agreed the most accurate analysis would be a 

comprehensive data review based on 42 years of accumulated data from 1979 to 2021. A data 

ÐÅÒÉÏÄ ÏÆ ÔÈÉÓ ÌÅÎÇÔÈ ÍÅÁÎÓ ÔÈÅÒÅ ÉÓ Á ÇÒÅÁÔÅÒ ÃÈÁÎÃÅ ÏÆ ÃÁÐÔÕÒÉÎÇ Á ȬÏÎÃÅ ÉÎ Á ÄÅÃÁÄÅȭ 

temperature extreme within the analysis. If these extreme temperatures occur, they will exert a 

statistical effect in the calculation of 95th percentile temperatures. In addition, any recent climate 

change effects would be included and contained in the analysis outputs. 

Therefore, while the department will continue to monitor climatic conditions, the 2021 BOM 

report provides the most up-to-date data available and underpins the evidence-based 

recommendations of this review. 

2.3 Voyage lengths and departure dates 
The department analysed typical voyage lengths for the 15 voyages in the review. All voyages 

departed from Fremantle and travelled to either the Persian Gulf or the Red Sea. This allowed 

likely arrival dates at destination ports to be determined, and from this, appropriate departure 

dates that limit vessels arriving in the Middle East when there is a greater than 5% likelihood 

that temperatures will exceed WBT threshold ÏÆ ςωȍ# for a sustained period. 

Table 3 shows voyages from Fremantle to the Persian Gulf typically reach the Gulf of Oman 13 

days after departure, transiting the Strait of Hormuz 13-14 days after departure and Kuwait port 

14-15 days after departure. Discharging of sheep can take up to 2 days before the vessel travels 

onwards to secondary ports. Voyages to the Red Sea typically reach the Gulf of Aden 14 days 

after departure, the Bab al Mandab Strait 14-15 days after departure and arrive at destination 

ports around 18-19 days after departure.    
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Table 3 Typical voyages from Fremantle to the Persian Gulf and Red Sea 

Persian Gulf route  Day of voyage Red Sea route Day of voyage 

Gulf of Oman  13 Gulf of Aden 14 

Arrival Kuwait 14-15 Bab Al Mandab Strait 14-15 

Complete discharge Kuwait 16-18 Arrive at first port (Eilat  or 
Aqaba) 

18 

Arrive at second port 17-19 Arrive at second port  18-19 

Complete discharge at second 
port  

19-21 Complete discharge at second 
port  

19-21 

 

The department notes that, in the future, sheep may be exported from ports other than 

Fremantle (such as Portland or Port Adelaide). Voyage lengths may be up to 5 days longer from 

these departure ports, meaning sheep could arrive in the Middle East on dates later than 

predicted in this report, when conditions are hotter and more humid. To limit this possibility, 

the department recommends that vessels departing from ports other than Fremantle should 

comply with prohibition date recommendations and be required to be west of a longitude of 116 

East, no later than 31 May if travelling to the Persian Gulf, or no later than 14 June if travelling to 

the Red Sea.  

2.4 Wet bulb temperature at specific Middle East locations  
The 2021 BOM report demonstrated that Persian Gulf locations were generally hotter, with 

ÈÉÇÈÅÒ 7"4Óȟ ÔÈÁÎ 2ÅÄ 3ÅÁ ÌÏÃÁÔÉÏÎÓȢ &ÏÒ ÓÅÖÅÒÁÌ ÄÅÓÔÉÎÁÔÉÏÎÓȟ Á ȬÐÏÒÔȭ ÌÏÃÁÔÉÏÎ ×ÁÓ ÅØÁÍÉÎÅÄȟ ÁÓ 

×ÅÌÌ ÁÓ ÁÎ ȬÏÆÆÓÈÏÒÅȭ ÌÏÃÁÔÉÏÎȢ 4ÈÉÓ ÓÈÏ×ÅÄ ÔÈÁÔ ÉÎ ÇÅÎÅÒÁÌȟ 7"4Ó ÁÒÅ ÓÌÉÇÈÔÌÙ ÈÉÇÈÅÒ ÉÎ ÔÈÅ 

ȬÏÆÆÓÈÏÒÅȭ ÌÏÃations thÁÎ ÁÔ ȬÐÏÒÔȭ ÌÏÃÁÔÉÏÎÓȟ ÒÅÆÌÅÃÔÉÎÇ ÔÈÅ ÈÉÇÈÅÒ ÈÕÍÉÄÉÔÙ ÉÎ ÔÈÅ ÍÁÒÉÔÉÍÅ 

environment. This is particularly notable at Kuwait port compared to Kuwait offshore (Figures 6 

and 7). The difference between offshore and port WBTs also aligns with HotStuff modelling 

which identifies separate heat stress risk for ports and heat stress risk while sailing. 

The 2021 BOM report also indicated that there are some passages along voyages routes where 

95th percentile maximum WBTs may exceed 29ȍ# for short periods of time. For example, the 

Strait of Hormuz is typically the hottest part of a voyage to the Persian Gulf, and the Bab al 

Mandab Strait is typically the hottest part of a voyage to the Red Sea. Transiting each strait 

represents around 6-12 hours of travel time, before a vessel travels on to cooler conditions. The 

risk of heat stress is mitigated by the relatively short period of time at temperatures which may 

exceed ςωȍ# ÁÎÄ the reliable respite after this period (also identified in voyage reports). 

All temperature maps and graphs in the following section have been provided in the 2021 BOM 

report. The complete BOM report can be viewed here.     

2.4.1 Kuwait 
The majority of live sheep exported from Australia to the Middle East are exported to Kuwait. In 

2021, 75% of live sheep exports to the Middle East were discharged at Kuwait. Current rules 

require that if Kuwait is one of the destinations, then Kuwait must be the first port of discharge. 

Therefore, voyages travel first to Kuwait, where the majority of sheep are discharged, before 

travelling on to other hotter, more humid Persian Gulf ports.  

https://haveyoursay.agriculture.gov.au/NHS-prohibition-review
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Kuwait port experiences a markedly cooler microclimate than the surrounding maritime 

environment for most of the Northern Hemisphere summer (2021 BOM report). Figures 6 and 

Figure 7 demonstrate that WBTs at Kuwait port are typically 2-σȍ# ÃÏÏÌÅÒ ÆÏÒ ÁÌÌ ÐÅÒÉÏÄÓ ÏÆ ÔÈÅ 

Northern Hemisphere summer, compared to the offshore areas in the north -western Persian 

Gulf, and other Persian Gulf ports (including Jebel Ali, UAE and Hamad, Qatar). This cooler 

microclimate provides reliable respite and reduces the risk of heat stress for sheep during the 

discharge process. 

Voyages en route to Kuwait must travel through the Strait of Hormuz and the eastern Persian 

Gulf, which are typically the hottest part of the journey and represent around 12-24 hours of 

travel time. Climatology data identify that these regions become hotter and more humid earlier 

than the north-western Persian Gulf around Kuwait, posing additional heat stress risks to 

consider.  

Voyages departing Australia on 30-31 May reach the Strait of Hormuz around 12-13 June where 

the 95th percentile maximum WBT exceeds σπȍ# ɉ&Égures 8 and 9). Transiting the Strait of 

Hormuz typically takes 6-12 hours, after which vessels travel onto cooler parts of the Persian 

Gulf, reaching Kuwait port approximately 1 day later (around 14 June) where the 95th percentile 

maximum WBT drops to aroÕÎÄ ςυȍ# ÁÎÄ average conditions are likely to provide reliable 

respite (Figures 7 and 9). This means 95% of WBT records at Kuwait port ÁÒÅ ÌÅÓÓ ÔÈÁÎ ςυȍ# 

around 14 June.  

Voyages departing Australia on or shortly after 15 September reach the Strait of Hormuz around 

27-28 September and Kuwait port around 29 September (Figure 10). At this time, 95% of WBTs 

recorded ÁÔ +Õ×ÁÉÔ ÐÏÒÔ ÁÒÅ ÌÅÓÓ ÔÈÁÎ ςχȍ# ɉ&ÉÇÕÒÅ χɊȢ !ÌÔÈÏÕÇÈ W"4Ó ÁÒÅ ÁÒÏÕÎÄ ςȍ# ÈÉÇÈÅÒ ÁÔ 

Kuwait port at the end of September (compared to mid-June), the climate en route to Kuwait, 

through the Strait of Hormuz has cooled, with a 95th percentile maximum WBT around 29°C 

(Figures 8 and 10). This means 95% of WBT records in the Strait of Hormuz are less than 29°C in 

late September.  

Therefore, taking route and port WBTs into account, the heat stress risk for voyages departing 

Australia on or shortly after 15 September is assessed as similar to the heat stress risk for 

voyages departing Australia in the last week of May. Temperatures at destination ports can 

impact heat stress risk significantly, because sheep spend longer at destination ports than at 

other locations during the voyage.  

Climate en route to Kuwait, at Kuwait offshore and Kuwait port  
At the beginning of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT in the Strait of Hormuz first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË 

starting 15 May (Figure 8) 

¶ the 95th percentile maximum WBT at Kuwait offshore remains relatively constant 

throughout June at 28-ςωȍ# ɉ&ÉÇÕÒÅ φɊ 

¶ the 95th percentile maximum WBT at Kuwait offshore first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË 

starting 3 July (Figure 6) 

¶ the 95th percentile maximum WBT at Kuwait port exceeds ςωȍ# ÁÒÏÕÎÄ ςψ !ÕÇÕÓÔ for 

approximately 1 week only, before subsequently declining (Figure 7). 
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At the end of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT in the Strait of Hormuz drops to approximately ςωȍ# 

in the week starting 18 September (Figure 8) 

¶ the 95th percentile maximum WBT at Kuwait port offshore drops to approximately ςωȍ# 

in the week starting 18 September (Figure 6). 

Figure 6 Wet bulb temperatures for Kuwait offshore 

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021  

Figure 7 Wet bulb temperatures for Kuwait Port 

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021  
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Figure 8 Wet bulb temperatures for Strait of Hormuz 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

Figure 9 95th percentile maximum wet bulb temperature from 12 to 18 June Persian Gulf 

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 10 95th percentile maximum wet bulb temperature from 25 September to 1 October 
Persian Gulf 

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

Development of the recommendations for Kuwait 
The draft report proposed to change the absolute prohibition dates to 15 June ɀ 7 September, 

and to introduce 2 conditional prohibition periods from 1  ɀ 14 June and from 7 ɀ 13 September 

where exports to Kuwait would be permitted provided additional heat-mitigating conditions 

could be met. For departures up to 14 June, vessels would arrive in the Persian Gulf in late June, 

×ÈÅÎ 7"4Ó ÍÁÙ ÂÅ ÕÐ ÔÏ ςȍ# ÁÂÏÖÅ ÔÈÅ ÔÈÒÅÓÈÏÌÄ ÆÏÒ extended periods in the Gulf of Oman, 

Strait of Hormuz and eastern Persian Gulf.  

For departures around 7 September, vessels would arrive in the Persian Gulf when WBTs may 

ÂÅ ÕÐ ÔÏ ρȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ÔÈÒÅÓÈÏÌÄȟ ÂÕÔ ÍÏÒÅ ÉÍÐÏÒÔÁÎÔÌÙȟ ÁÔ ÔÈÉÓ ÔÉÍÅ ÃÏÎÄÉÔÉÏÎs at Kuwait 

port  have not significantly cooled after the heat accumulation over summer. Wet bulb 

temperatures at Kuwait port are up to 2ȍ# higher for voyages departing Australia in early 

September and do not offer the respite during the discharge process, compared to voyages 

departing Australia in late May. This increases the risk of heat stress as animals spend longer at 

destination ports than at other locations en route. In addition, sheep travelling in September are 

fully winter acclimatised, compared to those departing Australia in late May, reducing their heat 

tolerance further. 

Therefore, after closer examination of the climate data, the department reconsidered the 

proposed dates presented in the draft report and determined that the heat stress risks to sheep 

were not able to be effectively mitigated at the end of June and earlier in September, even with 

the application of heat stress mitigation measures. The current recommended dates are 

summarised below.  
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Recommendation ς prohibition dates for Kuwait 

¶ The prohibition period should continue to be from 1 June to 14 September (no change 

from current dates). 

Summary ς voyages to Kuwait 

¶ Voyages departing Australia around 31 May arrive in the Strait of Hormuz around 12-13 

June and at Kuwait port around 14 June. 

¶ Voyages departing Australia on 15 September arrive in the Strait of Hormuz around 27-

28 September and at Kuwait port around 29 September. 

2.4.2 Persian Gulf destinations (other than Kuwait and Oman) 
In the 2019 BOM report, Qatar was identified to have a hotter and more humid climate than 

other Persian Gulf locations, resulting in an extended prohibition of sheep exports to Qatar from 

22 May to 22 September. Climatology data from the 2021 BOM report indicate additional heat 

stress risk areas on the south-eastern coastline of the Persian Gulf that were not evident in the 

2019 BOM report. These areas get hotter and more humid up to 4 weeks earlier than at Kuwait 

port (Figure 9), impacting environmental conditions at ports including Hamad, Qatar and Jebel 

Ali, UAE. The 2021 BOM report indicates WBTs (and therefore the risks of heat stress) are likely 

to be similar at Qatar and other non-Kuwait Persian Gulf ports such as Jebel Ali in the UAE. For 

this reason, it is recommended Qatar be aligned with Persian Gulf destinations (other than 

Kuwait and Oman) and not considered a unique heat stress risk that warrants separate 

consideration. 

In addition, the 2021 BOM report identified that none of the other Persian Gulf ports had a 

cooler microclimate, as experienced at Kuwait port. This is significant when considering heat 

stress risk during the discharge process. If respite from high WBTs is unlikely when the vessel is 

discharging (as occurs at Kuwait port), the heat stress risk is amplified because vessels spend 

more time at and near discharge ports than at any other points during the voyage. The voyage 

length, date of arrival and time spent at destination ports are, therefore, key factors when 

considering prohibition dates. Voyages typically complete discharge at secondary Persian Gulf 

ports around 19-21 days after departure from Australia.  

The increased temperatures at Persian Gulf ports other than Kuwait in June indicate that 

additional heat stress-mitigating conditions are warranted, to more effectively manage the risk 

of heat stress in sheep exported to these ports.  

Vessels departing Australia around 31 May arrive at secondary Persian Gulf ports (after 

discharging at Kuwait) around 16-18 June (Figure 9). At this time the 95th percentile maximum 

WBTs for non-Kuwait Persian Gulf ports including Hamad, Qatar and Jebel Ali, UAE are up to 1.5 

ȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ςωȍ# ÔÈÒÅÓÈÏÌÄȢ 4Ï ÍÉÔÉÇÁÔÅ ÔÈÅ ÈÅÁÔ ÓÔÒÅÓÓ ÒÉÓËÓ ÐÏÓÅÄ ÂÙ ÔÈÅ ÈÏÔÔÅÒ 

conditions at these ports the department recommends introducing a conditional  prohibition 

period where exports can only occur if additional conditions are met. During the last 3 Northern 

Hemisphere summer periods, exports were permitted to these destinations, with no restrictions. 

The additional conditions are designed to decrease the deck WBT rise and to improve the heat 

tolerance of sheep. Section 3.2 outlines the proposed heat stress-mitigating conditions.  

Voyages departing Australia on 15 September arrive at secondary Persian Gulf ports, after 

discharging at Kuwait, around 1 October-3 October. The 95th percentile maximum WBTs are 
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ÁÒÏÕÎÄ ςωȍ# ÁÔ ÔÈÉÓ ÔÉÍÅ ɉ&ÉÇÕÒÅÓ ρρȟ ρςȟ ρσȟ ρτ ÁÎÄ ρυɊȢ 4ÈÉÓ ÍÅÁÎÓ ωυϷ of WBT records at 

Persian Gulf ports (other than Kuwait and /ÍÁÎɊ ÁÒÅ ÌÅÓÓ ÔÈÁÎ ςωȍ#Ȣ  

At the beginning of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT at Jebel Ali offshore first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË 

starting 29 May (Figure 11) 

¶ the 95th percentile maximum WBT at Jebel Ali port first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË ÓÔÁÒÔÉÎÇ 

5 June (Figure 12) 

¶ the 95th percentile maximum WBT at Doha offshore first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË 

starting 19 June (Figure 13) 

¶ the 95th percentile maximum WBT at Doha port first exceeds ςωȍ# ÉÎ ÔÈÅ ×ÅÅË ÓÔÁÒÔÉÎÇ σ 

July (Figure 14). 

At the end of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT at Jebel Ali offshore drops to approximately ςωȍ# ÉÎ 

the week starting 2 October (Figure 11) 

¶ the 95th percentile maximum WBT at Jebel Ali port drops to approximately ςωȍ# ÉÎ ÔÈÅ 

week starting 11 September (Figure 12) 

¶ the 95th percentile maximum WBT at Doha offshore drops to approximately ςωȍ# ÉÎ ÔÈÅ 

week starting 18 September (Figure 13)  

¶ the 95th percentile maximum WBT at Doha port drops to approximately ςωȍ# ÉÎ ÔÈÅ ×ÅÅË 

starting 11 September (Figure 14). 

Figure 11 Wet bulb temperatures for Jebel Ali offshore 

 
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 12 Wet bulb temperatures for Jebel Ali port 

 
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

 

Figure 13 Wet bulb temperatures for Doha offshore   

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 14 Wet bulb temperatures for Doha port    

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

 

Figure 15 95th percentile maximum wet bulb temperature from 2 October to 8 October 
Persian Gulf 

  
 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Development of recommendations for Persian Gulf ports (other than Kuwait and Oman) 
The draft report proposed no change to the absolute prohibition for Persian Gulf ports (other 

than Kuwait and Oman) but recommended the introduction of 2 conditional prohibition period s 

for voyages departing Australia from 22 ɀ 31 May and from 15 ɀ 21 September.  

The conditional prohibition period from 22 ɀ 31 May was implemented into legislation in April 

2022 and applied additional heat stress mitigation measures to mÁÎÁÇÅ 7"4Ó ÕÐ ÔÏ ρȢυȍ# above 

the threshold. In contrast, for voyages departing Australia from 15-21 September, WBTs would 

be no more than πȢυȍ# above the threshold and only for limited periods. As the majority of sheep 

are typically discharged first in Kuwait, sheep that travel onto other Persian Gulf ports will 

receive additional pen space, allowing for improved ventilation  and removal of metabolic heat, 

as well as improved access to food and water troughs. These factors are expected to reliably 

ÍÉÔÉÇÁÔÅ ÆÏÒ 7"4Ó ÕÐ ÔÏ πȢυȍ# ÁÂÏÖÅ ÔÈÅ ÔÈÒÅÓÈÏÌÄȢ 

The department reconsidered this information and determined that a conditional prohibition 

period was only necessary for voyages departing Australia from 22-31 May.  

Recommendation ς prohibition dates for Persian Gulf ports (other than Kuwait and Oman) 

¶ Absolute prohibition dates should be from 1 June to 14 September (no change from 

current rules for most Persian Gulf destinations. Change for Qatar to bring in line with 

other Persian Gulf destinations). 

¶ Voyages should depart Australia up to 21 May with no additional conditions. 

¶ Voyages should only depart Australia from 22 May to 31 May provided additional 

conditions to mitigate the increased risks of heat stress, associated with a 95th percentile 

WBT rise of up to 1.5ȍ# above the threshold, can be met. 

¶ Voyages should recommence from 15 September with no additional conditions. 

Summary ς voyages to Persian Gulf ports (other than Kuwait and Oman) 

¶ Voyages departing Australia around 31 May arrive at secondary Persian Gulf ports 

around 16-18 June 

¶ Voyages departing Australia on 15 September arrive at secondary Persian Gulf ports 

around 1 October-3 October, after discharging first at Kuwait.  

2.4.3 Oman 
Although the Gulf of Oman (bounding Oman and Muscat port) becomes hotter earlier in the 

Northern Hemisphere summer compared to the Persian Gulf (Figure 18), WBTs are less extreme 

and cool earlier at the end of the Northern Hemisphere summer. Aligning with trends at other 

ports, WBTs at Muscat offshore are also slightly higher than at Muscat port. 

The 2021 BOM report provided WBT readings from 2 additional locations (Muscat port and 

Muscat offshore) compared to the 2019 BOM report, which provided data only from Muscat 

International Airport. The new data indicated that the heat stress risks for voyages to Muscat 

port were not as high as previously understood. 

Voyages take around 13 days to arrive in Oman. Voyages departing Australia on 7 May arrive at 

Muscat port around 19 May, where 95% of WBT records at Muscat offshore are less than 29.5ȍ#Ȣ 

ɉ&ÉÇÕÒÅÓ ρφȟ ρχ ÁÎÄ ρψɊȢ 7ÈÉÌÅ 7"4Ó ÁÒÅ ÕÐ ÔÏ ςȍ# ÃÏÏÌÅÒ ÁÔ -ÕÓÃÁÔ ÐÏÒÔ ÃÏÍÐÁÒÅÄ ÔÏ ÏÆÆÓÈÏÒÅȟ 
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vessels must travel through the more humid maritime environment where heat stress risks can 

be higher.  

Voyages departing Australia on 15 August would arrive at Muscat port around 27 August, where 

95% of WBT records at Muscat port  are less than 28ȍC, though they may be 1 ɀ ςȍ# higher 

offshore (Figures 16, 17 and 19). 

At the beginning of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT at Muscat offshore reaches ςωȍ# ÁÒÏÕÎÄ ρυ -ÁÙ 

(Figure 16) 

¶ the 95th percentile maximum WBT at Muscat port reaches ςωȍ# ÉÎ ÅÁÒÌÙ *ÕÌÙ ÆÏÒ 

approximately 2 weeks only, before declining (Figure 17). 

At the end of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT at Muscat offshore drops to approximately ςωȍ# ÂÙ ρρ 

September (Figure 16) 

¶ the 95th percentile maximum WBT at Muscat port drops below ςωȍ# ÂÙ ÍÉÄ-July (Figure 

17).  

Figure 16 Wet bulb temperatures for Muscat offshore   

 
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 17 Wet bulb temperatures for Muscat port  

 
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

 

Figure 18 95th percentile maximum wet bulb temperature from 15 to 21 May Persian Gulf 

 
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 19 95th percentile maximum wet bulb temperature from 21 August to 27 August 
Persian Gulf 

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

Development of the recommendations for Oman 
The draft report proposed that exports to Oman be prohibited from 8 May ɀ 14 August, which 

aligns with the prohibition  dates recommended in this final report.  

Recommendation ς prohibition dates for Oman 

¶ Where Oman is the sole port of discharge, the absolute prohibition period should be 

from 8 May to 14 August (change from current rules which prohibit export from 8 May 

to 14 September). 

¶ Where Oman is one of multiple Persian Gulf destination ports, prohibition dates for the 

other Persian Gulf destinations should apply. 

¶ Where Oman is one of multiple Persian Gulf discharge ports, exporters may discharge 

sheep in Oman first, en route to other destinations. This limits the time these sheep 

spend on voyages. 

Summary ς voyages to Oman  

¶ Voyages departing Australia around 7 May arrive in Oman around 19 May. 

¶ Voyages departing Australia on 15 August arrive in Oman around 27 August. 

2.4.4 Red Sea 
Red Sea destination voyages analysed in this review were Eilat, Israel and Aqaba, Jordan. 

Voyages travelling to destinations in the Mediterranean Sea and Black Sea, such as Russia, 

Turkey and Lebanon, usually pass through the Red Sea and are subject to the same heat stress 

considerations en route as voyages discharging in Red Sea ports.  
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The 2021 BOM report provided WBT readings from 2 additional locations (Jeddah and Jeddah 

offshore) compared to the 2019 BOM report. This data indicates that heat stress risks for 

voyages to or through the Red Sea were not as high in June as previously understood. The data 

also indicates that, in general, WBTs in the Red Sea increase earlier in the Northern Hemisphere 

summer than in the Persian Gulf and are milder for the entirety of the Northern Hemisphere 

summer. For example, at the northern end of the Red Sea, near the ports of Aqaba and Eilat, 95th 

percentile maxiÍÕÍ 7"4Ó ÄÏ ÎÏÔ ÒÅÁÃÈ ςχȍ# ÁÔ ÁÎÙ ÔÉÍÅ ÏÆ ÔÈÅ ÙÅÁÒ ɉFigure 22).  However, 

voyages to these ports must travel through the Bab al Mandab Strait which is typically the 

hottest part of the voyage and represents around 6-12 hours of travel time. 

Voyages to the Red Sea take around 14-15 days to arrive at the Bab al Mandab Strait and arrive 

at destination ports around 18-19 days after departure. Therefore, voyages departing Australia 

on 14 June arrive at the Bab al Mandab Strait around 27-28 June and at destination ports around 

1-2 July. At this time, 95% of WBT records ÉÎ ÔÈÅ "ÁÂ ÁÌ -ÁÎÄÁÂ 3ÔÒÁÉÔ ÁÒÅ ÂÅÌÏ× ςωȍ# with some 

areas of the southern Red Sea less than 0.5ȍ# ÁÂÏÖÅ ÔÈÅ ÔÈÒÅÓÈÏÌÄȟ ÂÅÆÏÒÅ 7"4Ó ÄÅÃÌÉÎÅ ÔÏ ÔÈÅ 

mid to low 20s around destination ports, providing reliable respite. At destination ports, 95% of 

WBT records ÁÒÅ ÂÅÌÏ× ςυȍ# ɉ&ÉÇÕÒÅÓ ςπȟ ςρȟ ςς ÁÎÄ ςσɊȢ  

Voyages departing Australia on 8 September arrive at the Bab al Mandab Strait around 21-22 

September and at destination ports around 25-26 September. At this time, 95% of WBT records 

in the Bab al Mandab Strait are below 30ȍ# (representing 6-12 hours of travel time) and 95% of 

WBT records at destination ports are around 22-ςσȍ# ɉ&ÉÇÕÒÅÓ ςπȟ ςρȟ ςς ÁÎÄ ςτɊȢ 

At the beginning of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT in the Gulf of Aden remains ÂÅÌÏ× ςωȍ# ÆÏÒ ÔÈÅ ÅÎÔÉÒÅ 

Northern Hemisphere summer  

¶ the 95th percentile maximum WBT in the Bab al Mandab Strait reaches ςωȍ# ÂÙ ÁÒÏÕÎÄ σ 

July (Figure 20) 

¶ the 95th percentile maximum WBT in the southern Red Sea reaches ςωȍ# ÂÙ ÁÒÏÕÎÄ σ *ÕÌÙ 

(Figure 21). 

At the end of the Northern Hemisphere summer: 

¶ the 95th percentile maximum WBT in the Bab al Mandab Strait drops to approximately 

ςωȍ# ÂÙ ÁÒÏÕÎÄ ρψ 3ÅÐÔÅÍÂÅÒ ɉ&ÉÇÕÒÅ ςπɊ 

¶ the 95th percentile maximum WBT in the southern Red Sea drops to approximately ςωȍ# 

by around 11 September (Figure 21). 
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Figure 20 Wet bulb temperatures for Bab al Mandab Strait   

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

 

Figure 21 Wet bulb temperatures for southern Red Sea   

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 22 Wet bulb temperatures for Aqaba port   

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

Development of the recommendations for the Red Sea 
The draft report proposed to change the absolute prohibition for Red Sea voyages to 1 July ɀ 7 

September, and to introduce 2 conditional prohibition periods from 15 ɀ 30 June and from 7 ɀ 

14 September where exports would be permitted provided additional heat-mitigating conditions 

could be met. 

On closer examination, the department reconsidered the climate data, which showed WBTs are 

less than ρȍ# above the threshold for large areas of the southern Red Sea for voyages departing 

Australia between 15-30 June and arriving in the Red Sea in late June to mid-July. This area of 

the southern Red Sea represents approximately 24 hours of travel time. Due to the duration at 

WBTs above the threshold, the department considered that heat stress risks in exported sheep 

could not be effectively mitigated and that exports during this period should be prohibited. For 

voyages departing Australia in mid-September, WBTs are up to ρȍ# above the threshold in the 

Bab al Mandab Strait in late September. The Bab al Mandab Strait represents 6-12 hours of 

travel time where WBTs may be up to ρȍ# above the threshold, after which WBTs transition to 

the mid to low 20s, providing reliable respite. Therefore, taking duration, route and port WBTs 

into account, the department reconsidered the draft report recommendations and amended the 

proposed dates.  

The current recommended prohibition dates are summarised below. The recommendations 

consider are based on the same risk parameters implemented in regulation in 2020 and are 

consistent with the rationale that informed the changes to the Animals Rules in April 2022. 

Recommendation ς prohibition dates for Red Sea destinations 

¶ The absolute prohibition period should be from 15 June to 7 September (change from 

current rules which prohibit export from 15 June to 14 September, and prior to April 

2022 prohibited export from 1 June to 14 September). 
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Summary ς voyages to Red Sea destinations 

¶ Voyages departing Australia around 14 June arrive at destination ports in the Red Sea 

around 1 July. 

¶ Voyages departing Australia on 8 September arrive at destination ports in the Red Sea 

around 25 September.  

 

Figure 23 95th percentile maximum wet bulb temperature from 26 June to 2 July Red Sea 

  
Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 
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Figure 24 95th percentile maximum wet bulb temperature from 18 September to 24 
September Red Sea 

 

Source: Middle East live sheep trade climate analysis, Bureau of Meteorology 2021 

2.4.5 Climatology during prohibition months 
The Error! Reference source not foun d.2021 BOM report shows the extreme nature of WBTs 

during July, August and part of September in the MEAI, with most of the Persian Gulf likely to 

experience continuous 95th percentile maximum WBTs of 31ȍ# or above. This represents sound 

evidence that an absolute prohibition during the hottest months of the Northern Hemisphere 

summer is required to minimise heat stress risks in exported sheep. 

2.5 Summary of 2021 Bureau of Meteorology data findings 
¶ The risk of sustained WBTs above the 29ȍ# threshold is higher than previously 

understood at Persian Gulf ports (other than Kuwait and Oman) for voyages arriving at 

these destinations in June. Voyages typically arrive at these ports 17-19 days after 

departing Australia.    

o !ÍÂÉÅÎÔ 7"4Ó ÁÒÅ ÕÐ ÔÏ ρȢυȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ςωC threshold for voyages 

arriving at these destinations in June, impacting environmental conditions at 

ports including Hamad, Qatar and Jebel Ali, UAE. 

o The data indicate the heat stress risks at Qatar are similar to other Persian Gulf 

destinations (other than Kuwait and Oman). 

¶ 7"4Ó ÁÒÅ ÔÙÐÉÃÁÌÌÙ ÓÌÉÇÈÔÌÙ ÈÉÇÈÅÒ ÉÎ ȬÏÆÆÓÈÏÒÅȭ ÌÏÃÁÔÉÏÎÓ ÔÈÁÎ ÁÔ ȬÐÏÒÔȭ ÌÏÃÁÔÉÏÎÓȟ 

reflecting the higher humidity in the maritime environment . 
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o This trend is most pronounced at Kuwait port which experiences a markedly 

cooler microclimate (typically 2-σȍ# ÃÏÏÌÅÒɊ ÔÈÁÎ ÔÈÅ ÓÕÒÒÏÕÎÄÉÎÇ ÍÁÒÉÔÉÍÅ 

environment for most of the Northern Hemisphere summer.  

¶ The risk of sustained WBTs above the threshold is lower than previously understood at 

Muscat port for voyages arriving in late August. Voyages typically arrive at Muscat port 

13-14 days after departing Australia. 

o Data from Muscat offshore and Muscat port indicate a reduced heat stress risk in 

ÌÁÔÅ !ÕÇÕÓÔ ɉÔÙÐÉÃÁÌÌÙ ÁÒÏÕÎÄ ςȍ# ÃÏÏÌÅÒ ÔÈÁÎ ÐÒÅÖÉÏÕÓÌÙ ÕÎÄÅÒÓÔÏÏÄɊ.  

¶ The risk of sustained WBTs above the threshold is lower than previously understood at 

Red Sea locations for voyages arriving in late June and September. Voyages typically 

arri ve in the Red Sea 14 days after departing Australia and at Red Sea destination ports 

18-19 days after departing Australia. 

¶ In general, WBTs in the Red Sea start increasing earlier in the Northern Hemisphere 

summer than those in the Persian Gulf and maximum WBTs in the Red Sea are milder for 

the entirety of the Northern Hemisphere summer. 
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3 Science of heat stress 

3.1 Physiology of heat stress 
Animals subjected to hot environmental conditions, especially when accompanied by high 

humidity, cannot remove heat generated by metabolic processes in the body. Collins, Hampton & 

Barnes (2018) describe that these conditions can result in ȬÈÉÇÈ ÔÈÅÒÍÁÌ ÌÏÁÄȭ in animals. A 

possible outcome of high thermal load is heat stress, for which various definitions are available 

ÉÎ ÓÃÉÅÎÔÉÆÉÃ ÐÁÐÅÒÓȢ !ÃÃÏÒÄÉÎÇ ÔÏ $Å 2ÅÎÓÉÓ ÅÔ ÁÌȢ ɉςπρυɊ ÈÅÁÔ ÓÔÒÅÓÓ ÏÃÃÕÒÓ ×ÈÅÎ ÁÎ ÁÎÉÍÁÌȭÓ 

normal biological responses to hot conditions can no longer maintain body temperature at its 

resting level. The Meat and Livestock Australia Veterinary Handbook describes heat stress as a 

state where animals are responding to excessive heat load (Jubb & Perkins 2019). A definition is 

also provided by Barnes et al. (2004): 

Heat stress is a term used to denote a state where an animal is responding to 

adverse hot conditions. Under such conditions an animal can respond to the heat 

by making physiological changes and adjustments within the body, so that it can 

survive in that environment. These changes will act to keep critical systems and 

mechanisms within the body functioning. However, if the heat load experienced by 

the animal becomes excessive, the critical functions may no longer be maintained, 

and clinical disease, collapse and even death can result. Such a situation may be 

described as severe or clinical heat stress. 

The effects of hot environments on sheep depend on a range of biological factors including 

breed, sex, age, body condition, hair/wool covering, nutrition, acclimatisation and physiological 

state (for example, pregnancy). Within these variables there also exists the potential for further 

individual variation. Physiological responses to increased environmental heat include increased 

cutaneous blood flow, increased respiratory rate or panting resulting in evaporative heat loss 

and behavioural thermoregulation (Baida et al. 2021, Marai et al. 2008, McManus et al. 2020, 

HSRA Technical Reference 0ÁÎÅÌ ςπρωɊȢ !Î ÁÎÉÍÁÌȭÓ ÂÅÈÁÖÉÏÕÒÁÌ ÁÎÄ ÐÈÙÓÉÏÌÏÇÉÃÁÌ ÒÅÓÐÏÎÓÅ ÔÏ 

high levels of heat seeks both to increase heat loss and decrease heat gain. The type and 

magnitude of the physiological and behavioural adjustments influence how well the animal is 

able to respond to hot conditions.  

Sheep primarily lose heat via evaporation from their  respiratory surfaces (HSRA Technical 

Reference Panel 2019). McManus et al (2020) determined that woolled sheep do sweat but that 

this method of heat loss is much less important than respiratory evaporation as the presence of 

a wool coat impedes evaporation from the body surface. When a sheep is observed to have 

increased respiratory effort in warm conditions it is the equivalent to sweating in many other 

mammals and may not necessarily be a sign of poor welfare. However, if there is high humidity, 

heat loss from panting becomes less efficient as there is little or no evaporative capacity (Sparke 

et al. 2001). Therefore, it is very humid conditions that pose the greatest challenges for heat loss. 

If there is insufficient heat loss, the body temperature will rise, stimulating escalated 

physiological responses. For more discussion on heat stress and its impact on sheep physiology 

please refer to the Live sheep exports, to, or through, the Middle East-Northern Hemisphere 

summer RIS (DAWE 2020) and the Final Report by the HSRA Technical Reference Panel (HSRA 

Technical Reference Panel 2019). 
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When considering live sheep exports, WBT is the most useful combination measure of 

environmental conditions because it closely influences the physiological impacts of heat on the 

animal. On vessels, WBT is a useful and relevant measure to indicate the risk of heat stress in 

sheep, as it relates to the capacity of livestock to lose heat. The use of WBT for this purpose was 

recommended in the Final Report by the HSRA Technical Reference Panel.  

Assessment of the respiratory rate and character of sheep remains a useful measure of the 

effects of heat on animals. 4ÈÅ (32! 4ÅÃÈÎÉÃÁÌ 2ÅÆÅÒÅÎÃÅ 0ÁÎÅÌ ÓÔÁÔÅÄ ȬÐÁÎÔÉÎÇ ÉÓ ÐÒÏÂÁÂÌÙ ÔÈÅ 

best of the current measures although panting is both a response to increased thermal exposure, 

ÁÎÄ ÁÎ ÉÎÄÉÃÁÔÉÏÎ ÔÈÁÔ ÔÈÅ ÁÎÉÍÁÌ ÃÏÎÔÉÎÕÅÓ ÔÏ ÒÅÑÕÉÒÅ ÈÅÁÔ ÌÏÓÓ ÔÏ ÍÁÉÎÔÁÉÎ ÈÏÍÅÏÓÔÁÓÉÓȭȢ Some 

sources note that measuring respiratory rate through panting score alone is subjective and not 

always well correlated with breed or core body temperature and can be partly an adaptive 

process (Baida et al. 2021, Belhadj Slimen et al. 2019, Marai et al. 2008).  

The department notes that there are differing views on what constitutes whether an animal is 

ȬÈÅÁÔ ÓÔÒÅÓÓÅÄȭȢ Despite much scientific research over many years on the subject of heat stress in 

livestock, there is yet to be any scientific consensus that clearly identifies the point when an 

animal changes from responding to increased heat (being heat affected) to beiÎÇ ȬÈÅÁÔ ÓÔÒÅÓÓÅÄȭȢ 

Heat stress at the extremes appears to be clearly identified, however, the transition point and 

the impact of duration and respite remain undefined.  

In the Animal Welfare Indicators Pilot for the Livestock Export Industry Supply Chain (Collins et 

al. 2021), industry proposed a range of indicators to assess the ability of livestock to cope with 

periods of heat and humidity and to better understand the welfare impact of heat. Indicators 

included panting score, feeding behaviour score, posture, resting, drinking and ruminating. This 

pilot proposed twice daily recording of panting scores and other measures during voyages, to 

ÉÍÐÒÏÖÅ ÔÈÅ ȬÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ×ÅÌÆÁÒÅ ÉÍÐÁÃÔÓ ÏÆ ÔÈÅÒÍÁÌ ÌÏÁÄÉÎÇ ÉÎ Á ÌÉÖÅ ÅØÐÏÒÔ ÃÏÎÔÅØÔȟ ÁÓ 

well as the degree aÎÄ ÄÕÒÁÔÉÏÎ ÏÆ ÈÅÁÔ ÔÈÁÔ ÔÙÐÅÓ ÏÆ ÌÉÖÅÓÔÏÃË ÃÁÎ ÃÏÐÅ ×ÉÔÈ ÁÎÄ ÒÅÓÐÏÎÄ ÔÏȭȢ 

3.2 Factors influencing sheep heat management 
The current scientific  evidence indicates that sheep heat management can be influenced by 

animal factors (including body weight, wool length and body condition score) and by 

environmental factors (including stocking density and ventilation rate or PAT score). Wool 

length limits, body weight limits and body condition score limits can increase the heat stress 

threshold of sheep, while stocking density limits and minimum PAT score requirements can 

limit deck WBT rise. 

Some of these factors are already used in the management of heat stress risk in exported sheep 

(such as wool length limits) and form the basis of rules currently  in place. However, the 2021 

BOM report indicated additional heat stress risks in some parts of the Persian Gulf for voyages 

departing Australia in late May, that were not previously evident. Voyages that depart Australia 

during approximately 10 days in late May will reach the Persian Gulf when 95th percentile 

maximum WBTs for some Persian Gulf ports (including Hamad, Qatar and Jebel Ali, UAE) are 

σπȢυȍ#ȟ up to 1.5 ȍ# ÈÉÇÈÅÒ ÔÈÁÎ ÔÈÅ ςωȍ# ÔÈÒÅÓÈÏÌÄ. This means that 95% of WBT records at these 

ÌÏÃÁÔÉÏÎÓ ÁÒÅ ÌÅÓÓ ÔÈÁÎ σπȢυȍ# ÁÎÄ 5% of WBT records exceed 30.5ȍC. In order to mitigate the 

small chance of increased WBTs, the department reconsidered the factors influencing sheep heat 

tolerance in further  detail to determine how they could be applied, either on their own or in 

combination, to improve sheep heat tolerance during this period.  
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Some elements relating to ship ventilation and animal factors discussed in this section are 

derived from the research incorporated into the HotStuff model (Figure 25). Developed by 

industry, the HotStuff model adjusts stocking densities to limit the total metabolic heat 

production by sheep, to ensure deck conditions experienced by livestock remain within agreed 

risk parameters. Current pen space allocations are calculated using an allometric equation 

(using a k-value of 0.033) which provides additional pen space over and above that provided 

using HotStuff. However, the underlying research informing  HotStuff remains useful for 

providing science-based parameters for determining the heat tolerance of sheep. Alternate 

scientific  evidence has also been considered by the department, where relevant and available.   

The department notes that the ASEL sea review (2019) recommended the HotStuff model be 

updated, and we understand this work is currently being undertaken by LiveCorp.  

Figure 25 HotStuff inputs 

 

Source: Maunsell 2003 

3.2.1 Breed 
Moderate climate zone breeds such as Merinos and their crosses, are less heat tolerant than dry 

climate zone breeds such as Awassi and Dorper sheep (Belhadj Slimen et al. 2019, Marai et al. 

2008). Differences in heat stress thresholds (HST) between moderate and dry climate zone 

breeds can be significant. Maunsell (2003) determined that a 40kg, BCS 3, hairy adult Awassi 

sheep has a HST 1.3°C higher than an equivalent shorn Merino sheep.   

Barnes et al. (2004) found that Awassi rams had a higher HST than Merino wethers (with 

average weights of 53kg). In this study, Merino wethers had elevation of their core body 

temperatures above 39.5°C once WBT reached 30°C on day 6 of the experiment (Figure 26). The 

core body temperature of Awassi rams did not rise above 39.5°C until the WBT neared 32°C on 

day 14 of the experiment, demonstrating a HST up to 2°C higher for Awassi sheep. In addition, 

no Awassi rams demonstrated open mouthed panting at any point during the study. HSTs are 

also dependent on other factors including acclimatisation, BCS and wool length, however, these 

factors could not be assessed from the information provided in the study. 
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Figure 26 Sheep core body temperatures

 
Source: Barnes et al. 2004 

The majority of sheep produced in Australia and exported by sea are Merino or Merino 

crossbreeds (MLA 2020). The review did not consider it was necessary to limit the export of 

certain breeds of sheep, however recommendations are made to apply weight limits and wool 

length limits to address the lower heat tolerance of Merinos and their crosses. These 

recommendations are addressed in the sections covering weight and wool factors. 

Summary-recommendations for export conditions related to breed 

¶ No sheep breed restrictions are recommended. 

3.2.2 Age 
Literature indicates that HSTs can vary depending on the age of sheep. Thwaites (1967) 

concluded that the adult heat tolerance of sheep is reached at or soon after they are 1 year old. 

Stockman (2006) found that 8-month-old juvenile sheep are more sensitive to heat stress than 

adult sheep. Another study by Belhadj Slimen et al. (2019) determined that growing lambs, 

pregnant and lactating ewes can be highly susceptible to heat stress, however this study did not 

ÄÅÆÉÎÅ ÔÈÅ ÁÇÅ ÏÒ ×ÅÉÇÈÔ ÏÆ Á ȬÇÒÏ×ÉÎÇ ÌÁÍÂȭȢ  

Maunsell (2003) demonstrated that lamb and adult Merino and Awassi sheep have minimally 

different HSTs. In Merinos, adult sheep HSTs were shown to be 0.3°C higher than lamb HSTs and 

0.2°C higher in adult Awassi sheep compared to Awassi lambs. Maunsell did not state the age of 

lambs in this study but stated their liveweight was 38kg.  

In Australia, a lamb is defined ÁÓ ȬÁÎ ÏÖÉÎÅ ÁÎÉÍÁÌ ÔÈÁÔ ÉÓ ÕÎÄÅÒ ρς ÍÏÎÔÈÓ ÏÆ ÁÇÅȠ ÏÒ ÄÏÅÓ ÎÏÔ 

ÈÁÖÅ ÁÎÙ ÐÅÒÍÁÎÅÎÔ ÉÎÃÉÓÏÒ ÔÅÅÔÈ ÉÎ ×ÅÁÒȭ (Sheep Producers Australia 2019). MLA has defined 

ÌÁÍÂÓ ÁÓ ȬÍÁÌÅ ÏÒ ÆÅÍÁÌÅ ÏÖÉÎÅ ×ÉÔÈ ÎÏ ÓÅÃÏÎÄÁÒÙ ÓÅØÕÁÌ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȢ 'ÅÎÅÒÁÌÌÙ ×ÅÁÎÅÄȟ 

shorn with no permanent incisor teeth in wear. Normally older than 5 months and under 12 

ÍÏÎÔÈÓȭ ɉMLA 2021).  

https://www.google.com/url?esrc=s&q=&rct=j&sa=U&url=https://www.mla.com.au/prices-markets/market-news/2020/whats-in-store-for-the-flock-in-2021/&ved=2ahUKEwiVhNP6t7r2AhXfSPEDHex0AoQQFnoECAIQAg&usg=AOvVaw0KzGEXX6gUt2g-p-04fOPH
https://sheepproducers.com.au/wp-content/uploads/2019/06/Factsheet-Lamb-Definition.pdf
https://www.mla.com.au/globalassets/mla-corporate/extensions-training-and-tools/documents/assessmentmanual-sheep.pdf
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MLA has also used bodyweight as an indicator of age, defining the following weight categories of 

lambs: 

¶ light lambs (under 16kg) 

¶ trade lambs (between 18kg and 22kg) 

¶ heavy lambs (over 24kg). 

There are a number of variable factors which can influence the weight of sheep including breed, 

genetic profile, whether a single or multiple birth and plane of nutrition. Consequently, it is 

difficult to definitively correlate the weight of a sheep with its age. 

Industry practices commonly rely on bodyweight rather than age as this measurement is easier 

to verify and can impact more significantly on management factors such as allometric pen space 

allowances, fodder requirements and behaviours such as group hierarchy. Feedback from 

industry consultation identified that young sheep, typically between 38-48kg and at least 12 

months old, make up the greatest proportion sourced for live export. In addition, voyage 

reporting from the 15 voyages during the 2019-2021 Northern Hemisphere summer 

consistently indicated younger sheep were less heat affected than older sheep.  

Under the ASEL, there are no minimum age restrictions for the export of sheep, however sheep 

must have a minimum individual liveweight of 32kg to be sourced for export by sea. This 

prevents the export of very young lambs that are more susceptible to heat stress. The review 

concluded that this requirement was sufficient to manage heat stress risks in young sheep. 

Summary-recommendations for export conditions related to age 

¶ No restrictions apply to sheep age.  

3.2.3 Weight 
Limiting the maximum bodyweight of exported sheep aims to prevent the export of heavier, less 

heat-tolerant sheep. However, scientific studies relating the influence of sheep body weight on 

heat tolerance are limited and often confounded by other factors. McManus et al. (2020) found 

that sheep HSTs generally decreases as bodyweight increases, particularly in less heat tolerant 

breeds such as Merinos. McManus et al (2010) identified that smaller animals have a greater 

surface area, facilitating heat loss more effectively than larger animals. In contrast, Correa et al. 

(2012) determined that size did not significantly affect heat tolerance in animals.  

Less heat tolerant breeds 
Table 4 indicates the HST for a range of sheep weights. This data shows that for moderately 

sized sheep (40-56 kg), the HST varies by 0.7°C (Maunsell 2003). Where acclimatisation and 

other parameters are the same, a 45kg Merino has a HST 1°C higher than a 70kg Merino.   
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Table 4 Hotstuff heat stress threshold for adult Merino rams acclimatised to May 
conditions 

Weight (kg)  HST (°C) 

40 30.0 

45 29.8 

50 29.5 

56 29.3 

60 29.1 

65 29.0 

70 28.8 

90 28.2 

Source: Maunsell 2003 

Australian Maritime Safety Authority (AMSA) data for consignments to the Middle East during 

the Northern Hemisphere summer 2019-2021 indicate the average weight of exported Merinos 

is 47.4kg (the range of voyage averages was 38kg to 55.7kg). This is consistent with data from 

MLA which states ȬÔhe average liveweight of live export sheep since 2000 has been 48.1kg (MLA 

ςπρωɊȭȢ  

Heat tolerant breeds 
Section 3.2.4 outlines evidence that indicates a 40kg Awassi sheep has a HST 1.3°C higher than 

an equivalent Merino. For a 53kg sheep, the HST for an Awassi sheep is 1-2°C higher than a 

Merino. There is no definitive data available on the HST of a 66kg heat tolerant breed sheep, 

although it is likely they can tolerate heat better at all weights compared to less heat tolerant 

breeds. Data from the 2018-2019 Northern Hemisphere summer indicate the average weight of 

exported Awassi and Damara sheep is < 44kg.  

Therefore, the available evidence indicates limiting the export of heavier sheep is considered a 

practical and reasonable measure to manage the risk of heat stress in sheep during the 

conditional prohibition period , by preventing the export of more heat sensitive, heavier sheep. 

As heat tolerant breeds have a higher HST, it is reasonable to implement different maximum 

weight limits for different breeds of sheep.  

Summary-recommendations for export conditions related to weight 

¶ Maximum weight limit s be implemented to manage heat stress risk in exported sheep 

during the conditional prohibition period , and that those maximum weight limits should 

differ for heat tolerant and less heat tolerant breeds. 

¶ A maximum weight limit of 56kg is implemented for less heat tolerant breeds during the 

conditional prohibition p eriod. 

¶ A maximum weight limit of 66kg is implemented for heat tolerant breeds during the 

conditional prohibition period.  
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3.2.4 Wool/fleece length 
Baida et al (2021) state that environmental heat exchange is heavily impacted by fleece length 

ÁÎÄ ÔÈÁÔ ȬÓÈÏÒÎ ÓÈÅÅÐ ÔÏÌÅÒÁÔÅ ÈÏÔ-ÈÕÍÉÄ ÃÏÎÄÉÔÉÏÎÓ ÂÅÔÔÅÒ ÔÈÁÎ ÆÌÅÅÃÅÄ ÓÈÅÅÐȭȢ 4ÈÅ ÕÐÐÅÒ 

ÃÒÉÔÉÃÁÌ ÔÅÍÐÅÒÁÔÕÒÅ ÔÈÒÅÓÈÏÌÄ ÆÏÒ Ȭ×ÏÏÌÌÅÄ ÓÈÅÅÐȭ ÉÓ ÒÅÐÏÒÔÅÄ ÔÏ ÂÅ ÂÅÔ×ÅÅÎ ςυȍ# ÔÏ σπȍ# ÁÎÄ ÉÓ 

also affected by humidity (Tadeese et al. 2019, Furquay 1981).  

Maunsell (2003) also determined that wool length can adjust the HST of sheep. In the Hotstuff 

ÍÏÄÅÌȟ ×ÏÏÌ ÌÅÎÇÔÈ ÉÓ ȬÂÕÉÌÔ ÉÎȭ ÁÓ Á ÐÁÒÁÍÅÔÅÒ ÔÈÁÔ ÅÓÔÁÂÌÉÓÈÅÓ Á ÓÃÁÌÉÎÇ ÆÁctor for estimating 

HSTs and mortality limits (ML). HotStuff applies 3 different scaling factors related to 3 different 

wool lengths. (Table 5). 

Table 5 HotStuff wool length parameters 

Coat type Scaling factor  

Shorn (< 10mm) 1 

Mid (10-25mm) 1.08 

Woolly (>25mm) 1.12 
 

Source: Maunsell 2003 

Applying the scaling factors in Table 5, Maunsell (2003) determined that a woolly 54kg Merino 

sheep has a HST 1.5°C lower than an equivalent 52kg shorn Merino sheep. Interpolation  of this 

data estimates an equivalent weight sheep with mid wool will have a HST 1°C lower than if it 

was shorn. 

McManus et al. (2020) and Belhadj Slimen et al. (2019) found that shorn Merino sheep are less 

heat tolerant than equivalent weight haired heat-tolerant breeds. A 40kg adult shorn Merino 

sheep has a HST 1.3°C lower than an equivalent weight hairy Awassi sheep (Maunsell, 2003). 

Feedback during industry consultation indicated that sheep being prepared for export to the 

Middle East during the Northern Hemisphere summer may be shorn either on-farm or at the RE. 

An RE may have the capacity to shear up to 10,000 sheep per week, prior to export. A review of 

HSRAs submitted to the department over the last 3 years showed that over 96% indicate that 

merinos and their crosses are exported with a wool length <10mm. According to Australian 

Wool Innovation, wool grows at about 6mm per month and a close comb shear cuts to 

approximately 3mm. To meet a wool length requirement of no longer than 20mm, sheep must be 

shorn within 2.5 months prior to export. To meet a wool length requirement of no longer than 

10mm, sheep must be shorn no longer than 1 month prior to export. Industry feedback indicated 

some welfare concerns when re-shearing sheep with a fleece length of 20mm or less. This is 

discussed in Section 7. 

Under the ASEL, all sheep exported by sea must have wool or hair no longer than 25mm in 

length at the time of loading for transport to the port of embarkation. There is also a 

requirement for 2 clear days between shearing and export.  

Therefore, the available evidence indicates that wool length impacts heat tolerance and 

implementing wool length limits is considered a practical and reasonable measure to manage 

the risk of heat stress in sheep during the conditional prohibition period . As heat tolerant breeds 
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have a higher HST, it is reasonable to implement different wool length limits for different breeds 

of sheep.  

Summary-recommendations for export conditions related to wool length 

¶ Maximum wool length limits be implemented to manage heat stress risk in exported 

sheep during the conditional prohibition period , and that those maximum wool length 

limits should differ for heat tolerant and less heat tolerant breeds. 

¶ Less heat tolerant breeds are recommended to have a wool length no longer than 20mm 

at the time of loading for export during the conditional prohibition period . 

¶ Heat tolerant breeds must be shorn to the ASEL requirements. 

¶ For sheep travelling on a vessel with a minimum PAT score of 140 m³/ hr there are 

additional wool length requirements. 

3.2.5 Acclimatisation 
Animal heat tolerance changes throughout the year depending on seasonal temperature 

exposure (HSRA Technical Reference Panel 2019), however, the panel stated it is not known 

how long sheep take to acclimatise to new weather conditions. Other species have demonstrated 

some acclimatisation to hot, humid conditions over a 2 to 3-week period.  

McCarthy (2018) noted that sheep loaded during winter will have a lower tolerance for heat 

than sheep prepared for export in warmer months. McCarthy also stated that acclimatisation 

plays a significant role in adjustments to sheep metabolism, which in turns affects their heat 

tolerance. There is a lag in the way sheep adjust their metabolic rate in response to new weather 

conditions, with winter -acclimatised sheep the least able to adapt to hotter temperatures. This 

increases their risk of inanition and salmonellosis (McCarthy 2018).  

3.2.6 Temperatures at departure 
Sheep exported by sea are primarily sourced from Western Australia. For sheep that are sourced 

from the southwest of the state, the daily mean temperature range encountered during the 

months of May, June, August and September is 9-12°C.  

Average daily mean temperatures in Australia for May, June, August and September are 

presented in Map 1, Map 2, Map 3, and Map 4. Theses maps indicate the weather conditions 

likely to be experienced by sheep before and after the current prohibition periods. 
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Map 1 Average daily mean temperatures for May 

  
Source: Bureau of Meteorology 2021   

Map 2 Average daily mean temperatures for June 

 
Source: Bureau of Meteorology 2021   

http://www.bom.gov.au/jsp/ncc/climate_averages/temperature/index.jsp
http://www.bom.gov.au/jsp/ncc/climate_averages/temperature/index.jsp























































































