NCCI Holdings, Inc. )
NCCI RESEARCH BRIEF April 2010

by Harry Shuford and Tanya Restrepo

|dentifying and Quantifying the Cost Drivers of Loss Development:
A Bridge Between the Chain Ladder and Statistical Modeling
Methods of Loss Development

Background

The analysis presented in this paper reflects NCCI's ongoing commitment to developing techniques and processes that
enhance our methodologies. Recent examples include introducing a new approach to class ratemaking, remapping of
hazard groups, changing the treatment of large losses, and developing statistical models for estimating loss trends. This
paper addresses recent work at NCCI on enhancing the modeling of loss development.

The Critical Role of Estimating Loss Development

An estimate of ultimate claims costs is essential to setting loss reserves and in determining trends in loss costs, which is a
key factor in ratemaking. At its most basic level, this requires some method of estimating future payments on claims from
past underwriting periods. In general, it seems appropriate to analyze the observed year-to-year growth in losses of prior
underwriting years to estimate how claims costs of more recent years might be expected to evolve. This typically is referred
to as “loss development.”

The most popular actuarial methods for evaluating and projecting loss development are largely a blend of mechanical and
subjective analyses. A leading example is the chain ladder method applied to a loss triangle. The chain ladder method
calculates period-to-period rates of growth in reported cumulative losses—typically either cumulative payments or
cumulative paid plus case reserves—by underwriting period. These growth rates for a given report period are averaged for
various combinations of underwriting periods; actuarial judgment is then used to select a set of development factors deemed
to be most representative of the anticipated pattern of future loss development. The selected development factors are then
applied to the most recent reported cumulative losses for each open underwriting period to forecast future remaining claim
payments and, hence, total (“‘ultimate”) losses for each underwriting period.

Interest is growing in the use of statistical models to estimate ultimate losses. In particular, the models developed by Barnett
and Zehnwirth' and by Schmid” have garnered the most attention recently. The two models share a common framework but
rely on markedly different statistical techniques to analyze claims experience. The common framework characterizes loss
development in terms of three time dimensions:

e Calendar year

¢ Development year

e  Exposure or underwriting year

In addition, both approaches analyze the growth in incremental payments. In terms of statistical methods, the

Barnett/Zehnwirth model uses maximum likelihood techniques, while the model developed by Schmid is Bayesian and
employs Monte Carlo Markov Chain simulation.

! “The Best Estimate of Reserves,” Glen Barnett and Ben Zehnwirth, Proceedings of the Casualty Actuarial Society, November 2000.
% See “The Workers Compensation Tail Revisited,” Frank Schmid, ncci.com, May 2009.
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Both models offer apparent advantages over the traditional chain ladder method. The most notable include:

e Separating the influence of inflation from the period-to-period run-off rate (i.e., the calendar year versus the
development year dimensions)

e Generating separate development factors for each policy or accident year
e The ability to identify and quantify the impact of reforms on development

Schmid’s Bayesian model has the added advantage of being able to handle sparse and missing data.

The Challenge and the Response

It should come as no surprise that many actuaries are uncomfortable using estimates of loss development and ultimate
losses that are generated by unfamiliar and, as yet, unproven statistical models. This is especially true because the chain
ladder method is time tested and intuitively appealing. The actuarial literature, however, recognizes some of the challenges
with the chain ladder method. A case in point is the recent attention given in Variance to the “important paper” by Quarg and
Mack on the Munich Chain Ladder Method (MCLM). The MCLM can be viewed as an attempt to address a disadvantage of
the traditional chain ladder method—separate calculations based on paid and incurred loss triangles often produce
dramatically different estimates of ultimate losses for a given underwriting year; the MCLM forces them to converge over the
development horizon.

The challenge lies in addressing the understandable reluctance among actuaries to use the output of statistical models. This
paper responds by providing a bridge between the intuitive appeal of the chain ladder loss triangle methods and the
analytical underpinnings of statistically based loss development models. In particular, it presents a framework that aligns the
time dimensions of the statistical models with readily understood and reasonable drivers of loss development. The statistical
estimates generated by the models, estimates of the period-to-period contributions of the drivers of loss development,
should be easy to interpret and apply using the framework in this paper.

The first section of the analysis develops a model that describes the loss development process in a way that identifies the
key drivers of period-to-period loss development.

The second section offers a series of case studies of how the model might be applied.

e The case study in the second section begins with a step-by-step analysis of the data in the countrywide medical triangle
to illustrate the changing contributions of key drivers over the course of development

e This is followed by similar analysis of the countrywide indemnity triangle
¢ Additional analysis examines differences in comparable drivers of countrywide medical and indemnity losses

¢ The countrywide analysis concludes with an illustration of how additional data, in this case both unit statistical and
transactions data, can be used to identify additional dynamics in the loss development process

e Additional examples are presented under the heading “Putting This Approach to Use”

e The first example uses state level data to illustrate how the model can help identify and quantify structural changes
in the development process

¢ This is followed by a description of a presentation at the 1988 CAS Loss Reserving Seminar that used a similar
approach to take explicit account for the impact of inflation on loss development

e The paper concludes with a brief discussion of the two leading statistical models and how the recognition and analysis
of the key drivers of loss development should make it easier to incorporate the results of statistical models in
determining ultimate losses

The Loss Triangle—A General Specification for Tracking Period-to-Period Loss Development

The conventional loss triangle contains data on cumulative costs (typically paid or paid plus case reserves) for claims by
accident year (AY) or policy year (PY) as reported at regular intervals (“report” or “evaluation” periods) over time (e.g., at 12
months, 24 months, etc.) As presented in Exhibit 1 (Cumulative Loss Triangle on the next page), the rows represent
accident years, and the columns represent report or evaluation periods relative to the start of the accident year (e.g., 12
months indicates the status at the end of the AY; 24 months is the status 12 months following the end of the AY).

The model of loss development below uses a loss triangle framework based on incremental payments: the first differences
in cumulative paid losses. Payments rather than incurred losses (i.e., “paid plus case” with or without IBNR) are more likely
to reflect the true loss development process. In contrast, the process underlying incurred losses includes the influence of
changes in reserving philosophy and in judgment about the underlying loss development process, not just the process itself.
Focusing on incremental development rather than the traditional cumulative development avoids potentially serious
statistical challenges including the extensive serial correlation in cumulative loss triangles. (See Exhibit 2, Incremental Loss
Triangle, based on Exhibit 1 on the next page.)
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Exhibit 1—Cumulative Loss Triangle—Countrywide Data (NCCI States)

ear | 1st | Znd | Jrd | 4th | Bith | Eth | Tth | Sth | Fth | 10th | 1ith | 12th | 13th | 14th | 15th | 16th | 17th | 18th | 18th | 20th
1380 - - - - - - - 1392,724,910 141,370,203 142713914 1444935770 1462637355 1479,116,228 1496511757 1510,518,324 1822 682417 1536,367,159 1543,395,868
1381 1BSEES1E2T  1ETOEI4ETE  1E00ATIATE 1620845717 1639MS423  IEBEAZEESE  1ETTABSSME  1ESBIT4TET  \TI2ZS39807  \T2THES205  \73S25TE06 1750425991
1352 1EEEA9913  1B907TEA2E  1TIZE23075 AFIEI00ITT  AT54096291  \TEA92905  \PHESE34HE  1SI505325 1SZETEISN 1339609859  B4TM4RRED  1SB0444512 1876689580
1983 189GR9E9 1929035240 1961527745 1987330591 201087597 2041444553 2067973269 209083645 200979344 2131389850 2 MIE0ETD 2159047270 2WE5ITI5D 2192384528
1354 S EMEAISEDS 2300195413 2MB245393 2383051702 2417430834 24552808205 2400861754 2523695395 DE4NIVIFT  2ETEITE329 2592082045 2EIRATSES  2EI2ATOMT  2EB2291861 2675375335
1985 2ABDIG3A09  2EITTES323  2B9TI00868  2E44754302  2EO6E02049 2727353974 2TEE090385 2803432989 2330750792 2867059061 2891076310 29M6ES5132  2S42035838 2964325085 2990085390 3006743512
1386 2620963035 2742525208 2834452765 288609709 2930994364 2984541752 033262000 3080981381 BIZ2T0263 BIGL03185 3199206359 32MS4E593  B24B4E5M9  BITREMIZ L2965ISATE 3320304033 3344575183
1967 - 2808278434 BOZE0ISTH 3ISHETI4R4 BIS5642587 3327220070 3301296397 3461405844 350950231 BE49230087 3594485029 3EIZ0I266  JEE41IT4E BEME0601 BTIROM4TIZ BTE4T09522  RTSAEGAEZE 3818302420 3847220876
1358 - 2873308375 3340475582 35G4354483  17I5930090  3ET3087M 3916569091 3997308546 4052308239 4N0024706 4155965827 4209081971 4250035799 4288783088 4329206001 A36B7H45TE  4407I96H63 4440127593 4471545523 -
1989 TETIGA4,S46  B2B2977.273 3784534615 4055750737 4219579716 4330292091 4425684718 4B0B2E9M7  45TRATIAZG  AE29259259  4ETATIITIS  ATIFROBEE  ATTAS03STE  4BME0TEE2  ASSE0MBIE0  4.900ME801  4937TME0TE 4974404073 -

1990 1327426530 3518322519 408074556 4330063503 4495077346 4621483092  ATMOS2,047 4790372607 4850269547 4908345080 4957240080 4995220877 5040217820 50S27IR082 5120590410 5153515267 5199977258 -
1991 174729388 3279592767 ATEOBI0041  BA02050747  4MASTEIT 4240062585 4308362585 4372E93209 4428279064 4475374520 456596268 4SESESITTE  45897BL322  4E26S10817  4EERT42139 497033000 -
1992 1663252970 3138041082 3548024270 3TESAIITT | BETABE855T  39517H4.202  A0I3ETES03 40853164 4108301446 4 MA036396 4194990309 4220829007 4254084850 4286706550 4319373674 -

1993 1518664331 2318018508 3190580497 3I6LA4EZED  346247HIE4 3530169099  ISBETIEIEI  IEI2EITA95  BETIIIZGGE  3TIOA04639  3TRLI03219 37S5205654  BEM103470 3843572509 -

1994 1520,220,639 284324713 3202080936 3378826502 3475132041 3541843886 3596935664 341993543 3622470510 3720318650 3762776867 3787781419 3,819,892,190 -

1995 1342398653 2501940707 2833596565 290491376 308529001 351743457 3207767950 3249565965 5290808495 3329080390 33673220 3397877690 -

1996 134271456 2529726273 2ETIZTATEE 30335057 3129200487 30MIET040 3244447679 B2EE2I5550  3329976ME  BATSII0301 3414306329 -

1997 142646682 272467 EID 2104721906 2,280,920,195 410,382,882 3,494,895,030 3569942481 2E12,997.749  2EEE028226 3708772002 -

1998 1366036567 2603700279 2980576049  BI7A05048  33017IEIS5 3397069939 3A5T2BL07Z  3BII0073TZ BETETE2EES -

1999 143TFIBGE] ZBE2EISTEI 33TISTIG0 3547301690 395343333 3913589883 3900337822 3979374043 -

2000 1487316254 2959285300 3433223778 3672554865 3821497358 3934544465 4,021205,835 -

2000 15SRETLIY  BII6ISA0T2  IEMAITHE  SETASIIO00  405053TEY 4171521967 -

2002 1750047543 SADTIEEA4 BA2405IM3 4193346538 4359005913 -

2003 1822017453 31537480 4040065775 4,305,509,355 -

2004 19BETIEAI0 | ITRASHEEN 4284792713 -

2005 AIMTIZEEI 3917087267 -

Exhibit 2—Incremental Loss Triangle—Countrywide Data (NCCI States)

[Crear | 1t [ Znd [ 3rd [ 4th Gth [ Gth [ Tth [ ath [ ath T 10th [ 1ith [ 12th [ 13th [ 14th [ 15th [ 16th [ 17th [ 1ath [ 1ath [ Zth
1380 14,645,593 16,762,311 17,796,656 17,701545 16,472,872 17,395,530 14,006 568 12,144,094 13,704,741 702858
1981 - 23053249 20844502 20266238 18,202,707 17,279,272 21,031,252 20,714,729 4,764 270 1625592 10£392,402 12,162,395
1982 23ETIIT 220METAT 23,277,102 17,996,112 2289664 19,570,591 16,344,832 13,273,429 12,828040 TRI2 T2 13,002,228 16,244,769
1383 MM 32492505 26402246 24167008 23256,362 26528700 22,865,396 18,952 638 21593508 12,217,012 16,440,400 17,430,682 16,256,576
1354 - 54755305 44050530 37,306,709 M427A2 7E5TE2 355735 32833640 25476582 27008352 15,303,716 20393636 20,003,465 19.812514 23,084,275
1385 TIENGM  BI3I5545 47653433 41328648 40671024 IETIBHN . ITIM2E0S 2TATA0Z 36303369 24,07 649 25,578,321 26,380,707 20289347 25760805 26,657,522
1386 121562,073 SSETEET GREH4I54 BOSITME 4BSATIEE 45720248 47,719,381 4,767,882 35,553,922 WA 25T402M 23,513,556 4369172 23704654 23765058 24,271,150
1387 - 207740357 133262632 96,371,163 FAETTESZ B4066,727 BOME347  BOS44386 47279956 45264842 I7EM.237 azf2482 30388852 205241 29,658,810 29,991,308 23,607,601 28918448
1988 - - 4ETIET207 244372901 161083807 0130623 TA.260478 TITI9365 64,993,753 57,716,407 42,341121 50,116,142 40953829 38747389 40422313 39588574 33,602,088 32,720930 41754 -
1989 IETIE44Z4E 1591232427 BIEG5IM2 M2 183228979 0712376 96392627 80604429 BE182,275  BETETAIE BOME2E40 52007770 42774409 43302704 32237472 44101842 36,399275 7,267,997 -

1990 1827426530 1691395989 GHL923050 269323933 166005344 125405245 92568355 76320560 59396340 53,675,513 43292120 37380697 44,396,343 42515261 3TASTI2E 38924857 40,461331 -
1991 1734729388 \S44863373 489907274 222520706 152927570 95,134,268 BR200001  B4330523 55595955 47095755 41221448 33955504 34,200,551 37,152,595 /a2 34,290,361 -
1992 1EBIZ62AT0  1AT4TEE0HZ 409383208 207338007 174B6280  TEA25E45 £1,384,700 BIEIZ2E2 42300282 40734343 IERIM I5EINTHE 33AB5,743 32,621,700 I2E6T.124 -

1993 151968433 1299454177 TP04E1989 172862765 101,026,701 TOF094I5 53539267 45809833 38774962 29,091681 4798591 33002435 28897816 29469040 -

1994 1520220639 1223026474 368203822 ITETT45ET 96206539 6,711,245 BEQ91TTT 45062879 404TI9E8 37246040 WAEOIE 35004552 210,77 -

1995 1342992863 1052342044 331955252 1,022,411 S3ITI0NE  B34BI4E BEO244% 41,798,015 41,242,530 33281295 4082829 34704470 -

1996 LM27N456  LISTOMST 3M547493 162245291 95761429 65086553 50,030,633 HTETETI 43,760,535 48,163,155 36,167,028 -

1997 413646582 1318820351 72264272 196098290 1194526936 34512143 BE043451 54054268 GA0284T7  4274E7E2 -

1998 1366038567 12ITEERTH MPRIRTA 135172999 122EE5307  $545355 0013 BSTEE300 53755286 -

1999 1437713961 1424904822 454768407 229994500 1R09G1643  WSMESS0 86747938 7O018227 -

2000 1497316254 14TISEA054 473939470 2393M087  M8.942493 113,047,107 96,661,270 -

2000 15928721033 15435M873 495033891 256065237 163050553 120,998,203 -

2002 1750047949 1657018492 GIGSS4ETE 269295413 165759375 -

2003 1822017453 1699520027 528528295 265443580 -

2004 1366736930 1785161389 B2O.5038%4 -

2005 214732569 1822354692 -
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Developing a Model of the Drivers of Loss Development

In general, the amount of loss payments in any given period can be described by the following definition: ®
Total Claim Costs = Number of claims * Average number of payments per claim * Average cost per payment

e Total claims costs (Pt)

e The number of claims active/open in the period (CLt)

e The average number of payments per claim in the period (e.g., indemnity checks, medical bills — NPt)
e The average amount per payment (CPt)

Pt = CLt* NPt * CPt

Loss Triangles and Incremental Growth in Two Time Dimensions
This general specification can be modified to describe two time dimensions in loss development triangles:

e Development/run-off time—across columns
e Calendar periods—down the diagonals—from upper left corner to lowest right diagonal

Development Period Analysis (adjacent columnstandt + 1in asingle row i)

Incremental development can be measured by the ratio of total (incremental) payments in two successive report periods.
Incremental growth: * Gt + 1 = Pt + 1/ Pt =[(CLt + 1 * NPt + 1 * CPt + 1) / (CLt * NPt * CPt)]

The log growth rate:°*INnGt+ 1 =In(Pt+1/Pt)=InPt+1—In Pt =

[INCLt+1—InCLt] +[In NPt+ 1 —In NPt] + [In CPt + 1 — In CPt]

e [In CLt+ 1 -In CLt] is equivalent to the period-to-period claims closure rate.

e [In NPt+ 1 —In NPt] is a measure of the period-to-period rate of change in the average number of transactions per
claim—a key component in the change in utilization.

¢ [InCPt+ 1 —In CPt] reflects the rate of change in average cost per payment—primarily reflecting inflation in prices
applicable to the payment. There may well be changes between report periods in the mix of services that also impact
the average size of payments; changes in mix are generally considered another component in changes in utilization.

To some, this approach may be appealing in theory, but they may question its value in practice. To address this challenge,
the following sections apply this model to loss triangle data for countrywide workers compensation medical and indemnity
claims as reported to NCClI in its Financial Call for 2007.

® The proposed approach is based on a common definition: ~ Cost = Price * Quantity
Or, alternatively:  Cost = Price * Utilization
Where:  Utilization includes Quantity and Mix
“ Note that the incremental growth factor [Gt + 1 = Pt + 1/ Pt] is the incremental equivalent to the period-to-period link ratio used in the traditional
chain ladder method.

® Log values of the ratios technically are log growth rates; log growth rates have at least two useful characteristics.

First, they are symmetrical. For small rates of change, they are roughly the same as arithmetic growth rates; for large changes, arithmetic and log
growth rates convey different meanings:

e A change from 100 to 101 is a 1% arithmetic increase and a .995% log arithmetic increase

e A change from 1540 to 735 (the high and low for the S&P 500 in the most recent recession) is a 52% decline arithmetically, whereas a recovery
from 735 to 1540 would require a 110% increase

e In contrast, a change from 1540 to 735 is a 74% decline in log rates and a change from 735 to 1540 is a 74% increase

initial value 100 101 1540 735
end value 101 100 735 1540
arithmetic  1.000% -0.990% -52% 110%

log arithmetic  0.995% -0.995% -74% 74%

Second, when working with products of variables, their log growth rates are additive. This feature is used extensively in this analysis of the drivers
of loss development.
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Case Studies in the Analysis of the Drivers of Loss Development

Identifying and Quantifying the Cost Drivers of Countrywide® Medical Loss Development

The analysis of the components of medical loss development starts with a display of the data as reported; this is followed by
data showing two of the components—medical inflation and estimates of claim closure rates. The residuals after adjusting
for these two factors are estimates of the rates of change in average transactions per claim.

¢ As Reported—Nominal

¢ Deflated—Real

e Adjusted for Claims Closure Rates

¢ The Residual—An Estimate of Average Transactions per Claim

® The data for countrywide loss development covers only NCCI states. The source is Financial Call data for 2007.
5
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Step 1

Countrywide Medical Loss Development—As Reported—Incremental Growth Rates:

INGt+1=In(Pt+1/Pt)

As indicated in the previous exhibits, the Financial Call data covers portions of up to 20 report periods for the 26 accident
years from 1980 through 2005. Chart 1a shows the log growth rates of incremental medical payments by report period.

Chart la
Growth in Incremental Payments by Report Periods—
Log Growth Rates (arithmetic equivalent shown as [%] in the y-axis)

Development Factors - Log - Medical, Incremental, Nominal

1.000

0500
(+65%)

(0.500)

(-39%)
(1.000)
(-63%)
(1.500)
(-78%)
(2.000)
——1-2 —a—2-3 3-4 ——4-5 —#—5-6 ——6-7 ——7-8 —18-8 —10 10-11
11-12 12-13 ——13-14 —%—14-15 ——15-16 —+—16-17 —17-18 ——18-19 ——19-20
Chart 1b

The Impact of Medical-Only Payments Dominates the Early Report Periods—
Marked Rates of Decrease Over Periods 2to 3 and 3to 4

Development Factors - Log - Medical, Incremental, Nominal

1.000

0.500

(+036)

(0.500)
(-39%)

(1.000)
(-63%)

(1.500)
(-78%)

(2.000)

——=1-2 ——2-3 34 ——4-5 —#—586 6-7 7-8 89 9-10 10-11
11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20
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Chart 1c
Smaller Rates of Decrease Over Periods 5 to 6 through 10 to 11

Development Factors - Log - Medical, Incremental, Nominal
1.000
0.500
(+0%) /‘\‘/\\._4\ _/‘\ ‘
"1]7""4'“«-&--—'#" ad ;;n,-—'ﬁ.‘\‘

(0.500)
(-29%)

(1.000)

(1.500)
(2.000)

1-2 2-3 34 45  ——56 ——67 —+—78 ——89 ——5-10 10-11
11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20
Chart 1d
Large Variance in Rates of Decrease Over Periods 11 to 12 through 19 to 20
Development Factors - Log - Medical, Incremental, Nominal
1.000
0.500
(+65%)
(0.500)
(-39%)
(1.000)
(1.500)
(2.000)
1-2 2-3 34 45 56 6-7 7-8 89 9-10 10-11
11-12 1213 ——13-14 ——14-15 —»—1516 1617 ——17-18 ——18-19 —+—19-20
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High-Level Observations on the Pattern of Incremental Medical Loss Development

Paid medical losses remain unchanged to slightly down in the first two years of the typical accident year. This likely reflects
the ongoing payments for accidents that occur late in the AY, which extend into the second 12 months of the AY. (See Chart
1b.)

Thereafter, the payments begin to decline—at first (periods 2 to 3 and 3 to 4) rather dramatically because medical-only and
many temporary claims are closed. The rate of decline then begins to ease over periods 4 through 6. (See Charts 1b and
1c)

Late in development, the rates of change, on average, are rather modest with a large variance with, for example, a large
increase often being followed by a large decrease as a large payment moves from the numerator to the denominator of the
ratio of payments. (See Chart 1d.)

The changing pattern in the development of medical payments is also reflected in Chart 2, which presents the same data by
accident year.

Chart 2

Accident Year Patterns—
The Impact of Medical-Only Payments Dominates the Early Report Periods—
Steadily Smaller Rates of Decrease After Period 2 to 3 and
Increased Variance Late in Development With Some Apparent Serial Correlation in AY Factors

Development Factors - Log - Medical, Incremental, Nominal

1.000
0.500 A B
(+65%) \‘
(+0%) @

1- 2-3 34 45 5B

_~_ =
(0500 - £
(-39%)
(1.000) '-\‘ 4
(-63%) o
(1.500)
(-78%)
(2.000)
—e—2005 —=—2004 2003 2002 —%—2001 —e—2000 ——1999 ——1938 —— 1997 1996 1995 1994 1993
1992 1991 1990 —=—1989 ——1988 1987 1986 1985 —<—1984 —+—1983 —e—1982 ——1981 —— 1980
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Step 2
Countrywide Medical Loss Development—Accounting for the Impact of Inflation on Medical Loss Development: In
Gt+1-[InCPt+1-InCPt]

Changes in the rate of medical inflation are reflected in medical payments and, therefore, in the pattern of loss development.
It was no coincidence, for example, that medical severity grew markedly in the early 1980s; as seen in the charts below,
medical price inflation was extremely high. ” Chart 3a depicts the log rate of inflation in the medical consumer price index
(MCPI) for Calendar Years 1981 through 2006. Chart 3b illustrates how calendar year inflation would be expected to impact
the loss development of a given accident year, in this case AY 1980.

Chart 3a
Calendar Year Medical Inflation

Log of Medical CPI Growth Rates

0.120
0.100 /\\
0.080 /S

0.060 W \

0.020

0000 ——— T T

RS A A P MG R G R S AR L L LG SRS
I AN LN AR LA R LR O (- LN (- LN S LN, (P L i R el
s | 01 - [e dical CP1 Growth Rates

Chart 3b
AY 1980 Development Period Medical Inflation

Log of Medical CPI Growth Rates

0.120

0.100 /\

o]\ -
ol \. N
0.040 \

o p—

0.020

0.000 T T T T T T T T T T T T T T T T T T |
1-2 23 34 45 56 67 7-8 89 9-1010-1111-1212-1313-1414-1515-1616-17 17-18 18-1919-20

—1980

” The late 1970s was a period of high inflation. Paul Volker was appointed chairman of the Federal Reserve and given the assighment of
bringing inflation under control. The impact of his monetary policy is reflected in the decline in medical inflation in the early 1980s.

9
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Chart 4

Inflation-Adjusted Incremental Growth Rates Are Moderately Lower than Nominal,
Reflecting Reasonably Stable Medical Inflation Since the Mid-1980s

Development Factors -Log - Medical, Incremental, Adjusted by CY

1.000

0500 | e

(0.500)

(1.000)

L

(1.500)

(2.000)

——2005 —m—2004 2003 2002 ——2001 —e—2000 —+—19939 ——1995 — 1997 1996 1995 1994 1993
1992 1991 1990 —— 1989 ~— 1988 1987 1986 1985 ——1984 —#—1983 1982 —+—1981 ——1980

Chart 4 shows the incremental growth rates of medical payments after subtracting medical inflation. As a consequence,
each AY curve is slightly lower in Chart 4 relative to Chart 2. This can be seen by comparing the location of the values for
development between report periods 1 and 2. The inflation adjusted values in Chart 4 are slightly negative, whereas the
nominal values in Chart 2 are close to zero. The downward shift is modest because medical inflation since the early 1980s
has been relatively modest and stable.

Step 3
Countrywide Medical Loss Development—Claims Closure Is a Major Factor in Medical Loss Development

It is not surprising that claims closure is the key factor in the changing rates of incremental medical loss development. Chart
5 indicates that the rate of closure of medical claims® is high from periods 1 to 2 and periods 2 to 3. The pace eases steadily
over subsequent development periods. One observation: it appears that, deeper into development, the rate of incremental
claims closure has been trending upward in recent years. The curves in Chart 5 are more negative for more recent accident
years.

8 Estimates of claim closure rates are based on analysis of Unit Stat Plan data to capture the influence of medical-only claims and Financial Call
data for lost-time claims included in the medical payments data. For more details, see Appendix B.
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Chart 5
Medical Claims Closure—Estimated Rates of Change
Log of open claims share growth rates
AY by Report Period
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Step 4

Changes in Medical Transactions per Claim—The Third Driver of Medical Loss Development:
[INNPt+1-InNPt]==InGt+1-[InCPt+1—InCPt] —[In CLt+1-In CLt]

After accounting for inflation and claims closure, the balance of changes in incremental loss development should be
attributed to changes in the average number of transactions (i.e., payments) per claim. The values of the residuals for
medical loss development are shown in Chart 6. One prominent feature is the apparent marked increase in the average
number of payments per claim from period 1 to period 2. This is consistent with the data in Charts 2, 4, and 5. The rate of
change in incremental medical payments is close to zero and the impact of medical inflation is modestly negative. This
means that there must be a material increase in the average number of payments per claim to offset the high rate of claim
closures. There are at least two potential explanations for this: (1) the bulk of the claims closed early in development are
medical only, which typically have relatively few payments per claim; and (2) there likely is a difference in the average mix of
medical treatments between the two periods because the higher share of lost-time claims in period 2 should result in
relatively more claims in that period receiving higher cost medical services.

The subsequent ongoing decline in the proxy for the average number of payments per claim likely reflects the gradual
transition of medical treatment from active to maintenance; for example, a marked reduction in physical therapy sessions
but continuing use of prescription drugs. This is examined in more detail in a later section of this paper.

11
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Chart 6

The Residual—A Proxy for the Change in Payments per Claim—
Medical Transactions per Claim Appear to Increase From 1to 2,
Likely Reflecting the Distribution of Injuries Over the Accident Year;
Modest Declines Observed Over Subsequent Periods

Log Rate of Change in Medical Utilization
AY by Report Period
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Medical Loss Development—Observations

Assessing the Key Cost Drivers of Medical Loss Development Provides Insight Into the Underlying
Process of Loss Development

The preceding analysis suggests that the impact of medical inflation on loss development has been relatively modest and
stable at least since the mid-1980s. The rate of claim closures is the key driver of incremental loss development and is
especially prominent early in development due to the closure of the large number of medical-only claims. Some of the
impact of the closing of medical-only claims is offset by increases in utilization likely reflecting the increased share of lost-
time claims, which typically have higher average number of payments per claim and higher average cost of those payments.
As measured by the residual in the changes in loss development, the impact of changes in utilization becomes modestly
negative later in development.

Given the apparent prominent role of medical-only claims early in the development of medical losses, it seems likely that the
development of indemnity losses, which involve only lost-time claims, will exhibit a different pattern early in development.

12
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Identifying and Quantifying the Cost Drivers of Countrywide’ Indemnity Loss
Development

The analysis of the components of indemnity loss development also starts with a display of the data as reported,; this is
followed by data showing two of the components—wage inflation and estimates of indemnity claim closure rates. The
residual, after adjusting for these two factors, is an estimate of the rates of change in average transactions per claim:

e As Reported—Nominal

Deflated—Real

Adjusted for Claims Closure Rates

The Residual—An Estimate of Average Transactions per Claim

Step 1
Indemnity Loss Development—As Reported—Nominal Data: Incremental Growth Rates:
INGt+1=In(Pt+1/Pt)

As indicated in the previous exhibits, the Financial Call data covers portions of up to 20 report periods for the 26 accident
years from 1980 through 2005. Charts 7a—7c¢ show the log growth rates of incremental indemnity payments by report period.

Chart 7a

Incremental Indemnity Growth Rates Within Development Periods Are Reasonably Stable, With
Increases in Incremental Payments between Periods 1 and 2; Decreases Thereafter
As Reported—Nominal

Development Factors - Log - Indemnity, Incremental, Nominal
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® The data for countrywide loss development covers only NCCI states. The source is Financial Call data for 2007.
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Chart 7b

Incremental Indemnity Growth Rates Within Development Periods Are Reasonably Stable, With
Continuing Decreases in Incremental Payments and Slightly Smaller Declines Deeper in Development—
As Reported—Nominal

Development Factors - Log - Indemnity, Incremental, Nominal
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Chart 7¢

Incremental Indemnity Growth Rates Within Development Periods Are Reasonably Stable, With
Continuing Decreases in Incremental Payments and Slightly Smaller Declines Deeper in Development and
Increased Variance Late in Development With Some Apparent Serial Correlation—

As Reported—Nominal

Development Factors - Log - Indemnity, Incremental, Nominal
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High-Level Observations on the Pattern of Incremental Indemnity Loss Development

Paid indemnity losses increase markedly in the second year of the typical accident year. This likely reflects the ongoing
payments for accidents that occur late in the AY, which will extend into the second 12 months of the AY.

Thereafter, the payments begin to decline—modestly at first (period 2 to 3) and then (periods 3 to 4, 4 to 5, and 5 to 6)
faster but at a reasonably uniform pace as temporary claims are closed. The rate of decline then begins to ease over

periods 6 through 10.

Late in development, the rates of change, on average, remain rather modest with a large variance with, for example, a large
increase often being followed by a large decrease as a large payment moves from the numerator to the denominator of the
ratio of payments.

The changing pattern in the development of indemnity payments is also reflected in Chart 8, which presents the same data
by accident year.

Chart 8

Incremental Indemnity Growth Rates Are Reasonably Stable Across Accident Years, With
Variance Increases in Later Report Periods—
As Reported—Nominal

Development Factors - Log - Indemnity, Incremental, Nominal
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Step 2
Indemnity Loss Development—Accounting for the Impact of Inflation on Indemnity Loss
Development: In Gt + 1 —[In CPt + 1 —In CPt]

Changes in the rate of wage inflation are reflected in the level of accident year indemnity payments;*° the influence on loss
development, however, depends on the nature of a state’s WC benefits. In particular, only in a few states do indemnity
benefits for outstanding claims change to reflect changes in the state’s general wage level, often referred to as “escalation.”
As seen in the charts below, wage inflation was also extremely high in the early 1980s. Chart 9a depicts the log rate of
inflation in the countrywide average weekly wage (AWW) for Calendar Years 1981 through 2006. Chart 9b illustrates how, in
states with escalation, calendar year inflation would be expected to impact the loss development of a given accident year, in
this case AY 1980.

Chart 9a

lllustrates Cost Drivers of Loss Development and
Changing Pattern in Wage Inflation Impacting AY Payments

0.100 Log of Average Weekly Wage Growth Rates With Escalation

0.080 \\
0.060 \
0.040 /\

0.020

0.000 T T T T T T T T T T T T T T T T T T T T T T T T

L e B I o~ = Y S = = ey e T O I T Y~ X T o e e e I I B ™ =
PO 00 00 00 00 00 00 0 0 OV oD O oD
o=y QR Oy e N T ) N O N ) e O N O O e e R e Y s e Y e e
L T o T e T o T o R o O o T s T O o T O o N o TR O o O o TR O o T o Y o A I Y O Y A o I Y Y
Log - AWW Growth Rates - CY
Chart 9b

lllustrates Cost Drivers of Loss Development and
Deflating AY 1980 Incremental Indemnity Payments
if Indemnity Benefits Include Escalation

Log of Average Weekly Wage Growth Rates With Escalation
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0 5ee Appendix A for a discussion of how this model can be extended to include changes in accident year claim costs.
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Step 3
Indemnity Loss Development—Claims Closure Is a Major Factor in Indemnity Loss Development

It is not surprising that claims closure is also the key factor in the changing rates of incremental indemnity loss development.
Chart 10 indicates that the rate of closure of indemnity claims™ is high in period 1 to 2 and increases from 2 to 3. The pace
then eases steadily over subsequent development periods. Deeper into development, the rate of incremental claims closure
is similar to the closure of medical claims because most medical-only claims are already closed. As with medical, the curves
for indemnity claims in Chart 10 are more negative for more recent accident years.

Chart 10

lllustrates Cost Drivers of Loss Development and
Indemnity Claims Closure—Estimated Rates of Change

Log of open lost time claims share growth rates
AY by Report Period

12 23 34 45 56 67 73 39
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' Estimates of indemnity claim closure rates are based on an analysis of Financial Call data for lost-time claims. For
more details, see Appendix B.
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Step 4a

Indemnity Loss Development—Changes in Indemnity Transactions per Claim—The Third Driver of
Indemnity Loss Development: [In NPt + 1 —In NPt] =>1In Gt + 1 —[In CLt + 1 — In CL{]

After accounting for claims closure (and assuming no escalation), the balance of changes in incremental loss development
should be attributed to changes in the average number of transactions (i.e., payments) per claim. For indemnity claims, this
is primarily a function of claim duration. The values of the residuals for indemnity loss development are shown in Charts 11a
and 11b. One prominent feature is the apparent marked increase in the average number of payments per claim from period
1 to period 2. This is consistent with the data in Charts 8 and 10.

The rate of change in incremental indemnity payments is strongly positive and, by assumption, there is no provision for
escalation in indemnity benefits. This means that there must be a material increase in the average number of payments per
claim to offset the high rate of claim closures. There are at least two potential explanations for this: (1) the bulk of the claims
closed early in development were of short duration, which, therefore, are likely to have relatively few payments per claim;
and (2) there likely is a difference in the average mix of indemnity claims between the two periods because the higher level
of permanent claims in period 2 should result in relatively more claims in that period having more payments due to their
longer duration.

The subsequent decline in the proxy for the average number of payments per claim likely reflects the ongoing shift in the
mix of indemnity claims from temporary toward longer duration permanent claims, which often have higher benefit levels.
This shift seems to end between periods 3 and 4 because the rate of change in the proxy for average number of payments
per claim appears to level off near or just above 0%.

Chart 11a

The Proxy for the Number of Payments per Indemnity Claim (no escalation)
Appears to Increase Early in Development, Then to Decline to Near 0%

Log Rate of Change in Indemnity Utilization
AY by Report Period
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Step 4b

Indemnity Loss Development—Changes in Indemnity Transactions per Claim When Adjusting for
Escalation: [In NPt + 1 —In NPt] =>In Gt +1—[In CPt + 1 —In CPt] —[In CLt + 1 —In CLt]

Chart 11b includes the projected impact if incremental payments were deflated by the wage inflation depicted in Chart 9a.
The effect is small between periods 3 and 4 because the rate of change in the proxy for average number of payments per
claim appears to level off near or just below 0%. The actual impact of escalation on the development of countrywide
indemnity losses likely lies between no escalation (Chart 11a) and comprehensive escalation (Chart 11b).

Chart 11b

The Proxy for the Number of Payments per Indemnity Claim (with escalation)
Appears to Increase Early in Development, Then to Decline to Near 0%

Log Rate of Change in Indemnity Utilization
AY by Report Period
(with escalation)
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Indemnity Loss Development—Observations

Assessing the Key Cost Drivers of Indemnity Loss Development Provides Insight Into the
Underlying Process of Loss Development

The preceding analysis suggests that the impact of wage inflation on indemnity loss development has been relatively
modest and stable at least since the mid-1980s. The rate of claim closures is the key driver of incremental indemnity loss
development and is especially prominent early in development due to the closure of a large number of temporary claims.
Some of the impact of the closing of these short duration temporary claims is offset by increases in utilization likely reflecting
both increases in the average number of payments per claim and the higher average cost of those payments as the share of
higher cost and longer duration permanent claims increases. As measured by the residual in the changes in loss
development, the impact of changes in utilization becomes negligible later in development.
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Comparing Patterns in the Drivers of Countrywide Medical and Indemnity Loss

Development

Observed Differences Between Countrywide Medical and Indemnity Seem Reasonable

Incremental Growth Rates®?

¢ Incremental Development Patterns Seem to Converge After Periods 4 to 5

e Late in Development:

¢ Indemnity Slightly More Negative
e Indemnity Exhibits Greater Variance

Chart 12a (repeat of Chart 2)
Accident Year Patterns—Incremental Medical Payments—

The Impact of Medical-Only Payments Dominates the Early Report Periods
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Chart 12b (repeat of Chart 8)

Accident Year Patterns—Incremental Indemnity Payments, With

Variance Increases in Later Report Periods
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' Charts in this section (pp. 20-22) are duplicates of charts presented earlier.
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Observed Differences Between Countrywide Medical and Indemnity Seem Reasonable
Incremental Claims Closure

Role of Medical-Only Apparent in Periods 1 to 2

Incremental Claim Closure Patterns Seem to Exhibit Similar Paths After Periods 2 to 3

Later in Development:

Indemnity Rates of Closure Are Higher
Medical Rates of Closure Become Small, Arguably Approaching Zero

Chart 13a (repeat of Chart 5)

Claim Closure Patterns—Medical
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Chart 13b (repeat of Chart 10)
Claim Closure Patterns—Indemnity
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Observed Differences Between Countrywide Medical and Indemnity Seem Reasonable
The Residual: Average Number of Transactions per Claim

e Role of Medical-Only Apparent in Periods 1 to 2

Chart 14a (repeat of Chart 6)

Transactions per Claim—Medical

Log Rate of Change in Medical Utilization
AY by Report Period
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Chart 14b (repeat of Chart 11b)
Transactions per Claim—Indemnity
Log Rate of Change in Indemnity Utilization
AY by Report Period
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Once the influence of medical only is diminished (period 3), the estimates for utilization change appear to be comparable for
medical and indemnity loss development.
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Using Additional Data to Enhance the Understanding of the Drivers of Loss

Development

Observed Differences in Estimates of Average Number of Medical Transactions per Claim
Likely Evidence of a Change in Mix of Medical Services Over Development—The Residual vs.

Estimated Average Number of Transactions per Claim Using Transactions Data

Chart 15 (repeat of Chart 6)

The Residual—An Estimate of Average Medical Number of Transactions per Claim
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Chart 16

An Estimate of Average Medical Number of Transactions per Claim—Transactions Data
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Chart 17

Differences in Alternative Estimates of Average Medical Number of Transactions per Claim—
Residual vs. Transactions Data
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The differences between these two measures of “utilization” suggest that medical loss development is also impacted by the
changes in the mix of medical services over development periods. In particular, from period 1 to 2 the residual estimate is
larger than the estimate based on an analysis of directly observed data; this suggests that between these two periods there
is a relative increase in higher cost treatments. This is consistent with the data for periods 1 to 2 shown in Chart 19. In
contrast, between periods 2 and 3 the difference in Chart 17 becomes negative. This could reflect a shift toward a less
costly mix of services. However, Chart 19 indicates that, based on an alternative set of data, the shift to a more costly mix of
treatments continued from periods 2 to 3. A different explanation, therefore, is needed. In particular, the residual also
reflects the impact of estimated changes in claims closure rates. If the closure rate from periods 2 to 3 is overstated the
decline in treatments per claim would be understated, resulting in a residual that was probably more negative than
appropriate. This suggests that additional effort is required to more clearly estimate the claims closure rate that underlies
this loss development triangle.

This ambiguous pattern continues at a modest level from period 3 on into development. Charts 15 through 17 indicate that
the residual measure of changes in utilization remains slightly lower than the directly observed estimate of changes in the
number of treatments per claim. In contrast, Chart 19 indicates that on average the directly observed change in average
cost per treatment was typically equal to or greater than the change in the Medical Consumer Price Index. Thus, differences
in the two estimates of utilization beyond period 3 also likely reflect differences in the estimates of the timing of claim
closures.
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Chart 18

Log Rate of Change in Average Cost per Billed Treatment (i.e., Transaction)—Transaction Data

Log of the Change in Average Cost per Treatment for All
Claims (Med-only and Lost-time)
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Chart 19

Difference: Log Rate of Change in Average Cost per Billed Treatment (Transaction Data)
Less Log Rate of Change in MCPI

Difference: Log of the Change in Average Cost per Treatment for All Claims
(Medical-Only and Lost-Time) and LN MCPI
AY by Report Period
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Chart 19 indicates that, early in development (periods 1 to 2 and 2 to 3), the rate of change in the average cost per billed
treatment is considerably higher than would be expected based on medical price inflation alone. This is due to the change in
the mix of claims and the related change in the mix of billed medical treatments (a measure of transactions). Charts 20 and
21 confirm this. Chart 20 indicates that the increase in the number of treatments per claim for higher cost complex surgery
from report period 1 to 2 was higher than average, while the relative increases in the number of lower cost office visits and
simple surgery were below average. The decline in relatively low cost physical therapy and an increase in higher cost drugs
and durable medical equipment are the key changes in mix from period 2 to 3. Such changes in mix are generally
considered to be a component of changes in utilization.
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Chart 20

Percentage Change in the Average Number of Treatments per Claim
by Medical Service Group—Report Periods 1 to 2 and 2 to 3
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Chart 21 provides further evidence of the impact in the change in the mix of medical services early in the development of
medical losses. The increase in the overall average cost per treatment from period 1 to 2 was driven largely by higher cost
medical services including hospital services, complex surgery, and drugs, supplies, and durable medical equipment. The
contributions from lower cost services such as office visits and X-rays (diagnostic radiology) were negative. From period 2 to
3, increases in hospital services, drugs, supplies, and durable medical equipment (along with all “other”) offset declines due
to complex surgery and physical therapy.

Chart 21

Percentage Contribution to Change in Average Cost per Treatment
by Medical Service Group by Report Period 1 to 2 and Period 2to 3
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Putting This Approach to Use
Indentifying Possible Structural Changes

It is often difficult to identify, much less to quantify, in cumulative data the impact of structural changes on loss development
and, therefore, on ultimate losses. The charts below suggest that the analysis of incremental payments may help to address
this challenge. These charts also track the log rate of change in incremental payments for the first four development periods
for an individual state. Note that the increase in indemnity payments from the first to the second report period dropped
steadily from 1989 to 1994. The rate of change in incremental medical payments followed a similar trend and actually began
to show declines in AY 1992. This likely reflects structural changes in this state’s workers compensation system during the
turmoil in the voluntary market and the growth of the state’s residual market.

Chart 22a

Pattern of Log Growth Rates of Incremental Indemnity Payments AY 1989-AY 2005—
First Through Fifth Report Periods
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Chart 22b

Pattern of Log Growth Rates of Incremental Medical Payments AY 1989-AY 2005—
First Through Fifth Report Periods
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Addressing the Differential Impact of Inflation

The approach outlined in this paper should not be viewed in isolation. Indeed, this analysis of the drivers of loss
development should be viewed as an extension of the conventional chain ladder method that uses cumulative payment
data. In this regard, it is interesting to note that Frank Ceplenski used something very similar in a paper that he presented at
a session on “Explicit Methods to Handle Inflation” at the 1988 CAS Loss Reserve Seminar. As noted above, medical and
indemnity severity had been strongly impacted by the high rates of inflation experienced in the late 1970s (see Chart 23 for
Ceplenski’s selection of relevant inflation rates). These rates of inflation were imbedded in the link ratios based on loss
triangles of data from that period. The Ceplenski paper proposed a method to adjust historical loss development to account
for differences in past inflation and the anticipated lower inflation in future development periods.

Chart 23

Rates of Inflation That Would Be Expected to Impact Loss Development™®

Exhibit 3b

Economic Indices for Paid Loss Analysis
Base Case Scenario
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The first five steps outlined in Ceplenski’'s presentation are virtually identical to the first steps in the incremental payments
approach described above. Steps six and seven reflect a return to squaring the conventional cumulative triangle, based on
deflated payment data. The remaining steps describe the process of converting the deflated cumulative payments into
cumulative payments that reflect inflation rates anticipated over future development:

1. Identify the Appropriate Economic Indexes

Determine Medical Prices and Wage Rates

Obtain Paid Loss Data

Decumulate (i.e., get incremental payments)

Deflate

Sl S

'3 Source: “An Analysis Using Industry Paid Loss Data: Methodology and Results,” Frank Ceplenski, CAS Loss
Reserve Seminar, September 19, 1988.
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Recumulate the Triangle

Square/Rectangle the Triangle Using Calculated (cumulative) Development Factors
Decumulate

Reinflate (using forecast price indexes)

10. Recumulate

11. Result: An Estimate of Ultimate Paid Losses

© 0 N o

Bridging the Gap Between the Chain Ladder and Statistical Modeling Methods of
Analyzing Loss Development

Statistical Models of the Drivers of Loss Development

Barnett and Zenwirth have described a statistical modeling approach for analyzing loss development. (“Best Estimates for
Reserves,” Glen Barnett and Ben Zehnwirth, Proceedings of the Casualty Actuarial Society, November 2000, pp. 245-321.)
It features the use of incremental payment data and models “trends in the three directions; viz., development-year, accident-
year and payment/calendar-year” (p. 266). This is a statistical approach to modeling the drivers of loss development
described above.

Frank Schmid has developed an alternative statistical model for evaluating loss development. Schmid also models
incremental paid development in the three time dimensions identified by Barnett and Zehnwirth. (“The Workers
Compensation Tail Revisited,” Frank Schmid, September 25, 2009, submitted to the journal Variance and available on
ncci.com.) However, the two approaches employ markedly different statistical methods; Barnett and Zehnwirth employ
frequentist tools of maximum likelihood in their analysis. In contrast, Schmid uses Bayesian statistics and Markov Chain
Monte Carlo simulation (MCMC).

The Challenge

The challenge lies in addressing the understandable reluctance among actuaries to use the output of unfamiliar statistical
models. These statistical models have been sometimes characterized as being a “black box”; that is, it is not clear what the
models are doing. In fact, each model is designed to estimate the impact of the drivers of loss development—claim closure
rates and systematic changes in mix over development years, inflation across calendar years, and, as illustrated in
Appendix A, inflation and changes in frequency and exposure over accident years.

The Bridge

This paper responds by providing a bridge between the intuitive appeal of the chain ladder loss triangle methods and the
analytical underpinnings of statistically based loss development models. In particular, a framework is developed that aligns
the time dimensions of the statistical models with the drivers of loss development. The statistical technology may be
different but, as illustrated by the case studies in this paper, the estimates generated by the models—estimates of the
period-to-period contributions of the drivers of loss development—should be easy to interpret and apply.

Final Observations

The analysis presented in this paper reflects NCCI’s ongoing commitment to look for opportunities to enhance our
methodologies. The analysis of loss development is critical to both reserving and ratemaking. Building a bridge between the
standard chain ladder method and the emerging area of statistical modeling should enhance the value of each approach. A
key next step is already under way at NCCI; models based on Schmid’s Bayesian framework are being used to analyze
incremental payment data derived from triangles used in NCClI's standard ratemaking. This should help to identify the
strengths of each approach and will be key in determining how the two methods can best be used to jointly provide greater
insight into the loss development process. The analysis of systematic changes in the drivers of the observed loss
development will contribute to this assessment.

Acknowledgements: The authors would like to thank Anna Elez, Chun Shyong, and Daniel Stern of NCCI’s Actuarial and
Economic Services Division for their contribution to this research study.
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APPENDIX A

Examining the Third Dimension in Loss Development: Underwriting Period—Down the Columns

The focus of this paper was identifying the drivers of loss development; these operate in two dimensions—development
years and calendar years. There is a third dimension, as mentioned by Barnett, Zehnwirth, and Schmid—underwriting year
(i.e., accident or policy years). Specifically, in a loss triangle, this would be down the rows, especially down the first column.

Loss Triangles and incremental growth—adding the third dimension:

e The specification of the initial payment period (the first column) must be modified from the one used above

¢ The number of claims (CLt,1) is replaced by the product of frequency (FRt,1) and exposure (XPt,1), i.e., number of
claims = frequency times exposure

Number of claims = Frequency times exposure:

e CLt,1 =FRt,1 * XPt,1 where the “t” represents underwriting period (e.g., AY 2004)
e [InCLt+1,1-InCLt1]=[In FRt+1,1—InFRt,1] + [In XPt + 1,1 — In XPt,1]

e [InFRt+1,1-InFRt1]is equivalent to the rate of change in frequency

e [In XPt+ 1,1 -In XPt,1] is a measure of the rate of change in exposure

Including exposure makes it possible to incorporate in the analysis the impact of factors such as shifts to and from large
deductible policies and changes in the level and mix of employment over the business cycle.

Applying the change in frequency establishes an estimate of the initial number of claims, which serves as a base for the
modeling of the claims closure portion of subsequent period development.

The log incremental AY to AY growth rate: InGt+ 1,1 =In(Pt+1,1/Pt1)=InPt+ 1,1 -InPt1 =

e [InFRt+1,1-InFRt1]+[In XPt+ 1,1 —In XPt,1] + [In NPt + 1 —In NPt] + [In CPt + 1 — In CPt]

e [InFRt+1,1-InFRt1]is equivalent to the trend rate of change in frequency

e [In XPt+ 1,1 -In XPt,1] is a measure of the rate of change in exposure

e [InNPt+1,1-InNPt1]is a measure of the period to period rate of change in utilization in the initial payment period
e [InCPt+1,1-InCPt1] reflects the rate of change in prices applicable to the initial payment period
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APPENDIX B

Documentation of Data Sources and Assumptions in the Analysis of Drivers of Loss Development

Estimates of claims closure rates and inflation were required to decompose the factors driving loss development. For
inflation, we used the countrywide average weekly wages derived from Current Population Survey data for indemnity and
the medical consumer price index for medical.

Obtaining estimates of claims closure rates was a little more involved and required several assumptions. First, we estimated
the share of claims closed (percentage of closed claims to total claims) for each report period and accident year. For
indemnity, we used Financial Call data consistent with that used for the loss development triangles used in this project. Data
was available for up to nine report periods for Accident Years 1998—-2006. Since Financial Call data excludes medical-only
claims in the claim counts, we turned to data from the Workers Compensation Statistical Plan (WCSP) for the share of
claims closed for medical. From this data source, we obtained claims closure rates for all claims (lost-time and medical-only)
combined. The following conversions and assumptions were made:

1. WCSP data is reported at months 18, 30, 42, etc., while Financial Call data is reported at months 12, 24, 36, etc. For
reports 2 through 9, the WCSP data was adjusted to be consistent with the Financial Call data by averaging two
successive reports. For example, to be consistent with the Financial Call data used in this analysis, a 2nd report for 24
months was obtained by averaging the WCSP data for 1st report (at 18 months) and 2nd report (at 30 months).

2. To obtain an estimate that is consistent with first report at 12 months, we assumed that 90% of the medical-only claims
closed at 18 months are closed at 12 months and applied that percentage to the share of medical-only claims at 18
months. To that we added the product of the share of indemnity claims closed at 12 months from the Financial Call data
and the share of lost-time claims at 18 months from WCSP data. Essentially, this is the sum obtained by applying the
share of closed claims for medical-only and lost-time to the share that medical-only and lost-time claims represent of
total claims.

Using the estimates of claims closed for each report period and accident year, we then estimated the average share of
claims open each period for reports 2 through 9. First, we calculated the share of open claims each period by taking 1 minus
the share of closed claims discussed above. Then, we subtracted the share of open claims at the end of the current period
from the share of open claims at the end of the previous period, divided by 2 and added that to the share of open claims at
the end of the current period.

{[(@ — share closed at end of previous period) — (1 — share closed at end of current period)] / 2} + (1 — share of claims closed
at end of current period).

(1 — share closed at end of a period) = the share open at the end of a period.
So it is essentially {[(share open at start of period) — (share open at end of period)] / 2} + (share open at end of period).

Dividing the difference in the average number at the beginning and end of the period by 2 is intended to approximate the
average number of claims with transactions during the period.

We used a crude model to obtain an estimate of the average share open for the 1st report by calculating the weighted sum
of the claims in the initial buildup and the claims when closure offsets new claims. We assumed we start with a claim a day
for 365 days. If claims are coming in evenly over the period, then the share open at the end of the period is linked to the
duration. For example, if 50% of claims are open at the end of the period, then that means 50% are closed. If you assume
that they come in evenly over the period, then the average duration is half of 365 or 182.5 days. If 60% are open at the end,
then the average duration is 219 if we assume they come in evenly over the period. Using this assumption, we can estimate
the net new claims each day and the total claims open each day. The sum of the total open claims gives the number of
claim days. Taking the ratio of the number of claim days to the maximum possible number of claim days gives an estimate
of the share open during the period.

Once we have the average share of claims open each period, taking the ratio of adjoining columns results in the change in
the share of open claims in each period. The log of the ratio is the log rate of change or a claims closure rate.
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