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1 Introduction

This document presents supplementary Figures for Bothe et al. (2018, “Inconsistencies between observed, re-
constructed, and simulated precipitation indices for England since the year 1650 CE”, compare, https://www.
clim-past-discuss.net/cp-2018-27/). It includes additional time-series plots of the used precipitation and tem-
perature data and different visualisations of the relation between different observation based data sets. It also
provides additional information on the parameters and moments of the fitted distributions. Additionally, it
shows initial assessments of the reconstruction data of Rinne et al. (2013) and a scaling approach for the δ18O
data of Young et al. (2015). Finally, it shows the extension of the analyses in the main paper to the PMIP3-data
set (Schmidt et al., 2011).
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2 Observation and paleo-observation based data

Figure 1 presents the observational precipitation series and the Central England Temperature since approxi-
mately the year 1650 CE. The different sub-divisions of the England-Wales precipitation show notable similarities
(Figure 1g to j). The Figure again highlights the differences in mid- to low-frequency variability in the reconstruc-
tions compared to the observational data.

2.1 Pairwise comparisons

Figures 2 and 3 complement the correlation matrix presented in the main manuscript. The pairwise complete
correlation matrix in the left panel of Figure 2 differs only slightly from the matrix in the main manuscript over
the period 1873 to 1994 CE when all records have data. The correlations between non-overlapping 11-year av-
erages over the period 1767 to 1986 CE in the right panel of Figure 2 mainly illustrate the weak relation between
the reconstructions and the other data sets. The observational data sets have relatively strong relations on this
time-scale and over this period except for the relationship between the Pode Hole precipitation and the Cen-
tral England Temperature. The scatterplots in Figure 3 visualize the strong relation between the observational
precipitation data sets and the weak relation between the reconstructions and the other data sets.

2.2 Distributional properties of observational data and the regional simulation

Figures 4 to 7 present additional plots for the distributional parameters and properties. The Figures supple-
ment the appendices of the main manuscript. Figures 4 and 5 give the shape and scale parameters for the
reconstructions over their full period. Shape parameters become notably larger before approximately the year
1600 CE for Southern-Central England and before approximately the year 1500 CE for East Anglia. The longer
perspective highlights that excursions to small scale parameters around the year 1800 CE are rare over the full
reconstruction period.

Figure 6 shows the skewness for reconstructions, observations, and the regional simulation, which we don’t
show in the appendix of the main manuscript. Their evolutions mainly reflect those of the respective shape
parameters.

Figure 7 adds the plots for the excess kurtosis of the reconstructions over their full period. These series show
that the reconstructions’ distributions strongly change between early and late periods.
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Figure 1: Time-series of interannual and 51-point Hamming-filtered observation based data sets for the ex-
tended spring season from March to July (MAMJJ): a) Central England Temperature, b) East Anglia precipitation
reconstruction, c) South Central England precipitation reconstruction, d) Pode Hole precipitation observations,
e) Oxford precipitation observations, f) Kew Gardens precipitation observations, g) England-Wales precipitation,
h) South West England precipitation, i) South East England precipitation, j) Central England precipitation.
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Figure 2: Correlation matrices between the different observation and paleo-observation based data sets for
the extended spring season from March to July (MAMJJ). The left panel is for interannual data and pairwise
complete data, i.e., correlation coefficients are not directly comparable since they are computed over different
periods. The right panel is for non-overlapping 11-year averages for a subset of data between 1767 and 1986
CE. The abbreviations are for Central England Temperature (CET), East Anglia precipitation reconstruction (EAr),
Southern-Central England precipitation reconstruction (SCEr), England-Wales precipitation (EWP), South-West
England precipitation (SWE), South-East England precipitation (SEE), Central England precipiation (CEP), Pode
Hole precipitation (Pod), Kew Gardens precipitation (Kew), and Oxford precipitation (Oxf).
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Figure 3: Scatterplots between the various observational precipitation data sets. Plots are for pairwise com-
plete data, i.e., each plot shows different numbers of data-points. Axes are precipitation amounts. The ab-
breviations are for East Anglia precipitation reconstruction (EAr), Southern-Central England precipitation recon-
struction (SCEr), England-Wales precipitation (EWP), South-West England precipitation (SWE), South-East England
precipitation (SEE), Central England precipiation (CEP), Pode Hole precipitation (Pod), Kew Gardens precipitation
(Kew), and Oxford precipitation (Oxf).
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Figure 4: Evolution of shape parameter k for the full reconstruction periods: a) East Anglia, b) Southern-Central
England.
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Figure 5: Evolution of scale parameter λ for the full reconstruction periods: a) East Anglia, b) Southern-Central
England.
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Figure 6: Evolution of the skewness: a) East Anglia reconstruction, b) Southern-Central England reconstruc-
tion, c) England-Wales precipitation observational data, d) East Anglia regional simulation, e) Southern-Central
England regional simulation, f) England-Wales precipitation regional simulation.
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Figure 7: Evolution of the excess kurtosis for the full reconstruction periods: a) East Anglia, b) Southern-Central
England.
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3 Scaling using Young et al. (2015) δ18O-data

This section shortly discusses a scaling of δ18O data presented and first used by Young et al. (2015). The sup-
plement of Young et al. (2015) includes their δ18O data and their manuscript provides enough detail to re-
peat their suggested reconstruction procedure (compare http://doi.org//10.1007/s00382-015-2559-4 and http:
//doi.org//10.1007/s00382-015-2559-4#SupplementaryMaterial).

3.1 Original work

Young et al. (2015) collect δ18O-records from Scotland, Wales, and England and reconstruct summer (June-
August) precipitation. They use the England-Wales precipitation (Alexander and Jones, 2000) as climate calibra-
tion data and for their scaling.

3.2 Input data

We only use the six δ18O-records from Wales and England whereas Young et al. (2015) use eight records. This
results in differences in our reconstructed data.

3.3 Scaling of δ18O data

We apply the scaling procedure described by Young et al. (2015). We rescale the resulting isotope-composite to
the mean and variance of the England-Wales precipitation data over the period 1850 to 2006 CE. We show this
for the summer (June to August) season but we did another scaling for the extended spring season from March
to July. The relation between the chronology and the extended spring precipitation is only weak.

Verification statistics are negative and, thus, the scaling is not skillful in the early period. Our England andWales
composite thereby differs from the England, Wales, and Scotland composite of Young et al. (2015), which retains
positive verification also for the early period.

3.4 Results

Figures 8 and 9 present the interannual and smoothed precipitation data for the extended spring season and
the summer season respectively. The observed extended spring precipitation in Figure 8d does not show clear
similarities to the scaled data in Figure 8c. For summer, the scaled and observed series show some similarities
in their mid-frequency variability but there are not any commonalities on longer time-scales. On the other hand,
one may see slight similarities between the simulated data and the scaled data for the extended spring, but
most prominent are the apparent opposite evolutions recently and in the early part of the records. For summer,
there are not any similarities between scaled data and the simulation output (Figure 9).

3.4.1 Percentile series

Figures 10 and 11 show some analyses of the percentiles for the summer season. Since the scaled data sets for
both seasons only differ in their mean and their amplitude, we concentrate on summer here.

The wet percentile for the scaled data shows strong deviations from the observations in the beginning of the
record and in the early 20th century. Similarly, the dry percentile record deviates strongly before approximately
the year 1850 CE but shows slightly more agreement with the observations for the rest of the period.

8

http://doi.org//10.1007/s00382-015-2559-4
http://doi.org//10.1007/s00382-015-2559-4#SupplementaryMaterial
http://doi.org//10.1007/s00382-015-2559-4#SupplementaryMaterial


200

300

400

500

P
re

ci
pi

ta
tio

n 
/m

m
/s

ea
so

n

a) East Anglia, reconstruction & model

200

300

400

500

P
re

ci
pi

ta
tio

n 
/m

m
/s

ea
so

n

b) Southern−Central England, reconstruction & model

200

300

400

500

P
re

ci
pi

ta
tio

n 
/m

m
/s

ea
so

n

c) England−Wales, reconstruction & model

1650 1700 1750 1800 1850 1900 1950 2000

200

300

400

500

P
re

ci
pi

ta
tio

n 
/m

m
/s

ea
so

n

Year CE

d) England−Wales, observations & model

MAMJJ data MAMJJ model data

Figure 8: Extended spring (MAMJJ) precipitation in observation based data and simulated data, a) East Anglia
precipitation in reconstruction (black) and regional model (blue), b) Southern-Central England precipitation in re-
constructions (black) and regional simulation (blue), c) England-Wales scaling reconstruction (black) and regional
simulation (blue) and d) England-Wales precipitation in observational data (black) and regional simulation (blue).
We show interannual data (transparently colored) and 51-point Hamming-filtered data (solid colored).
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Figure 9: Summer (JJA) precipitation in observation based data and simulated data, a) England-Wales scaling
reconstruction (black) and regional simulation (blue) b) England-Wales precipitation in observational data (black)
and regional simulation (blue). We show interannual data (transparently colored) and 51-point Hamming-filtered
data (solid colored).

10



260

280

300

320

340

P
er

ce
nt

ile
 /m

m
/s

ea
so

n

a) Reconstructions, observations

1650 1750 1850 1950

260

280

300

320

340

P
er

ce
nt

ile
 /m

m
/s

ea
so

n England−Wales
England−Wales (reconstruction)

b) Model data

Year CE

Figure 10: Visualisation of the JJA England-
Wales precipitation amount identified as
severely wet (93.3th percentile) over 51-year
windows for a) reconstructions and obser-
vations, and b) regional simulation. Sim-
ulation and observations are green solid
lines, England-Wales reconstruction is yellow
dashed line.
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Figure 11: Visualisation of the JJA England-
Wales precipitation amount identified as
severely dry (6.7th percentile) over 51-year
windows for a) reconstructions and obser-
vations, and b) regional simulation. Sim-
ulation and observations are green solid
lines, England-Wales reconstruction is yellow
dashed line.

There are not any obvious commonalities between the scaled data and the simulation output and disagreement
dominates for summer precipitation. On the other hand, simulated and observed summer precipitation records
show similar decreasing trends in their wet percentiles.
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Figure 12: Extended summer (MJJA) precipitation in observation based data and simulated data, South England
reconstruction (yellow dashed), South England reconstruction and concatenated observations (black), and re-
gional simulation (blue). We show interannual data (transparently colored) and 51-point Hamming-filtered data
(solid colored).

4 Rinne et al. (2013) δ18O-based reconstruction

In the following, we shortly discuss the reconstruction by Rinne et al. (2013). The first author of Rinne et al.
(2013) provided their reconstruction data for comparison. Their reconstruction is for an extended summer
season fromMay to August (MJJA). They construct a δ18O chronology from up to four trees. See their paper for
details. They compute a reconstruction by scaling against the station observation data for Radcliffe (cf. Oxford),
England. Their record concatenates the Radcliffe instrumental data for 1894 to 2003 CE to the reconstructed
values from 1613 until 1893 CE. Thus, the overlap with the England-Wales precipitation data is short. For the
simulation data, we use the domain 1.5W to 0E and 51.5N to 52.5N.

4.1 Results

The following concentrates on the reconstructed data and mostly disregards the concatenated observations in
the Rinne et al. (2013) record. For moving window measures, plots show data up to the year 1893 CE, i.e. when
about half of the window consists of reconstructed values and half the window is observed data.

Figure 12 shows the interannual and 51-point Hamming-filtered records for the simulation and the South Eng-
land reconstruction. Absolute amounts for extended summer are quite comparable between simulation and
reconstruction, although the reconstruction is more or less a point record and the simulation includes a number
of grid points. The reconstruction and the observations appear to vary more than the simulation.

Wet percentiles for reconstruction and observation evolve oppositely for the short period of overlap (Figure
13a) but dry percentiles agree (Figure 14a). The simulation behaves oppositely for the early part of the data but
the trend agrees with the reconstruction for much of the 19th century (Figure 13b). We cannot identify clear
commonalities between reconstruction and simulation for the dry percentiles (Figure 14b).
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Figure 13: Visualisation of the MJJA precip-
itation amount identified as severely wet
(93.3th percentile) over 51-year windows
for a) South England reconstruction and
England-Wales observations, and b) regional
simulation. England-Wales in green, and
South-England in yellow.
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Figure 14: Visualisation of the MJJA pre-
cipitation amount identified as severely dry
(6.7th percentile) over 51-year windows for a)
South England reconstruction and England-
Wales observations, and b) regional simula-
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Figure 15: Representations of Central England Temperature for the season March to July smoothed with a 51-
point Hamming filter (colored) in various data sets and the Solanki decadal Sunspot Number (SSN, light grey
in background, divided by 100, dimensionless): observational Central England Temperature (black solid), CCLM
regional simulation (blue dashed), MRI (brown solid), MPI (red solid), IPSL (blue solid), HadCM3 (gold yellow solid),
GISS-E2-R 21 (green solid), GISS-E2-R 24 (dark grey solid), GISS-E2-R 27 (dark orchid solid), CSIRO (yellow brown
solid), CCSM4 (dark brown solid). Vertical lines give the years 1700, 1784 and 1816 CE.

5 PMIP3-ensemble

We shortly show results for a number of global simulations from the PMIP3-ensemble (Schmidt et al., 2011) for
reference. We choose the simulations with CCSM4 (Landrum et al., 2012), CSIRO-Mk3L-1-2 (Phipps et al., 2011),
HadCM3 (Schurer et al., 2014), IPSL-CM5A-LR (Dufresne et al., 2013), MPI-ESM (Jungclaus et al., 2014), MRI-CGCM3
(Yukimoto et al., 2012) and the GISS-E2-R ensemble members 21, 24, 27 (Schmidt et al., 2014). For details on the
PMIP3 ensemble protocol, see Schmidt et al. (2011).

The global simulations have different grid resolutions. We choose from each simulation the domain including
grid points closest to the longitudinal and latitudinal borders 5.5W to 1.5E and 50.5 to 54.5N. This domain choice
is somewhat arbitrary but we assume it sufficiently represents the England-Wales precipitation domain to allow
meaningful comparison of changes in quantiles, although not in absolute quantile values. The different grids
result in different means of seasonally accumulated precipitation in our subsequent analyses. While further
model-biases may contribute, we assume the different grids to be the most prominent bias in the accumulated
values. We choose the domain 5 to 0W and 50 to 55N as simulated counterparts of the Central England Temper-
ature. Please refer to Wigley et al. (1984) for the definition of the England-Wales precipitation domain for the
observational series, and to Parker et al. (1992) for the approximate domain of the observation based Central
England Temperature.

Simulation data for the PMIP3-past1000 simulations is available from the nodes of the Earth System Grid Feder-
ation, e.g., https://esgf-node.llnl.gov/projects/esgf-llnl/.

5.1 Central England Temperature

Figure 15 presents the representations of the Central England Temperature in the PMIP3-ensemble simulations
compared to the observational data and the regional simulation. It shows the 51-year Hamming low-pass fil-
tered temperature records from observations and simulations for the period 1650 to 1850 CE. We show some
information about potential external forcings in the Figure as well. Vertical dotted lines represent the years 1700,
1784 (at the end of the volcanic eruption of Laki in 1783/1784), and 1816 CE (the year without a summer after

14

https://esgf-node.llnl.gov/projects/esgf-llnl/


the eruption of Tambora in 1815 CE). The Figure also adds an estimate of the Sunspot Numbers as light grey line
in the background as a measure of solar activity. The data is from Solanki et al. (2004) and divided by 100. It is
available at 10-year intervals. Note that we calculate temperature anomalies in this plot over differing periods,
i.e. over the full lengths of the respective data sets, because we are only interested in a tentative comparison.
These periods are ~850 to 1850 CE for the global simulations, 1645 to 1999 CE for the CCLM data, and 1659 to
2014 CE for the CET data.

The PMIP3 simulation ensemble lacks an obvious common signal and there is not any clear agreement between
the simulations and the observations. Internal climate variability from atmospheric, oceanic, and coupled pro-
cesses is stronger at regional scales than at global scales and, thus, possibly dominates over any potential forced
influence.

Note that the regional simulation includes volcanic variations only as reduction in an effective solar constant
and uses a rather large solar forcing amplitude. The implementation of the volcanic forcing may lead to climate
signals of high latitude eruptions which we would not usually expect, e.g., the late 18th century dip may be
due to the Laki eruption on Iceland. D’Arrigo et al. (2011) and Schmidt et al. (2012) report observed heat wave
conditions in northern and western Europe in summer 1783 CE. Schmidt et al. (2012) further note that climate
simulations did not show such an effect on the European summer climate. The strong warming in the regional
simulation may be due to the larger incoming solar radiation forcing in the second half of the 18th century.

5.2 Standardised precipitation in the PMIP3-ensemble

We repeated for the PMIP3-ensemble some of the analyses presented in the main manuscript for the standard-
ized precipitation properties of observations and regional simulation. Figures 16 and 17 visualize the results.

Figure 16 shows for comparison the representation of England-Wales precipitation in a selection of PMIP3
past1000 simulations for the period 1650 to 1850 CE. We again show the data for an extended spring season
fromMarch to July. The panels illustrate the diversity of the PMIP3-ensemble including notable opposite anoma-
lies between models and not just unstructured evolutions. These are visible in the smoothed data series in the
top panel a) but also in the plots for the percentiles (Figure 16b,c) and the Weibull standard deviation (Figure
16d). For example, the late 18th century is either relatively dry or relatively wet but generally not just in transition
(e.g., Figure 16a).

Next, we take MAMJJ precipitation amounts for the 93.3th, 50th, and 6.7th percentiles for the year 1815 CE and
consider which percentiles these represent in other time windows. Figure 17 presents these results. We choose
1815 CE as reference year, since it is included in all data sets and it is not yet the last year of the PMIP3 past1000
simulations. The PMIP3-ensemble shows diverse behavior. Most series display some kind of trend of previously
increasing or decreasing probability relative to the reference percentile values in the year 1815 CE.

5.3 Correlation between temperature and precipitation in the PMIP3-ensemble

Figure 18 presents interannual correlations over 51-year windows between the representations of the extended
spring Central England Temperature and the extended spring England-Wales precipitation in the simulations of
the PMIP3 ensemble over the period 1650 to 1850 CE. There is not any common relationship for specific periods
or generally between both parameters. Noteworthy are the strong positive relations between temperature and
precipitation in two of the GISS-simulations which are in contrast to the observed negative relationship.
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Figure 16: England-Wales extended spring (MAMJJ) precipitation in the PMIP3-ensemble. a) 51-point Hamming-
filtered precipitation series. b) 93.3th percentiles calculated over 51-year windows for the data in a). c) 6.7th
percentiles calculated over 51-year windows for the data in a). d) Square root of theWeibull distribution variance
over 51-year windows for the data in a).
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Figure 17: Visualisation of the percentile represented by a reference precipitation amount over time for the
members of the PMIP3-ensemble relative to a) the 93.3th percentile for the reference year 1815 CE, b) the 50th
percentile for the year 1815 CE, c) the 6.7th percentile for the year 1815 CE. Data is for the extended spring
season from March to July.

1650 1700 1750 1800 1850

−1.0

−0.5

0.0

0.5

1.0

C
or

re
la

tio
n

Year CE

MRI
MPI
IPSL
HadCM3

GISS2_1
GISS2_4
GISS2_7
CSIRO
CCSM4

Figure 18: Interannual correlations between Central England temperature and precipitation data over 51-year
windows for the PMIP3-ensemble over the period 1650 to 1850 CE. All data are for the extended spring season
from March to July.
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