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Introduction

In the Probabilistic Trend Family (PTF) modeling framework, we identify a parsimonious model describing the trends in 

the three directions (development, accident, and calendar), along with the volatility about the trend structure. 

Maximize the value of your data by engaging Insureware’s software solutions. Know when to reduce or increase  

exposure (or premium), purchase reinsurance, or enter (exit) a market. 

Unlike other actuarial solutions, a PTF model is not 

pre-defined but rather is tailored to each company’s 

data. This enables the tool to extract the salient 

statistical features of any loss development array 

and produce meaningful results for all aspects of 

the liability distributions. Any modeling assumptions 

can be tested and verified that they are supported 

by the data.

The PTF modeling framework gives insight into  

your business, extracting knowledge to make 

informed decisions. Foresight does not depend  

on lucky charms. 

The identified model in the PTF modeling framework: 

  • measures calendar period trends (sum of  

     economic and social inflation); 

  • separates trends from volatility and  

     quantifies both; 

  • fits a probability distribution to every cell; 

  • forecasts distributions for every cell  

     going forward; 

  • provides calendar year liability stream and its 

     distributions, and other metrics; 

  • is NOT a method.

Salient 
statistical  
features

Forecast 
distributions for 

each cell and total

Loss distributions for 
the reserve (total and  
individual accident or 

calendar periods)
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Importance of Calendar trends

Insurance claims arrive in calendar time. This fundamental feature means that any model for insurance data without the  

capacity to adjust for calendar trends cannot provide a sound modeling framework.

Further, insurance losses are subject to inflationary trends. 

Inflationary trends are, by definition, multiplicative in  

calendar time.

Traditional methods, based on link ratios, actually assume 

an average, constant, calendar period trend. However, this 

trend is never quantified.

This leaves the user(s) of these methods exposed to  

unknown trends with no knowledge to be able to account 

for changes by calendar year.

The Probabilistic Trend Family (PTF)  

decomposes loss development arrays into:

• trends in the three directions

o development,

o accident, and

o calendar,

• and the volatility about the  

   trend structure.

Adjusting for economic inflation does not fix this as social inflation, or superimposed inflation, is typically a stronger 

effect than economic inflation.

Another important consideration is that inflation does not change the percentage volatility. That is, on the log-scale, 

inflation is additive.

We contrast the difference between quantifying the actual calendar year trends and assuming an average calendar year 

trend in a real-life Commercial Property case study (company identifiability removed).

Left: an average calendar year trend is fitted to all years      Right: calendar year trend changes are applied as they occur

The residuals (difference between the trends in the data and the trends in the method) illustrated under the model trend 

displays, shows the average trend (left) does not describe the ups and downs in the calendar year trends. In contrast, 

the model on the right captures these changes - the residuals are centered around the zero line. The second model 

provides a much better description of the trends in the data.

Note the difference in the final calendar year trends!

The model on the left applies a 6.9%+_1.3% calendar trend per calendar year whereas the model on the right measures 

a 30%+_3.2% calendar year since 2006. The effect of these two contrasting calendar year trend assumptions on the 

future liability stream, and the total reserve distribution, is significant.
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Data, distributions  
and diagnostics

Any incremental loss development array (or triangle) can be modeled in the PTF modeling framework:

• Paid Losses (PL), 

• Allocated Loss Adjustment Expenses  

   (ALAE), 

• Incurred Losses (IL), 

• Case Reserve Estimates (CRE), 

• Number Cases Reported (NCR), and

• … many more!

Models are not fitted without considering whether they are appropriate for the data. If you have seen a PTF model, you 

have seen one PTF model. There are an infinite set of models that can be built in the framework, but only one that  

describes the features going on in your business is an appropriate one for your company.

The model fits well if the data can be regarded as a sample from the fitted model. Intuitive diagnostics  

enable the actuarial analyst to ensure the fitted PTF model is suitable.

Each data type can be utilized to construct a story  

about the data – providing critical understanding to  

the company.

Lognormal distributions are fitted to each cell in the 

triangle. Trends link the means in the cells. The volatility 

characteristics of the data are reflected in the standard 

deviations in each cell. Together, these measures provide 

the foundation of the exposure to risk (reserves, risk  

capital, liability stream, and so forth) in the triangle.

These diagnostics include:

• Residuals by development period, accident period, and calendar period.

• Normality plots and histograms,

• Autovalidation tools for testing trend stability, 

• Forecast tables with historical fitted values vs observed values along with the projection  

   of future losses, and

• Graphs of observed historical trends vs future trend assumptions.
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This company, if using link ratio methods, would be suffering adverse development every year. The calendar year trends 

are not described by the link ratio method and they are stuck in constant ‘catch up’ mode. This is in fact exactly what 

happened in this scenario. Insureware was consulted to evaluate this company’s loss portfolio and quickly showed what 

was really happening…

Contrast this with the equivalent diagnostics after an optimal model has been identified in the PTF modeling framework.  

The residuals are centred on zero (by calendar period), and the test for normality is achieved.

All of these make for a powerful argument to support the selections the actuarial analyst has made – for the identified 

model in the modeling framework, and for any future trend assumptions.

In the Extended Link Ratio Family (ELRF) modeling framework, the residuals versus calendar year show a downward 

trend then an increasing trend. The residuals also exhibit poor normality (right hand side).
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The difference in total mean reserve is substantial – 481M using a forecast scenario continuing with the trends identified 

in the Probabilistic Trend Family modeling framework vs 320.5M using when using the Mack method in the Extended 

Link Ratio Family. The missing factor in the ELRF model were the changes in social inflation – the most recent calendar 

year trend measured in the PTF modeling framework is 10% per year! This is critical information for the company. If  

realized, the company would have exited this WC portfolio, or substantially raised premiums) soon after the social  

inflation began in earnest (2002). Millions of dollars could have been saved. 

Do link ratio methods work for your data? A small investment into the ELRF™ software suite may surprise you!
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The many benefits and  
advantages of PTF:

• Decomposition of trends into: 

o development period trends,

o accident period trends, and

o calendar period trends.

• Volatility measurements by development period and accident period

• Extensive diagnostics to validate models and provide confidence in actuarial projections

• Distributions by cell, totals (accident and calendar), plus grand total

• Liability stream by calendar year (IFRS 17 and any investment program)

• Trends can be extended outside the triangle period 

o Use the same model for reserving and pricing! 

o Get ‘what if’ analyses and inflation impact assessments in real time

• Simulate from the forecast to complete:

o Risk capital analysis, 

o Asset liability matching, 

o Solvency II risk capital, 

o Reinsurance assessment, and

o … much more!  

With detailed trend and volatility information, actuarial teams can provide valuable insight into the insurance business. 

The remainder of this brochure is more technical in nature and discusses:

• the loss development array problem and why the PTF modeling framework is a  

   natural solution;

• how to build a PTF model while mitigating model specification risk;

• forecast scenario selection and evaluating sensitivity to calendar year trends; and

• the one-year reserve risk and other results.
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The loss development  
array problem

Fundamentally, all we are interested in is the total amount to be paid in each underwriting (or accident period) period 

and the level of risk associated with each estimate. The total mean forms our best estimate of how much capital the 

company needs to pay for losses (on average), and the risk capital measures the additional capital required for the 

company to cover losses above the mean to a particular risk comfort level.

Since there is return on investment on the held capital, the total payments expected in each year are necessary for  

optimal asset liability matching and similarly required by IFRS 17 for appropriate profit/loss recording. This necessitates 

that we examine the predictions for incremental losses and ensure they make sense.

The totals have a distribution of possible outcomes with all 

the features of a distribution: mean, standard deviation, and 

other properties. In order for the distributions to be  

meaningful, the calculations must be directly related to the 

individual cells, and the projection of the individual cells must 

be relatable to every other cell in the triangle. This is what the 

PTF modeling framework does.

2

1

Observed 
Data

Future losses

Calendar period trends project across the accident and development periods. This feature of economic and social 

inflation is axiomatic and any modeling tool applied to actuarial loss triangles must be able to measure the sum of the 

inflation so that future forecasts can be assessed for reasonableness.

The PTF modeling framework lets you measure the inflation actually in the data. This inflation may match prior  

expectations, but in our experience, social inflation rarely manifests exactly how our intuition might lead us. The value  

of the knowledge of what is really going on cannot be underestimated. The company mentioned previously underpriced 

a portfolio by over 100M. 
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Building a PTF model

Identifying a model in the PTF modeling framework is a straightforward exercise. A modeling wizard accelerates the 

process ensuring actuarial results can be delivered in a timely fashion. An interactive interface enables quick and easy 

customization of the model. Assumptions for the future are explicit, relatable to past experience, auditable, and able to 

be monitored on updating.

The displays in PTF are interactive. Changes in trends can be added, or tested, by simply clicking on the display.  

Similarly, points can be removed from the model estimation process with a simple click.

The residual display provides instant visual indication of whether there are any missing trends in the data. If the model 

is describing the data, the scatter in the plots will be random without pattern. In the example illustrating diagnostics, the 

residuals seen in the ELRF modeling framework still had trends (the residuals were increasing). Above, and in the model 

identified previously for the other company, the residuals are randomly scattered around the trends. The models are 

describing what is going on.

The model display on the right shows the trends and changes identified in the data. Knowing the trends in each  

direction, and what is driving the changes in trend (for instance, the sharp drop in calendar year 2007), enables the 

actuary to make any changes to the forecast to reflect future expectations. 

All the trends and volatility measures identified in the model, can be customized for the future. Both the mean estimates 

and standard deviations of future trends can be modified along with volatility changes by accident period or  

development period.

Actuarial judgement is enhanced by providing sound statistical support for selections!
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A modeling wizard

A modeling wizard is available for identifying models in the Probabilistic Trend Family modeling framework. The  

modeling wizard considers all aspects of modeling within the AI script:

• Addition of trend parameters

• Adjustment for volatility changes in the development direction

• Outliers

Many different models are considered in the process of producing three final models for the analyst to evaluate. The 

models the wizard saves into the database, especially the final model, have the lowest Bayes Information Criterion (BIC) 

of the models the wizard generates.

For instance, consider the logbook extract below. The modeling wizard has estimated around 30 models in the process 

of determining the final ‘best’ model found - M6. The model has the best BIC of -30.9.

The modeling wizard is scripted in such a way as to emulate the model building process of a human analyst.

This tool should be seen as an accelerator and not a replacement for model design. The wizard models provide a  

great first model to explain the salient features of any given triangle. However, the final consideration of the model, 

whether the trends and volatility changes, identified accurately reflects the features in the data remains the responsibility 

of the analyst.
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Mitigating model  
specification risk

The Probabilistic Trend Family model identification process mitigates model specification risk by design. If the residuals 

are not randomly distributed about the trends, then there are features of the data the model is not describing. Any  

mismatch between the model features and the loss data are quickly identifiable during peer review and oversight.

A good model describes the data so, in one respect, the data can be regarded as a one-path simulation from the model. 

This means that simulations from the model should be indistinguishable from the real data with respect to their critical 

statistical features. All of the datasets below exhibit the same calendar structure. The identified PTF model described the 

changing calendar year trends.

Simulation from the Mack methods, say using the bootstrap, produces samples that are very different from the real data 

when there are changes in inflation. The bootstrap samples from the Mack method do not have the same calendar year 

trends as the real data. 

Cumulation masks the calendar period trend emergence (information is lost), and distributional assumptions made by 

the regression methods are almost never held by the data. The real data is not a likely path from the model. Using link 

ratio methods, including Mack, result in high model specification risk.
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Designing a future  
forecast scenario

All aspects of the future forecast are customisable by the actuary. 

The parameter with the most impact is typically the future 

calendar year parameter. To get the best estimate, it is most 

important to have the most reasonable distribution for this 

parameter going forward. Below, the future calendar year is 

set to continue at 10.35%+_0.38% for the remainder of  

the run-off period.

These include:

    • Future calendar period trends;

    • Future development trends;

    • Future accident period levels; and

    • Future volatility measures.

Forecast scenarios can be compared for sensitivity – eg what is the impact of a 2% increase (or decrease) in future 

calendar year trend? These scenarios can be run on the fly and/or automatically via the COM API.

If the future calendar year trend decreases by 2%, the total reserve mean is reduced from 481M to 429M. However, if the 

calendar year trend increases by 2%, then the total reserve mean is increased from 481M to 548M. Because of the  

long-tail nature of this portfolio, the future calendar year trend has significant impact. Note to reach the Mack method’s 

mean estimate of 320M, a trend of 2.5%+_ would need to be assumed. The likelihood of the 10.35%+_ trend, which 

has been stable for seven years, suddenly dropping to 2.5% for the remainder of the run-off period is very unlikely.

The sensitivity of forecast scenarios can be compared to the one year reserve risk. 
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Forecast tables and  
loss distributions

One of the critical tables in ICRFS™ is the forecast table. This table is provided in all the modeling frameworks in 

ICRFS™. This table, and the accident year summary table containing the one-year reserve risk, are two important  

results providing critical information to the actuary when deriving the best estimate of the total reserve distribution.

Interpreting the table:

• Blue numbers are the observed values (historical losses in this example),

• Black numbers are the fitted/projected means in each cell (fitted in the historical  

   portion; projected in the future),

• Red / Burgundy numbers are standard deviations in each cell, or for the total of  

   cells by accident period, calendar period or total period. These values are not  

   standard deviations of the mean.

• Calendar year totals are shown down the bottom of the table whereas accident year  

   totals are shown on the right.
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The future liability stream (calendar year totals) can be compared to the calendar years losses the company has just 

paid. Here the loss of 105M in 2010 is perhaps lower than expected than the 133M paid in 2009 even when 20M paid in 

development year zero is included. However, as the company had begun reducing exposure to this portfolio, the  

reduction in the total losses was deemed reasonable.

Contrast the liability stream to match 323M (roughly the Mack method mean) with the liability stream from the PTF  

modeling framework. The losses in the next calendar year having a mean of 96M is extremely improbable. This table is 

a powerful diagnostic to assess the reasonableness of any forecast.

Further, as log-normal distributions are projected for every future cell, simulations can be run to estimate the total  

reserve distribution. The probability of loss given particular levels of reserves are held, along with appropriate thresholds 

of risk capital can be expressly calculated.

A complete picture of the total reserve distribution and/or distributions by individual accident periods or calendar periods 

can be readily obtained. 

Pricing future underwriting years uses the same model as the reserving team and can incorporate risk margins into the 

total premium charged based on the level of the risk arising from the particular line.
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One year reserve risk

An important question for any actuary is ‘how much variation can I expect in the reserve estimates when next year’s 

data come in’? Insurance data are volatile and this leads to variation in the mean ultimates as each diagonal is added. If 

the losses come from the predicted distributions, then the expected variation in mean ultimate can be calculated.

Accident (or underwriting) year summaries in the PTF modeling framework, as illustrated above, include two columns 

that are conditional on the next calendar period’s data. The first of these columns, SD[E[Ult|Data]], is a measure of the 

variation in mean ultimate after observing the next diagonal – assuming that the losses arrive according to the forecast 

scenario trends (and volatility). The second column shows the remaining variation in the forecast after the next  

calendar period’s data are observed. Note we are not limited to conditioning on one period, but can condition on  

multiple periods.
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Distribution of the Variation 
in Mean Ultimate

The distribution of the variation in mean ultimate can be calculated by simulating the next years losses and reapplying 

the model and forecast scenarios. As with the Predictive Aggregate Lognormal Distributions (PALD) module, the  

Value-At-Risk, Tail-Value-At-Risk and other metrics can be computed.

The 99.5th percentile of the variation in mean ultimate can be used as part of the standard formula for  

Solvency II purposes.
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Earned vs Unearned risk

Projected loss distributions can be seperated into earned and unearned risk.
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Transforming analytics

Insureware’s software platform, ICRFS™, is a complete solution for all aspects of long-tail liability risk management. 

From aggregation of data into triangles, analysis of trends, volatility, and correlations, to generation of results into  

reports, ICRFS™ has it all.

Some people have the idea that companies need to use complicated and convoluted software to warehouse data, to 

analyze it, and to modernize actuarial systems. This software invariably needs to be customised to the company’s  

individual requirements as no ‘off-the-shelf’ package would be sufficient to meet their needs. After years of  

implementation costs, staff changes, and many hundreds of thousands of dollars later… it turns out that they should 

have simply licenced ICRFS™!

The PTF modeling framework allows companies to interrogate their loss development arrays in a way that maximises 

the extraction of information about a line of business’s trends and volatility - especially the level of social inflation.  

This information needs to be transferred into knowledge and wisdom so informed decisions can be made regarding 

reserves, risk, pricing, and reinsurance solutions.

Make full use of the power of your data, be informed, and maximise the return on information. 

Get the odds in your favour by contacting Insureware today:  

info@insureware.com
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www.insureware.com 

Email: info@insureware.com
Tel:     +61 3 9533 6333 

About Insureware

Insureware is not your typical long-tail liability risk management firm: we are R&D focused.  
Our team of world-class statisticians originated many of the ideas that the industry now aspires to.  
They have published numerous papers not only in actuarial journals but also in preeminent  
statistical journals. Insureware creates and supports the only comprehensive, enterprise wide,  
long-tail liability risk management software in the world.

Insureware has advised on a wide-range of insurance matters including:
  • Reserve due diligence; 
  • Mergers and Acquisitions;
  • Assessing risk capital and Solvency II capital requirements  
     for submissions to regulators and rating agencies;
  • Underwriting and pricing; and  
  • Reinsurance transactions.

Insureware creates unique collaborative partnerships with each client. The partnership facilitates  
the growth of incomparable knowledge, benefits, and applications.


