b

u

b
UNIVERSITAT
BERN

The ModE-RA data set

Palaeoclimate reconstruction using data
assimilation

Veronika Valler, Jorg Franke, Eric Samakinwa, Elin Lundstad, Angela-Maria Burgdorf
Ralf, Hand, Yuri Brugnara, Stefan Bronnimann

European Research Council

Oeschger Centre and Institute of Geography, University of Bern, Switzerland AR g g i

| £ NS NF
GQQLQJQH&

=
FONDS NATIONAL SUISSE

SCHWEIZERISCHER NATIONALFONDS
FONDO NAZIONALE SVIZZERO
Swiss NATIONAL SCIENCE FOUNDATION




b

ECMWF Annual Seminar 2023 u
Climate extremes
Looters, 1540 Prices, 1816 Flood, 1855
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Centennial reanalyses
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Bronnimann et al. 2019
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Dally observations
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B Precipitation (mm)
22 June to 5 July 1817

a Potential snow (mm)
16 April - 15 May 1817
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Flood 1817
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There’s a limit

Nuremberg O snow changeable
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M = windy cold

Zurich [ warm ™ cloudy snow frost
no inform. O sunny rain — fog
cold 8 changeable é thunderstorm = high fog (stratus’ —
M wind direction very cold = storm

Bronnimann 2023
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Annual scale: «Traditional» reconstructions iy
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Reconstructions using data assimilation

« Use instrumental data, documentary data, climate proxies
« Off-line assimilation into an ensemble of atmospheric model simulations

« Generate monthly output (6-month assimilation window)
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Welighted analog approach

Reconstruct Oct-May T from plant, ice phenology R
?9Plant Phen - - A
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Reichen et al. 2022



ECMWF Annual Seminar 2023 u

Welighted analog approach
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Welighted analog approach
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Off-line Ensemble Kalman Filter

J(x) = (X - xp) B (X - xp) + (y - HIX])" R™* (y - H[x])

where X is the analysis,

Xp the background or first guess,

y the observations,

R the observation error covariance matrix,
B the background error covariance matrix,
H the observation operator

Solution:  x = x, + BH'(R+HBH")™ (y-H[x,])

UNIVERSITAT
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Sea-surface temperatures

EnsSpread ratio (After DA/Before DA)
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« Based on (annual) PAGES2k
reconstructions (analog
approach, ensemble)

« add intra-annual variability

« assimilate SST and NMAT
(after ca. 1780)

« Climatological sea ice

Samakinwa et al. 2021
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Atmospheric Model Simulations

Model: ECHAMG6

Period: 1421-2009

2° x 2° resolution

36 to 60 members
(different initial conditions)
(different SSTs)

(different volcanic forcing)

Hand et al. 2023
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Atmospheric Model Simulations
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Natural proxies
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Proxy forward models
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Instrumental Observations (Land)

Newly digitised:

Pressure (n=806)
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Documentary Records

Freezing/thawing dates Blossom dates Harvest dates Documentary sources

479 series compiled
142 series digitised
DOCU-CLIM = 621 series Burgdorf et al. 2023
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Documentary Records
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Documentary Records
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Documentary Records

March-July temperature August-December temperature Annual precipitation
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All records

a) Natural proxy b) Documentary
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Assimilated values per year
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All records
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Assimilation scheme

ModE-Sim ModE-Sim Observation
100 stationary “members” 20 transient members 1{ time series length > 50 years
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Products

ModE-RA: Full assimilation
20 members, transient prior, hybrid B (50% climatological/50% transient)

ModE-Sim: Simulations
20 members, no assimilation

ModE-RAclim: Time invariant prior
100 members, climatological B



ECMWF Annual Seminar 2023

Evaluation: Surface air temperature

ModE-RA-HadCRUT5 ModE-RAclim-HadCRUT5
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ModE-Sim-HadCRUT5
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Temperature anomaly 1908-1911
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Cold
Season

EKF400V2
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Examples:
EKF400v2

Temperature
anomaly
(°C)
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anomaly
(mm month™")
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ClimeApp

Data sets on DKRZ (revised)
Explore ModE-RA in ClimeApp (Beta)

http://climeapp-modera.unibe.ch:3838/
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( l” I Ie (Beta) Welcome Average & anomaly Composites Correlation Regression

Map Time series Map data Time series data ModE-RA sources Downloads

Creating absolute mean or anomaly values

Choose avariable to plot: Choose a mode:

DJFM Temperature Anomaly 1698-1698 Ref. = 1651-1680 °C

Temperature - O Anomaly - Absolute

Select the range of years (1422-2000):

1698 > to 1698

<>

Select the range of months:

Annual. DJF. MAM  JJA  SONQ Custom

Select custom months:

december (prev.) December
|

Reference period:

1651 < to 1680

<>
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Creating absolute mean or anomaly values

Choose a variable to plot:  Choose a mode:

Temperature - O Anomaly . Absolute
Select the range of years (1422-2000):
1698 S to 1698 =
Select the range of months:
Annual. DJF MAM ' JJA SONQ Custom
Select custom months:
—
Reference period:
1651 < to 1680 Z

Welcome Average & anomaly Composites
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Correlation Regression

Time series Map data Time series data
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Assimilated Observations - Oct. to Mar. 1697/1698
Total Sources = 144

VARIABLE

O historical_proxy
natural_proxy
precipitation

sea_level_pressure

¢ + 4 o

temperature

TYPE
coral_proxy
PS documentary_proxy
® glacier_ice_proxy
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® instrumental_data
lake_sediment_proxy
® other_proxy

speleothem_proxy

® tree_proxy
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Map Time series Map data Time series data ModE-RA sources Downloads

Creating composite mean or anomaly

values ) )
List of chosen composite years:

1809 1816 1835

Choose a variable to plot:

Precipitation v
Annual Precipitation Anomaly (Comgpoesite)1s1mm

Choose a mode: 40

O Fixed anomaly  Anomaly compared to X years prior

Absolute 20

Enter or upload a list of years:

O Manual' ' Upload

Enter your list of years, separated by commas:

-20

1809, 1816, 1835

Select the range of months: -40

OaAnnual. DJFF MAM JJA SON  Custom 20 -0 o0 10 20 30 40 50

Reference period:
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Creating composite mean or anomaly
values

Choose a variable to plot:

Precipitation v

Choose a mode:

O Fixed anomaly  Anomaly compared to X years prior

Absolute

Enter or upload a list of years:

O Manual  Upload
Enter your list of years, separated by commas:

1809, 1816, 1835

Select the range of months:

O Annual. DJF MAM' JJA 'SON  Custom

Reference period:
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Average & anomaly Composites

Map

Year

1809

20°N

20°S

Time series

Correlation

Map data

<>

Regression

Time series data

Assimilated Observations - Oct. to Mar. 1808/1808pg
Total Sources = 132
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instrumental_data
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VARIABLE

o
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histerical_proxy
natural_proxy
no_of_rainy_days
precipitation
pressure
sea_level_pressure

temperature

20°N

20°s

ModE-RA sources

Assimilated Observations - Apr. to Sept. 1809

Total Sources = 411

Downloads
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Conclusions

 ModE-RA: Global monthly 3D reconstruction back to 1421

« Comprehensive collection of observations

« Comprehensive observation feedback archive

« Centennial variability from model, shorter from observations
 ModE-RA, ModE-RAclim, ModE-Sim

« Explore in ClimeApp (Beta)
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