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WP1:  Database
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Anthropocene,  MCA–MWP,    HTM,  LIG,   MPWP
since ~1610   AD 1146–1465   4–6 ka  118–124 ka 3–3.7 Ma

MCA–MWP, Medieval Climate Anomaly–Medieval Warm Period;
HTM, Holocene Thermal Maximum; LIG, Last Interglacial; MPWP, Mid-Pliocene Warm Period
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WP2:  Proxy Calibration

Mudelsee (2023) Math Geosci (doi:10.1007/s11004-023-10122-5)

            Correct technique
             Y, response variable
               SST
             X, predictor variable
               coral δ18O
             estimation via
              WLSXY or OLSBC
              (i.e., bias correction)

             Explanation: predictor noise
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              Complete description of
               prediction error

               Observation x(n + 1)
                Standard error, SX

                Gaussian assumption

Mathematical Geosciences

1. Bivariate time series
�

t(i), x(i), y(i)
�n

i=1

2. Parameter estimates �β0, �β1
from OLSBC or WLSXY

3. Residuals eX (i), eY (i)

4. Fit values xfit(i) = x(i) − eX (i),

yfit(i) = y(i) − eY (i)
5. Bias-corrected AR(1)

parameters �̄a�
X , �̄a�

Y
estimated on residuals,
block length selection l

6. Resampled residuals,

pairwise-MBB with l
�

e∗b
X (i), e∗b

Y (i)
�n

i=1
(b, counter)

7. Resample x∗b(i) = xfit(i) + e∗b
X (i),

y∗b(i) = yfit(i) + e∗b
Y (i), i = 1, . . . , n

8. Replication, parameters �β∗b
0 , �β∗b

1

9. Replication, prediction �y∗b(n + 1) = �β∗b
0 + �β∗b

1 ·
�
x(n + 1)

+SX · EN(0, 1)(n + 1)
�

10. Go to step 6 until
b = B = 2, 000

replications exist each
�
�β∗b

0

�B

b=1
,
�
�β∗b

1

�B

b=1
,
�
�y∗b(n + 1)

�B

b=1
11. Calculate CI on the

basis of replications

Fig. 1 CI construction, definition of residuals. The illustration is for a certain data point, (x(i �), y(i �)) (filled
circle), from which the distance to the linear fit (thick, tilted line) is measured via line L; the slope of L
is equal to −λ/�β1, where λ = [SY (i �)/SX (i �)]2 (York 1967). The residuals (dashed lines) are given by
eX (i �) = [�β0 + �β1 · x(i �) − y(i �)]/[λ/�β1 + �β1] and eY (i �) = −λ · eX (i �)/�β1; they can have positive or
negative values. Modified after (Mudelsee 2014, Fig. 8.5 therein)

(because one randomly draws from the data with replacement), can then be augmented
to preserve autocorrelation (over the length of the randomly drawn time blocks) as
well. This renders the moving-block bootstrap (MBB) resampling as suited for climate
data (Mudelsee 2014). The AR(1) model is also applicable to unevenly spaced time
series if it is formulated by means of a parameter called persistence time (here called τX

123

WP2:  Proxy Calibration

Mudelsee (2023) Math Geosci (doi:10.1007/s11004-023-10122-5)
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Mudelsee (2023) Math Geosci (doi:10.1007/s11004-023-10122-5)
Brenner et al. (2017) Paleoceanography 32:182 (doi:10.1002/2016PA002973)
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         WLSXY sX(n + 1) = 0.11 ‰

          β1 = –6.5 °C/‰ [–8.0 °C/‰; –5.0 °C/‰]

          n  = 94,   d = 0.4 a
 
          τX = 0.9 a, aX = 0.64

          τY = 1.2 a, aY = 0.72

          l = 9,*  B = 2000, α = 0.025
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Mudelsee (2023) Math Geosci (doi:10.1007/s11004-023-10122-5)
Brenner et al. (2017) Paleoceanography 32:182 (doi:10.1002/2016PA002973)

WP2:  Proxy Calibration
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         WLSXY sX(n + 1) = 0.11 ‰

          β1 = –6.5 °C/‰ [–8.0 °C/‰; –5.0 °C/‰]

         OLS

          β1 = –3.7 °C/‰
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WP2:  Proxy Calibration
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         WLSXY sX(n + 1) = 0.11 ‰  sX(n + 1) = 0 ‰

          β1 = –6.5 °C/‰ [–8.0 °C/‰; –5.0 °C/‰]
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WP2:  Proxy Calibration
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         WLSXY sX(n + 1) = 0.11 ‰

          β1 = –6.5 °C/‰ [–8.0 °C/‰; –5.0 °C/‰]

         WLSXY with X and Y switched

          β1 = –6.5 °C/‰
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WP2:  Proxy Calibration
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WP2:  Proxy Calibration

Mudelsee (2023) Math Geosci (doi:10.1007/s11004-023-10122-5)

     Explanatory video modules
      from commercial course
       Climate Time Series Analysis

      free access until 21 April 2024

Module 14: Regression II, Lecture
https://start.video-stream-hosting.de/player.html?serverip=116.202.148.2&serverapp=climateriskanalysis-vod&streamname=course/EGU-2024-avqtz5e623bcu3uig5f4890j849jh/Module-14-Regression-II-Chapter-8-Lecture.smil

Module 15: Regression II, Tutorial
https://start.video-stream-hosting.de/player.html?serverip=116.202.148.2&serverapp=climateriskanalysis-vod&streamname=course/EGU-2024-avqtz5e623bcu3uig5f4890j849jh/Module-15-Regression-II-Chapter-8-Tutorial.smil

Current course (3 to 7 June 2024):
https://www.climate-risk-analysis.com/courses/time-series/49th-Online-Course-in-Climate-Time-Series-Analysis.html
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Estimation target: slope

Estimation models
 piece-wise linear, ordinary least squares
 nonparametric, Gasser–Müller kernel smoothing

Estimation standard errors (1-σ sigma level, ± symbol)
 moving-block bootstrap resampling
 2000 resamples

WP3:  Trend Analysis

Mudelsee (2014) Climate Time Series Analysis. 2nd edition, Springer, 454 pp. [Chapter 4]
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WP3:  Trend Analysis

Cobb et al. (2001) Geophys Res Lett 28:2209 (doi:10.1029/2001GL012919)
Nurhati et al. (2011) J Climate 24:3294 (doi:10.1175/2011JCLI3852.1)
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WP3:  Trend Analysis

Cobb et al. (2001) Geophys Res Lett 28:2209 (doi:10.1029/2001GL012919)
Nurhati et al. (2011) J Climate 24:3294 (doi:10.1175/2011JCLI3852.1)
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Conclusions and Outlook

Modern warming unprecedented?*
 too early for making firm conclusions
  since to be done:
   proxy calibration error propagation
   sensitivity analyses for
    kernel bandwidth
    fit interval
   analysis of further more datasets

* Note recent EU-funded project GreenSCENT on the European Green Deal
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