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r2 r2

r2

R̂

R̂

α 0.064 −0.681 0.793 1.001
β −0.005 −0.051 0.041 1.001
α 0.269 −1.105 2.135 1.001
β −0.008 −0.058 0.03 1.001
α −0.118 −1.708 1.144 1.001
β 0.002 −0.018 0.026 1.001
α −0.079 −2.604 1.832 1.001
β 9.538× 10−4 −0.021 0.029 1.001
α −0.195 −3.241 1.663 1.001
β 0.002 −0.016 0.031 1.001
α −0.033 −2.53 2.032 1.001
β 2.98× 10−4 −0.017 0.021 1.001
β 0.073 −0.016 0.031 1.001
β −5.91× 10−4 −0.018 0.016 1.001



R̂

R̂

α −0.258 −1.037 0.517 1.001
β 0.021 −5.466 6.372 1.001
α −3.065 −5.376 −0.079 1.001
β 0.018 −0.03 0.066 1.001
α 1.483 −0.71 3.717 1.001
β 0.083 0.005 0.144 1.001
α −0.316 −5.246 4.791 1.001
β −0.023 −0.057 0.01 1.001
α −0.672 −6.198 4.633 1.001
β 0.003 −0.053 0.058 1.001
α −0.206 −5.548 5.551 1.001
β 0.006 −0.044 0.059 1.001
β 0.021 −0.044 0.059 1.001
β −1.874× 10−4 −0.047 0.041 1.001

R̂

R̂

α −0.397 −1.164 0.368 1.001
β −0.478 −6.413 5.135 1.001
α −2.264 −4.813 0.31 1.001
β 0.028 −0.019 0.076 1.001
α 1.974 −0.449 4.188 1.001
β 0.061 −0.007 0.129 1.001
α −1.096 −6.605 3.442 1.001
β −0.031 −0.064 0.006 1.001
α −1.619 −8.351 3.138 1.001
β 0.012 −0.038 0.073 1.001
α −0.861 −6.79 4.24 1.001
β 0.015 −0.03 0.079 1.001
β −0.478 −0.03 0.079 1.001
β 0.004 −0.038 0.048 1.001



β

R̂

R̂

0.002 −0.044 0.039 1.001
0.011 −0.016 0.045 1.001
0.011 −0.02 0.046 1.001
0.011 −0.02 0.047 1.001
0.013 −0.014 0.047 1.001
0.013 −0.012 0.048 1.001
0.009 −0.015 0.049 1.001
0.009 −0.016 0.046 1.001
0.01 −0.015 0.047 1.001
0.011 −0.01 0.048 1.001
0.011 −0.009 0.049 1.001
5.568× 10−5 −0.023 0.018 1.001
7.382× 10−4 −0.022 0.018 1.001
0.002 −0.016 0.019 1.001
0.003 −0.014 0.02 1.001
6.825× 10−4 −0.018 0.02 1.001
0.002 −0.014 0.022 1.001
0.003 −0.012 0.023 1.001
0.001 −0.014 0.021 1.001
0.002 −0.012 0.022 1.001
5.843× 10−4 −0.013 0.016 1.001



β

R̂

R̂

−0.059 −0.127 0.019 1.001
−2.763× 10−5 −0.044 0.05 1.001
0.004 −0.049 0.053 1.001
0.005 −0.046 0.053 1.001
0.008 −0.039 0.055 1.001
0.009 −0.037 0.056 1.001
0.059 −0.008 0.122 1.001
0.063 −0.003 0.127 1.001
0.064 −0.001 0.127 1.001
0.067 2.865× 10−4 0.129 1.001
0.068 7.942× 10−4 0.13 1.001
0.004 −0.044 0.043 1.001
0.005 −0.041 0.044 1.001
0.008 −0.033 0.045 1.001
0.009 −0.031 0.045 1.001
0.001 −0.044 0.048 1.001
0.004 −0.037 0.05 1.001
0.005 −0.035 0.05 1.001
0.003 −0.038 0.047 1.001
0.004 −0.036 0.047 1.001
0.001 −0.037 0.04 1.001



β

R̂

R̂

−0.031 −0.105 0.037 1.001
−3.543× 10−4 −0.048 0.053 1.001
0.009 −0.051 0.061 1.001
0.009 −0.054 0.061 1.001
0.014 −0.037 0.063 1.001
0.016 −0.032 0.065 1.001
0.031 −0.031 0.099 1.001
0.04 −0.02 0.108 1.001
0.04 −0.02 0.106 1.001
0.045 −0.011 0.112 1.001
0.047 −0.009 0.114 1.001
0.009 −0.044 0.051 1.001
0.009 −0.047 0.051 1.001
0.014 −0.029 0.052 1.001
0.016 −0.024 0.053 1.001
−2.683× 10−4 −0.053 0.049 1.001
0.005 −0.038 0.055 1.001
0.007 −0.033 0.057 1.001
0.005 −0.036 0.058 1.001
0.007 −0.031 0.06 1.001
0.002 −0.035 0.042 1.001
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α 0.884 0.738 1.04
β1 −0.321 −0.462 −0.214
β2 0.002 −0.076 0.088
α 1.156 1.004 1.292
β1 0.088 −0.059 0.236
β2 −0.173 −0.266 −0.076
α 1.171 1.001 1.308
β1 −0.079 −0.221 0.082
β2 −0.225 −0.32 −0.123



μi (i) μi

(1/σ2)

yi ∼ N(μi, σ2)
μi = α + β ∗ Y eari

α ∼ N(0, 0.001)
β ∼ N(0, 0.001)

1/σ2 ∼ Gamma(0.01, 0.01)



(xij) (i) (j)
(S)

Sij = xij − x̄j

sd(xj)

α = 0.05
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R̂

R̂

α 17.04 −44.43 78.74 1
β −0.01 −0.04 0.02 1
α 4.06 −49.51 55.88 1
β 0 −0.03 0.02 1
α 7.39 −54.59 69.53 1
β 0 −0.03 0.03 1
α 13.03 −46.63 71.12 1
β −0.01 −0.04 0.02 1
α −44.33 −79.02 −8.1 1
β 0.02 0 0.04 1
α 0.24 −54 53.94 1
β −1.19× 10−4 −0.03 0.03 1
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β



β1 0.15 −2.8 ∗ 10−4 0.29
β2 −0.08 −0.19 0.05
β1 0.09 −0.06 0.24
β2 −0.17 −0.27 −0.08
β1 0.09 −0.07 0.24
β2 −0.17 −0.3 −0.02
β1 −0.08 −0.22 0.08
β2 −0.22 −0.32 −0.12





y ∼ N(α + β ∗X, σ2)

α ∼ N(0, 0.001)

β ∼ N(0, 0.001)

1/σ2 ∼ Gamma(0.01, 0.01)

y X α β
1/σ2 α β

1/σ2
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α 6.548× 10−4 −0.339 0.343
β −0.558 −0.9 −0.211



σs2 = s2 ∗√
2/(n− 1)



var(yi.)

var(yi.)



11.94
12.82
4.22
25.11
9.74
10.65
15.62
10.26
15.83
13.49
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yij = μ + αi + βj + γ ∗AGEij + εij

αi ∼ N(0, σ2
year)

βj ∼ N(0, σ2
individual)

εij ∼ N(0, σ2
model)
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yij ∼ N(μij , σ2
j )

μij = αi + βj ∗ Y EARi(
αj

βj

)
∼ N

((
ᾱ

β̄

)
, Σ

)
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Fij ∼ Binom(Eij , pij)

logit(pij) = μj + δi + εij

δi ∼ N(0, σ2
δ )

εij ∼ N(0, σ2
εj

)
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yijks ∼ N(zsceneijks
, 2.35)



zsceneijks
∼ N(zpixijk

, σ2
pix)

zpixijk
∼ N(zyearij

, σ2
year)

zyearij ∼ N(μzij , σ2
z)

μzij
= αj + βj ∗Xi

(
αj

βj

)
∼ N

((
ᾱ

β̄

)
, Σ

)

Σ =
(

σ2
α ρ ∗ σα ∗ σβ

ρ ∗ σα ∗ σβ σ2
β

)

σscene ∼ U(0, 5)

σyear ∼ U(0, 5)

σz ∼ U(0, 5)

ᾱ ∼ N(0, 1000)

β̄ ∼ N(0, 100)

σa ∼ U(0, 20)

σb ∼ U(0, 5)

ρ ∼ U(−1, 1)

i j k s y δ15N
zscene δ15N zpix δ15N

zyear δ15N α β X ρ
α β σ
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