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Livestock chill conditions 
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Devastating impact 
on cattle 

Hall et al. 2020

Survey data from DAF Rural Economic Development Group

26,200

>2100

132,600

153



Bureau's livestock 
chill index

• Developed for sheep in southern 
Australian, providing "warnings of wet 
and windy conditions to enable sheep 
graziers to take action to reduce losses 
among newly born lambs and newly 
shorn sheep due to hypothermia"
(Bureau of Meteorology).

• Multi-week predictions of the livestock 
chill conditions with ACCESS-S1 started 
in early November 2019.

Mild > 900 kJ/m2/hr
Moderate > 1000 kJ/m2/hr
High > 1100 kJ/m2/hr
Severe > 1200 kJ/m2/hr

Impact 
thresholds



HighModerateMildNo chill Severe

Cowan et al. (under review)

Inland Gulf 
region



Research Aims
Ø To evaluate the predicted livestock 

chill conditions by the Bureau's 
seasonal forecast system, ACCESS-
S1, and a suite of international Sub-
seasonal to Seasonal (S2S) systems.

Ø Investigate the predicted evolution of 
the Madden-Julian Oscillation (MJO) 
during the flood event (i.e., stalling in 
phases 6,7).

Ø Introduce a cattle-specific alternative 
to the livestock chill.

Stalling in phases 6 & 7
in late Jan and early Feb 2019



S2S models with multi-week predictions

1.5° resolution

0.05° resolution

1. We use the hindcasts of 
daily rainfall, near-surface 
wind, and average 
temperature to calculate the 
livestock chill index.

2. We determine the extreme 
livestock threshold for each 
model, based on their own 
multi-year calendar day 90th

percentile, using all hindcast 
years and experiments.



Lead week 0

Lead week 3

Lead week 1

Lead week 2

Cowan et al. (under review)

Prediction for 31 Jan 
to 6 Feb 2019



Questionable 
statistical robustness 
due to small sample 

size

Extreme 
conditions 

predicted to be too 
far to the south

Predicted impact 
isolated to Cape York 

and Atherton 
Tablelands regions 

Inland Gulf region 
predicted to be 

affected

Cowan et al. (under review)

Prediction for 31 Jan 
to 6 Feb 2019



Was the MJO predicted to stall?

These S2S forecasts predicted 
extreme livestock chill conditions 
over more than 60% of the inland 
Gulf region.

All forecasts initialised on the 24th January (lead week 1)

Cowan et al. (under review)



Comparing S2S predictions of a stalling MJO

Cowan et al. (under review)

Active MJO pulse stalling for 
at least 17 days in phases 6 and 7

Active MJO pulse stalling for 
less than 13 days in phases 6 and 7

NCEP Reanalysis



Livestock chill index alternative: 
the comprehensive climate index

An adjustment is applied to surface temperature accounting for relative 
humidity, wind speed and solar radiation (Mader et al. 2010).
Example, for a 30°C temperature, 50% relative humidity, 3.6 kph winds and solar 
radiation of 500 W/m2, the comp. climate index measures 37.9°C, compared to an 
apparent temperature of 32.3°C.

Threshold definitions can be "shifted 
based on many factors including age, 
adaptation effects, genetic 
composition, body insulation and fat 
content, size and shape, and food and 
feed intake" (Mader et al. 2010).



Comp. climate index in the 2018/2019 summer

Flood event

® How can we evaluate a "cold" event in the "warm" season? Only tested for North American climatic conditions.

® How to account for the accumulated impact of drought, heat waves, ground stability during floods?

® Can we develop a prototype product, and if so, how do we calibrate it? 

Heatwave

Cowan et al. (under review)
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Summary
1. Feb 2019 Queensland floods & S2S prediction

Ø Using livestock chill index – the event was severe.
Ø Extreme conditions were predicted at a lead week 1 (similar to 

rainfall and temperatures as shown in Cowan et al. 2019).
Ø A slowdown of the MJO was predicted in about half of the 

S2S ensembles, but not to the same extent as observed.

2. Next steps (dependent on project extension)
Ø Calibrate the comp. climate index against the livestock chill 

index to develop appropriate thresholds.
Ø Ground-truth the comp. climate index with feedback from 

local producers (e.g. similar to Hanh Nguyen's flash drought index).

Ø Develop a forecast prototype.

Brahman in regrowth (Hall et al. 2020)

References: 
• Cowan, T. et al. 2019: Forecasting the extreme rainfall, low temperatures, and strong winds associated with the northern Queensland 

floods of February 2019. Weather Clim. Extrem. 26, 100232.
• Mader, T. L. et al. 2010: A comprehensive index for assessing environmental stress in animals. J. Anim. Sci. 88, 2153–2165.



Julia Creek (dawn, 10 Sep 2019) Flinders River, Hughenden (dawn, 11 Sep 2019)

Questions
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timothy.cowan@usq.edu.au
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Floods in northern Queensland in Feb 2019

17 (20) sites
broke 7 (10)-day
rainfall records
(for any month)

Apparent
temperatures 
below 20°C 

https://earth.nullschool.net/#2019/02/05/0400Z/wind/
surface/level/orthographic=-218.36,-23.11,938

Cold WindyWet

NACP-funded studies into this event:

Cowan et al. 2019, Weather and Climate Extremes.

Hawcroft et al. 2021, Monthly Weather Review.

Domeisen et al., BAMS (under revision)
40 author multi-institutional research paper looking at the skill of ECMWF's 
operational prediction system in predicting extreme weather events around the world 

https://earth.nullschool.net/


Predictions of rainfall, temperature and wind

Cowan et al. (in prep)

Extreme 
rainfall

Cold daytime 
temperatures

Extreme 
winds

Lead week 1 
prediction for the 31 

Jan to 6 Feb 2019


