EVALUATING THE IMPACT OF INFLATION ON LOSS RESERVES
Wililiam F, Richards

A Review by Richard G. Woll

In evaluating loss reserves, actuaries regqularly make use of
quantitative techniques which use the past to project the fu~
ture. Any such approach to reserve analysis requires the asump-
tion that the dynamics underlying the loss settlement process
are both stable and persistent. For example, the use of paid
loss development factors to estimate loss reserves for any given
year assumes that the pattern of loss development for that vear
is etochastically similar to the pattern for other years and
that this similarity will persist for the foreseeable future.

When this assumption holds, estimates of loss reserves made
using averages from past data will be unbiased with respect to
the future.

Until recently, these assumptions tended to be true in most loss
reserving situations, and most exceptions tended to be discon-
tinuities (such as changes in coverages) which were pronounced
and rare enough to be dealt with one by one on a judamental
basis. Changes have been coming about, however, which have made
it difficult to use raw loss development data to estimate loss
reserves, These developments have been!

1) The underlying rate of inflation has been increasing for
almost twenty years. Changes in the rate of inflation from
one period to the next have also increased significantly.

2) Loss reserves have gone from less than half of surplus in
1956 to over 150X of surptius as of 19792. Thus the impact
of missestimates of reserves on surplus has tripled during
this period.

In response, insurance management has sought to improve the ac-
curacy of loss reserves by explicitly taking into account the
effects of inflation., Mr. Richard's paper is evidence of this
concern and is a good introduction to the problems involved in
taking inflation into account when developing loss reserves,

Two points made in the paper will be discussed in this review!:

The first point is +that it is changes in the rate of inflation
which create problems in loss reserve estimation. A steady in-
flation rate creates consistent loss cettlement patterns over
time and thus most standard analytic techniques will give accu-
rate results., Changes in the rate of inftation, however, will
distort loss development patterns and will thus reduce the accu-
racy of loss reserve estimation, This distortion consists pri-
maritly of larger differences between predicted and actual loss
payments if the changes in the rate of inflation are essentially
random (ie.,, unbiased) over time.
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The effect of long term and consistent changes in the rate of
inflation is much more unpleasant, If inflation is consistently
increasing (or decreasing), then estimation techniques utilizing
averages from past data will consistently understate (or over-
state) current loss reserve requirements.

Some idea of the magnitude of these effects can be seen by re-—
ferving to the parer which shows reserve requivements increasing
from $440 million if the future inflation rate is S%, to $526
million if the future inflation rate is 15%.

The second point to be discussed in this review is the procedure
used by the author to take inflation into account. This proced-
ure, in a nutshell, is:

1) Adjust historical loss settlement data to remove the ef-
fects of inflation.

2) Analyse the data using the methods customarily used.

3) Adjust the projected loss reserves determined in terms of
real dollars in step (2), for the expected rates of infla-
tion.

This procedure allows the analysis to be performed without the
biases introduced by changing rates of inftation and then rein-—
troduces actual and expected rates of inflation after the analy-
sis has been completed.

There are some problems in this process which were not addressed
by the author., The primary one is the fact that different types
of losses, inflating at different rates, do not necessarily set-
tle at the same rate. The author has constructed an index of
inflation using a 60% weight for medical claims and 40%Z for in-
demnity ctaims. This, in turn, implies that &0% of the dollars
of claims occurring during a particular year will be medicatl
claims and the 40X will be indemnity claims. While this may
very well be true, on average, it is almost certain that medical
claims will settle faster than indemnity claims and thus will
be a2 larger portion of the claims settled in the initial year of
development, Conversely, they will form a smaller portion of
those claims settled later. This means that the relative weight
given to medical claims shoutd be ogreater than 40%Z during the
initial year of development and should be less than 60X subse-
quently.

Since data was lacking in ‘the paper to enable further explora-
tion of this point, workers' compensation claims from another
company were employed to study differences in claim settlement
rates between medical and indemnity claims. The process of set-
tling claims in workers' compensation lines is different, of
course, but the use of <this data should help to illuzstrate the
problem. The actual data is showun as Exhibit I, broken out by
medical, indemnity, and total claims. Shown on Exhibit II is
the relative proportion of medical claims settled at each stage
of development and it can be seen that uvhile medical claims were
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approximately 33% of the total, on average, they formed over 50%
of the claims settled during the initial year of development and
{ess than 20% after two years.

The proper way to handle different types of losses, where prac-
tical, is to analyse them separately. If this is not possible,
some attempt should be made to estimate what proportion of each
type of loss settles at each year of development, and these es-
timates should be used to split the data out into the different
types of loes.

Another problem with the method described in the paper is the
underlying assumption that all losses are affected by inflation
until paid. This assumption is probably net valid in many cir-
cumstances and a more general method is needed,

One way to handle this is to determine just how much inflation
does effect losses after they have occurred. Clearly, one pos-
sibility is the one made by the author that inflation continues
to effect loss amounts until payment. Another possibility would
be that once a loss has occurred, subsequent inflation will have
no effect. Atl other possibilities are between these two ex-
tremes.

One way to handle these possibilities is to create a matrix rep-
resenting the degree to which losses paid in a particutar vyear
of development are affected by inflation subsequent to the year
of occurrence. Such a matrix would represent a series of weights
to be applied to the relevant years. Suppose, for example, that
the accumption is made +that all intervening years have -equal
weight. In other words, this assumption implies that the value
of a loss settled four vyears after occurrence has been determin-
ed, in part, by circumstances existing at the date of loss, and
by circumstances existing at various dates thereafter. This
matrix, called UT, can be depicted as follows:

TABLE I

Effect of Inflation Subsequent to Ctaims Occurence

Chronotogical Deve lopment Year

Year = e e e e e s S e
AY+0 AY+1 AY+2 AY+3 AY+Y

0 1.00 0.50 0.33 0.25 0.20

1 0 0.50 0.33 0.25 0.20

2 0 0 0.33 0.25 0.20

3 1] 0 0 0.25 0.20

4 0 0 0 0 0.20
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This table is a statement of the hypothesis that events taking
place during all years subsequent to occurrence play an equal
role in determining the amount of losses paid. The author's
hypothesis about losses being affected by al! subsequent infla-
tion would be expressed by a similar table with all zerces ex-
cept for the diagonals which would al! be equal to one. The
other extreme hypothesis, that no inflation subsequent to occur-
rence affects losses, would be expressed by a similar matrix
with ones in the first row and zeroces elsewhere, Thus, feor any
given accident year, it is possible to calculate the inflation
index for subsequent years of development by taking the relevant
index as a row vector and multiplying it by the matrix WT. The
result is a vector showing the weighted effect of the different
years,

Shown as Exhibit III is a set of these matrices and a set of -in-
dices for medical and indemnity costs used to apply the proce-
dure to the  workers’ compensation experience shown in Exhibits
I and 1II. Also shown is the matrix of indices for the medical
and indemnity costs obtained by the above procedure. Exhibit
IV is similar to the author's exhibits since it shows the data
developed without +the inflation adjustments; the devetopment
using constant dotlars (but at current year levels), and then
the resultts obtained when a 10% rate of expected inflation is
factored back in. This, in turn is contrasted to the results
obtained by using the author's assumptions applied directly to
the combined medical and indemnity payments. It can be seen
that the reserves are higher in the latter case. Table II shous
the resulfs under inflation assumptions ranging from 7% to 15%.

In more forma! terms, we can state that the procedure recommen-
ded in this review is as follows:

1) Determine (judgmentalty or through research) the WUT matrix
showing the degree to which each year of inflation affects
losses subsequent to their year of occurrence.

2) Muttiply this matrix by the cotumn vector consisting of
the inftation indices for the period affecting each acci-
dent year. This consists of those years during which
losses are incurred and paid out for +the accident year,
WUhen this process has been completed for all accident
years being studied, a wmatrix will be formed where each
column will represent the weighted index for a particular
year of development, and each column will represent +the
weighted index for a particular accident year as it mat-
ures. Each member of this matrix will be denoted as 1 and
the matrix itself will be called the IOTA matrix. See Exh-
ibit IIT for an example of this procedure.

3) A new matrix is formed consisting of each member of the
loss development matrix divided by the corresponding mem—
ber of the IOTA matrix. This produces a matrix of paid
losses expressed in constant dollar terms.
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4) Loss reserve analysis is performed on this matrix of ad-
justed paid losses and loss payments are then projected
for the vremainder of each accident year. This can be
thought of as "filling out the loss development triangle”
and is illustrated in the author's paper by the area below
the solid line in his Exhibit II.

It is worth pointing out at this time that this process
does more than just allow for simulating the effects of
future inflation rates. The process of taking inflation
out of loss development experience also removes many of
the biases introduced by differential rates of inflation,
Shown in Exhibit V are the different loss development fac-
tors obtained before and after adjusting for inflation., It
is worth noting that the standard deviation of the loss
development factors has been reduced in most cases. While
this example is too restricted to be significant, it does
suggest that removing biases introduced by inflation might
tead to more accurate reserve projections.

9) The matrix resutting from projecting future losses after
removing the effects of inflation can then be used to pro-
ject future losses, given varying expected rates of infla~
tion, by waultiplying each member of this matrix by the
corvesponding member of the IOTA matrix. This, of course,
is the reverse of the procedure used to remove the effects
of inflation.

This procedure represents a more general case than that proposed
by the author. The author‘s example can be treated within this
procedure by using the identity matrix, WT, used in the medical
payments example. No attempt has been made in this review to do
more than suggest other possibildities for this matrix, but the
question of how much inflation affects loss reserve development
is a very important one and is worth further research,

Shown below are the reserves produced by the procedure described
above under inflation rates ranging from 7% to 15%:
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TABLE II
DEVELOPMENT OF WORKERS® COMPENSATION RESERVES

Indicated WC Reserve

Expected Separate Combined

Inflation Nlevelopment Development Difference
7.0% $ 22202 $ 22082 “120
8.0 22478 22570 92
2.0 22759 23069 310
10.0 23047 23580 2933
11.90 23339 24103 764
12.0 23636 24638 1002
13.0 23940 25185 1245
14.0 24250 25744 1494
15.0 26564 26317 1753
No Adjustment 22095 22039 1)

It can be seen that the differences between the two methods do
not become pronounced until there is a fairly large difference
between the wunderlying rate of inflation (approximately 7% in
this case) and the expected rate of inflation.

The author also suggests that a similar procedure can be emplyed
using incurred Lloss development data. It is hard to see houw
this can be accomplished, since reserves represent an estimate
made at a particular point in time about losses which are expec-
ted to be paid at a variety of future dates, They may also in-
clude expectations about future rates of inflation. Such esti-
mates can only be realized if the inflationary expectations un-
derlying the reserves match the inflation rates which actually
take place. No amount of moving a reserve up or douwn according
to an index can adjust for this problem. The formula provided
in the 'paper implicitly requires both paid loss and reserve
forecasts and will only provide accurate results if the paid
loss forecasts are accurate,

The author has provided a useful introduction to an important
subject. This review has attempted to pPoint out some of the
difficulties involved in adjusting for ¢the effects of inflation
and has suggested some refinements which shoutd allow thege ad-
justments to be made under somewhat more general conditions than
adopted in the paper.
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Exhibit I
WORKERS® COMPENSATION EXPERIENCE Page 1
Medical
Year  AYe0  avel  Avs2 | AYS3 | AY+s | AYSS  Aves
1970 1932 1193 288 155 113 92 61
1971 1668 2u0 21y 8y 103 50
1972 14657 991 244 150 130
1973 1797 11468 313 175
1974 2132 1562 482
197S 2463 1582
1976 2439
Indemnity

Year  AYH0  AYsl  AYe2 | AY+3  AYSh  AYIS | AYrE
1970 1561 2160 1291 98 459 257 259
1971 1334 1823 1032 651 317 304
1972 1489 2019 1067 645 512
1973 1447 2288 1441 750 |
1974 1676 . 2844 1700
1975 1997 2808
1976 2033
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Exhibit I

Page 2
WORKERS® COMPENSATION EXPERIENCE
Medical Plus Indemnity

Year  AYS0 AYeL | ave2  AYS3  AYsk  AYS  AY+6
1970 3493 3303 1579 953 572 3u9 320
1971 3002 2763 1246 735 420 354
1972 31L4é 3010 1313 795 ou2
1973 3244 w36 1754 225
1974 3808 Lu28 2182
1975 Y460 4390
1976 Lu72
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I, (Using paid

Year

1970
1971
1972
1973
1974
1975
1976

Total

II.

Year

1970
1971
1972
1973
1974
1975
1976

Total

WORKERS' COMPENSATION EXPERIENCE

PROPORTION OF MEDICAL CLAIMS PAID

loss projections not adjusted for

Exhibit II

Page 1

inflation)

36.0

34.1

34 . 5%

18.7
17.8
22.1
19.6
8.7

18.9%

i7.1

16.3

16.5%

19.5
20.1
19.1

19.6%

(Using paid losses adjusted to current doltars)

o4.5

55.7%

17. 6

18.3%

409

15.4%

19.8

18.7

19.5%

16.9
17.

N

17.

]

17. 4

16. 4

17.3%

15.5
15.7
16.2
16,1
15.3

15.8%




III.

Year

1970
1971
1972
1973
1974
1975
1976

Total

(Using p

WORKERS' COMPENSATION EXPERIENCE

PROPORTION DF MEDICAL CLAIMS PAID

aid loss projections

including future

Exhibit II

Page 2

inftation)

S4.5

55.0%

3.4

34.6%

18.7
17.8
22.1
19.¢9

19.0

19.0%

L1o

16.6

16.7%

19.8

20.2%

i9.0

19.4%



Exhibit III
Page 1

ARJUSTING LOSSES FOR THE EFFECTS OF INFLATION

I. Matrix of UWeights Used for Indemnity Claims

Chron,

Year e e e e e e e e e e e — e
AY+D AY+1l AY+2 AY+Z  AY+4  AY+S  AY+4 AY+T7T  AY+8

0 1.00 0.50 0.33 0.25 0.20 ©€.17 O0.14% 0.13 0.1}

1 0.50 0.33 0.25 0.20 0,17 O0.1i4 0.13 0.11

2 0.33 0.25 0.20 0.17 O0.1% 0.13 0.11

3 0.25 0.20 0.17 0.14 0.13 0.11

4 0.20 0.17 0.1% 0.13 0.11

S 0.17 o0.14 0.13 0.11

6 0.14 0.13 .11

K 0.13 0.11

8 0.11

IT. Matrix of Weights Used for Medical and Tota! Claims

Chron,
Year = = 0 0o momm e e e
AY+0 AY+1 AY+2 AY+3 AY+4 AY+S AY+S6 AY+7  AY+8
0 i.00 0.00 0.00 o©0.00 0.00 0.00 O0.00 O©0.00 0.00
1 1.00 0,00 o0.00 O0.00 O0.00 ©.00 0.00 0.00
2 1.00 ©0.00 0.00 0.00 0.00 0.00 0.00
3 1.00 ©0.00 O0.00 O0.00 0.00 0.00
4 1.00 0,00 0.00 0.006 o0.00

(4}
-

.00 0.00 0.00 0.00

6 1.00 0.00 0.00
7 1.00 0.00
8 1.00
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III.

Exhibit III
Page 2

ADJUSTING LOSSES FOR THE EFFECTS OF INFLATION

Indices Used
Year

1970
1971
1972
1973
1974
1975
1976

Medical

.653
695
717
W6
815
213
1.000

L2

Indemnity

. 660
706
731
. 798
. 861
. 932
1.000

Combined

. 657
702
. 740
. 780
.BY45
926
1.000



Exhibit III
Page 3

ADJUSTING LOSSES FOR THE EFFECTS OF INFLATION

IV. The I0TA Matrix for Medical payments assuming 10% inflation

llevelopment Year

ACCident ——=— e e e
Year AY+0 AY+1 AY+2 AY+3 AY+4 AY+S AY+6 AY+7
1970 . 4653 . 695 717 746 . 815 ,913 1.000 1.100
1971 695 \ 717 ,THé 815 .913 1,000 1,100 1.210
1972 V717 T84 815 ,913 1,000 1,100 1.121 1.331
1973 rd Y-} . 815 213 1,000 1,100 1.210 1.331 1.464
1974 . 815 913 1,000 1.100 1.210 1.331 1.464% 1.611
197S 913 1.000 1.100 1.210 1,331 1.464 1,611 1.772
19746 1.000 1.100 1.210 1.331 1.484 1,611 1.772 1.949

V. The IOTA Matrix for Indemnity payments assuming 10% inflation

Development Year

Accident —~———mme e
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+5 AY+4 AY+7
1970 . 660 . 683 704 729 . 755 . 785 . 815 . 851
1971 706 729 \ 792 779 . 810 841 .878 920
1972 751 775 803 836 . 848 207 930 . 998
1973 . 798 . 829 . 864 898 . 9238 .983 1,033 1.087
1974 .861 . 8946 931 973 1,021 1.072 1.128 1,189
1975 932 266 1,011 1.061 1.115 1.173 1.235 1.302
1976 1.000 1.050 1.103 1.160 1.221 1.286 1.355 1,429

VI. The IOTA Matrix for Total payments assuming 10% inflation

Development Year

ACCident —mm e e e e e
Year AY+0 AY+1 AY+2  AY+3 AY+l4  AY+3 AY+4 AY+7
1970 <657 .702 . 740 .780 «BUS .926 1.000 1.100
1971 702 <740 . 780 B4S 926 1.000 1.100 1.210
1972 L 740 . 780 845 926 1,000 1,100 1,210 1,331
1973 . 780 84T .926 1,000 1,100 1.210 1.331 1,464
1974 . B45S +?26 1.000 1.200 1.210 1,331 1,464 1,611
1975 926 1,000 1.100 1.210 1.331 1.464 1.611 1,772
1976 1.000 1.100 1.210 1.331 1.464 1.811 1.772 1,949
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Exhibit IV
Page 1

WORKERS®' COMPENSATION RESERVE PROJECTIONS
Ia, Medical: Without Inflation Adjustment

Development Year
ACC, | e e e e e e e e e e e ——
Year AY+0 AY+1 AY+2 AY+3 AY+4 AY+S AY+6 AY+7

1970
i971
1972
1973.
1974
1975
1976

Total Reserve = 4849
Ib. Medical! In 1976 Dollars

Ilevelopment Year
ACC, | e e e e e e e e e e e e e —

Year AY+0 AY+1 AY+2 AY+3 AY+Y4 AY+5 AYt+6 AY+7

1970
1971
1972
1973
1974
1975
1976

Total Reserve = 4247
Ic, Medical: Adjusted to a future inflation rate of 10%Z

Development Year
ACC. s e e e e e e e e e e e e e e
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+S AY+4 AY+7

1970
1971
1972
1973
1974
1975
1976

Total Reserve = 5193
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Exhibit IV
Page 2

WORKERS ' COMPENSATION RESERVE PROJECTIONS
ITa., Indemnity: Without Inflation Adjustment

Development Year
ACC, e e e e e
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+S AY+4 AY+7?

1970
1971
1972
1973
197y -
1975
1976

Total Reserve = 17246
IIb. Indemnity: In 1976 Dollars

Development Year
ACC. e e e e e

Year AY+0 AY+1 AY+2 AY+3 AY+4 AY+S AY+6 AY+7

1970
1971
1972
1973
1974
1975
1976

Total Reserve = 166295

IIc. Indemnity: Adjusted to a future inflation rate of 10%

DNevelopment Year
ACC, e e e e e e e e

Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+S AY+6 AY+7

1970
1971
1972
1973
197y
1975
1976

Total Reserve = 1785%
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IlIa.

Acc,
Year

1970
1971
1972
1973
1974
1973
1976

Total

IIIb.

Acc.
Year

1970
1971
1972
1972
1974
1975
1976

Total

ITIc.

Acc.
Year

1970
1971
1972
1973
1974
1975
1976

Total

Combined:

Exhibit IV

Page 3
UORKERS ' COMPENSATION RESERVE PROJECTIONS
Without Inflation Adjustment
Deve lopment Year
TTAYH1 AY+2  AYHZ  AY4H  ATHS  AY+s  AYH?

Reserve

Combined:

Reserve =

Combined:

493
3002
3144
3244
3gos
4440
Wu72

Reserve =

6846 10948
S765 2057
8264 9839
9 11027
11548 13577
12138 2 13425 13842 14272
11113 12318 13110 13624% 14047 14483
22039
In 19756 Dollars
Ilteve lopment Year

AY+1 AY+2 AY+3 AY+4 AY+5 AY+6 AY+7
10088 12222 13443 14120 15143
8008 9605 10474 10928 11785
8108 9661 10520 11162 12004
2 11436 12513
13178 13567 13867 14172
12838 13218 13509 13804
12092 12449 12724 13004

Adjusted to a future

inflation rate of 10%

Development Year

1013
11333

13102
13499
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Exhibit V
Page 1

WORKERS' COMPENSATION LOSS DEVELOPMENT FACTORS

Ia. Medical: Without Inflation Adiustment

Development Year

Vear TAYS0 AYH1  AYH2  AY+3  AYes  AYsS
1970 XXX 1,617 1,092 1.04S 1,032 1.025
1971 XXX 1.964 1.082 1.030 1.035 1.017
1972 ~ XXX 1.598 1.093 1.052 1.043
19273 XXX 1.650 1,106 1.0853
1974 XXX 1.733 1.130
1975 XXX 1,642
Average XXX 1.63% 1.101 1.045 1,037 1.021
Ib, Medical: With Inflation Adjustment

Development Year
Acc. e e e e e o
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+3
1970 XXX 1.580 1.086 1.041 1.026 1,019
1971 XXX 1,546 1.077 1.026 1.028 1.012
1972 XXX 1,575 1.083 1.042 1,032
1973 XXX 1.595 1.08%9 1.042
1974 XXX 1.654 1.111
1975 XXX 1.586
Average XXX 1,589 1.089 1.038 1.029 1.015

417

1.016 1.016

1.011 1.011



WORKERS'®

IIa, Indemnity:

AcCc.,
Year

1970
1971
1972
1973
1974
1973

Average

COMPENSATION LOSS DEVELOPMENT FACTORS

Without Inflation Adjustment

levelopment Year

XXX
XXX

IIb. Indemnity!:

Acc.
Year

1970
1971
1972
1973
1974
1975

Average

2.406

2.467

1.348

1.150

1.079

1.06%
1.098

1.081

With Inflation Adjustment

Development Year

XXX
XXX
XXX
XXX

XXX

2,357

2.416

1.331

1,140

418

1.072
1.059

1.088

1.073

1.044

Exhibit V
Page 2

AY+6 Final
1.040 1.040
1.040 1.040
AY+6 Final
1.034 1.03%
1.03% 1.034



Exhibit V

WORKERS' COMPENSATION LOSS DEVELOPMENT FACTORS Page 3

IITa. Combined: Without Inflation Adjustment
Development Year
AL C T e e e e e e e e e e e e
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+S AY+6 Final
1970 XXX 1.960 1.231 1,113 1.061 1,035 1.031 1.031
1971 XXX 1.920 1.216 1.105 1.034 1.043
1972 XXX 1.957 1.213 1,186 1.078
1973 XXX 2,065 1.262 1,109
1974 XXX 2,163 1.265
1975 XXX 1.984%
Average XXX 2.008 1.237 1.108 1.064 1.039 1.031 1.031
IIIb. Combined: With Inflation Adjustment
levelopment Year

Acc, =  mmemmememmm e — e reneee————— ——— - -
Year AY+0 AY+1 AY+2 AY+3 AY+Y AY+S AY+6 Final
1970 XXX 1.898 1.212 1.100 1.030 t.027 1.022 1.022
1971 XXX 1.874 1.199 1.090 1.043 1.032
1972 XXX 1,907 1.192 1,089 1.061
1973 XXX 1.983 1.230 1,091
1974 XXX 2.062 1.235
1975 XXX 1.911
Average XXX 1.939 1.213 1,093 1.052 1.030 1.022 1.022
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