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MPI-GE: the ideal tool to precisely sample rare events

H igh'i 1 pa Ct haza rdS SUCh dS EXt reme The 100-member Max Planck Institute Grand Ensemble (MPI- Paper on

. ore evaluation of
GE; [1]) simulates large samples of low-probability extreme T e

prECipitatiOn, heat Stress and drOught events, based on a precise sampling of the chaos in the Ensembles:

climate system arising due to internal variability. Suarez-Gutierrez et al. 2021, Clim. Dyn.

Wi" OCCUr more CIOSEIV togEther’ bOth in MPI-GE is the largest ensemble from a comprehensive Earth System Model (MPI-ESM,

CMIP5 forcing), and offers one of the best representations of forced changes and

time and in Space’ aS the WOrId variability in historical temperatures among all available large ensembles [2].

This makes MPI-GE the ideal tool to assess changes in the characteristics and likelihood
bECO mes warmetv. of low-probability, high-impact extreme and compound events in a warming world.

Here, we use historical and moderate warming (RCP4.5) MPI-GE simulations, with

This clustering of extreme conditions 2,25C of global mean temperature rise by the end of the 21+ Century,
year after year brings even larger risks oo o
to the already vulnerable affected
regions, further threatening societal and

O HadCRUT4 Observations
MPI-GE captures forced changes and variability in observed temperatures well. Time series of MPI-GE (blue) annual Global
Mean Surface Temperature (GMST) anomalies wrt. the period of 1961-1990 compared to HadCRUT4 observations (black

eco I Ogi Ca I rESi I ie n Ce - circles). Rank histogram of HadCRUT4 observations as a member of MPI-GE (full line) against perfect model rank histogram

range (dashed lines). Model captures observations well if rank hist. of observations falls mostly within perfect model range.
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Increasing likelihood of succeeding extreme Increasing spatiotemporal proximity in global
heat and drought stress over Europe [3] heat, drought, and precipitation extremes [4]

The likelihood of a whole decade of year-after-year extreme heat over Europe goes from The chance of concurrent extreme heat and drought leading Paper on

. . . .. . . . . . . . spatiotemporal
virtually impossible to 10-30% in just the next two decades. Lack of nighttime cooling becomes to simultaneous maize failures in 3 or more breadbaskets Sty &
the most persistent form of heat stress over Europe. doubles, from 28.7% to 57.3%; while the frequency of 5- extremes:

-fai i Y) Y) aymond et al. , Environ. Res. Lett.
The likelihood of two succeeding years with extreme Rain Deficit goes from 20 to over 40% by breadbasket-failure years increase from 0.6% to 5.4%. s

the end of the century, but the likelihood of 5-10 years of drought years remains relatively low. The region most likely to suffer failure in years with 3 breadbasket failures is the

Compound Heat Stress likelihood doubles in the next 20 years, and reaches over 95% by the end Central US; connected most closely to Central Europe.

of the century. Rare or virtually impossible succeeding Compound Heat and Drought becomes Risk of Multiple Maize Breadbasket Failure
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E > 1Year* g | g | g Changing risk of multiple-breadbasket failure for maize. (a) Probability of a year having X breadbaskets experiencing a
S 2E ;vearsé § § | ' ' ' ' ' ' : failure. Scenarios are 1991-2020 (light red), 2070-2099 (dark red), and two potential future CO2-fertilization effects: crop
2 g’% I failure threshold at 0.5C warmer and 5% drier than current (pink), and at 1.0C warmer and 10% drier (purple). Circles
£ a - 5 Years ¢ | : § § § § § § § § show equivalent probabilities using reanalysis. (b) For years with 3 breadbasket failures, wider lines indicate higher
S T R A .

A probability that the two regions connected are among those experiencing failures, varying here from 9% to 44%. (c) As in

L Y O O O B | | | | | | | | | | | (b) but for years with 5 breadbasket failures, with probabilities here varying from 45% to 86%.

0 20 40 60 80 100 20 40 60 80 100
Likelihood of succeeding extremes (%) Likelihood of succeeding compound extremes (%)

o

Temporally-compounding Extreme Heat increases in frequency by 100%-300% from
Likelihood of year-after-year succeeding extremes under increasing global warming for different single and compound excess

metrics, for the periods of starting between the years 2000-2019 (light colors), 2020-2039 (medium colors) and 2070-2089 (dark recent decades to the end of the 21+ century.

colors). Extreme years are defined as those equal or larger to the 2000-2019 average in each metric. _ o ] .
Temporally-compounding Extreme Precipitation becomes 50-100% more frequent in

large mid and low latitude areas.

These novel Excess Metrics illustrate excess heat and/or drought | | Bxcess Hoal I MPLGE s E0BS |
14 — | | | | | | | | | | ; G'OE
stress beyond certain thresholds accumulated over whole seasons. =
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Excess Heat, Humid Heat, and Night Heat are defined as the
difference between the actual temperature reached (maximum daily

a) Compound Extreme Heat Change
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Drought-Rain Volatility, defined as
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temperature, Wet Bulb temperature, or minimum daily temperature ™ = w0 mewe o aw 0oz e w0 0 years of drought followed or preceded
for each metric respectively) minus the given temperature threshold | BcosHmdMeinMPIGEREOSS by years of extreme rains, increases in If:g;::;:g;‘.
id ori ‘ = = = = : s .1 -\ T 100% to 150%
over said grid cell, summed over all grid cells and days per summer. g o - more than 25%. This volatility is link to ‘ o%m:’o%
Excess Rain Deficit is defined as the difference between the 10th ‘Ig i: :U:Z?in* ~‘i€ increasing  wildfire, flooding and
percentile monthly precipitation-threshold minus the actual -:= =" o Ml i : :
o . . 0 = SP=FEISE TS 00 St mudslide risks. _
precipitation, summed for each grid cell and month in the whole year. e 0 2w s w0 =
Thresholds are defined as the 10"/90™ percentile under historical ~ =~ Pestonfemirssesoss o o b) Compound Extreme Precipitation Change
conditions defined by the period of 1950-1999. . = : 3 ’
Compound Heat Stress reflects all three Excess Heat, Humid Heat and 3 j: = Iso%moo% ———
= = ) o % to 50%
Night Heat extreme conditions occurring together. 2 2 e L A0 Y f:;::::g; 10% $0 28%
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Compound Heat and Drought reflects simultaneous extreme Excess Vear Rank
. « . - Rain Deficit in MPI-GE vs E-OBS
Heat and Rain Deficit conditions.
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Drought-Rain volatility reflects years of extreme Rain Deficits followed

3.

Rain Deficit

or preceded by years of extreme rain excess, defined as the difference 1 3 % Projected median percent change in (a) temporally compound extreme heat, (b) temporally compound extreme
S e el et el ekl e e s e A ) AL AL AL AR precipitation and (c) extreme drought-rain volatility between 1991-2020 and 2070-2099. Hatching marks least than
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in monthly precipitation minus the 90" percentile precipitation- -
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threshold for each month summed for the whole year. Year Rank 67member% of ensemble s agree on the sign of the change. Compound Extreme Heat and precipitation is counted over
three or more consecutive extreme days exceeding the 95th percentile of daily values (considering all seasons together) of
daily-maximum temperature and daily-total precipitation at the grid cell level. Drought-Rain Volatility is defined as an
extreme drought year having an extreme rain year either one year before or after. Drought and Rain years are defined as
those below/above the 10t"/90t™" percentile of total precipitation, respectively.

[4] Raymond et al. (2022). Increasing spatiotemporal proximity of heat and precipitation extremes in a warming world Ix E M E M AX- P LA N C K- I N ST IT U T

quantified by a large model ensemble. Environ. Res. Lett. Research for sustaina b|[|ty Climate Change and Extreme Events FU R MET EO RO LO G |E

Heat and Drought Stress Excess Metrics for MPI-GE against E-OBS. Time series (left) show excess metrics anomalies simulated by MPI-
GE (color) and E-OBS observations (black), as ratios with respect to their average over the period of 2000-2019. Rank histograms (right)
represent the frequency of each place that E-OBS annual values take in a list of ensemble members ordered by ascending metrics values.
Model captures observations well if rank hist. of observations falls mostly within perfect model range.
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