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Abstract. This paper presents a different approach for reserving of claims in general insurance industry that is using time
series analysis. The authors of this paper propose deterministic time series models such as moving average and
exponential smoothing to predict claims reserve. Then the stochastic model, i.e. autoregressive integrated moving
average (ARIMA), is appeared as a comparator for the deterministic models. The proposed models are applied to
monthly liability claims data of a general insurance company in Indonesia. The comparison shows that the ARIMA of
stochastic model is preferred.

INTRODUCTION

To be able to fulfill future obligations, general insurance companies set claims reserve routinely at the moment
evaluation. Generally, prediction of claims reserve in actuarial literature is based on scheme of run-off triangle data
123 as shown in TABLE 1.

TABLE 1. Scheme of run-off triangle data.

Development Period

Claims Occurrence Period

1 2 es ] ees n-—1 n
1 V11 V12 Vij Vin-1) Vin
2 Y21 Va2 Vaj Y2(n-1)
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n Yn1

In scheme of run-off triangle data, historical claims data, y;;, are classified by claims occurrence period i(i =
1,2,+:+,n) and development period j(j = 1,2,-:+,n). To obtain prediction of future claims reserve, a calculation of
historical claims data using various methods in actuarial literature is used. The prediction of claims reserve will be
placed on blank cell in scheme of run-off triangle data.

Although the use of scheme of run-off triangle data is widely applied to predict claims reserve in actuarial literature,
there are quite a few problems in the scheme of run-off triangle data. The problems of the scheme of run-off triangle
data are discussed in Mutagin et. al 4. To that end, this paper suggests a claims reserve prediction using non-actuarial
approach specifically time series analysis. We start with deterministic models like moving average and exponential
smoothing. Then the stochastic model, autoregressive integrated moving average (ARIMA), is used as a comparator
of the deterministic models. By using liability claims data from a general insurance company in Indonesia, we apply
the proposed models. Three criteria of measurement error, i.e. root mean squared error (RMSE), mean absolute
deviation (MAD), and mean absolute percentage error (MAPE), are used to evaluate the performance of the
proposed models.
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TIME SERIES MODELS

This section explain the proposed time series models used for predicting claims reserve. The models consist of
moving average, exponential smoothing, and ARIMA model.

Moving Average
Moving average is a model with the concept of smoothing historical time series data. One of types of moving
average models is double moving average that is model for handling trend. Formulation of the double moving
average MA(M x N) is described as follows °:

s (et Yt Yt V)

St = N , (ix)
p (Si+S +S Sy,

St:(t t1 T St tMl)7 )

M

a =s/ +(s/—s/)=2s -5/, (xi)

2 ! " .-

b =M—_1(5t -5), (xii)

Yoo = @ + Db (m). (xiii)

The notation of s/ and s{’ denote the simple moving average and the double moving average at the time period ¢,
respectively. The notation of a, is the single moving average adjustment at the time period t, b, is the trend
estimate, and ;.. is prediction value for m future periods.

Exponential Smoothing
Exponential smoothing is a model for smoothing historical time series data using an exponentially weighted
smoother. Holt’s exponential smoothing is the one of exponential smoothing models based on Holt’s method. This

method divides the time series data into two components, i.e. the level, a;, and the trend, b,, that can be calculated
from ©:

a=ay,+1-a)a_,+b_,) O<a<l, (@)
b =A@ -a.,)+L-ph, 0<pB<L (@

with the initial value a; = y; and b, = y, — y,. Furthermore, the sum of the level and trend components at the time
period t can be used as prediction of m future periods that can be formulated by:

Yo =a, +b (m). )

ARIMA

ARIMA model is a model which uses a number of observations for several past periods as a basis for the preparation
of a prediction for the future. This model can describe the effect of autoregressive (AR) and moving average (MA).
The general form of ARIMA(p, d, g) model is ©:

®(B)1-B)'y, =5+ 0O(B)s,, (4
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with ®(B) = (1 — ¢,B — ¢,B> — - — ¢,B?) and ©(B) = (1 — 6,8 — 6,B* —---— ,B%) . The notation B is
backshift operator and ¢, is a white noise process with zero mean and constant variance.
RMSE, MAD, and MAPE

Performance of time series models can be evaluated by using many kinds of measurement error. In this paper, we
use three criteria of measurement error, that are RMSE, MAD, and MAPE. The formula of the RMSE, the MAD,
and the MAPE are described as follows ©:

14 )
RMSE = [=3"(y, - 9.) (®)
t=1
MAD =12|yt—yt, ((®)
N
MAPE = 12 I =Yl 100% . @
=y,
RESULTS

The above time series models are applied to monthly liability claims data from an Indonesian general insurance
company, with observation period January 2009 until December 2014. The time series data of the liability claims
show growth trend although there is the sharp drop in the end of 2012 as shown in FIGURE 1. The data from
January 2009 up to and including December 2013 are used as in-sample data to predict the 2014 data as out-of-
sample data. The differences between the actual and the prediction for the 12 months of 2014 are used to evaluate
the proposed models performance.
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FIGURE 1. Plot of liability claims data.

The double moving average, Holt’s exponential smoothing, and ARIMA are implemented on the liability claims
data to predict claims reserve in the future. Analysis of the data by using the double moving average and the Holt’s
exponential smoothing tend to be easier to perform than the ARIMA. The ARIMA model have to saturate the
assumption of independent residual and all parameters should be significant. By using Box-Jenkins procedure, the
ARIMA model for the data is:

(1-0.3138B —0.2724B? )y, = 226.4886 + &, . (xiv)

FIGURE 2 shows the prediction results as obtained from the double moving average, Holt’s exponential smoothing,
and ARIMA model. The plots show that the prediction of Holt’s exponential smoothing and ARIMA model are
close from the actual data both in the in-sample data and out-of-sample data.
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FIGURE 2. Claims reserve prediction by (a) double moving average, (b) Holt’s exponential smoothing, (c) ARIMA.
To demonstrate the performance of the double moving average, Holt’s exponential smoothing, and ARIMA

accurately both in the in-sample and out-of-sample data, the authors use the three measurement error criteria include
RMSE, MAD, and MAPE. The results are shown in TABLE 2.

TABLE 2. RMSE, MAD, and MAPE comparison.

Model
Data Measurement — b Te Movin Holt’s E tial
Error s olt’s Exponentia ARIMA
Average Smoothing

In-sample RMSE 97.29918 313.4959 62.49371
MAD 77.07403 74.63681 48.37917

MAPE 37.77467 33.23954 24.55954

Out-of-sample RMSE 164.7118 56.48467 55.33709
MAD 148.8837 46.50797 43.12226

MAPE 83.67315 28.58931 27.22728

Measurement error of the in-sample data in TABLE 2 indicate that the ARIMA model outperformed the double
moving average and Holt’s exponential smoothing model for predicting claims reserve. Likewise, for out-of-sample
prediction of the data, ARIMA model outperforms the other models. Therefore, to predict claims reserve in general

insurance industry, ARIMA model can be a good alternative.
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SUMMARY

We have compared deterministic time series models, i.e. double moving average and Holt’s exponential smoothing,
and stochastic time series model, i.e. ARIMA. Based on the measurement error comparison, ARIMA model
outperformed the other models. Based on the results, ARIMA of stochastic model could be a good alternative to
predict claims reserve in general insurance industry because it performed well both in the in-sample and out-of-
sample data.
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