
Predicting the 2023/24 El Nino
and its climate impacts over North America

CESM Tutorial, 5 August 2024

With Steve Yeager, Adam Phillips, Nan Rosenbloom and others

Clara Deser
Climate Analysis Section, NSF NCAR





Model prediction

ObservedBoreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful.

DJF Nino3.4 SST anomalies



Boreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful. Model prediction

Observed
2023/24DJF Nino3.4 SST anomalies



Model prediction

Observed
2023/24

Observed 
background 

climate 
change

Wills et al. 2022

Boreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful.

DJF Nino3.4 SST anomalies



Model prediction

Observed
2023/24

Wills et al. 2022

Boreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful.

What are the climate impacts 
from the 2023/24 El Nino and 

how are they modified by 
background climate change? 

DJF Nino3.4 SST anomalies

Observed 
background 

climate 
change



SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

Experimental Design

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL

Plus observed SST 
mean state + trends



Role of background 
climate change

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

Experimental Design

SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL

Plus observed SST 
mean state + trends

CAM6-1o AMIP
1979 counterfactual
(No background SST change, 

1979 radiative forcings)
 50 members 



Role of background 
climate change

CAM6-1o AMIP
1979 counterfactual
(No background SST change, 

1979 radiative forcings)
 50 members 

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

Experimental Design

CAM6-1o Control
No SST anomalies

 

2023/24 Rad. Forcing
50 members

CAM6-1o Control
No SST anomalies

 

1979 Rad. Forcing
50 members

SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

Plus observed SST 
mean state + trends

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL



Role of background 
climate change

CAM6-1o AMIP
1979 counterfactual
(No background SST change, 

1979 radiative forcings)
 50 members 

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

Experimental Design

CAM6-1o Control
No SST anomalies

 

2023/24 Rad. Forcing
50 members

CAM6-1o Control
No SST anomalies

 

1979 Rad. Forcing
50 members

SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

Plus observed SST 
mean state + trends

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL

El Nino plus 
background climate change



Role of background 
climate change

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

Experimental Design

CAM6-1o Control
No SST anomalies

 

2023/24 Rad. Forcing
50 members

CAM6-1o Control
No SST anomalies

 

1979 Rad. Forcing
50 members

SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

Plus observed SST 
mean state + trends

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL
Impact of observed SST trend 

& radiative forcing change
CAM6-1o AMIP

1979 counterfactual
(No background SST change, 

1979 radiative forcings)
 50 members El Nino plus 

background climate change



Role of background 
climate change

CAM6-1o AMIP
& 2023/24 

radiative forcings

 50 members 

Experimental Design

CAM6-1o Control
No SST anomalies

 

2023/24 Rad. Forcing
50 members

CAM6-1o Control
No SST anomalies

 

1979 Rad. Forcing
50 members

Impact of radiative 
forcing change

SMYLE SST anomalies
Nov 2023 – Jun 2024
initialized predictions 

from 1 Nov 2023
(20-member means)

Plus observed SST 
mean state + trends

COUPLED MODEL PREDICTIONS ATMOSPHERE/LAND MODEL
Impact of observed SST trend 

& radiative forcing change
CAM6-1o AMIP

1979 counterfactual
(No background SST change, 

1979 radiative forcings)
 50 members El Nino plus 

background climate change



SSTSST (prescribed)

El Nino + 
Background 

climate change

DJF 2023/24



SSTSST (prescribed)

El Nino + 
Background 

climate change

DJF 2023/24



SST SSTPrecipitation

Stippling: insignificant

El Nino + 
Background 

climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation

Stippling: insignificant

El Nino + 
Background 

climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

Stippling: insignificant

El Nino + 
Background 

climate change

Stippling: insignificant

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

Stippling: insignificant

El Nino + 
Background 

climate change

Stippling: insignificant

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

Role of Observed SST Trend vs. 
 Radiative Forcing Change

El Nino + 
Background 

climate change

El Nino

Background 
climate change

DJF 2023/24 SST (prescribed)



SST SSTPrecipitation SSTSLP

Role of Observed SST Trend vs. 
 Radiative Forcing Change

El Nino + 
Background 

climate change

El Nino

Background 
climate change

A Closer Look at 
Precipitation Impacts 
over North America

DJF 2023/24 SST (prescribed)



2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



NOAA Probability Forecast: 
Chances of falling within the lower, middle and 

upper terciles of the control distribution

2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



SW1979 control

Middle tercile

Lower tercile

Upper tercile

NOAA Probability Forecast: 
Chances of falling within the lower, middle and 

upper terciles of the control distribution

2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



SW1979 control

Middle tercile

Lower tercile

Upper tercile

2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Probability Forecast

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



SW1979 control

Middle tercile

Lower tercile

Upper tercile

Probability Forecast

2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



SW1979 control

2023/24 El Nino 
+ Background 

climate change

2023/24 
El Nino

Background 
climate change

SST

Summary
Observed background 
SST Trends modify the 
climate impacts from 
the 2023/24 El Nino. 

Stippling: 
insignificant

Stippling: 
insignificant

Stippling: 
insignificant



Extra Slides



Model prediction

Observed
2023/24

20 predictions1 Nov 2023

Boreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful.

DJF 2023/24

DJF Nino3.4 SST anomalies



Model prediction

Observed
2023/24

20 predictions1 Nov 2023

Boreal winter (DJF)          
  El Nino predictions 

initialized from 
November 1st are highly 

skillful.

La Nina in 
late 2024

DJF Nino3.4 SST anomalies



Another Look at Probability Forecasts

Response 
+ 

Internal 
Variability

SLP
Response

CAM6 - 1979 Control
(El Nino + SST Trend + ∆RF)



Another Look at Probability Forecasts

Response 
+ 

Internal 
Variability

PRECT
Response

L

H

CAM6 - 1979 Control
(El Nino + SST Trend + ∆RF)



Another Look at Probability Forecasts

Response 
+ 

Internal 
Variability

SLP
Response

CAM6 - 1979 Control
(El Nino + SST Trend + ∆RF)

OBS (ERA5 DJ)



Another Look at Probability Forecasts

Response 
+ 

Internal 
Variability

PRECT
Response

CAM6 - 1979 Control
(El Nino + SST Trend + ∆RF)

OBS (ERA5 DJ)



20-member SMYLE

50-member AMIP

DJF SMYLE vs. AMIP SST PRECT SLP



CAM6 AMIP 
minus 

 1979 Control

Counterfactual 
minus 

 1979 Control

Difference
( = SST trend +            
∆ Rad. Forcing) 



SST SSTPrecipitation SSTSLP

SST trend

∆ Rad. Forcing 

SST trend +            
∆ Rad. Forcing 

Difference
(SST trend + ∆ RF) 



1979 control

CA/SW

1979 control

SW1979 controlMonthly anomalies 
relative to 1979 control

El Nino + 
Background 

climate change

El Nino

Background 
climate change


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Extra Slides
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49

