— Enhancing food security
through the use of biophysical,
climate modelling and sensing

technologies
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The global picture

Impact of climate variability on food security
Biophysical modelling approach

Predicting crop Yield, Area & Production

Increasing the Lead-time of crop yield
forecasts

Crop yield prediction at Field and pixel
scales
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Food security
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Significant advance in productivity
needed to meet population growth
and increased affluence of
emerging economies

Opportunities via crop
Improvement and removing yield
gaps but climate risks interfere

Major cereals: attainable yield achieved (%)
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Is it possible to enhance

productivity given existing and Average vyield gaps for maize, wheat and rice
. . .
changing climate risks: Mueller et al (2012) Nature
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Climate Risks

Climate trends introduce more uncertainty and reduce the relevance of experience
CO, emissions and global temperature

Observed CO, emissions and future scenarios Observed global temperature anomaly
Data: CDIAC/GCP/IPCC/Fuss et ai 2014
Scenario categories RCP8.5
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® Climate variabili
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Australia Annual Rainfall
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Impact (Economic, Natural & Social)
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' The Nature of Climate Risks
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Seasonal climate variability components have some degree of predictability
I. ENSO and interannual

a0 - 100%
80 - 80%
70 - 80%
B0 - 70%
50 - 0%

Probability of exceeding

EL Nifio conditions Median Rainfall
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for November / January 40 - 50%
based on consistently negative phase 30- ;g:?
during September f October 10 - 20%
0-10%

%%Egpnsnhaél;l: No nearby stations

or seasonally dry

longitude

Stone et al (1996) Nature, 384
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=™ Utility

Utility of crop predictions is a function of timing and accuracy

Late / High

Early / Low

-
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Floretinitiation Spike growth

Reproductive stage Grain filling

(Slafer, 1999)

Crop life cycle duration Is closely associated with temperature
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]
: Biophysical Crop Modelling

* Integrating climate prediction and biophysical Sowing s )

modelling (1982-2001,2005, 2010 & 2015)
* Developed wheat & sorghum models:
Yield = f(Year, Stress Index)

« Sl simulated daily at weather station level
driven by thermal time & aggregated to shire

* Models are trained on actual shire scale data

1.0

| Crop Growth Earliy
* Model does not account for pest, diseases 3
and losses due to extreme events (e.g. Medium
floods, heat wave) :
g-z ' Late
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~®Validation

| Significantly high correlations across Australia wheat & sorghum

cropping region
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* Operationally

Generating Yield Forecast Data Plumes —
Climate Forecast Set (e.g. at 1 June 2004)
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Start of
fallow

1 October 2003 to 31 May 2004
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e 1 Jun 19?7 to 31 Dec 20??

Run model using weather data
to date for current season

1 Jun 19?7 to 31 Dec 19?7

Y

- /)

\f

\
Run model projections on subset of
historical analogues from climate
forecast to complete season

Potgieter et. al. 2003, 2005, 2006
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== Predicting crop yield at regional and
m hational levels
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rop Area, Tren

ds & Production
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“m Long-lead crop yield forecasting

« Current research shows high potential to predict crop yields well before
sowing (funded by Queensland Government)
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“m Predicting crop yield at field & pixel scales

-- Sentinel 2 satellite (10m pixel); Model: Using indices relating to canopy structure and Chlorophyll
Field (101 fields) MAPE = 30.5%

Yield ~ f[VI indices; Stress Index(shire)]
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® Applications

National and state level cro
outlooks (monthly)

« Impact analysis of climate
change and variability

* Production and resource risk
management

Exceptional circumstances

* Insurance against crop losses

due to in-season water stress

Land use & Resource planning

Sorghum: November 2018
SUMMARY

At this early stage, current soil water
indicate a close to average yieldin
season. There remains, however,

conditions and seasonal rainfall outlook | ‘.':“: ]
8 sorghum crop for the 2018/19 summer growing |
variation in the outlook among local regions, Most |
™ Parts of southern QLD (SEQ) are showing siightly | .

outcomes below the long-ter
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National Wheat Yield

1* November 2018 - State and
National wheat outlook range
(Worst10 and Best10) and forecast
median (PredMed) while Ltmed =
Long-term median yield; Pred %=
Predicted Percentile ranking of
PredMed: DFY= Deviation
Percentage of Forecast median from
Long-term Median.
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QLD 1.46 1.46 1.46 1.46 1.46 146 1.86 9% -2
SA 1.81 1.82 1.84 181 1.82 183 241 3% -2
VIC 145 148 154 144 1.46 152 244 3% -39

WA 177 178 18 177 177 1.8 191  23% 7
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[
* Take Home Message

]
- . . . . .
 Climate risk and change is already built into the system
= . . N
 Australian producers are excellent risk managers within
] the world’s most variable climate and without subsidies
— | » Developed world-leading models that integrate

biophysical crop models, climate prediction and earth

| pmiy Observation technologies

« Enhanced decision making on land use and resource
management

. » Enabling fore-warning of extreme events; well before
sowmg and flowermg
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