
ModExtreme 
Science Workshop

September10, 2015

Scenarios for future changes in 
extremes for agricultural modelling 

Ole Bøssing Christensen, Cathrine Fox Maule (DMI)
Clare Goodess, Richard Cornes (CRU)



ModExtreme 
Science Workshop

September10, 2015

Sourcesof climatechangedata
üCORDEX (http://www.cordex.org)

üRegional models coveringland areasof the 
World 

http://www.cordex.org/
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Regional Model Output
üFor all simulations, there aregriddeddaily

data for dailymaximumand minimum 
temperature plus precipitationon a common
grid, both non-correctedand bias corrected.

üOtherfields, e.g. incomingsolar radiation, 
actualand potential evaporation etc. are
available, but cannotbebias corrected
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Studysites in SW Europe
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AvailableCORDEX simulations

üEurope: 11 simulations (present-day, RCP4.5, 
RCP8.5)

üAfrica: 18 simulations

üNorth America:  6 simulations

üEast Asia: 3 simulations

üSouth America: 2 simulations

GCM RCM Acronym Calendar

CNRM-CERFACS-CNRM-CM5_r1i1p1 CLMcom-CCLM4-8-17 CERFACS-CCLM Standard

CNRM-CERFACS-CNRM-CM5_r1i1p1 SMHI-RCA4 CERFACS-RCA Standard

ICHEC-EC-EARTH_r1i1p1 KNMI-RACMO22E ECEARTH-RACMO Standard

ICHEC-EC-EARTH_r3i1p1 DMI-HIRHAM5 ECEARTH-HIRHAM Standard

ICHEC-EC-EARTH_r12i1p1 CLMcom-CCLM4-8-17 ECEARTH-CCLM Standard

ICHEC-EC-EARTH_r12i1p1 SMHI-RCA4 ECEARTH-RCA Standard

IPSL-IPSL-CM5A-MR_r1i1p1 IPSL-INERIS-WRF331F IPSLCM-WRF 365-day calendar

IPSL-IPSL-CM5A-MR_r1i1p1 SMHI-RCA4 IPSLCM-RCA 365-day calendar

MOHC-HadGEM2-ES_r1i1p1 SMHI-RCA4 HadGEM-RCA 360-day calendar

MPI-M-MPI-ESM-LR_r1i1p1 CLMcom-CCLM4-8-17 MPIESM-CCLM Standard

MPI-M-MPI-ESM-LR_r1i1p1 SMHI-RCA4 MPIESM-RCA Standard
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Bias correction

üBias correctionneedsobservations!

üAvailableobservations:
MODEXTREMESTUDY
AREA

CORDEXDOMAIN OBSERVATIONS Simulations

available

Simulations

selected

France

Spain

Italy

Switzerland

Ukraine

Euro-CORDEX0.11
E-OBS(tasmax, tasmin, pr)

Entire grid
11 4

SouthAfrica CORDEXAfrica0.44 Onestation 18 4

China
CORDEXEastAsia0.44

GHCN(tasmax, tasmin, pr)

10stationscloseto 7 studysites
3 3

Argentina

Brazil
CORDEXSouthAmerica
0.44

Stationdata

Argentina: 11 stations for 6 sites

Brazil: 1 station for 2 sites

2 2
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Bias correction
üMethod is quantile-basedfor temperature and precipitation

üBasically, we sort model valuesand observedvalues
accordingto sizeand correctmodelled present-dayvalues
to the correspondingobservedvalueΦ 5ƻ έǘƘŜ ǎŀƳŜέ ŦƻǊ 
scenario.

üCorrectionsdependon time of year, basedon 20 yearsof 
overlapping observation/simulation, 30-day running
calendarwindow, i.e., 600 values

üSomeproblems for large extremes

üPossibilityto makeT-basedcorrectionsfor specifichumidity
and dewpoint T
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Model selection
üWechooseto selectup to 4 models per area, one

central and 3 to span the variation within a set of 8 
indices basedon precipitation: Average precipitation
plus
RX1day Highestprecipitationamountin 

one-dayperiod.

-

RX5day Highestprecipitationamountin 

five-dayperiod.

-

SDII Simple daily intensity index Meanof precipitation(RR) on dayswhenrainoccurred(dayswhenww җ 

1mm).

R10mm Heavy precipitation days Count of dayswhereRR (dailyprecipitationamountύ җ мл mm.

R20mm Very heavy precipitation days /ƻǳƴǘ ƻŦ Řŀȅǎ ǿƘŜǊŜ ww όŘŀƛƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƳƻǳƴǘύ җ нл ƳƳΦ

CDD Consecutive dry days Maximum length of dry spell (RR < 1 mm).

CWD Consecutive wet days aŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ǿŜǘ ǎǇŜƭƭ όww җ м ƳƳύ
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Model selection

üPrincipal Component Analysis in index/model space: 
Identifywhichmodels and whichindices follow each
others, and whichareindependent.

üSelect onecentral and 3 othersspanningthe 
independent directionssubjectively

üSelected simulations for SW Europe: ECEARTH-
HIRHAM (central), CERFACS-RCA, ECEARTH-RACMO, 
MPIESM-CCLM

üFor Ukraine: CERFACS-RCA, ECEARTH-RACMO, 
HadGEM-RCA, MPIESM-CCLM
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Choice
of 

models 
for South 

Africa
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Differences in climatechange
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Extremes Indices: full list
Standard Indices: Temperature Standard Indices: Precipitation

1 FD Frost days (Tmin < 0°C) 8 RX1day Highest precipitation amount in one-day period.

2 SU Summer days (Tmax > 25°C) 9 RX5day Highest precipitation amount in five-day period.

3 TR Tropical nights (Tmin> 20°C) 10 SDII Simple daily intensity index

4 GSL Growing season length 12 R10mm Heavy precipitation days (RR > 10mm)

5 WSDI Warm Spell Duration Index 12 R20mm Very heavy precipitation days (RR > 20mm)

6 WSDImax Length of longest Warm Spell 13 CDD Consecutive dry days

7 CSDI Cold spell duration index 14 CWD Consecutive wet days

PhenologicalIndices: Cold Temperatures PhenologicalIndices: Extreme Heat 

15 S.EM.CRIT.8 Sowing-emergence critical days (< -8°C) 22 TMAX.40 Ceiling temperature for development (Tmax > 40°C)

16 S.EM.CRIT.3 Sowing-emergence critical days (< -3°C) 23 TMAX.45 Ceiling temperature for development (Tmax > 45°C)

17 EM.AN.CRIT.2 Emergence-flowering critical days (< -2°C) Phenological Indices: Grasslands

18 LASTFROST.0 Final frost day (0°C) 24 GSL.GRASS Growing Season length for Grasses/Clover mix

19 LASTFROST.8 Final frost day (-8°C) 25 VHOT.DAYS Very Hot Days (Tmax > 35°C)

20 LASTFROST.3 Final frost day (-3°C)

21 LASTFROST.2 Final frost day (-2°C)
* BoldIndicates the six ñcoreò indices



ModExtreme 
Science Workshop

September10, 2015

Goodand bad thingsfor bias 
correction

üWeareguaranteedthe statisticsof 
temperature and precipitation, including
extremes, whichcorrespondto observations
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Good and badthingsfor bias 
correction

üThe correctedvaluesmaynot be consistent
with weathertype.

üOthervariables cannotbe corrected; therefore
P+E mayhave erroneousvalues.

üIt is difficult to treat future extremeslarger
than anythingseenin the calibrationperiod; 
the current techniquehas present-dayperiod
the same as calibrationperiod, whichleadsto 
correction-inducedbiasesin climatechange
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Indices from correctedmodel data


