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ALTERNATIVE APPROACH TO CLIMATE CHANGE!

Key question!
How will climate change be lived during the 21st century?!

- Evolution relative to a running baseline… !RHYTHM!
- … over periods of 20 years ! ! ! !MEMORY OF A GENERATION!

- Intensity of change related to ! ! ! !!
  the recent inter-annual variability ! ! !« THEORETICAL PERCEPTION » !!

Main purpose!
Possibility to describe !
the temporal evolution !
of the rhythm and the!

 perception of climate change!

KEY CONCLUSIONS!

WARMING SPEED (ΔT20)!

RCP8.5 latitudes with the 1st-2nd-3rd largest ratio in 2080!

       On global average!
!

historical in agreement with observations in 1950-2000, !
!   less before!

!

RCP2.6!  maximum reached in 2005 (i.e. during the !
!  period 2006-2025), then decreasing and !
!  back to a pre-industrial change in 2040-50!

!

RCP4.5!  constant until 2040, then decreasing!
!

RCP6.0!  constant during the entire century!
!

RCP8.5  increasing importantly during the entire  century!
!   stable phases due to GHG radiative forcing !
!  configuration!

Latitudinal differences for RCP8.5!
!

-  partition of latitude in 6 thirty-degree regions!

-  during the entire century, Northern high-latitudes 
have the highest speed (according to 18 out of 18 
models)!

-  12 models out of 18 give the largest ratio at 
Southern mid-latitudes!

-  the second largest ratio goes to the Southern tropics!

20-year running difference of surface air temperature!

METHODOLOGY!

Evolution between 20-year consecutive periods!
!

Focus on annual and seasonal mean and variability of two climatic variables: !
ü  surface air temperature!

ü  daily cumulative precipitation!

Sets of observations for temperature!
ü  HadCRUT4, MLOST, GISS!

Focus on RCP8.5 with occasional comparisons with RCP2.6 and RCP4.5!

Ratio compared with 1995-values!
!
!

-  method useful to merge results of several models!
!

-  internal variability much smaller than model one!

!
  Under the RCP8.5 scenario: !

Warming will be !
at least 2 times faster by 2080 than now…!

… and even 3 times faster in 
Southern mid-latitudes!! 2,77!

(3,12!)!
2,31!

(2,27)!
2,19!

(2,11)!

SPATIAL EXTENT OF EXTREME YEARS/SEASONS (Θασ)!

RCP8.5 latitudes with the !
1st-2nd-3rd spatial extent in 2040 for α = 2 !

Temporal evolution of land proportion where ΔT20 goes out α times from RECENT inter-annual variability!

Annual evolution for RCP8.5 !
!

-  significant increase of regions risking to have an extreme year 
(α = 2: from 16 to 57% in Northern tropics)!

-  similar but with smaller amplitudes for all latitudes!

-  important spread between models!

Latitudinal differences in 2040 for RCP8.5!
!

-  according to 14 out of 18 models, Northern tropics have 
the highest spatial extent!

-  stronger in JJA (not shown)!

-  Southern tropics have the second highest spatial extent!

-  same ranking in 1995 and 2080, but more model spread 
between regions!

For the 2nd half of the century, at least!
1 year out of 2 will be considered !

as extreme in most of Northern tropics land!!

Comparison with RCP4.5 in the Northern tropics!
!

-  significant decrease since 2040!

The RCP4.5 moderate scenario could be!
 a sufficient option to gradually !

weaken perception.!

MOISTENING/DRYING SPEED (ΔP+
20 and ΔP-

20)!

multi-model mean on global average [mm/(j∙20y)]!

20-year running difference of cumulative precipitations where a yearly increase/decrease is displayed!

PROPORTION OF MOISTENING REGIONS (Π+)!

!

1)  Warming will be at least 2 times faster by 2080 than now and even 3 times 
faster in Southern mid-latitudes.!

2)  For the 2nd half of the century, at least 1 year out of 2 will be considered as 
extreme in most of Northern tropics land!!

3)  By 2080, the moistening and drying will be about 1,5 times faster than now,  
with 2 times higher speeds in the tropics.!

4)  There are more moistening regions than drying ones during the entire 
century with a constant ratio of 60/40%. They become more stable over 
time which could lead to persisting trends!!

On global average!
!

Larger uncertainty than ΔT20 but similar behavior!
!

historical   ΔP-
20 ≅ ΔP+

20 and constant in time!
!

RCP2.6    ΔP-
20 < ΔP+

20 in 1995 (14/15 models)!
!    ΔP-

20 ≅ ΔP+
20 in 2080!

!

RCP8.5    ΔP-
20 < ΔP+

20 (15/18 models in 1995, !
                 18/18 in 2080) and larger increase of 

!    moistening speed (18/18)!

Latitudinal differences for RCP8.5!
!

-  partition of latitude in 3 sixty-degree regions!

-  during the entire century, tropics have highest 
speeds (18/18 models)!

-  Northern ≣ Southern hemisphere!

-  tropics / others ≅ 2 - 2.5!

-  no clear difference of speed increase with latitude!

 Under the RCP8.5 scenario: 	



By 2080, the moistening and 
drying will be about !

1,5 times faster than now, !
with 2 times higher speeds !

in the tropics.!

TEMPORAL STABILITY OF REGIONS (Πs)!

historical !oscillation around 50%!
!

RCP8.5! !Π+ ≅ 60% and constant during the entire century!
! !but about 50% in the tropics!

!

RCP2.6 !significant decrease of Π+ on global scale!
! !back to historical values!

There are more moistening regions!
 than drying ones during the entire century !

with a constant ratio of 60/40%.!

 Under the RCP8.5 scenario: 	



Proportion of regions changing from moistening to drying each year and vice versa!

historical !each year, around 10% of regions change !
!

RCP8.5 !from 1995 to 2080, 23% less of regions !
! !change (16/18 models in agreement)!

!

RCP2.6 !23% more of regions >> back to historical values!

Regions become more stable over time !
which could lead to persisting trends!!

 Under the RCP8.5 scenario: 	



 Multi-model analysis with CMIP5 experiment:!
!- 4 RCP scenarios, 18 Global Climate Models, 1 to 9 simulations by GCM!
!- weighted importance of each simulation = equal importance between models!

Alternative scenarios:!
!

-  The RCP4.5 moderate scenario could be a sufficient option to gradually weaken perception.!
-  The RCP2.6 scenario leads to a return to historical regime.!

1! 2! 3!
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Approach more related to adaptation	



 Under the RCP8.5 scenario: 	



In each grid cell:!
!

ΔT20 = 0∙σ ! !~2% of extreme years!
!

ΔT20 = 1∙σ ! !~17%!
!

ΔT20 = 2∙σ ! !~50%!
!

ΔT20 = 3∙σ ! !~83%!

Additivity: ΔPtot
20 = Π+∙ΔP+

20 – Π-∙ΔP-
20!


