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The problem of high volatility/variability  - relationship 
between annual variation in the SOI and annual 

(Australian) wheat yield (N Nicholls)  
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Sheet1

		year0		wheat yield		SOImonthly																										SOIannual						aust annual rain

		1952		1.296		1952		-9.2		-7.9		0.2		-8.8		6		7.4		3.5		-3.7		-3.4		1.8		-0.7		-12.6		-2.2833333333				Dec-52		388.91

		1953		1.225		1953		2.2		-6		-5.8		-0.5		-31.9		-2.3		-1		-17.2		-13		-0.1		-2		-4		-6.8				Dec-53		431.23

		1954		1.067		1954		6		-3.6		-0.9		6.9		4.4		-1.5		4.2		10.4		4.5		1.8		3.9		12.8		4.075				Dec-54		463.48

		1955		1.297		1955		-5.4		15.2		2.9		-3		13.1		16.4		19.2		14.9		14.1		15.2		15.1		9.3		10.5833333333				Dec-55		585.34

		1956		1.143		1956		11.3		12.4		9.4		11.1		17.9		12.3		12.6		11		0.2		18.3		1.9		10.3		10.725				Dec-56		607.37

		1957		0.738		1957		5.6		-2.2		-0.9		1.2		-12.2		-2.3		0.9		-9.5		-10.6		-1.3		-11.9		-3.5		-3.8916666667				Dec-57		384.37

		1958		1.394		1958		-16.8		-6.9		-1.4		1.2		-8.2		0.2		2.2		7.8		-3.4		-1.9		-4.7		-6.5		-3.2				Dec-58		427.91

		1959		1.102		1959		-8.7		-14		8.4		3.6		2.8		-6.3		-5		-5		0.2		4.2		11.1		8.2		-0.0416666667				Dec-59		420.05

		1960		1.379		1960		0.3		-2.2		5.6		7.8		5.2		-2.3		4.8		6.6		6.9		-0.7		7.2		6.7		3.825				Dec-60		475.68

		1961		1.121		1961		-2.5		6.3		-20.9		9.4		1.3		-3.1		2.2		0.1		0.8		-5		7.2		13.8		0.8				Dec-61		342.59

		1962		1.247		1962		17		5.3		-1.4		1.2		12.3		5		-0.4		4.6		5.1		10.3		5.2		0.6		5.4				Dec-62		443.08

		1963		1.332		1963		9.4		3		7.3		6.1		2.8		-9.6		-1		-2.4		-5.2		-12.9		-9.3		-11.6		-1.95				Dec-63		490.72

		1964		1.375		1964		-4		-0.3		8.4		13.5		2.8		7.4		6.8		14.3		14.1		12.8		2.6		-3		6.2833333333				Dec-64		433

		1965		0.995		1965		-4		1.6		2.9		-12.9		-0.3		-12.8		-22.6		-11.4		-14.2		-11.1		-17.9		1.6		-8.425				Dec-65		350.97

		1966		1.512		1966		-12		-4.1		-13.9		-7.1		-9		1		-1		4		-2.2		-2.5		-0.1		-4		-4.2416666667				Dec-66		408.77

		1967		0.829		1967		14.6		12.9		7.8		-3		-3.5		6.6		1.6		5.9		5.1		-0.1		-4		-5.5		3.2				Dec-67		435.86

		1968		1.371		1968		4.1		9.6		-3		-3		14.7		12.3		7.4		0.1		-2.8		-1.9		-3.4		2.1		3.0166666667				Dec-68		553.74

		1969		1.110		1969		-13.5		-6.9		1.8		-8.8		-6.6		-0.6		-6.9		-4.4		-10.6		-11.7		-0.1		3.7		-5.3833333333				Dec-69		420.88

		1970		1.214		1970		-10.1		-10.7		1.8		-4.6		2.1		9.9		-5.6		4		12.9		10.3		19.7		17.4		3.925				Dec-70		390.62

		1971		1.212		1971		2.7		15.7		19.2		22.6		9.2		2.6		1.6		14.9		15.9		17.7		7.2		2.1		10.95				Dec-71		497.18

		1972		0.867		1972		3.7		8.2		2.4		-5.5		-16.1		-12		-18.6		-8.9		-14.8		-11.1		-3.4		-12.1		-7.35				Dec-72		367.42

		1973		1.347		1973		-3		-13.5		0.8		-2.1		2.8		12.3		6.1		12.3		13.5		9.7		31.6		16.9		7.2833333333				Dec-73		663.12

		1974		1.368		1974		20.8		16.2		20.3		11.1		10.7		2.6		12		6.6		12.3		8.5		-1.4		-0.9		9.9				Dec-74		783.48

		1975		1.393		1975		-4.9		5.3		11.6		14.4		6		15.5		21.1		20.7		22.5		17.7		13.8		19.5		13.6				Dec-75		602.65

		1976		1.311		1976		11.8		12.9		13.2		1.2		2.1		0.2		-12.8		-12.1		-13		3		9.8		-3		1.1083333333				Dec-76		526.17

		1977		0.937		1977		-4		7.7		-9.5		-9.6		-11.4		-17.7		-14.7		-12.1		-9.4		-12.9		-14.6		-10.6		-9.9				Dec-77		470.66

		1978		1.765		1978		-3		-24.4		-5.8		-7.9		16.3		5.8		6.1		1.4		0.8		-6.2		-2		-0.9		-1.65				Dec-78		528.35

		1979		1.452		1979		-4		6.7		-3		-5.5		3.6		5.8		-8.2		-5		1.4		-2.5		-4.7		-7.5		-1.9083333333				Dec-79		455.92

		1980		0.962		1980		3.2		1.1		-8.5		-12.9		-3.5		-4.7		-1.7		1.4		-5.2		-1.9		-3.4		-0.9		-3.0833333333				Dec-80		433.73

		1981		1.376		1981		2.7		-3.2		-16.6		-5.5		7.6		11.5		9.4		5.9		7.5		-5		2.6		4.7		1.8				Dec-81		535.95

		1982		0.770		1982		9.4		0.6		2.4		-3.8		-8.2		-20.1		-19.3		-23.6		-21.4		-20.2		-31.1		-21.3		-13.05				Dec-82		420.46

		1983		1.703		1983		-30.6		-33.3		-28		-17		6		-3.1		-7.6		0.1		9.9		4.2		-0.7		0.1		-8.3333333333				Dec-83		502.95

		1984		1.543		1984		1.3		5.8		-5.8		2		-0.3		-8.7		2.2		2.7		2		-5		3.9		-1.4		-0.1083333333				Dec-84		555.63

		1985		1.370		1985		-3.5		6.7		-2		14.4		2.8		-9.6		-2.3		8.5		0.2		-5.6		-1.4		2.1		0.8583333333				Dec-85		402.86

		1986		1.447		1986		8		-10.7		0.8		1.2		-6.6		10.7		2.2		-7.6		-5.2		6.1		-13.9		-13.6		-2.3833333333				Dec-86		395.71

		1987		1.365		1987		-6.3		-12.6		-16.6		-24.4		-21.6		-20.1		-18.6		-14		-11.2		-5.6		-1.4		-4.5		-13.075				Dec-87		453.92

		1988		1.578		1988		-1.1		-5		2.4		-1.3		10		-3.9		11.3		14.9		20.1		14.6		21		10.8		7.8166666667				Dec-88		464.81

		1989		1.579		1989		13.2		9.1		6.7		21		14.7		7.4		9.4		-6.3		5.7		7.3		-2		-5		6.7666666667				Dec-89		490.18

		1990		1.634		1990		-1.1		-17.3		-8.5		-0.5		13.1		1		5.5		-5		-7.6		1.8		-5.3		-2.4		-2.1916666667				Dec-90		423.67

		1991		1.470		1991		5.1		0.6		-10.6		-12.9		-19.3		-5.5		-1.7		-7.6		-16.6		-12.9		-7.3		-16.7		-8.7833333333				Dec-91		468.72

		1992		1.780		1992		-25.4		-9.3		-24.2		-18.7		0.5		-12.8		-6.9		1.4		0.8		-17.2		-7.3		-5.5		-10.3833333333				Dec-92		461.73

		1993		1.966		1993		-8.2		-7.9		-8.5		-21.1		-8.2		-16		-10.8		-14		-7.6		-13.5		0.6		1.6		-9.4666666667				Dec-93		498.41

		1994		1.140		1994		-1.6		0.6		-10.6		-22.8		-13		-10.4		-18		-17.2		-17.2		-14.1		-7.3		-11.6		-11.9333333333				Dec-94		343.89

		1995		1.790		1995		-4		-2.7		3.5		-16.2		-9		-1.5		4.2		0.8		3.2		-1.3		1.3		-5.5		-2.2666666667				Dec-95		524.57

		1996		2.100		1996		8.4		1.1		6.2		7.8		1.3		13.9		6.8		4.6		6.9		4.2		-0.1		7.2		5.6916666667				Dec-96		473.27

		1997		1.840		1997		4.1		13.3		-8.5		-16.2		-22.4		-24.1		-9.5		-19.8		-14.8		-17.8		-15.2		-9.1		-11.6666666667				Dec-97		525.73

		1998		1.850		1998		-23.5		-19.2		-28.5		-24.4		0.5		9.9		14.6		9.8		11.1		10.9		12.5		13.3		-1.0833333333				Dec-98		566.01

		1999		2.030		1999		15.6		8.6		8.9		18.5		1.3		1		4.8		2.1		-0.4		9.1		13.1		12.8		7.95				Dec-99		585.35

		2000		1.821		2000		5.1		12.9		9.4		16.8		3.6		-5.5		-3.7		5.3		9.9		9.7		22.4		7.7		7.8				Dec-00		722.02

		2001				2001		8.9		11.9		6.7		0.3		-9		1.8		-3		-8.9		1.4		-1.9		7.2		-9.1		0.525				Dec-01		555.14

		2002				2002		2.7		7.7		-5.2		-3.8		-14.5		-6.3		-7.6		-14.6		-7.6		-7.4		-6		-10.6		-6.1				Dec-02		341.27
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Observed and predicted green coffee yields 
(USQ/ICACS/CATIE) - VietNam 



• Key issues for insurance: Risk identification, measurement, 
pooling and diversification are essential features of any 
successful insurance program.  
 

•Data are a problem – links to various National Met and Hydro Services 
seen as essential – but how to finance data acquisition and 
digitisation / financing of hydromet monitoring network remains 
challenge – satellite data?  - needs to be ground truthed with in-situ data 
to be robust.  
•Standard setting of WMO seen as important - who is willing to invest 
in data as a public good? Insurers seem reluctant, facing dilemma 
of high-upfront investments and potential free-riding of competitors - if 
insurance companies invest in data acquisition, it is not to share the data 
      (courtesy F. Pischke)  
      .  
 

Image courtesy 
IEDRO/ACRE 



• Investments also needed in (climate) risk 
management, reducing risk exposure … 
 

•Geographical spread is important not least to deal 
with covariate risk (risks that affect a large number 
of people at one time) in agriculture (and water 
management)  
 

•Insurance needs to be embedded in political and 
legal frameworks.  
 

•Element of dignity in insurance – “entitlement not 
beggar” – a means to empower and a vehicle to 
dare to maximize yields (rather than minimize risk to 
sustain livelihood in worst case scenario) .. 
  



•“90% of all crop-insurance would not be 
sold without premium subsidies” 
(Allianz).  
•Without a business case that phases out 
subsidies, which is integrated from the 
beginning in the system, very hard to get away 
from subsidies.  
•In some places insurance is 100% subsidized, 
which, at this extreme is a social protection 
measure, rather than an insurance, and goes 
counter to communicate value and being cost 
effective. 
•Transaction costs are very high to insure 
smallholder farmers. However, the extreme 
poor cannot pay premiums and are the least 
responsible for climate change and 
disproportionally affected.  
•The issue of microinsurance is as a term 
somewhat debated and challenges related to 
subsidies and transaction cost exist in practice, 
which are being worked on in pilots for 
example in Peru and Ethiopia   

Subsidies: 
 



• Insurance is successful if it is part of an 
integrated risk management solution, i.e. 
insurance as part of a broader service 
package, i.e. seed provider and insurance 
provider or, climate risk management plus 
insurance  - but not as a stand alone system.  
•Interest in data is high – but who is 
willing to pay for getting primary data? – 
partnership with WMO seen as attractive for 
weather-index insurance schemes!  
•Weather-index insurance schemes, in 
which pay-outs are based on triggering of 
certain hydrometeorological parameters such 
as rainfall, irrespective of actual losses, are 
seen by many as the way forward for 
climate risk insurance in developing 
countries, despite many challenges. 
•Avoids (intrinsically) the moral hazard of 
indemnity-based insurance programmes, in 
which the actual loss incurred is the basis for 
compensation – which also carries high 
transaction costs in assessing the actual loss 
incurred.  
  
  
 

Willis Re, London 

Hail damaged cotton 



IKI proposal South-East Asia: “Applying seasonal 
climate forecasting and innovative insurance 
solutions (Willis Ltd) to climate risk management in 
the agriculture sector in SE Asia” 

 
•“Develop resilient climate risk management systems, best 
practices and insurance products, to shield smallholder 
farmers and businesses engaged in coffee, sugar, rice, 
cassava, rubber, and grazing across the agricultural value 
chain from physical and financial disaster associated with 
climate variability and change in SE Asia.  

 
•The project will prepare smallholders, national 
governments and agricultural businesses for these climate 
risks by researching, developing and implementing 
improved crop specific climate risk management systems, 
training tools and relevant (weather-based index) 
insurance products”. 

 
•USQ/WMO/Willis/CIAT (Includes CCAFS/CGIAR) Hanoi  
 
 
 
 
 
 
 
 
 
 



Links to funded projects - International Climate Initiative – IKI - Annual 
Call - (International Organisations and ‘UN Bodies’ favoured)……+ Willis Ltd 



‘Unravelling the data’ - assists aspects related to need for long-term data 
– (and assessing the potential for exceptional drought assistance - use of 

simulation models to determine the relevance of  recent agricultural droughts in 
an historical context). 

Simulated Wheat Yield 1950+ 
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• Work needs to be done on insurance of critical parts of 
value chain!  

 
  

Understand decisions across the value chain  

Understanding climate related issues across the whole value chain

The Cane
Plant

Sugarcane 
Production

Harvest & 
Transport

Raw Sugar 
Milling

Marketing & 
Shipping

• Best use of scarce/costly
water resources

• Better decisions on
farm operations

• Improved planning
for wet weather

disruption
• Best cane supply

arrangements
- crush start and

finish times

• Better scheduling
of mill operations
- crop estimates
- early season
cane supply

• Better marketing decisions based
on likely sugar quality

• More effective forward selling
based on likely crop size

• Improved efficiency of sugar
shipments based on supply
pattern during harvest season




Understand decisions across the value chain  

Understanding climate related issues across the whole value chain
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Key points.. 
 
•Historical Data often the problem – key is how to finance data 
acquisition and digitisation? 
•Who is willing to invest in data as a public good? Insurers seem 
reluctant – however, governments may ‘come to the rescue’ if they are 
made aware of the longer-term benefits for such as ag/insurance. 
•Investments also needed in climate risk management, reducing the 
overall risk exposure …smallholders benefit; insurance companies 
benefit . 
•Geographical spread is important, not least to deal with covariate risk 
(risks that affect a large number of people at the one time) in 
agriculture/water management..  
•Issue of subsidies – needs to be addressed ‘up front’ with Ministries 
•Insurance is successful if it is part of an integrated (climate) risk 
management solution, i.e. insurance is part of a broader service 
package. 
•Need to address aspects associated with the whole value chain. 
•Need to ‘unravel’ the data.  
 

 
 
 
 
 
 
  
 
 
 



Thank you 



Department of Agriculture and Fisheries 
Queensland 4001 Australia – University of Southern Queensland – new projects in this area 

 
DCAP2 USQ Improving seasonal climate forecasts 
 
DCAP3 USQ Improve the ability of forecasts to predict multi year drought- Integrate DePreSys 
model or similar into decadal forecasts 
 
DCAP5 USQ Regional climate change adaptation for agricultural industries 
 
DCAP6 USQ Producing enhanced multi-peril crop insurance systems /similar (Willis 
Ltd) 
 
DCAP7.1 USQ Developing products for use in drought monitoring: drought index application 
 
DCAP7.2 USQ Developing products for use in drought monitoring: Improved crop yield and 
production forecasts (integrating seasonal forecasts with a multi-crop modelling approach) 
 
DCAP9 USQ Developing and customising decision support tools (GRAZe-ON, ‘Rainman’) 
 
DCAP13 USQ Revamping Managing for Climate (MFC) Workshops 
 
DCAP14 USQ Crop production modelling under climate change and regional adaptation 
DCAP15 USQ Assessing the economic value of improved climate risk management strategies 
through the application of seasonal climate forecasts for key agricultural industries in 
Queensland 



Developing targeted decision support tools - examples for the grazing industry ….. 



Assisting decision processes for stakeholders? – developing decision-support 
systems that link climate information, agricultural models and user decisions – 

make sure they actually add value … 

Decisions related to 
estimation of future 
stocking rates 

 
Decisions related to 
pasture budgeting 
monitoring 

 
Decisions related to total 
grazing pressure 

 
Decisions related to 
drought preparation. 
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CCS                   
Accumulation 

New projects 
aim to develop 
linkages 
between 
coupled models 
and crop 
models  

Run APSIM for each 
ensemble member 
for 30 years 

Courtesy Y Everingham, JCU. 

Integrated 
systems 



Suggested Outputs:  
•Insurance products (e.g. index-based insurance) developed to 
assist smallholders and businesses across the agricultural value 
chain, including easy-to-access insurance products; 

 
•Enhanced decision-support tools involving integrated 
climate/agricultural/hydrological models developed especially to 
assist smallholder farming systems decisions; 

 
•Integrated extreme climate risk modelling with insurance models 
and which link with and develop new associated tailored insurance 
index-based products.. 

 
•Willis Ltd is supporting this project by contributing £2.0 million 
in-kind to develop brokerage arrangements on-ground in order to 
develop appropriate insurance products.  
•Willis Ltd will facilitate joint workshops and meetings at Willis 
Ltd, London, regarding risk management research conducted in 
this project. The in-kind contribution will include the salary level 
of Willis Ltd staff (eg meteorologists and actuarial staff) (Julian 
Roberts: Head of Global Weather Risks).  
 
•Total project volume €13,516,993 – BMUB €7,980,445 
 

Willis Ltd., Lime 
Street, London 



What attracted Willis Ltd?  The development of targeted agricultural-specific 
seasonal-to-yearly climate forecast outputs, including aspects related to extreme 
seasonal conditions, focused on the needs of smallholders, rural businesses, exporters, 
environmental managers, community, governments, and especially insurance 
institutions.  
Delivering: 
•improved data collection network coverage in the region; 
•improved seasonal climate forecasting system targeted for the needs of decision 
makers; 
•Organizational and technical capacity building systems for local key stakeholders;  
•An enabling legal and regulatory framework for climate risk; insurance and, re-
insurance; 
•Involvement of WMO/CAgM. 
•National funding from the German Government. 
•Systems relevant to global reinsurance markets and innovative insurance systems 
linked to an enhanced understanding of extreme climate risks. 

 
 



Spatial 
distribution of the 

increase (or 
decrease) in 

moderate 
drought using 
Hadley centre 
model or 11 

Model ensemble 
(courtesy Burke 

and Brown, 
2007) 



Index Original Purpose Advantages Limitations 

Effective drought 
index (Byun and 
Wilhite, 1999) 

Emphasis on recovery 
from accumulated 
rainfall deficit 

Emphasises  effective 
precipitation  

Omits temperature 
and losses from 
evaporation and  
transpiration 

Prescott (ratio) Index  
(Prescott, 1949). 

Periods of plant stress Simple – includes 
evaporation losses 

Excludes transpiration 
losses -  unsuited for 
accurately monitoring 
crops and losses 

Hutchinson Drought 
Severity Index (HDSI)   

Progressive index 
aimed at targeting 
agricultural droughts. 

Uses only rainfall data Omits rainfall 
effectiveness and 
temperature 

Plant growth index 
(McDonald, 1994) 

Estimates the 
duration of the 
pasture growing 
season 

Intermediate level 
index 

Requires further 
evaluation.. including 
across a wider range 
of  agricultural 
ecosystems 











 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

•How to make the business case for insuring residual risk in a manner that 
makes economic sense for premium buyers and does not depend to an 
unsustainable extent on subsidies  
•- Think about integrated water-risk management solutions – i.e. where 
are opportunities in water management to link to insurance products that 
create a value for potential premium holders.  
•- Insurance solutions need to be integrated into overarching development 
strategy  
•- Potential to look into the role of insurance throughout disaster risk 
management, i.e. what is the role of insurance in risk analysis (e.g. data, 
evaluation of loss potential, setting a price for cover (premium) based on 
assessed risk), prevention and mitigation (e.g. lowering risk profile, spur 
action, put a price-tag on risk (i.e. insurance premium)), preparedness 
(e.g. time from damage incurred to insurance payout), risk transfer (this is 
were insurance has traditionally focused, but there are other transfer 
mechanisms – upstream – downstream, floodplains, reservoirs, where 
insurance can play a role in spurring action?),  
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