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Table 1 Standard cohort table for the APC-analysis of birth rate or

marriage rate from 1980 to 2004 in Yamanashi prefecture

1980 1985 1990 1995 2000 2004
15~18 26 a1 36 1 46 20
20~24 21 26 31 36 41 45
25~28 16 21 26 31 36 40
J0~34 11 16 21 26 31 i 1)
35~39 i} 11 16 21 26 30
40~44 1 4] 11 16 21 25

cohort N{birth yr.{median yr)
1| 1936—-1940{1938>

10| 1945-1949{1547)

20| 1955-1959{1557)

30| 1965—1969{1967)

40| 1975-197901977)

50| 1985-1989{(1587)




Table 2 Standard cohort table for the APC-analysis of birth rate from
1980 to 2024 in Yamanashi prefecture. After 2005 is set up for the
prediction period.

: 1980-84(1985-89|1990-94/1985-858|2000-04 |2005—-08 2010142015198 |2020-24
15~18 i} 7 i) ) 10 11 12 13 14
20~24 5 i] 7 8 e) 10 11 12 13
25~28 4 5 G 7 8 9 10 11 12
40~34 3 4 5 6 i g ) 10 11

35~39 2 3 4 5 G 7 8 9 10
A0~44 1 2 3 4 5 6 £ 8 )

cohort No. birth yr.

1:1936-194401940)

6 1961-1969{(1965)

2 1941-1949{(1945)
3 1946-1954{(1 950}

4 1951-1959{1955)

5 1956—1964{1960)

V. &

1. 1980 x5 2004 4 o A B A2
M A E R L L T AT A R

1=l

7:1966—-1974(1970)

8 1971-1979{1975)

9 1976-1984(1980)

10 1981-1989{1985)

11 1986-1994(1990)

B4 % APC 4

12 1991-1999{1 995)
13 1996-2004{2000)
14 2001-2009{2005)
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2o FEBRIT, 30~ THROLPRARELS, DWVT 26~29 5 & 30
~MBECTHRBEOHREZSR L, 20~24 LT & 40~44 B TR i3/
Ehot, BRYIBRFIELTHLoT, aF—FPRITHOVWTIZ
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2. WAEBBMEOTH & HAEKOHE
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Wb, TOM#FHBERLY, ERECREHAEELEAD L& 25~29
Wk ClE, 2000~2004 4D ERIE D 14394 A D> 5 2005~2009 4ELLFE 2010
~2014 £ CHMMEMZ 7= L., 2010~2014 4 O [R4E B O H 4 BT
17790 N L HERF S, 201 2000~2004 45 D ERIE DK 23. 6%HE NI H
b, LinLenb, 2015~2019 FLIBEHR A L, 2020~2024 0
HAST 15691 A EH#HEEFE T2, 20~24 RITB W T H 2000~2004 £ D
EHIME D 4828 A5 2005~2009 £ 1T 1% 6498 A & £ 34. 6%H o H A4 $51
IMBSHEFH S 7o 23, 2010~2014 4 LAREIEA 5400~5800 A THEITW & 72
52 ENMWRHENTZ, —F7 T 1980~1984 FELIFE, 14000 A B THB L T
X 72 30~34 D H AL, 2005~2009 FELLKE 2010~2014 4 % THA T
B, 2015~2019 T TIE—TABEML, 2020~2024 F£I2IZHEW
BAER & D EHEBI SN, £72 35~39 BRIV TIL 1980~1984 4F
DIBEAR L TN L C & 7o AT, 2006~2009 2 ix4 L, LER
3200~4000 N TRUIXWICHER T 5 2 L BHEEF ST,
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£ 25000 |
. —+—15-19
f 20000 —m— 20-24
o —&— 25-29
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Q _
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Figure 5 Birth rate during 1980-2024 in Yamanashi prefecture. Values
after 2005 are estimated by the APC-projection analysis.
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Figure 6 Change in total number of birth in 15-44 yr old in Yamanashi
prefecture. Values after 2005 are estimated by the Bayesian
APC-projection analysis. Broken lines indicate upper and lower limits of
95% credible interval.

WHER D 16~44 MOBHEAEROHEFEZ ERIME L & HIT Fig. 6 (TR
Lz, ZHIZTXE B EIMBLIRD 156~44 550 HAKREIL 1980~1984 &£ LI
2000~2004 FEIZ 20T TR L TE 722, 2006~2009 FE LI 2020~2024
FATHTF T, 38363 A~40715 A (1 EM bV ICBET S L 7673 A
~8143 \) THB I b0 L TR I, £/, THHMZE D7 APC
AT K B 5 0d (Fig. 7). No. 10 (1981 ~89 FEA EN) D a K — K T
RbEWHERIREZRL TURE, ZORPBITVIRE TGS 2 & #
WEN7n, BUMEBEEMTHL & ZOBMTVOHRIT, HHRKFL VR
WHER R L Fizbmo 9 /EEEEZ R L Tz,



240

Figure 7 Estimated cohort effect on the birth rate during 1980-2024 in
Yamanashi prefecture. Projected birth rates after 2005 are included for
the Bayesian APC-projection analysis. Broken lines indicate upper and

lower limits of 95% credible interval.

3. 1980 £ 5 2004 FE DS IHE) M2 BE9 5 APC S04 D 5 F
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V. B
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FTOBKETOHEEANGRUGNDIBENZY, KHEOHEN T A 7 AT —



"9|ge} HoYoD Ul UMOYS Jaquinu 1I0YoD 931e21pul S109448 100D Ul SJaquinp
"S|eAJ3UI B|qIPJO YGE JO SHWI| J9MO| 10 Jaddn sa]eDIpuUl SBUl| UsXolg 10948 1IoYyoo Jo poliad ‘afe Jo sejewnse sjyussatdad salenbs
308|q YUM Saul| PI|OS ‘Iyseuewe) Ul $00Z-G86 | Suunp Aqeq pJiyl ueys aJow Jo 91ed sFellieuwl Sy) J0) 109448 1oYoo pue poliad‘afe oyl Jo sejewnsy

7002 o6l ... oadqi’” POy 6e-GBN\ VE-0F  62-G2

10940 HOoYoo 109440 poLiad 1094)0 oSe




CORBHBRONTEHMIZEFT L VDI AL KOS ER R VR
ERLOBECHMBINDIZ N2V, #K (BolEars—F) ©
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DEFORFBHARIT 2.10 LxE T, B 22 FAFEFNEZ T2 1.81 &
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—BLTEA LTCWARZ Lt rars—FORBERAHLNZIENL TV,
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FH] L LCEOMERRD LN T W, Z ORI EOBIIZER &I
NRIA—=ZDOWERN LT ESELE L, RO BHEREYE AIC) Ok
MBI LD HRBEAETNVORBRIZEDIRNASA A B aR— b ET LV EER
Lz, RWFZECTHA LT FT /L (BAMP) b &8 T 2 — % OiENE % &
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DHhRESHEL, DEESNTEEDIROBEL T EERLLERATH &
CTHpMEE 7 V79534 xrnZ LT,

a3 Ricsn T, 2FE O 1980~2003 F D HAEBMIZDWNWT
AN A A Age-period-cohort AT Z 1TV, Fln - B - RO HEE R
W52 PEEZHENICOBELT, TNETROBERBEO LS ICEEL
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Figure 13 Changes in total fertility rate (TFR) in Yamanashi prefecture
and Japan during 1980-2005.
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1. BAMPO®EZE (Volker Schimid & Leonhard Knorr—Held 2001
L)

BAMP is a software package to analyze incidence or mortality data on the Lexis
diagram, using a Bayesian version of an age-period-cohort model. Such models have
been described in Berzuini and Clayton (1994), Besag et al. (1995) and Knorr-Held and
Rainer (2001). For each pixel in the Lexis diagram (that is for a specifc age group and
specifc period) data must be available on the number of persons under risk (population
number) and the number of disease cases (typically cancer incidence or mortality). A

hierarchical model is assumed with a binomial model in the 1st-stage:

Vie ~ By, 7w;)

7rj,
log <—> N S

1- 7,
with yjr disease cases, njr number of cases under risk; age groupsj = 1; : : : ; J, periods
t=1;:::;T

Random walks of first and second order (RW1 or RW2) are available as smoothing
priors for the age, period and cohort parameters. BAMP allows you to reduce the model
if appropriate, for example to drop the cohort effect and to analyze an age-period model.
Additional unstructured variability is incorporated in the model through additional
random effects” for each pixel in the Lexis diagram. Note that there is a
nonidentifiability in the likelihood of the APC-model, see Clayton and Schifers (1987).
This causes some problems in visualizing and interpreting age, period, and cohort
effects. BAMP has several features which are described more detailed in Knorr-Held

and Rainer (2001)
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cases file

population file

output folder

temp folder

output file

dataorder

number of age groups
number of periods
periods per age group

predictions

number of predictions

number of iterations

Path and name of file with number of disease cases
C:input¥excanc.dat (C:BAMP¥input¥----)

Path and name of file with population numbers
C:input¥expop.dat (C:BAMP¥input¥----)

Path of folder for output files

output folder C:output¥ (C:BAMP¥output)

Path of folder for temporarily files and samples

:C:¥temp¥ (C:temp)

File for general output; 0 = console

1 if data for one period is in a row, 0 if in a column

Number of age groups

Number of periods

Number of periods in one age group

0 = no predictions

1 = predictions

2 = predictions for existing data

3 = predictions for given population data
Number of periods to be predicted

Number of iterations (including burn in)

burn in Number of iterations for burn in (including tuning)
step Thinning parameter for MCMC simulation
tuning Number of iterations for tuning
samples 1 if you wish to get all samples, 0 else
deviance
0 = don't compute deviance
1 = compute deviance
2 = compute deviance also for predicted periods
(only if predictions = 2)
age block 0 = don't compute age efiect, | = use RW 1, 2 = use
RW 2

age hyperpar. a

hyperparameter a for prior of precision




age hyperpar. b hyperparameter b for prior of precision
period block 0 = don't compute period efiect, ]| =use RW 1, 2 =use RW 2
period hyperpar. a hyperparameter a for prior of precision
period hyperpar. b hyperparameter b for prior of precision

cohort block 0 = don't compute cohort efiect, 1 =use RW 1, 2 = use RW 2

cohort hyperpar. a hyperparameter a for prior of precision
cohort hyperpar. b hyperparameter b for prior of precision
z hyperpar. a hyperparameter a for prior of precision of

overdispersion parameter
z hyperpar. b hyperparameter b for prior of precision of
overdispersion parameter

quantile 1 to 5 Quantile of output data; -1 no output

period covariate
period start for using covariates
cohort covariate

cohort start

ERD inl.7 7 A MITEBW T, AFFETIL, case.file iZ 1980~2004 ED 15~
19 M0 B 40~ 44 5% O i BB £ % % . population.file (ZIXH AL §
LEWR - FEWMoOHFH L FADEER, THET L TIL, population.file {Z 2005
~2009 £ 5 2020~2024 F DO RFRHEFH L FABDEZEML T,

no. of age group (21X, 6 Z#FX E. no. of period IFBEH MK D 5., FHIET
NMTIETRIHEEZMA 7 9 %RE LT,

periods per age group (21X, IR — FRICBIT L5~ M) v 7 X DOFEE - KRRD
L1 THBI b 1LIZRE LT,

prediction (21X, EREO S I TR Z ANZNWOEZREL, THET VI
BWTH, HR#EFADZEEEE L THAERLZHEH T I2EDICIERE L,

number of prediction (21X, FHIETFTALICTBWT, TRISAMICHENY TS 4 2%
ELE,

deviance I ET NV OBEE M R T D70, APC,AP,AC,PC,A,P,C DK ET
NMEBWT1IEZRELTHEE L, BoneT 7 v 2ERKR/D,. b LT 3ER
ETNVAPC)E RERERAD RV L 2RER LT,

APC3 BEBREF /L D4 . age block, period block 3 X T cohort block i% 1 i
RELT, TOMBERREITZT 74NV FDEFEE LT,



quantile D FEIX 1=0.025, 3=0.5, 5=0.0975 {IHEL, AT 4TI T5
BREEXMEEH L=,

3. output 7 7 A /L DKERL

AHFFETix, theta.dat FEEZIE). phi.dat (FFAZIE) . psidat (ZHA— M%)
B) LFVERTA—FDOAT 4T BB EERMEELZ, SLIFETLVES
Mo ¥ B T3 devianzdat ¥, FREFALOFET v XER TI
devianz_prog.dat ZEH L7z, S LI TFHETAMICBT2HAEKOE HIX.
y_pred.dat #EH L 7=,
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1 License agreement

The authors of this software grant to any individual or non-commercial organization the right
to use and to make an unlimited number of copies of this software. Usage by commercial
entities requires a license from the authors. You may not decompile, disassemble, reverse
engineer, or modify the software. This includes, but is not limited to modifying/changing any
icons, menues, or displays associated with the software. This software cannot be sold without
written authorization from the authors. This restriction is not intended to apply for connect
time charges, or flat rate connection/download fees for electronic bulletin board services. The
authors of this program accept no responsibility for damages resulting from the use of this
software and make no warranty on representation, either express or implied, including but
not limited to, any implied warranty of merchantability or fitness for a particular purpose.
This software is provided as is, and you, its user, assume all risks when using it.
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2 General informations

BAMP is a software package to analyze incidence or mortality data on the Lexis diagram,
using a Bayesian version of an age-period-cohort model. Such models have been described
in Berzuini and Clayton (1994), Besag et al. (1995) and Knorr-Held and Rainer (2001). For
each pixel in the Lexis diagram (that is for a specific age group and specific period) data
must be available on the number of persons under risk (population number) and the number
of disease cases (typically cancer incidence or mortality). A hierarchical model is assumed

with a binomial model in the first-stage:

Usty B(njta 7Tjt)

.
1og< ; ):éjt=u+9j+¢t+¢k+2ﬂ

1-— 7Tjt
with y;, disease cases, n;; number of cases under risk; agegroups j = 1,...,J, periods

t=1,...,T.

Random walks of first and second order (RW1 or RW2) are available as smoothing pri-
ors for the age, period and cohort parameters. BAMP allows you to reduce the model if
appropriate, for example to drop the cohort effect and to analyze an age-period model. Ad-
ditional unstructured variablility is incorporated in the model through additional “random
effects” for each pixel in the Lexis diagram. Note that there is a nonidentifiability in the
likelihood of the APC-model, see Clayton and Schifflers (1987). This causes some problems

in visualizing and interpreting age, period, and cohort effects.

BAMP has several features which are described more detailed in Knorr—Held and Rainer

(2001):

- The input data do not have to be on the same grid, for example period can be in one

year intervals and age group in five year intervals.

- BAMP allows for prediction of the future number of cases
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- BAMP allows for a retrospective prediction for model checking purposes
There are some graphical routines available in order to

- plot estimated age, period and cohort effects (only for RW1 model)

- compare observed and fitted rates predict rates

- graphically assess the ”significance” of the unstructured parameters. This helps to
identify unstructured variation in the data, which cannot be described by the age,

period and cohort parameters alone.

BAMP also allows to introduce covariates in the model in order to get a better model fit and
better predictions. This feature is currently in progress and will not yet be further mentioned

in this manual.

3 Starting BAMP

After you have downloaded and unzipped BAMP, edit the bamp.ini file or write your own
ini-file (see section 4.1). Start the program by typing

bamp ni-file
or, if you use bamp.ini, just type
bamp

on the command line.
On window-based OS you can also start BAMP with a double click on the BAMP icon.
BAMP then will use the bamp.ini file.
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4 Input files

4.1 .ini file

All parameters and input files are specified in an .ini file, by default called bamp.ini, which

contains the following information:

cases file

Path and name of file with number of disease cases

population file

Path and name of file with population numbers

output folder

Path of folder for output files

temp folder

Path of folder for temporarily files and samples

output file

File for general output; 0 = console

dataorder

1 if data for one period is in a row, 0 if in a column (see 4.2)

number of age groups

Number of age groups

number of periods

Number of periods

periods per age group

Number of periods in one age group

predictions

0 = no predictions

1 = predictions

2 = predictions for existing data

3 = predictions for given population data

number of predictions

Number of periods to be predicted

number of iterations

Number of iterations (including burn in)

burn in Number of iterations for burn in (including tuning)
step Thinning parameter for MCMC simulation

tuning Number of iterations for tuning

samples 1 if you wish to get all samples, 0 else
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0 = don’t compute deviance
sl 1 = compute deviance

2 = compute deviance also for predicted periods

(only if predictions = 2)

age block 0 = don’t compute age effect, 1 = use RW 1, 2 = use RW 2
age hyperpar. a hyperparameter a for prior of precision
age hyperpar. b hyperparameter b for prior of precision
period block = don’t compute period effect, 1 = use RW 1, 2 = use RW 2

period hyperpar. a | hyperparameter a for prior of precision

period hyperpar. b | hyperparameter b for prior of precision

cohort block 0 = don’t compute cohort effect, 1 = use RW 1, 2 = use RW 2

cohort hyperpar. a | hyperparameter a for prior of precision

cohort hyperpar. b | hyperparameter b for prior of precision

z hyperpar. a hyperparameter a for prior of precision of overdispersion parameter
z hyperpar. b hyperparameter b for prior of precision of overdispersion parameter
quantile 1 to 5 Quantile of output data; -1 no output

period covariate

period start ] ]
for using covariates
cohort covariate

cohort start

The .ini file needs at least 33 lines (37 lines if you use covariates). If there are more lines,

these will be ignored. The two columns have to be separated by D

4.2 data files

To run the program, two data files are needed, the cases file contains the number of disease
cases, the population file the number of persons under risk. Both files must be in the form

of a matrix with 7" rows and J columns. If you set dataorder = 1, the data files will be
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transposed (i.e. the files are matrices with J rows and T columns).

If you want to predict rates for existing data (predictions = 2) for S periods both files must
have T + S rows (T + S columus for dataorder = 1). For given population data (predictions
= 8), the population file must have T 4 S rows (T'+ S columns for dataorder = 1). In all

cases, if there are more rows, these will be ignored.

5 Output files

The MCMC algorithm produces samples from the posterior distribution of all unknown
parameters. These samples are written to the temp folder. After finishing the MCMC
run, the program calculates quantiles of the samples from the posterior distribution. These
quantiles will be written in the output folder. The parameters quantile 1 to quantile 5
specify the quantiles, which will be calculated. If you want less than five quantiles, set some
parameters to —1.

The output consists of the following files:

e theta.dat: Quantiles of the age effects; each quantile is a row
e phi.dat: Quantiles of the period effects; each quantile is a row
e psi.dat: Quantiles of the cohort effects; each quantile is a row

e hyper.dat: Quantiles of the precision parameters of age, period and cohort effects
followed by the precision of the unstructured “random effects”; (finally ¢, and ¢y when

using covariates)

e theta2.dat, phi2.dat, psi2.dat: Quantiles of second differences of the age, period, cohort

effects

e z.dat: Quantiles of overdispersion parameters, each block is one quantile of T" rows

with J columns

e my.dat: Quantiles of the intercept parameter p



BAMP manual 8

e devianz.dat (if deviance > 0): Quantiles of the deviance for the model

e devianz prog.dat (if prognosis=2 and deviance=2): Quantiles for the deviance for the

predicted periods (each row one period)

pr.dat: Quantiles of predicted probabilities

y-pred.dat (if prognosis=2,3, see section 6): Quantiles of predicted cases per age groups

ysum_pred.dat (if prognosis=2,3, see section 6): Quantiles of sum of predicted cases

(beta_phi.dat and beta_psi.dat: when using covariates)

6 Deviance and Prediction

In order to evaluate the model fit, the software routinely calculates the posterior deviance.

The deviance is defined as:
D=2 Z W@jt) - l(yjt)]
gt

with [(g;;) is the individual log-likelihood of the model and I(y;;) the maximum individual
log-likelihood achievable. The less the deviance, the better the fit of the model. However,
the model fit will typically be good for any model as long as the unstructured parameters
are included. To compare the performance of different models, it is better to caluculate the

predictive deviance, see below.

To get predictions of further death rates, set predictions to 1. Set number of predictions
to the number of periods for which you want the prognosis. If you have population data for
these periods, set predictions to 3, the software will then provide predicted cases.

In order to test the model you can also make prediction for existing data. Then the input
files must include this data, the matrices have to be of dimension J times (T'+5) (cf. section
5). Set deviance to 2 and BAMP will calculate the predictive deviance for each of the periods
predicted.
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7 S-Plus- / R- Code for graphical output

The graphical routines for S-Plus and R

plot estimated age, period and cohort effects (only for RW1 model)

compare observed and fitted rates

predict rates

assess the ”significance” of the unstructured parameters

To use this code, you have to edit the first lines:

startingage the first age of the first agegroup of the data

startingperiod | the first period of the data

yearsperperiod | how man years are one period

inifile name of the .ini file

To start, copy the code to the directory where the .ini file is located, change to this di-
rectory and type

Splus < bamp.splus resp. R < bamp.R --nosave

The resulting graphic is named bamp.ps in the output directory.
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