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• New Assessment Tools
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• 2015/16 West Coast ENSO Teleconnection that Wasn’t
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• Assessing Forecasts – Prediction Science
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Model Years active Hcst Ens. 
Mems

Arrangement of Ens. 
Members

Leads 
(month)

Model resol. 
(atmos)

Model resol. 
(ocean)

Reference

NCEP-CFSv1 2011 – 2012 15 1st 0Z +/-2 days, 21st 
0z +/-2d, 11th 0z +/-
2d

0-8 T62L64 MOM3L40 
0.30º Eq

Saha et al 
(2006)

NCEP-CFSv2 2011 – 
present 

24 (28 
Nov.)

4 members    (0, 6, 
12, 18z) every 5th day

0-9 GFS
T126L64

MOM4
L40 .25º Eq

Saha et al 
(2014)

NCAR-RSMAS-
CCSM3

2011 – 2014 6 All 1st of the month 
0Z

0-11 T85L26 POPL42
0.3º Eq

Kirtman and 
Min (2009)

IRI-ECHAM4f 2011 – 2012 12 All 1st of the month 
0Z

0-7 T42L19 MOM3L25(1.
5x0.5)

DeWitt (2005)

IRI-ECHAM4a 2011 – 2012 12 All 1st of the month 
0Z

0-7 T42L19 MOM3L25 
(1.5x0.5)

DeWitt (2005)

GFDL-
CM2.1

2011 – 
present 

10 All 1st of the month 
0Z

0-11 CM2.1
2x2.5ºL24

MOM4
L50 .3º Eq

Delworth
(2006)

NASA-GMAO-
GEOS5

2011 – 2017 11 4 mems/5 days; 7 
last d of last mon

0-9 GEOS5 AGCM
1x1.25 º L72

MOM4
L40 0.5º Eq

Borovikov et 
al. (2019)

ECCC-CanCM3 
“CMC1”

2012 – 2019 10 All 1st of the month 
0Z

0-11 CanAM3 T63L31 CanOM4
L40 .94º Eq

Merryfield et 
al (2013)

ECCC-CanCM4 
“CMC2”

2012 – 2019 10 All 1st of the month 
0Z

0-11 CanAM4 T63L35 CanOM4
L40 .94º Eq

Merryfield et 
al (2013)

GFDL-
CM2.5  “FLOR”

2014 – 
present 

24 All 1st of the month 
0Z

0-11 CM2.5
C18L32 
(50km)

MOM5 
L50 0.30º Eq 
1ºPolar1.5

Vecchi et al 
(2014)

NCAR-RSMAS-
CCSM4

2014 – 
present 

10 All 1st of the month 
0Z

0-11 CAM4
0.9x1.25º L26

POPL60
.25º Eq

Infanti and 
Kirtman 
(2016)

NASA-GMAO-
GEOSS2S

2018 – 
present 

4 1 mem ev. 5 day 0-9 GEOS5 AGCM
0.5º L72

MOM5
L40 0.5º Eq

Molod et al. 
(2018)

ECCC-CanCM4i 2019 – 
present 

10 All 1st of the month 
0Z

0-11 CanAM4 T63L31 CanOM4
L40 .94º Eq

Merryfield et 
al (2013)

ECCC-GEM-
NEMO

2019 – 
present 

10 All 1st of the month 
0Z

0-11 GEM 256x128 NEMO 1x1, 
1/3 Eq. Lin et al. 

(2020)

Evolution of NMME
Models
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“Apples to Apples” for Multi-Model Impact

“Apples to Apples” for 
Ensemble Size Impact

“Oranges to Apples:” 
Ensemble size and Multi-
Model

North American Multi-
Model Ensemble: NMME

Reliability: If the forecast calls for a 
70% chance of being warm, was it in 
fact warm 70% of the time?



2 m temperature 
Ranked Probability 

Skill Score



Individual Model Improvements Lead to NMME Improvements
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Mean Squared Error
Sign Test

Tippett & DelSole
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2015/16 Teleconnection that Wasn’t



2015/16 Teleconnection that Wasn’t – Predictability Issue



2015/16 Teleconnection that Wasn’t – SST 
Forcing Issue
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CCSM3 vs. CCSM4
Systematic Error  - January Starts

CCSM3

CCSM4



CCSM3 CCSM4

Better Model and Better Initial Condition



May Initial 
Conditions
3-Months Lead

Improved Correlation Due 
to Model Improvement



May Initial 
Conditions
3-Months Lead

Improved Correlation Due 
to Model Improvement and
Better Initial Condition?



Nino34 Anomaly Correlation

Missing Processes: Westerly Wind Bursts (WWBs)?

Fully Interactive WWBs

Random, Non Interacting WWBs

No WWBs

Persistence Forecast



Seasonal Retrospective Forecasts: 
Active Eddy Years (AEY) – Inactive Eddy Years (IEY)

-
Initialized Retrospective Ensemble (3 Member) Forecasts: Seven (7) Active – Inactive Eddy Years

Ocean Eddy Resolving vs. Ocean Eddy Parameterized (NMME) 

CCSM4 NMME Protocol Initialized Forecasts

Low Resolution: 1.0 Degree Atmosphere; 1.0 
Degree Ocean (LRC)

High Resolution: 0.5 Degree Atmosphere; 0.1 
Degree Ocean (HRC)



Ocean Eddies Improving Seasonal 
Rainfall Forecasts Over California

With Ocean Eddies

Without Ocean Eddies

Observations

Active (AEY)
 – 

Inactive (IEY)
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Tropical “SSTA” Forcing

Tropical “Precip” Forcing

Observed Rainfall Composites



“Excessive momentum” poster child

NMME

NMME Nino34 SSTA Plumes 2017



~100 members

Nino 3.4 and
May NMME 
ensemble 
forecasts 
1999—2018 

“Excessive momentum”
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