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Accounting for Weather 
Probabilities in Crop Insurance 

Rating 



Introduction 

 Historical loss experience is the foundation 
of US crop insurance premium rating 
 

 Previously used simple average of equally-
weighted historical loss cost data from 1975 
onwards 
 

 Does this series capture the “longer” term 
weather experience needed to accurately 
estimate premium rates? 



Introduction 

 38 years of loss history (1975-2012) may still 
not accurately reflect the long-term 
probabilities of weather events 

 With simple averaging, 2012 drought year is 
given 1/38 weight  

 But this drought may be a 1 in 20 year event 
(need larger weight) or a 1 in 50 year event 
(need smaller weight) 



Introduction 

 The inherent tension of rating 

 Longer series gives more appropriate weight to random events, 
but 

 Longer series picks up: 

 Changes in policy terms 

 Changes in program participation 

 Changes in risk 

 production technology 

 Climate change 

 Changes in data quality 



Objective 

 To develop a methodology for weighting the 
historical loss cost experience data based on 
a longer time-series weather information 
 

 Improve statistical validity of estimated premium 
rates 

Approaches evaluated based on statistical 
validity, feasibility, sustainability, and balancing 
improvement vs. complexity 



Historical Loss Cost Data 
and Weather Data  

 

Data Issues and Conceptual 
Considerations 



Historical Loss Cost Data 

 Aggregate county level loss cost data is 
starting point for rating 

 Indemnities & liabilities “normalized” 

 Simple, equally-weighted average: 



Historical Loss Cost Data 

 Catastrophic loading also imposed 

Previously, losses above the 80th percentile are 
spread across all counties for a crop in a state 

 Equal weighting assumes a uniform pdf, but 
weather distributions not necessarily 
uniform 

 Conceptually, longer time-series weather 
data can augment the smaller sample LC 
data 



Weather/Climate Data 

 In developing a system to weight historical 
LC data with long-term weather/climate 
data, must consider: 

Weather/Climate data to be utilized (i.e., 
how to choose) 

Procedure for weighting each year (i.e., 
how to categorize year and create weight) 

 



Weather Data Considerations 

 Length of different weather/climate data 
available 

 Degree of coverage and level of aggregation  

 Availability of different weather variables  

 Source of the weather/climate data and 
availability of the data in the future 



Weather Data Choice 

 Examined various weather data based on 
considerations above 

 Choice – National Climatic Data Center’s 
Time Bias Corrected Divisional 
Temperature-Precipitation-Drought Index 
data 

 Also called Climate Division Data 



Weather Data Choice 

 Climate Division Data 

Longest record with national coverage (since 
1895) 

Updates regularly provided – drought, 
precipitation, temperature and heat 
accumulation 

 Only data set routinely available that 
provides both critical measures and long 
term record 



Climate Division Boundaries 



Merged Loss Cost and Weather Data 

 Loss cost (StatPlan) data at county level, but 
weather data at climate division level 

 Counties within climate division has same 
weather data 

 Merged LC and climate division data used to 
classify loss years, county data used to 
average loss cost data to calculate base rate 



Weather Index Development, 
Loss Year Classification, 

Variable Bin Width 
Assignment & Loss Cost 

Averaging 
 

Empirical Approach 
 



Weather Index Development 

 Need to choose weather variables to 
determine relative weights assigned to each 
loss year 

Want fewest variables that explain losses 

 Palmer Drought Severity Index (PDSI) 

 Cooling Degree Days (CDD) 

Also called Growing Degree Days (GDD) at base 
65°F 

 



Weather Index Development 

 PDSI 

Captures both extreme wet and dry 
conditions 

Incorporates temperature, precipitation, 
and evaporation 

 CDD 

Captures effect of extended cold or heat 
events not captured by PDSI 



Weather Index Development 

 For corn, soybeans, cotton, sorghum, potatoes: 
 PDSI – positive and negative   

 May/June July/Aug for Midwest but adjusted by latitude & RMA dates 

 Total heat units = CDD total season  
 Extreme heat = CDD  

 June/July for Midwest but adjusted by latitude & RMA dates  
 

 For winter cereals: 
 Drought is still an issue: root system establishes in the fall 
 PDSI – positive and negative  

 Planting months  
 Spring growth period 

 Excess heat is not a factor 



Weather Index Development 

 Fractional logit regression used to estimate 
index (due to censoring in data) 

Climate division level adjusted loss cost as a 
function of weather variables 

 Out-of-Sample competition for each state to 
determine optimal combination of weather 
variables that predicts loss costs 

For more parsimonious specification 



Weather Index Development 

 Weather index based on predicted loss costs 
from fractional logit regression models  

 Can use weather/climate data to “backcast” 
a weather index for each year from 1895 
onwards  

Relative probability of extreme loss event can be 
more accurately assessed 

 Weights used only if weather variables are 
statistically significant 



Loss Year Classification 

 Use predicted weather index to classify a 
year and assign weight 

 Options: 

Standard histogram with equal bin widths and 
variable frequencies 

Variable bin widths with equal probabilities 

Variable bin width preferred – less severe 
“empty bin problem” and simplicity 



Equal Width Bins 



Variable Bin Width Assignment 



Variable Bin Width Assignment 

 Determine number of bins 

Choose number so that no empty bins in 1980-
2009 county LC data 

 If 10 bins – find weather indexes that falls into 
10th, 20th, 30th, .. 90th percentiles 

 Weather index for each year can be classified 
and assigned to the bin in which it falls  



Variable Bin Width Assignment 



Loss Cost Averaging 

 Use actual county level loss cost data 
(StatPlan) with results of variable bin 
assignment merged in 

 Do Weather Weighting: 

Take average LC within bins 

Take “average of the average loss costs” across 
bins 

 



Loss Cost Averaging 

 “Recency Weighting” can be applied when 
averaging within bins 

More weight to more recent data 

 Can also shorten StatPlan data to use (i.e., 
1990 onwards rather than 1980 onwards) 

 Catastrophic loading at 80th and 90th 
percentile consistent with weighting 
approach 



Premium Rate Impacts 
 

Results 
 



Results 



Results 



Results 

 Rates gets adjusted for weather in both 
directions (positive & negative)  

 For apples, barley, cotton, potatoes, rice, 
and spring/winter wheat, the weather 
weighted average loss costs (at the national 
level) tend to be smaller 

 For corn, cotton, sorghum, and soybeans the 
weather weighted average loss costs (at the 
national level) tend to be larger. 



Results 



Implications 
 

Conclusions 
 



Conclusions 

 Idea is to utilize longer time-series 
information about weather to augment 
shorter historical county loss cost data used 
for rating and better account for weather 
probabilities  
 

 This study shows that a weather weighting 
approach can indeed be feasibly 
implemented within the context of the US 
crop insurance program  



Conclusions 

 “Hidden” weather probability information, 
not embedded in shorter historical loss cost 
data, can now be utilized from long-term 
weather data  

 Allows for better characterization of county 
level risk and consequently reduce 
asymmetric information problems 



 

THANK YOU! 

Questions/Concerns? 
 


