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THE CALCULATION OF AGGREGATE LOSS DISTRIBUTIONS FROM 
CLAIM SEVERITY AND CLAIM COUNT DISTRIBUTIONS 

PHILIP E. HECKMAN 

GLENN G. MEYERS 

VOLUME LXX 

EDITOR’S NOTE 

The following pages reproduce the exhibits associated with the paper “The 
Calculation of Aggregate Loss Distributions from Claim Severity and Claim 
Count Distributions” by Philip E. Heckman and Glenn G. Meyers (PCAS LXX, 
1983). These exhibits were omitted from the original printing of the paper. 
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EXHIBIT II 

COLLECTIVE RISK MODEL 

IaGGRCGCITE 
LOSS LIHOUNT 

50000 00 
100000 00 
l50000 00 
200000 00 
*50000 00 
300000 00 
350000 00 
900000 00 
*50000 00 
500000 00 
550000.00 
600000 00 
650000 00 
700000 00 

EXCESS PURC 
PREHI”” 

1)50056 03 
‘100903 ZH 
353535 23 
3011630 16 
266560 19 
227996 3* 
1911159 59 
16OOYY. 58 
132125. ns 
1079112 L2 

5 252 

EXCESS PVRE 
PRCHI”” RATIO 
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EXHIBIT IV 

COLLECTIVE RISK MODEL 
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EXHIBIT V 

COLLECTIVE RISK MODEL 
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EXHIBIT VI 

COLLECTIVE RISK MODEL 
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EXPCCTCD CLF\IH SCVCRITY 
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1 47086 CIGCt30 
2 363112 LIGC 30-3’J 
3 35830 &GE 35-39 
‘) 5*93x C)G(I ‘to-‘t’t 
5 13G12G nGt ‘tS 99 
6 270050 PiGC 50.51) 
7 3‘?5L)71 AGC 55-59 
8 258525 CIGC 60-61) 
9 13297 AGC 65+ 

CONTFIGION CLCIIH COUIJT CLAItl COUNT 
PQRFIHCTER HEAN ST0 DCV 

-0 0005 2 295 1 51') 
-0 0009 1 399 1 11r2 
-0 0010 1 310 1 1ltY 
-0 0012 1 826 1 350 
-0 0010 3 9li2 1 9 9 1 
-0. ooon 7 zl 9 9 2 801 
-0 0010 10 721 3 255 
-0 0018 7 002 2 629 
-0 0900 0 590 0 759 

HIXIIJG PCIRCIWETER 0 0000 
CIGGRCGCITE HCC)N 12’17615 
FIGGREGFITE ST0 CCV 2613182 

CIGGRCGnTE ENTRY CUnULnTIVt 
LOSS fitlOUtJT RfiTIO PRODAUILITY 

129761 50 
Z’t9523 00 
37421f’t 50 
‘t99OYG 00 
623807 50 
7Y8569 00 
I173330 50 
99UO92 00 

11221153 50 
lZ't7615. 00 
1372S71, 50 
199713x 00 
1621899. 50 
17116601 00 
1871’tZZ 50 
1976189. 00 
21209’tS 50 
22’t5707 00 
237O’tbO. 50 
2Y95230 00 

0 1000 0 0000 
0.2000 0 0000 
0 3000 0 0000 
0 9000 0 0006 
0 5000 0. 0047 
0 6000 0 0226 
0 7000 0 0739 
0.~000 0.1776 
0 9000 0 33v2 
1.0000 0 5180 
1.1000 0 6713 
1 2000 0 8256 
1 3000 0 9129 
1 woo0 0. 9615 
1.5000 0 911vu 
1.6000 0. 99’tG 
1.7000 0 99113 
1.8000 0 9995 
1.9000 0.9999 
2.0000 1 0000 

EXCESS PURE EXCESS PURE 
PREHIUH PREWIUH R&T10 

1122053. Y9 
99i1072 02 
1173331 76 
7lt1159b 17 
ciz'(o91 03 
500799 81 
381573 91 
271922 78 
178628 28 
1069YZ. 9x3 

57912 Lt9 
20257 ‘to 
12911 61 

‘(913 10 
1757. 08 

569 -57 
167. 97 

YS 23 
11 16 
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0 8000 
0 7000 
0 6000 
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0 YOl4 
0 3059 
0 2100 
0 1432 
0 0857 
0 OYG't 
0 0226 
0 0099 
0 0037 
0 0019 
0 0005 
0 0001 
0 0000 
0 0000 
0 0000 



AGGREGATE DISTRIBUTIONS 57 

EXHIBIT VII 

COLLECTIVE RISK MODEL 
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EXHIBIT VIIIC 

COLLECTIVE RISK MODEI 
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EXHIBIT VIIIC (cont.) 

COLLECTIVE RISK MODEL 

EXCFISS P”RE 
PRCHI”” 

EXCESS P”RE 
CPCWIUH l?ATIO 
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EXHIBIT IX 

CIIftNXfilflltftlffllXfttiliYtifllllstli~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
C PROGRAM USE0 HITH 
C "THE CALCULATION OF AGGREGATE LOSS DISTRIBUTIONS 
C FROM CLAIM SEVERITY AND CLAIM COUNT DISTRIBUTIONS" 
C BY 
C PHILIP HECKMAN AND GLENN MEYERS 
C 
C THE PROGRAM IS WRITTEN IN IBM FORTRAN WIlH Gl COMPILER. 
Crfft3ffftfffitfillf~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~X~~~~~~~~~~~N~~~~~~~~ 

IflPLICIT REAL18 (A-H,O-2) 
REALI8 CUMPRB(128),AMT(128,32),PK(128,32) 
REALI VARC(32),XLAM(32),SIGP(32),EXLOSS(32) 
REAL*8 A(257),T(256,5),F(256,5),G(256,5),X(512),ER(512) 
INTEGER NPTS(32) 
COMPLEXflG NAME(32),EXHBT 

CffXlllflt~tlilfttff~~~~~~H~~~~~~~~~~~~~~~~~~~m~~~~~~~~m~~~~~~~~~~~~ff~~~ 
C STEPS 1 AND 2 
CJltlftfXifPXrtttttifPIYtllXIliiYfXtltlfi~~~~~~~~~~~~~~~~~~~~~~~~~~~~~m~~ 

SIGSQA=O.O 
XMUA=O.O 
READ(3,l)EXHBT 

C EXHBT IS SUPPLIEO TO IDENTIFY THE RUN 
1 FORMAT(ZA8) 

READ(3,I)VARB 
C VARB'MIXING PARAMETER 

VARB=OMINl(VARB,l.D-10-7) 
VARB=DMAXl(VARB,lD-7) 
00 10 N*1,32 
READ(3,t,ENDn20)EXLOSS(N),VARC(N) 

C EXLOSS'EXPECTEO LOSSES FOR THIS LINE 
C VARC'CONTAGION PARAMETER FOR THIS LINE 

IF(DABS(VARC(N)).LT.lD-7)VARC[N)=lD-7 
READ(3,1)NAME(N) 

C NAME IS SUPPLIED BY THE USER TO IDENTIFY THE C.S.D. 
READ(3,f)NPTS(N) 

C NPTS IS THE NUMBER OF POINTS NEEDED TO SPECIFY THE C.S.O. 
AMT(1,N)'O.O 
CUMPRB(1)'D.O 
NPTS(N)=NPTS(N)tl 
x1=0.0 

X2'0.D 
NPT'NPTS(N) 
DO 3 1'2,NPT 
READ(3,i)AMT(I,N),CUMPRB(I) 

C AMT IS A CLAIM SEVERITY 
C CUMPRB IS THE CUMULATIVE PROBABILITY OF AMT 

PROB=CUMPRB(I)-CUMPRB(I-1) 
PK(I-l,N)=PROB/(AMT(I,N)-AMT(I-l,N]) 
Xl'XltPROBl(AMT(I-l,N)tAMT[I,N))/2. 

3 X2'X2tPROB~(AMT(I,N)IY2tAMT(I,N)~AIlT(I-l,N)tAMT(I-1,N)It2)/3. 
PROB=l.D-CUMPRB(NPT) 
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Xl-XltPROB#AtiTfNPT.Nl 
X2-X2+PROBIAHTiNPT;Njt12 
PK(NPT,N)'PROB 

c NOTE:VNUSUAL USE OF PK(NPT,N) 
SIGS'X2-X1%*2 

SIGSdA~XLAtl(Nj~(SIdSj+(Xl~~I~P(N));u2rsIhlA 

SIGS@DSQRT(SIGS) 
XMUA'XlIXLAti(N)+XMUA 

CIlflXIIXtllilllfittCXItlfllflltiYIIlill~~~~~~~~m~~~~~m~~~~~~~~m~~X~~~~~ 

C PRODUCE DISPLAY OF CLAIM SEVERITY DISTRIBUTION 
ctmmtmmmmfmftmmmmm~imm~m~mmm~~mmmmmmmmmmmmm~mmmmmm~mmmm~mmmmm~m~mmm~m~m~ 

7 

8 
3 

10 
11 

15 
C 

20 

WRITE(7,7)EXHBT,N,NAME(N) 
FORMAT('1',2A8,T31,'COLLECTIVE RISK MODEL'// 

a' LINE.: ',12; CLAIM SEVERITY OISTRIBUTION'/ 
a- NAME: *,2~8// 
a* LOSS AMOUNT CUMULATIVE PROBABILITY'/) 

00 8 I=l,NPT 
WRITE(7,3)AMT(I, N),CUMPRB(I) 
FORMAT(3X,FlO.2,T27,F7.5) 
WRITE(7,ll)Xl. SIGS 
FORflAT(//' SUHMARY STATISTICS:'//' SEVERITY MEAN . ',F10.2/ 

a* SEVERITY ST0 DEV - ',F10.2/) 

WRITE(7.15) 
FORMAT(' ONLY 32 LINES ALLOWED') 

SICSQA~VARB~XMUAif2tSIGSQAt(l.O*VARB) 
SIGA.DSQRT (SIGSQA) 
NL-N-1 

C~mm~mmmm~mmmm*~mmmtmm~mmmmmmmmmmmmmm~~mmmmmmmm~mm~mmm~mmmmmmmm~*mm~~mm~ 

C STEPS 3 AND 4 
ctmmmmnmmmmmmmmtmmmmfililfllllflill3liftm~mmmmmmm~~mmmmm~mmmm~~~mmmmm~~~ 

XMAX=O.O 
NUMX.1 
REAO(2,X)ITYPE 

C ITYPE- IF AGGREGATE LOSS AHOUNT IS INPUT 
C ITYPE'P IF ENTRY RATIO IS INPUT 

IF(ITYPE.EQ.2)GOTO 35 
IF(ITYPE.NE.l)STOP 

30 REAO(2,ff,END~5O)X(NUtlX) 
C X IS AN AGGREGATE LOSS AMOUNT 

ER(NUMX)-X(NUMX)/XKUA 
XMAX~OMAXl(XHAX,X(NUllX)) 
NUMX-NlJMXtl 
GOT0 30 

35 REAO(2,N,ENO-SO)ER(NUMX) 
C ER IS AN ENTRY RATIO 

X(NUtlX)~ER(NUtlX)~XMUA 
XtlAX~OflAXl(XMAX,X(NUMX)) 
NUMX=NUNX+l 
GOT0 35 

50 NUMX=NUMX-1 
H'2.13.14159265tSIGA/XtlAX 

2 
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Ciiiiifiiiiiiiiiiiiiiiiiiiiii~~i~ii~iiiiiiiiiiiiii~ii~~iiiii~iiiiiiiiiii 
C STEP 5 
Ciiiiiiii*iiiiiiiiiiiiiiiiiiiiiii*YY~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

60 
C 

100 

105 

110 
120 

A(l)*O.O 

00 60 I'.,256 
00 60 .‘*l, 5 
F(1. J;.1 .O 
G(1, J)=O 0 

00 100 I 1.5 
A(Itl)~t'/2.i~(S-I) 

CALL GAU;S5(I.A,T,F,G,NPTS,AMT,PK,XLAM,VARC,SIGA,NL) 
00 110 1’6.256 
A(J+l)=A(I)+H 
GAIL GAUSS5(I,A,T,F,G,NPTS,AtlT, PK,XLAtl,VARC,SIGA,NL) 
E-0 
00 105 J’1.5 
E'OMAXl(E. F(1, J)/T(I. J)) 
IF(E.LT.0.00002)GOTO 120 
CONTINUE 
NINT.1 

Ciiiiiiiiiiiiiiiiiiii~~~i~i~i~~~i~i~~i~~iiiiiiiii~ii~~~~ii~~~ii~iiii~~i~ 
C PROOUCE DISPLAY OF OUTPUT 
CiiiiiiliiiliiilXii~~~iii~~~iii~~~~~~i~i~~i~~i~~ii~ii~iiiiiii~i~i~~i~~iY 

200 WRITE(7.201)EXHBT 
201 FORHAT('1',2A8,T31,'COLLECTIVE RISK MOOEL'// 

BT9;EXPECTEO CLAIM SEVERITY CONTAGION ', 
A'CLAIH COUNT CLAIM COUNT'/ 
8' LINE LOSS OISTRIGUTION PARANETER 
&-MEAN ST0 OEV'/) 

00 210 I.l,NL 
IEX~IOINT(EXLOSS(I)t.5) 

210 WRITE(7,211)I,IEX,NAHE(I),VARC(I),XLA~(I),SIGP(I) 
211 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

IXtlUA=IOINT(XMUAt.5) 
ISIGA’IOINT(SIGAt.5) 
WRITE(7, 221)VARB. IXhUA, ISIGA 

221 FORHAT(//' flIXING PARAMETER',T22,F8.4/ 
II' AGGREGATE MEAN ',T22,18/ 
8' AGGREGATE ST0 OEV ',122,18// 
8' AGCREGATE',6X.'ENTRY',5X,'CUIIULATIVE'.7X,'EXCESS PURE',5X, 
B'EXCESS PURE'/ 
8' LOSS AMOUNT',5X,'RAT10'.5X.~PROBABILITV',8X,'PREHIUM~,6X, 
B'PREIIIUM RATIO*//) 

CtiXiiiiiiililifiii~ii~iiii~~ii~~i~~ii~~~iiiiiiiiiii~iiii~iiii~iiii~~iii 
C STEP 6 
CiiiiiifiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiYii~iiiiiiiiiiiiiiii~iiiiii 

00 310 1'1,NUHX 
CALL PCTEPP(X(I),VARB,XtlUA,SIGA, A,T.F.G,NINT,PCT,EPP) 
TBfl'EPP/XMUA 

310 WRITE(7,311)X(I), ER(I),PCT,EPP,TRM 
311 FORHAT(3X,F11.2,4X,F7.4,6X,F7.4,7X,Fll.2,8X,F7.4) 

Ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~~iiiiiiiiiiiiiii~~iiii~iiiiiiii 
C PRINT TECHNICAL INFORMATION 

3 
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Cliiiii~iilliliiiitti~iiiii~iiiiiii~ii~iii~iiiiii~i~iiiiiiiiii~ii~~iiiii 
EPPERR'2#SIGAIE/(3.14153265*XMVA) 

WRITE(7,401)EXHBT,H,NINT,EPPERR 
401 FORHAT('1',2A8,T31,'COLLECTIVE RISK MODEL'// 

8' TECHNICAL INFORMATION'/ 
8' H=', T45.Fl2.31 
8' NUMBER OF INTERVALS=',T45,112/ 
II' ESTIMATED TRUNCATION ERROR IN EPP RATIO=',T45,F12.6) 

END 
C 
C EN0 OF MAIN PROGRAM - SUBROUTINES FOLLOW 
C 
Ciiifiiiiiiitiiiiilitllliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~~i~~iiii~iiiiiiiii 
C FIND POINTS WtlERE THE AGGREGATE CHARACTERISTIC MUST BE EVALUATED 

C CALLEO FROM THE tlAIN PROGRAH 
CiliJIi~*iliilflXliliXII*llflilliffXXlff~iii~~ii~~i~i~~~i~~~iii~~i~~~~~~ 

SUBROUTINE GAUSSS(I,A,T.F,G,NPTS,AHT,PK,XLAM,VARC,SIGA,NL) 
IMPLICIT REALx8 (A-H.O-21 

REALS8 AMT(l28,3i),P~(12~,32),VARC(32) 
REALS8 A[l~.T[256,5~.F[256,5~,G~256,5),S[5],XLAM[32] 

C 

100 

INTEGER tiPiS(32) 
DATA S/-.90617985,-.53846931,0.0,.53846931,.90617985/ 

00 100 J=1,5 
T(I,J).(A(Itl)-A(I))iS[J)/2.t~A[Itl)tA(I))/2. 
TS=TfI. J‘)/SIGA 
00 ltiO'K;l,NL 
CALL AGGCHR(NPTS,AMT,PK,K,XLAB,VARC,TS,FL,GL) 
F(I,J)'F(I,J)iFL 
G(1, J)‘C(I, J)+GL 
RETURN 
END 

Ciiiifiiiiiiiiiiiiifii~~~iiiiiiiiiiiiiiiiiiiiiiiiiiii~iiiiiiiiiiii~~~iii 

C EVALUATE THE AGGREGATE CHARACTERISTIC 

C CALLED FROM GAUSS5 
Clfiiiiiiiiiiiiiii~P~i~iiii~iiiiiii~~~iii~iiiiiiiiiiiiiii~i~iiiiiiiiiiii 

SUBROUTINE AGGCHR[NPTS,AHT,PK,',XLAM,VARC,T,F,G) 
IMPLICIT REALi (A-H.O-Z) 
INTEGER NPTS(32) 
REALS8 AHT(l28,32),PK(l28,32),XLAtl(32),VARC(32),PZ(2) 
COMPLEXil6 z 
EQUIVALENCE (P2.Z) 

C PZ(1)'REAL PART OF Z. PZ(2)'COHPLEX PART OF Z. 
C 

CALL SEVCHR(NPTS,AMT,PK,K,T,XH,XK) 
PZ(l]'l.O-VARC(K)tXLAtl[K)IXH 
Pzizjm-vnRc(~)iXLnn(~)rXk 
Z*-l./VARC(K)#COLOC(z) 

C LOG OF NOOULUS.REAL PART OF COMPLEX LOG 
C ARGUNENT.COtlPLEX PART OF COMPLEX LOG 

F'OEXP(PZ(1)) 

G'PZ(2) 
RETURN 
END 

4 
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CfXiiiiiittiitiiiiitNi~~i~~~~iii~iiii~~~iiii~i~~ii~ii~ii~iii~~~i~ii~~ii~ 
C EVALUATE THE CHARACTERISTIC OF THE SEVERITY DISTRIBUTION 
C CALLED FROM AGGCHR 
Ciifiiiiiii~iiiXliiii~iiiiiiiiiiiiiiiiiiiii~iiiiii~ii~ii~ii~iiiiiiiiiiii 

C 

100 

SUBROUTINE SEVCHR(NPTS,AMT,PK,K,T,XH,XK) 
IMPLICIT REALS6 (A-H,O-Z) 
INTEGER NPTS(32) 
REALS8 AMT(l28,32).PK(l28,32) 

s2=0.0 
C2'1.0 
TH=O.O 
TK.O.0 
NPT'NPTS(K) 

DO 100 L'2,NPT 
A'AMT(L,K)iT 
Sl'S2 
Cl'C2 
SP'DSIN(A) 
CP.DCOSfA) 
Tti=THtPK(i-l,K)i(SZ-Sl) 
TK.TKtPK(L-l,K)i(Cl-C2) 
XH.TH/T-l,OtPK(NRT,K)nC2 
XK*TK/TtPK(NPT,K)iS2 
RETURN 

END 
CXiiiiiiXiiiiiiiiiil~ii~~~~i~iii~ii~~i~ii~iiiiii~iiiii~iiiiiiiiii~~iiii~ 
C INTEGRATE TO GET CDF AND EXCESS PP BY GAUSSIAN QUADRATURE 
C CALLED FROM THE MAIN PROGRAM 
Ciiiiiiiiiiiiiiiiiiiii~iiii~~iiii~ii~~ii~ii~iiiiiiii~iiiiiiiiiiiiii~iiii 

SUBROUTINE PCTEPP(X.VARB,XtlUA,SIGA,A,T,F,G,NINT.PCT,EPP) 
IMPLICIT REALS8 (A-H,O-Z) 

REALS8 A(l),T(256,5),F(256,5),G(ZS6,5),W(5) 
DATA W/.23692689,.47862867,.56888889,.47062867..23692689/ 

C 
EPP.O.0 
PCT.O.0 
R'l.Otl.D/VARB 
00 200 1.1, NINT 
Pl'D.0 
P2'0.0 
DO 100 J-l.5 
XPlml.Ot(XfT(I, J)/(SIGA%R))ii2 
ATX'DATAN(XiT(1. J)/(SIGAiR)) 
Pl=PltW(J)IF(i, J)iX~lit((-1.-R)/2.)iOSIN((l.tR)~ATX-G(I,J))/T(I,J) 

100 P2'P2tW(J)%F(I, J)i(DCOS(G(I, J))-XPli?(-R/Z.)rOCOS(R#ATX-G(1. J)))/ 

a T(I,J)ii2 
PCT.PCTt(A(Itl)-A(I))iPl/2. 

200 EPPsEPPt(A(Itl)-A(I))iP2/2. 
PCT'.5tPCT/3.14159265 
EPP=XMUP-X/2.tEPPiSIGh/3.14159265 

RETURN 

END 


