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Moody’s and Fortune 500
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correlation study

From late 2024 into early 2025, Moody’s and a Fortune 500
company (“the Insurer”) collaborated on a joint research
project to identify company datapoints from across several
data domains in the Moody’s data estate that could help
model claims risk.

At this stage in the research, the analysis has focused on key
firmographic, financial, and credit risk data that has
historically been difficult for the insurance industry to
capture.

FINDINGS

We find significant trends and relationships when comparing
the age, probability of default, and number of employees of
insured companies with incurred claim events and loss sizes.
By building predictive models for both claim events and total
loss sizes, we quantified the contributions to prediction
accuracy from these datapoints and others to help the
Insurer understand which attributes provide the strongest
contributions.

The evidence shows that there may be opportunities for
other insurers in the industry to improve business
performance by combining their own expertise with Moody’s
data and solutions.
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Introduction

Over a period of six months from late 2024 into early 2025, Moody’s and the Insurer collaborated on a
joint research project to quantify the contributions from company datapoints in Moody’s suite of data
products to the prediction of claims risk above a baseline model.

The scope of the study included policy and claims data from lines of business across general liability,
professional, and financial lines. These lines were written with two broad business groups: US small and
medium-size privately owned enterprises and international businesses with a significant representation
of large and public companies.

The risk factors covered included Moody’s firmographic, financial statement, and credit risk data, as well
as the Insurer’s own policy data.

We conclude that a number of Moody’s datapoints can provide significant contributions to models of
both claim incidence and total incurred loss size above the baseline model.

We reach this conclusion from two approaches:

1. By performing quantitative analysis of the relationships between Moody’s datapoints and the
Insurer’s claims data
2. By building gradient-boosted tree models to predict claim incidences and sizes

In section Approach, we describe the approach taken and assumptions made throughout the study. In
section The relationship between company data and claims, we present results of the analysis of the
relationships between observed claims with a range of the risk factor variables. In section Using company
data improves model predictions, we present the marginal uplift found in machine learning model
predictions gained from the sequential addition of more risk factor datapoints. Finally, in section Moody'’s
company data can give insurers an edge, we recap our findings and discuss the possible implications for
insurers that are considering incorporating an enhanced view of risk into their underwriting and business
workflows.

Approach

Data

For the purpose of modeling and analysis, the Insurer provided Moody’s with policy and claims data from
two broad groupings of their business, international and US specialty, which included general liability,
professional, and financial lines of business.

US SPECIALTY US small and medium-size privately owned enterprises

INTERNATIONAL International business, including a broad range of company sizes and types;
includes significant representation of large and public companies, and
companies from North America and Europe
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Moody’s and the Insurer worked together to construct two key modeling target variables from the
dataset:

CLAIM INDICATOR A binary variable that indicates whether any claim has been made against the

policy

TOTAL INCURRED
LOSS

A continuous, positive variable quantifying the total incurred loss against a
policy given that at least one claim has been made against it

Moody’s aligned the time series of the Insurer’s claim events and loss sizes with a range of our
datapoints:

e The age of the firm at the date of policy inception

e The industry classification code

e Avrange of financials including total assets, operating revenue, and number of employees
e The Moody’s EDF-X probability of default and implied rating

We applied generic modeling assumptions across all lines of business and both policy groups:

e All monetary and financial values were converted to US dollars using exchange rates as of June
30, 2024.

e All numeric observations over a period in a window around a policy inception date were
aggregated into the average and the change of the value over that period.

Analysis

The analysis proceeded in two phases: First, we performed univariate exploratory data analysis to
examine the relationships between the dependent and independent variables. Following that we used
the Extreme Gradient Boosting (XGBoost) model library to fit gradient-boosted tree models to both the
claim indicator (using the classifier model) and the total loss given claim (using the regressor model with
a gamma distribution objective).

The XGBoost modeling was performed in phases: First we built a baseline model using only policy
information and no Moody’s company data. Then, by sequentially adding data from the subsets for
Moody’s data above the baseline model existing data, we were able to quantify the marginal lift gained
by incorporating each additional set of Moody’s datapoints. The datapoints added in iteration of the
model are as follows:

Model iteration Datapoints Source
0 — Baseline Policy data including premiums Insurer
1 — Add industry As above + industry code Moody’s
2 — Add age As above + firm age Moody’s
3 — Add financials As above + range of financial metrics Moody'’s
4 — Add probability of default As above + probability of default and implied rating Moody’s

Moody’s and Fortune 500 company: Insurance claims correlation study 3
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The relationship between company data and
claims

Claim indicator

We plot the distribution of premium, firm age, probability of default (PD), and number of employees
separately for polices with and without claim indicators. For both the international and US specialty
portfolios we see significant differences in the characteristics of these distributions between instances
where claims have and have not been made.

It is a fundamental feature of insurance that higher premiums reflect an assessment of greater risk. This is
evidenced by the distributions of premiums from policies where claims have been made, peaking at
larger premium values than those where no claims have been made.

The distribution of firm ages associated with claim events is also shifted to the right relative to those not
associated with claim events. This may simply reflect that a longer period of operation provides more
opportunities for incidents to occur.

There appears to be little difference in the PD distributions between policies with claims and those
without. This may reflect the fact that the claims data contains a mixture of policy types, some of which
may be less sensitive to creditworthiness.

In addition, the distribution of employee numbers is skewed toward higher values for policies where
claims are made. The skew is particularly striking in the US specialty portfolio. Workers’ compensation is
not included in this analysis, but having more employees may be an indicator of more opportunities for
incidences of third-party damage or injury to occur, or for accusations of malpractice to arise.

Any hypothesis about causality is speculative at this stage, but the evidence suggests there is some
correlation insurers could explore further.

Figure 1: The distributions of key risk factors separated by whether they are associated with claim events or not
(international portfolio)
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Figure 2: The distributions of key risk factors separated by whether they are associated with claim events or not
(US specialty portfolio)
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Total loss

We also performed a locally estimated scatterplot smoothing (LOESS)? regression of the mean values of
ordered buckets of key risk factors against the total loss incurred given claim event.

The results clearly show that the (log) total loss incurred increases with (log) premium. The results also
show an increasing relationship between firm age and loss incurred. The total loss may scale with
premium by construction, but for both premium and firm age the increasing trend may also reflect that
these variables are expected to correlate with company size, which in turn correlates with total incurred
loss size.

The effect of size may also be present in the relationship between PD and loss size. At the lower end of
the PD scale, we see the total loss size increasing as PD decreases. Larger companies tend to have lower
PDs than smaller counterparts, so this observation could be another correlation with the company size.

This observation only explains the lower end of the PD scale; what happens in the mid-to-high PD range is

less clear. One might expect that companies with higher PDs are under more stress and thus make more
claims, reflecting greater total incurred losses. This would present in an upward trend in total loss

incurred for higher PDs. Considering this expectation alongside the correlation with size, we might then
expect to see a convex function or “smile” shape in the relationship between total incurred loss and PD.

In both portfolios, there is an increase in total loss as the PD decreases in the lower PD range, although
for US specialty the trend reverses again at the very lowest PD range. At the high PD range, there is an
increase in the loss with increasing PD in the US specialty portfolio. The same trend is arguably present
but weaker in the international portfolio. The US specialty portfolio also exhibits a humped feature in the
mid-PD range, which is so far unexplained.

The final variable considered is the number of employees. This may be expected to scale with company
size, and the international portfolio data does show the same upward trend as seen with premium and

* Alternatively known as locally weighted scatterplot smoothing or LOWESS.
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firm age. For US specialty, the relationship shows a “hump” in the midrange of the total number of
employees and is otherwise arguably flat.

As stated earlier, we are presenting correlation in these charts, not causation. We have speculated that
the size of the company is an important factor and hypothesized the existence of a “smile” in the
relationship between PD and loss incurred.

Figure 3: Log total incurred loss in the international portfolio against selected risk factors
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Figure 4: Log total incurred loss in the US specialty portfolio against selected risk factors
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Using company data improves model predictions

The assessment of model performance presented here has been produced by analyzing a “holdout”
dataset — a subset of the original full dataset that has been held aside from the process of building and
parameterizing the model and thus has had no influence on the calibration of the final model parameters
nor the optimization of the model hyperparameters.

By validating the model performance against the holdout data we can be confident that measured
improvements in performance are not a consequence of overfitting and reflect genuine model
improvement.

Claim indicator

By running the classifier model on the claim indicator we find a clear trend of increasing model accuracy
with the addition of more datapoints. This is evidenced by the receiver operating characteristic (ROC)
plots for each model with incremental additions on Moody’s data (Figure 5) and by the waterfall chart
(Figure 6) that articulates the marginal increase in accuracy score associated with each model ROC.

The baseline model using only the Insurer’s existing policy data already provides a lot of predictive power,
but it’s clear that incorporating additional company data from Moody’s can help achieve significant gains
in accuracy.

There is a similar picture for the US specialty business but because this business is mostly composed of
small and medium US-based entities that do not routinely publish financial statements, the coverage of
financials data is very low. As such, the response to financials does not show an increase in accuracy.

Figure 5: ROC curves plot of the claim indicator model for the international portfolio
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Figure 6: Waterfall chart presenting the incremental gains in accuracy score for the international portfolio claim
indicator model from adding additional Moody’s data to the model
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Figure 7: ROC curves plot of the claim indicator model for the US specialty portfolio
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Figure 8: Waterfall chart presenting the incremental gains in accuracy score for the US specialty portfolio claim
indicator model from adding additional Moody’s data to the model

Accuracy score: US specialty portfolio claim indicator

+1.9%
P
2.4% —  ———————
50.0% 1 58.1% I "03%
50.0% -
o5

v 40.0%
o
[}
I
>
=
E 0,
3 30.0%
[¥)
<I

20.0% -

10.0% A

0.0% - T T T T
0 — Baseline 1 — Add industry 2 — Add age 3 — Add financials 4 — Add PD
Total loss

Lorenz curves and Gini coefficients

To evaluate the relationship between Moody’s company data and the total loss, we take a similar
approach to the claim indicator model but instead quantify the predictive uplift across the models by
using Lorenz curves and associated Gini coefficients. For the total incurred loss, we see a similar general
trend to that seen for the claim indicator where the accuracy (as measured by the normalized Gini
coefficient) increases with the addition of more Moody’s company data. The accuracy decreases with the
addition of company age data for both the international and US specialty businesses.
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Figure 9: Lorenz curves plot of the loss amount model for the international portfolio
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Figure 10: Waterfall chart presenting the incremental gains in normalized Gini coefficient for the international
portfolio claim indicator model from adding additional Moody’s data to the model
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Figure 11: Lorenz curves plot of the loss amount model for the US specialty portfolio
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Figure 12: Waterfall chart presenting the incremental gains in normalized Gini coefficient for the US specialty
portfolio claim indicator model from adding additional Moody’s data to the model
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Single lift charts

We can measure the lift on the holdout data provided by Model 4, which incorporates all available
company data. When we order the predicted total losses and compute the mean predicted loss alongside
the mean actual loss in each of 10 decile bins, we see that the model provides significant lift and tracks
very well against the actual loss sizes in both the international and US specialty businesses.

Moody’s and Fortune 500 company: Insurance claims correlation study 11
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Figure 13: A single lift plot shows that the lift provided by Model 4 — add PD tracks well against the holdout data

for the international portfolio

Single lift (holdout data): International portfolio incurred loss, model 4 — add pd

64 @ Model & —ADAPD e e
—® Data Lift: 5.98 - 0.08 = 5.90

Normalized incurred loss

250

200

T
=
w
(=]

r 100

50

Bin number

count of observations

Bar:

Figure 14: A single lift plot shows that the lift provided by Model 4 — add PD tracks well against the holdout data

for the US specialty portfolio
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Double lift charts

We also compare Model 4 with the baseline model, which uses only the Insurer’s policy data as a
predictor for total loss. In these “double lift charts,” we compare the two models by ordering the
observations by the ratio of the total loss prediction sizes in each model. The predictions from the two
models diverge most at the left and right extremes of the chart. On the left side, Model 0 (the baseline)
predicts much larger losses than Model 4 (all company data), and on the right side, Model 4 predicts
much larger losses than Model 0. The charts show that for both sets of business and at both extremes the
average loss predicted from Model 4 aligns more closely with the data than the average loss predicted
from Model 0. This tells us that in places where the models disagree in their predictions, Model 4 is more
accurate than Model 0.

Figure 15: A double lift plot shows that the lift provided by Model 4 — add PD tracks better against the holdout
data compared with Model 0 — baseline for the international portfolio
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Figure 16: A double lift plot shows that the lift provided by Model 4 — add PD tracks better against the holdout
data compared with Model 0 — baseline for the US specialty portfolio
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The results of this study demonstrate that insurers may be able to find significant contributions to
predictive lift in their claims models by incorporating Moody’s company data.

Features such as a company’s financial performance and creditworthiness may reasonably be expected to

correlate with the incidence of claims against financial lines of business; however, they may also be

indicators of a company’s overall operational health and risk of claims against other lines, such as

professional, general liability and beyond. A company’s size, age, and industrial sector are also likely

indicative of claim risk, so being able to reliably capture even these simple features of a company can be

beneficial.
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