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Supplementary Text

Extended Abstract in Japanese
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Sample Preparation

Radiocarbon dates were obtained from version 1.2.0 of the curated English translation of the
Radiocarbon database of the National Museum of Japanese History (53). We first considered '*C
dates meeting the following criteria:

1. Samples must be of terrestrial origin.

2. The cumulative calibrated probability of each sample between Titare and Tend must be larger
than 0.5.

3. The sampling location must be within one of the four main islands of the Japanese
archipelago (i.e., Hokkaido, Honshu, Shikoku, or Kyushu)



Tstart and Teng were set to 8000 and 6500 BP to cover a 750-year span before and after 7250 BP,
the approximate date of the K-Ah eruption. Additional sensitivity analyses were carried out using
shorter (Tstarr= 7750 BP and Tena= 6750 BP, i.e. 500 years before and after the eruption) and longer
(Tstart = 8250 BP and Tena = 6250 BP, i.e. 1,000 years before and after the eruption) time spans
(see Figure S1).

Given the often arbitrary nature of what constitutes an ‘archaeological site’, we first used
DBSCAN (59) to generate clusters of archaeological sites using the geographic coordinates in the
database, setting an eps distance of 100 meters. We then assigned a new sampling ID to each
cluster, using the centroid of all original point locations as a new pair of coordinates. To account
for inter-site variation in sampling intensity, we combined the binPrep() and the thinDates()
function of the rcarbon R package (60). The former was used to identify clusters from the same
spatial sampling unit using a threshold of 100 years, while the latter was then used to randomly
select one '*C date among the observations with the lowest measurement error within each cluster.
The final sample consisted of 540 '*C dates from 324 sampling locations. Each sample was then
assigned to one of the 61 hexagonal grids obtained by setting the cellsize argument on the
st _make_grid function in the sf' R package (61,62) set to 125 km. All analyses were performed
using the IntCal20 calibration curve (63). The final sample size was n=540 in the 750yrs (i.e.
Tstart = 8000 and Teng = 6500), n=371 in the 500yrs (i.e. Tstarr = 7750 and Tena = 6750), and
n=703 in the 1000 yrs (i.e. Tstart = 8250 and Tend = 6250) time window setting.

Bayesian Modeling of 14C dates

We fitted two custom Bayesian models (Model a and Model b) to examine spatial and temporal
changes in the density of '*C dates. Model a can be formalised with the following sets of
equations:
0ij~ DoubleExponential Growth(a=8,000, b=6,500, c=7.250, r;,, r2,) [S1]
Vij ~ Normal( f(6i;), 0i) [S2]
r1j=S1) [S3]
r2i=s2; + f1x;+ B2max(0, x; - ») [S4]
51~ ICAR(t1,W;j) [S5]
52~ ICAR(12,Wj) [S6]
11 = 1/p/? [S7]
2= 1/ps? [S8]
11 ~ Uniform(0,100)  [S9]
T2~ Uniform(0,100)  [S10]

B1~Normal(0,0.1) [S11]
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f2~Normal(0,0.1) [S12]

» ~ TruncatedNormal(0,3.21,2,0.1) [S13]

Equation S1 describes the distribution of calendar dates 0;j from sample i in the hexagonal area j
using a bounded double exponential growth model as described in (54) with a fixed change-point
¢ corresponding to the estimated date (in BP) of the Kikai-Akahoya eruption (cf. main text, see
also (8)). The model effectively describes the distribution of *C dates as a bounded Laplace
distribution with rates r;; and r2;. Equation S2 establishes the relationship between the true
calendar date 0ijand the observed '*C age through an error-in-variables model, where f{0) is the
corresponding !“C age for the calendar date 6, and o is the square root of the sum of the squares
of the samples’ '*C age errors and the error on the calibration curve.

The two growth parameters are modelled with intrinsic conditional autoregressive (ICAR) models,
implemented via the dcar normal function in NIMBLE (equations S5 and S6). Here, the spatial
parameters s;; and s2; were conditional on the ICAR model with the adjacency matrix W;
(effectively the immediate neighbourhood for each areal unit j) and the precision parameter T,
which defines the extent of the spatial autocorrelation. Growth rates before the eruption (i.e. ;)
were modelled entirely by ICAR (equations S3 and S5). In contrast, growth rates after the eruptions
(i.e. r2,) were conditional on x;, the base ten logarithm of the average thickness of the tephra deposit
within each area j. More specifically, equation S4 is a change-point model where the effect of x;
on 3, is determined by a slope of 51 when x; < x, and a slope of 1 + > when x;> %. The prior for
» was weakly informative and centred around values (ca. 100 mm) above which the ecosystem
impact is known to be disruptive at multi-centennial scales (30,31).

Model b is defined by a similar set of equations:

0ij~ DoubleFlat(a=8,000, b=6,500, c=7.250,1;)  [S14]
vij ~ Normal( f(6ij), gi) [S15]
ni=s; + Bi1x; + B2max(0, x; - %) [S16]
s;~ ICAR(1,W;) [S17]
1= 1/p? [S18]
T ~ Uniform(0,100) [S19]
1~ Normal(0,0.01) [S20]

B2~ Normal(0,0.01)  [S21]
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x~ TruncatedNormal(0,3.21,2,0.1) [S22]

The key difference is that 8;jis now modelled by the bounded distribution DoubleFlat, which
simply defines the probability of a given sample being from the calendar year ¢ as

P(6=tla,b,cnt 2 c)=(1-logit'(n)) / a-c [S23]

P(6=tla,b,cnt<c)=logit'(n)/c-b [S24]

Given a-c and c-b are the same in our case (see equation S14), the parameter 1 will effectively
lead to a higher probability of 6 being dated (in BP) between ¢ and » when positive, and a lower
probability when negative. When 1 = 0, equation S14 effectively models the distribution of 6 to
be uniform between a and b.

Equation S14 has a single free parameter (the log-odds of the sample being dated between ¢ and
b), which is conditional to a spatially varying baseline s; and the effect of the average thickness
of the tephra deposit within each area j (equation S16).

Three variants for the two models have also been considered with the following modifications:
e Intercept-only models without any covariates, i.e. 2= 52, for model A and 7;=s; for
model B (models Ao and Bo)
e Linear models where equations S4 and S16 are replaced by a simple regression 72;= sz,
+ B1x; and n;=s; + f1x;, x;equations, using the average geographic distance from the
caldera (models Adist and Buist) and the average thickness of the tephra deposit (models
Atephra and Biephra) as predictors.

Table S1 summarises the WAIC comparison between the main models and these variants.

Implementation in NIMBLE

The two models were designed and fitted using the NIMBLE (55,56) probabilistic programming
language in R, with additional functions from the nimbleCarbon package (54,57). Both models
were fitted using four chains with the following MCMC settings: 1,000,000 iterations, 500,000
burn-in steps, and 100 thinning steps. Effective sample size and Gelman-Rubin statistics (see tables
S3 and S4 below) were computed using the coda R package (64).
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Fig. S1. Sample Distribution Map

Distribution of sampling locations for the 1,000—year (7750—-6750 BP) and 2,000—year (8250—
6250 BP) time windows of analyses.
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Fig. S2. Posterior of r;
Posterior mean and the lower/higher 90% highest posterior density interval for 7; in model A.
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Fig. S3. Posterior of r2
Posterior mean and the lower/higher 90% highest posterior density interval for 7 in model a.
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Fig. S4. Posterior of n
Posterior mean and the lower/higher 90% highest posterior density interval for 77 in model b.
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Fig. SS. Cumulative posterior probabilities of key parameters
Cumulative posterior probability for »; < 0 (top left) r> < 0 (top right), r>-r; <0, and n <O0.
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Fig. S6. Sensitivity analyses for model parameters under different time windows.

Posterior means for r;, 72, and 1 for the 1,000—year (7750-6750 BP), 1,500 —year (8000—6500
BP), and 2,000—year (8250— 6250 BP) time windows
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Fig. S8 Posterior of covariate parameters for model B
Posterior distributions of model B’s 81, B2, f1+ B2, and .



Table S1.

WAIC model comparison for model A. AWAIC! refers to the difference in the WAIC values
against the best-performing model, whilst AWAIC! refers to the difference against the main

model.

Model WAIC AWAIC! AWAIC? WAIC weight
Main Model (A) 6353.263 0.541 0 0.233
Ao 6353.507 0.785 0.243 0.206
Adist 6352.722 0 -0.541 0.305
Aephra 6353.076 0.354 -0.187 0.256
Table S2.

WAIC model comparison for model B. AWAIC! refers to the difference in the WAIC values
against the best-performing model, whilst AWAIC! refers to the difference against the main

model.
Model WAIC AWAIC! AWAIC? WAIC weight
Main Model (B) 6352.052 1.469 0 0.223
Bo 6350.583 0.000 -1.469 0.465
Buist 6353.020 2.437 0.968 0.137
Biephra 6352.541 1.958 0.489 0.175




Table S3.

Posterior mean, highest posterior density interval, and convergence diagnostics for model A.

Parameter | " en® | 90% HPDI (low) | 90% HPDI (high) anflf;lcfgfze R-hat
betal 20.000814 20.002828 0.001184 1116.0 1.00
beta2 20005069 20.010647 0.000613 9365.4 1.00
kappa 2020602 1.867285 2.184028 19755.3 1.00
S11] 20000458 20.002196 0.001217 10345.2 1.00
s1[2] 20.000340 20.001942 0.001173 113253 1.00
s1[3] 20000349 20.001895 0.001145 11602.7 1.00
s1[4] 20.000607 20.002250 0.001109 9339.9 1.00
s1[5] 20.000644 20.001850 0.000725 5837.2 1.00
s1[6] 20.000151 20.002048 0.001578 14884.6 1.00
S1[7] 20.000391 20.001604 0.000948 8504.3 1.00
s1[8] 20.000221 20.001660 0.001170 10326.3 1.00
s1[9] 20.000404 20.001752 0.000969 8546.7 1.00




s1[10] 0.000109 -0.001225 0.001328 14238.4 1.00
s1[11] 0.000126 -0.001189 0.001509 13666.9 1.00
s1[12] 0.000627 -0.000670 0.001925 17565.0 1.00
s1[13] 0.000130 -0.001749 0.001835 19212.0 1.00
s1[14] 0.000863 -0.000486 0.002256 14316.6 1.00
s1[15] 0.000677 -0.000818 0.002131 16448.5 1.00
s1[16] 0.000904 -0.000620 0.002378 16253.5 1.00
s1[17] 0.000890 -0.000344 0.002238 14739.0 1.00
s1[18] 0.000763 -0.001082 0.002468 18684.3 1.00
s1[19] 0.000587 -0.000579 0.001740 18893.0 1.00
s1[20] 0.000850 -0.001112 0.002961 19183.3 1.00
s1[21] 0.000699 -0.000420 0.001799 19443.2 1.00
s1[22] 0.000748 -0.000384 0.001891 18910.0 1.00
s1[23] 0.000572 -0.000418 0.001517 172923 1.00
s1[24] 0.000931 -0.000229 0.002105 18487.7 1.00
s1[25] 0.000966 -0.000355 0.002409 19176.6 1.00
s1[26] 0.000897 -0.000120 0.001910 17991.1 1.00




s1[27] 0.001085 -0.000391 0.002657 18547.2 1.00
s1[28] 0.000406 -0.001545 0.002091 16691.3 1.00
s1[29] -0.000045 -0.002421 0.002126 14262.9 1.00
s1[30] 0.001246 0.000175 0.002378 13029.8 1.00
s1[31] 0.001255 0.000150 0.002480 13018.3 1.00
s1[32] 0.001211 -0.000289 0.002671 15483.1 1.00
s1[33] 0.000815 -0.000716 0.002307 18512.7 1.00
s1[34] -0.000186 -0.001884 0.001375 9006.4 1.00
s1[35] 0.001215 -0.000457 0.003021 16801.3 1.00
s1[36] 0.001104 0.000265 0.001941 13265.6 1.00
s1[37] 0.000973 -0.000169 0.002077 18598.9 1.00
s1[38] 0.000951 -0.000344 0.002155 17566.8 1.00
s1[39] 0.000579 -0.000621 0.001738 15662.3 1.00
s1[40] 0.000113 -0.001555 0.001676 13120.0 1.00
s1[41] -0.000296 -0.003238 0.002297 14620.5 1.00
s1[42] 0.001419 0.000013 0.002759 11160.3 1.00
s1[43] 0.000995 -0.000069 0.002152 17224.7 1.00




s1[44] 0.001013 -0.000089 0.002250 18403.8 1.00
s1[45] 0.001177 0.000044 0.002373 13221.7 1.00
s1[46] 0.000321 -0.001004 0.001573 13073.1 1.00
s1[47] -0.000210 -0.002283 0.001667 11106.9 1.00
s1[48] 0.001487 0.000022 0.003047 12667.8 1.00
s1[49] 0.001698 0.000196 0.003248 10036.9 1.00
s1[50] 0.001061 -0.000217 0.002294 15708.7 1.00
s1[51] 0.000543 -0.000928 0.001996 18062.0 1.00
s1[52] -0.000330 -0.002122 0.001394 8474.5 1.00
s1[53] -0.000385 -0.002962 0.001973 12186.8 1.00
s1[54] 0.001207 -0.000347 0.003048 16910.0 1.00
s1[55] 0.000925 -0.000852 0.002649 18642.9 1.00
s1[56] -0.000334 -0.002149 0.001358 8270.9 1.00
s1[57] -0.000652 -0.002835 0.001450 7727.0 1.00
s1[58] -0.000900 -0.003145 0.001205 6979.5 1.00
s1[59] -0.001409 -0.004119 0.001246 6094.9 1.00
s1[60] -0.001684 -0.004629 0.001170 5660.6 1.00




s1[61] -0.001539 -0.004800 0.001484 7442.6 1.00
s2[1] 0.004647 -0.000235 0.009900 1395.3 1.00
s2[2] 0.004171 -0.001286 0.009563 1538.0 1.00
s2[3] 0.003450 -0.001327 0.008134 1332.0 1.00
s2[4] 0.003876 -0.002183 0.010279 1975.2 1.00
s2[5] 0.002829 -0.001886 0.007571 1328.2 1.00
s2[6] 0.002821 -0.002365 0.008005 1638.9 1.00
s2[7] 0.003436 -0.002046 0.008857 1590.1 1.00
s2[8] 0.002675 -0.002003 0.007776 1395.1 1.00
s2[9] 0.002101 -0.002634 0.007327 1482.3 1.00
s2[10] 0.002341 -0.002208 0.006886 1286.1 1.00
s2[11] 0.002529 -0.002103 0.007555 1389.5 1.00
s2[12] 0.002748 -0.001444 0.007097 1179.4 1.00
s2[13] 0.002552 -0.002599 0.007993 1640.9 1.00
s2[14] 0.004438 -0.000132 0.009234 1281.1 1.00
s2[15] 0.003080 -0.001668 0.007977 1346.5 1.00
s2[16] 0.003778 -0.000717 0.008589 1325.3 1.00




s2[17] 0.002748 -0.001590 0.007500 1274.8 1.00
s2[18] 0.002204 -0.003040 0.007255 1585.1 1.00
s2[19] 0.002554 -0.001653 0.007245 1239.4 1.00
s2[20] 0.000597 -0.004411 0.005583 2031.9 1.00
s2[21] 0.000808 -0.003673 0.005355 1349.5 1.00
s2[22] 0.000817 -0.003355 0.005039 1247.7 1.00
s2[23] 0.000975 -0.003278 0.005222 1215.4 1.00
s2[24] 0.000354 -0.003581 0.004334 1293.5 1.00
s2[25] 0.000940 -0.003828 0.005401 1387.2 1.00
s2[26] 0.002106 -0.001807 0.006414 1178.3 1.00
s2[27] 0.000733 -0.003052 0.004555 1889.7 1.00
s2[28] -0.000909 -0.004093 0.001865 17603.1 1.00
s2[29] -0.000971 -0.004717 0.002709 17314.4 1.00
s2[30] 0.000928 -0.003169 0.005137 1174.3 1.00
s2[31] 0.001618 -0.002178 0.005574 1249.7 1.00
s2[32] 0.000788 -0.001964 0.003424 2592.0 1.00
s2[33] -0.000796 -0.002972 0.001654 17977.8 1.00




s2[34] -0.001251 -0.003562 0.001106 14417.7 1.00
s2[35] 0.000899 -0.003816 0.005909 1596.2 1.00
s2[36] 0.001073 -0.002932 0.005064 1150.8 1.00
s2[37] 0.000152 -0.003108 0.003232 1443.5 1.00
s2[38] 0.000428 -0.001125 0.002056 11906.6 1.00
s2[39] -0.000671 -0.002224 0.000807 16292.8 1.00
s2[40] -0.000721 -0.003096 0.001607 16063.9 1.00
s2[41] -0.000082 -0.004420 0.004294 19495.3 1.00
s2[42] 0.000820 -0.003416 0.005106 1269.8 1.00
s2[43] 0.000751 -0.003021 0.004506 1277.1 1.00
s2[44] 0.000353 -0.001688 0.002401 2161.8 1.00
s2[45] -0.000408 -0.001630 0.000884 17145.8 1.00
s2[46] 0.000354 -0.001205 0.001907 17658.3 1.00
s2[47] 0.000033 -0.002792 0.003135 18447.4 1.00
s2[48] 0.001173 -0.003070 0.005431 1379.0 1.00
s2[49] 0.001187 -0.001816 0.004318 1438.5 1.00
s2[50] 0.001763 0.000415 0.003148 10788.5 1.00




s2[51] -0.000083 -0.002302 0.002217 19398.6 1.00
s2[52] -0.000543 -0.002944 0.001976 15828.8 1.00
s2[53] -0.000238 -0.003945 0.003736 19045.7 1.00
s2[54] 0.000531 -0.002364 0.003421 4519.2 1.00
s2[55] 0.000411 -0.002344 0.003160 20216.5 1.00
s2[56] -0.000080 -0.002333 0.002269 16814.6 1.00
s2[57] -0.000642 -0.003720 0.002467 16566.6 1.00
s2[58] -0.001058 -0.004110 0.001791 14528.1 1.00
s2[59] -0.001427 -0.005032 0.002176 13799.7 1.00
s2[60] -0.001710 -0.005621 0.002101 13591.7 1.00
s2[61] -0.001562 -0.006446 0.002828 16751.7 1.00
sigmal 0.001407 0.000306 0.002455 3946.9 1.00
sigma2 0.002562 0.001177 0.003913 6647.2 1.00




Table S4.

Posterior mean, highest posterior density interval, and convergence diagnostics for model B.

Parameter P‘l’\s;::fl"r 90% HPDI (low) 90:{;;31)1 Sflflf;lceﬁgieze R-hat
betal 02318 -0.9342 0.4199 1612.7 1.00
beta2 -0.7281 11,9362 0.5927 111357 1.00
eta[1] 0.7052 110378 2.5572 2162.7 1.00
eta[2] 0.3978 11,4740 2.3662 2266.4 1.00
eta[3] 0.6468 -0.9829 24214 2051.3 1.00
cta[4] 0.3442 117913 2.5088 2385.0 1.00
eta[5] 0.0991 115230 1.8244 2074.5 1.01
eta[6] 0.5661 11,1705 2.5727 2501.9 1.00
eta[7] 0.1858 117730 2.0397 2282.4 1.00
eta[8] 0.4048 11,2483 2.1968 2171.6 1.01
eta[9)] 0.0138 11.8356 17597 23833 1.01
eta[10] 0.6517 -0.8901 22947 1895.2 1.00
eta11] 0.4500 112337 2.1856 2061.7 1.00
eta[12] 0.8760 -0.5437 2.4440 1759.6 1.00
eta[13] 0.4302 -1.3960 2.4123 2554.1 1.00




eta[14] 1.2653 -0.3927 3.0075 1816.0 1.00
eta[15] 0.8483 -0.8101 2.6011 2114.3 1.00
eta[16] 1.0876 -0.5898 2.7892 1945.9 1.00
eta[17] 0.9750 -0.5706 2.7148 1924.6 1.00
eta[18] 0.6621 -1.0663 2.5877 2515.0 1.00
eta[19] 0.6997 -0.7460 2.3363 1836.6 1.00
eta[20] 0.6176 -1.1490 2.5014 3085.8 1.00
eta[21] 0.1742 -1.3822 1.7937 1996.2 1.01
eta[22] 0.6060 -0.8123 2.1041 1878.3 1.00
eta[23] 0.3596 -1.0777 1.8337 1794.1 1.00
eta[24] 0.6165 -0.6525 2.0772 1883.3 1.00
eta[25] 0.4654 -1.1540 2.0829 2150.1 1.00
eta[26] 0.7562 -0.5680 2.2707 1774.8 1.00
eta[27] 0.6230 -0.6964 2.0748 2884.8 1.00
eta[28] -0.1278 -1.2840 1.0306 16329.8 1.00
eta[29] -0.3552 -1.8415 1.0115 15149.8 1.00
eta[30] 0.4488 -0.9613 1.9341 1867.0 1.00




eta[31] 0.8016 -0.4607 2.2227 1953.3 1.00
eta[32] 0.7033 -0.3690 1.8298 3491.2 1.00
eta[33] 0.1039 -0.8498 0.9621 19769.0 1.00
eta[34] -0.4351 -1.3766 0.5133 8226.8 1.00
eta[35] 0.5631 -1.0915 2.3584 2585.2 1.00
eta[36] 0.5431 -0.7544 1.9426 1692.2 1.00
eta[37] 0.3729 -0.7261 1.4742 2255.8 1.00
eta[38] 0.4902 -0.2436 1.1852 8265.6 1.00
eta[39] -0.0355 -0.6606 0.5638 12994.7 1.00
eta[40] -0.2641 -1.2025 0.6611 11773.5 1.00
eta[41] -0.2642 -2.0198 1.4144 18482.1 1.00
eta[42] 0.7759 -0.6927 2.3307 1871.5 1.00
eta[43] 0.6607 -0.5806 2.0168 1942.2 1.00
eta[44] 0.3618 -0.4178 1.1479 3641.0 1.00
eta[45] 0.2167 -0.2989 0.7151 15876.0 1.00
eta[46] 0.1456 -0.5085 0.7632 18255.8 1.00
eta[47] -0.2112 -1.4292 0.9026 16430.6 1.00




eta[48] 0.8296 -0.5976 2.4626 2141.3 1.00
eta[49] 1.1187 -0.0833 2.3418 2186.2 1.00
eta[50] 0.6848 0.0527 1.3311 6006.6 1.00
eta[51] 0.0735 -0.7971 0.9682 18560.9 1.00
eta[52] -0.3531 -1.3938 0.5617 11039.0 1.00
eta[53] -0.3143 -1.8373 1.2075 17025.5 1.00
eta[54] 0.5060 -0.6069 1.6283 6206.9 1.00
eta[55] 0.3269 -0.7126 1.4426 19284.8 1.00
eta[56] -0.2642 -1.2444 0.6558 12440.9 1.00
eta[57] -0.4699 -1.6893 0.7699 10970.2 1.00
eta[58] -0.6382 -1.9026 0.5082 7895.9 1.00
eta[59] -0.8199 -2.3173 0.6064 7596.3 1.00
eta[60] -0.9643 -2.5021 0.5789 6890.2 1.00
eta[61] -0.8842 -2.7789 0.8456 9892.5 1.00
kappa 1.9961 1.8394 2.1602 19392.9 1.00
sigmal 0.9599 0.2106 1.6584 3060.0 1.01
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