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Working Packages

ANALOG
RECONSTRUCTION

1850 1850 -- 200920091957 1957 -- 20072007
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Data ready for use

http://coast.hzg.de/staff/schenk/hiresaff.html
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Outline

ReconstructionReconstruction MethodMethod

DataData

SomeSome ReconstructionReconstruction SkillsSkills

Take HomeTake Home



TheThe AnalogAnalog --MethodMethod asas
upscalingupscaling tooltool

1) 1) GenerateGenerate consistentconsistent Analog Analog fieldsfields

= = numericalnumerical downscalingdownscaling

2) Find Analog 2) Find Analog fieldsfields forfor stationstation datadata

= = statisticalstatistical upscalingupscaling
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Settings

Test: Test: CrossCross --wisewise cal/valcal/val forfor 25 25 yearsyears

� Predictand = daily analog fields from RCAO model

� Predictor = daily SLP (N=23 stations)

IncreaseIncrease samplesample sizesize forfor analogsanalogs ::

� days of month m ���� analogsanalogs in M {min M {m --1, m, m+1}1, m, m+1}

� allows seasonal shifts if forced by predictor

� additional „tricks“ for the T2m reconstruction

ReconstructionReconstruction : cal. 1958: cal. 1958 --2007 2007 �������� 18501850--20092009



DataData

AtmosphericAtmospheric Fields (Fields ( AnalogsAnalogs ))

Station DataStation Data
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Analogs of Atmospheric Fields

Atmospheric Fields for:

- Sea-Level-Pressure [Pa]

- U- and V-Wind [m/s]

- Relativ Humidity [%]

- Total Cloud Cover [%]

- Precipitation [mm]

- Temperature [K] SourceSource : RCAO: RCAO
Swedish Regional Climate Model with
Coupled Ocean for Baltic Sea
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Daily SLP Station Data

EMULATEEMULATE Mean Sea Level Pressure data set (EMSLP) 

� provides ~ 20 stations for RCAO-domain

� partly covers 1850 1850 -- 20022002, updates by WMO, ECA&D

Ansell, T. J. et al. (2006) Daily mean sea level pr essure reconstructions for the European - North 
Atlantic region for the period 1850-2003', Journal of Climate, vol 19, No. 12, pp 2717-2742.
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Daily SLP Station Data

Total N = 23 stations



ReconstructionReconstruction SkillsSkills

Field Correlation

Ratio of Variance
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Reconstruction Skills

WS
WS

WS

WS

)(

)(

REFVar

RECVar
SD =

Taylor Diagram JAN 1958-2007 Taylor Diagram JUL 1958-2007

Mean field correlation and ratio of variances between the 
reconstruction and the reference fields from RCAO model.



TemperatureTemperature ReconstructionReconstruction

Version 3
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Temperature Reconstruction

SLP has a SLP has a tootoo weakweak physicalphysical link to T2mlink to T2m

� additional predictor T2m (N=22 stations, monthly )

� reconstruction of monthly T2m fields

� projected onto daily T2m anomalies reconstructed by daily SLP

� includes also T2m changes NOT affected by SLP
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Temperature Reconstruction

SLP
+

T2m

SLP
only
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Temperature Reconstruction

TimeTime --invarianceinvariance of of thethe AnalogAnalog --MethodMethod ::

� A single day doesn’t know anything about the days 
before, i.e. 

� much too low daily auto-correlation for daily T2m 
when being reconstructed by daily SLP

HowHow to to accountaccount forfor memorymemory effecteffect in in dailydaily T2m?T2m?

� Search Analog for highest similarity over n days…
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Memory Effect over n Days

Auto-Correlation [AR(1)] of daily T2m for January 1958-2007
in reconstructions searching analogs by similarity over n days



ReconstructionReconstruction SkillsSkills forfor
Wind Wind SpeedSpeed

Field correlation & Variance

Wind speed distribution

99% treshhold values
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JulyJuly 2010:2010:

Algae bloom of
377.000 km² (~90%)

ReasonsReasons ::
(1) (1) nutrientnutrient loadsloads (?)(?)

(2) warm SST(2) warm SST

(3) (3) lowlow windswinds (!)(!)

� compare to 2005
� analog cases?
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SLP-Reconstruction

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007
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U-Wind-Reconstruction

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007
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V-Wind-Reconstruction

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007
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Wind speed distribution
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99 Percentiles of Wind Speed

99% treshold values for daily wind speed for JANUARY (1958 -2007)

RCAORCAO RECONSTRUCTIONRECONSTRUCTION
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99 Percentiles of Wind Speed

Deviation of 99% treshold values for daily wind speed (RE C – RCAO)
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Test case: Storm flood 1872

SWSW--BalticBaltic SeaSea 12/1312/13thth of November 1872of November 1872

� Biggest measured storm flood since today

� Strong westerly flow over weeks : 

� Storms from SW � filling up Baltic Sea from North Sea

� 12/13th Storm surge:

� Storm increase to 120 km/h

� sudden change to NE

� +3,50 m storm flood (> 2,70 m over one day)
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Storm Surge 13 th Nov. 1872

Reconstruction from 
station data by
Rosenhagen & Bork
(2009): Die Küste.
Heft 75
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In-/Outflow of Baltic Sea

INFLOWINFLOW

BACK FLOWBACK FLOW

Rosenhagen & Bork
(2009): Die Küste.
Heft 75
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1872-11-02 1872-11-04 1872-11-06

1872-11-08 1872-11-10 1872-11-11

1872-11-12 1872-11-13
1040 hPa

1040 hPa

1000 hPa 1000 hPa
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1872-11-12 1872-11-13

][1000

][20

km

hPa
p =∆

~60 km/h

Daily mean values of
SLP and wind speed
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Take Home

I.  I.  AnalogAnalog --MethodMethod as as statisticalstatistical upscalingupscaling tooltool

� needs analog-fields and (historical) station data

� yields very similar probability distributions/variance

II. II. ReconstructedReconstructed atmosphatmosph . . ForcingForcing fieldsfields

� realistic daily statistics including extremes

� good correlations for all variables on monthly scale



Thank you for your attention!



Additional Materials

i.e. References for the analog-method as 
statistical downscaling tool



TheThe AnalogAnalog --MethodMethod

A A smallsmall historyhistory @ GKSS@ GKSS

= = statisticalstatistical downscalingdownscaling

i.ei.e. find . find locallocal featuresfeatures to to givengiven GCM GCM fieldsfields

((mostlymostly precipitationprecipitation ))
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Analog-Method

GCM GCM 
simulatedsimulated

largelarge --scalescale
patternspatterns

relatedrelated to to 
simultaneouslysimultaneously
observedobserved locallocal

weatherweather

relatedrelated to RCAto RCA
simulatedsimulated

largelarge --scalescale
patternspatterns

observedobserved
stationstation datadata

of of locallocal
weatherweather

LargeLarge --ScaleScale
PatternsPatterns

Local weather

observations

Sample of Sample of AnalogsAnalogsStat. Stat. DownscalingDownscaling Stat. Stat. UpscalingUpscaling
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Analog-Method @ GKSS

The Analog Method as a simple statistical Downscali ng The Analog Method as a simple statistical Downscali ng 
Technique: Comparison with more complicated Technique: Comparison with more complicated 
MethodsMethods

�� Zorita & v. Storch (1999), Zorita & v. Storch (1999), J. of J. of ClimClim . . 30: 13330: 133--144144

� AM most simple method � serves best

ImprovedImproved fieldfield reconstructionreconstruction withwith thethe analog analog methodmethod : : 
searchingsearching thethe CCA CCA spacespace

�� FernFern áández & ndez & SSááenzenz (2003), (2003), ClimClim . Res. 24: 199. Res. 24: 199 --213213

� CCA better correlation, EOF/Analog better variance
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Analog-Method @ GKSS

InfluenceInfluence of of similaritysimilarity measuresmeasures on on thethe performanceperformance of of 
thethe analog analog methodmethod downscalingdownscaling dailydaily precipitationprecipitation

�� MatullaMatulla et al. (2008), et al. (2008), ClimClim . Dyn. 30: 133. Dyn. 30: 133 --144144

� Most simple method (Euclidian distance) serves best

ReconstructingReconstructing highlyhighly resolvedresolved atmosphericatmospheric forcingforcing
fieldsfields usingusing analog analog methodmethod forfor statisticalstatistical upscalingupscaling

�� Schenk & Zorita (2011), in Schenk & Zorita (2011), in prepprep ..

� AM can be used also as simple non-linear upscaling tool
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1962-02-16 1962-02-17

~80 km/h

][1500

][50

km

hPa
p =∆

Storm flood in Hamburg
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Precipitation

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007
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Rel. Humidity

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007
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Tot. Cloud Cover

Fieldcor for JAN 1958-1983 Fieldcor for JUN 1958-1983

Calibration: 1984-2007


