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Motivation for this current work:
• Back about 25 years ago, in the mid-late 1990s, 

.. When after nearly the first 50 years of NCEP/NCAR reanalysis data became available, and 

.. When in 1995 almost a seismic upward shift in the North Atlantic Hurricane Activity occurred in 
1995, after being for below normal for a long time, (and is kind of still in that active phase)

Then, we quickly explored if we can understand any clues for this “dramatic shift” in the behavior of 
seasonal North Atlantic activity from the long data record, 

Chelliah, M., and G. D. Bell, 1998:   A 
predictor for North Atlantic Hurricane 
Season. Proc. 23d Annual Climate 

Diagnostics Workshop, Miami, FL, 
NOAA/Climate Prediction Center, 
218–222.

Next year, in 1999, CPC/NOAA started first  issuing 
Official Seasonal Atlantic Hurricane Outlooks.

CPC/NOAA also started issuing Official Seasonal             
East Pacific Hurricane Outlooks soon thereafter! 
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• Ever since NCEP/NCAR Reanalysis going back to 1948 and continued through real time,  was produced 
and made freely available to the global research, academic community and operational 
meteorological centers, we all know that other met. Centers from around the world (ECMWF, JMA, 
etc.) began to follow suite  and started producing their own reanalyses.

• But there have always been the nagging questions about the quality of the reanalysis data in earlier 
decades, the 50’s and 60’s. The old(?) GCM/fcst models and Global Data Assimilation Systems (GDAS) 
were not able to sufficiently handle this ‘data poor’ period.

• Recently through the availability of improved, next generation of  forecast GCMs and sophisticated 
data assimilation systems, Modern Reanalysis data sets are becoming available.

• CPC/NCEP’s  CoRE (Conventional data only, to avoid data jumps) reanalysis data based on 
improved ensemble data assimilation system. 

• ERA5, the fifth generation of atmospheric reanalysis produced by ECMWF.
• JRA55, the Japanese (JMA) reanalysis data set.

Has the modern reanalysis data quality of earlier decades improved now ?
How will a new analysis of ENSO/low frequency modes look like?  

Motivation 
Continued……………..
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Equatorial Tropical Pacific Zonal Wind Indices (as used in 
CPC’s Monthly Climate Diagnostic Bulletin) from 1950 as 
represented in ERA5, JRA55,  NCEP/R1, and  CoRE.

850 mb   Zonal Zonal Wind Index 1  :
5 N-5 S, 135 E-180 (Eq. W. Pacific, More data!) 

850 mb   Zonal Zonal Wind Index 2  :
5 N-5 S, 175W-140W (Eq. C. Pacific, less data!) 

Climo & Std:  
1950-2020

Climo & Std:  
1991-2020

Climo & Std:  
1950-2020

Climo & Std:  
1991-2020

• More disagreement among the 4 reanalyses in earlier decades.
• NCEP/R1 is clearly the outlier! (0bviously, it is the older reanalysis!

?
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Equatorial Tropical Pacific Zonal Wind Indices (as used in 
CPC’s Monthly Climate Diagnostic Bulletin) from 1950 
from  ERA5, JRA55,  NCEP/R1, and  CoRE.

850 mb   Zonal Zonal Wind Index 3  :
5 N-5 S, 135 W-120 W (Eq. E. Pacific, data poor!) 

200 mb   Zonal Zonal Wind Index  :
5 N-5 S, 165 W-110 W (Eq. Pacific.)

Climo & Std:  
1950-2020

Climo & Std:  
1950-2020

Climo & Std:  
1991-2020

Climo & Std:  
1991-2020

• More disagreement among the 4 reanalyses in earlier decades.
• NCEP/R1 is clearly the outlier! (0bviously, it is the 1st/older reanalysis!
• More disagreement in the data poor central/Eastern Pacific!!!! 

?

So, will not use NCEP/R1 further in this 
study…



• For the full period from 1951 onwards, I cannot do/repeat the 
analysis with JMA, as that reanalysis data does not go back 
that far.

• I can only do analysis with ERA5 & CoRE.
• This slide shows the major 3-rotated  modes from both CoRE 

and ERA (after rotation, which hopefully makes the modes 
more physical and meaningful!). 

• Only in mode 1 (ENSO) – there is a good resemblance  
between CoRE and ERA5.

• No matter what I do, I cannot get the same resemblance (as 
mode 1) for modes 2 and 3. 

☺

☹
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CORE
ERA5

☹ENSO 
mode

Non-ENSO 
mode 1

Non-ENSO 
mode 2

CORE
ERA5

CORE
ERA5

• The uncertainty and dubious strong amplitude in the earlier decade(s) /years (1951-64 
!) with poor data quality,  is possibly contaminating the later  years and modes!!   

DJF:  1951 - 2023



• Same as Prev. slide, but now 
with  4-rotated  modes from 
both CoRE and ERA (after 
rotation, which hopefully 
makes the modes more 
physical and meaningful!). 

• Again, Only in mode 1 
(ENSO) – there is a good 
resemblance  between CoRE 
and ERA5.

• No matter what I do, I 
cannot get the same 
resemblance/agreement for 
modes 2,  3 and 4.

• The uncertainty and 
dubious strong amplitude in 
the earlier decade(s) /years 
(1951-64 !) with poor data 
quality,  is possibly 
contaminating the later  
years and modes!!   

☺

☹

☹

☹
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CORE
ERA5

CORE
ERA5

CORE
ERA5

CORE
ERA5

(Skip slide!) 



• The analysis is now repeated, leaving 
out the earlier decade(s)/years 
1951-64, but only for period 
1965-2023.

• For all three major reanlayses, 
ERA5(black), CoRE(red) & JMA55(blue).  
The number of modes rotated are 4! 

• Now notice that, the agreement/ 
resemblance is not just in the 1st ENSO 
mode, but slightly better in subsequent 
non-ENSO modes  2-4. 

• The agreement is best for the leading 
ENSO mode 1, with maximum 
explained variance and better/good for 
modes 2-4, with smaller/decreasing 
explained variances. 

• All leading modes 1-4 are numbered 
the same in both CoRE and JMA55. 

• But in ERA5, modes 3 and 4 are 
switched. 

ERA5(black),  CoRE(red) & JMA55(blue). 

44.0   43.8  40.4 

12.2  14.7  14.5   

11.5   8.1  11.0   

9.7  10.8  11.4  

☺ ☺

☺ ☺
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1965
-2023



Modes 

1
(ENSO)

& 

2
(Indian Ocn!)
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Modes 

3

& 

4
      (mixed!)
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12/21/23

• Now all analyses repeated with more recent period, (1979- 
2023)when supposedly the data quality is much better! Limiting to 
DJF season.  With/for all 3 major modern reanalyses 
(ERA,CoRE,JMA55).

• Earlier we did from 1965- onwards (for all three major modern 
reanalyses), which sharpened the results 

            from even much earlier
            analyses wit h 1951-onwads, the results from which suggested                     
            that the later/recent anomalies were contaminated by the earlier
            low-quality/uncertain reanalyses data.
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The DJF winter season 200mb VPOT EOF 
analysis (1979-2023) is characterized by 
4 major/leading modes, and these are 
the time series.

• With analysis confined to more 
recent periods, the time series of 
higher modes seem to agree more 
and more with each other., as can be 
seen by the time series. 

• AMAZING Consistency!

• The expl. variances are also 
interestingly highly similar to each 
other.

% Exp. Variances of 4 modes & Total
ERA5:        48, 13,  11, 10        ~82
CoRE:        47, 13, 12,  8          ~80
JMA55:     45, 14, 12, 10         ~81

-The leading 4 modes of the 3 reanalyses 
are the same. 
-only for ERA5, modes 3 & 4 were 
switched as compared with CoRE,JMA55.
-The first mode is always ENSO.
-The second mode is always Indian Ocn.

Period:   1979 - 2023    DJF

ERA5

CoRE

JMA55

☺

☺ ☺

☺

* slight problem/inconsistency with CoRE in more recent 
years???, Need to redo this period? Some possible error?,
Or it because of only using Conventional data ????
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Interestingly, for all three modern reanalyses, the largest and most explained variance related changes is happening in 
The western Pacific Ocean and Indian Ocean regions!! – Kind of easy to understand why and reconcile.. !! 

~47% ~13%
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~12%

~10%
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Projection of 
Mode 1 (ENSO mode) 
onto T2m

ERA5
CoRE
JMA55
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Projection of 
Mode 2 
(non-ENSO, 
Indian Ocn mode)  
onto T2m

Recall. VPOT 
loadings earlier!

ERA5
CoRE
JMA55
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Projection of 
Mode 3 onto T2m

ERA5
CoRE
JMA55
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Projection of 
Mode 4 onto T2m

ERA5
CoRE
JMA55
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ERA5
CoRE
JMA55

Projection of 
Mode 1 (ENSO 
mode) 
onto CMAP Precip
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ERA5
CoRE
JMA55

Projection of 
Mode 2 (Ind. 
Ocn. Mode) 
onto CMAP 
Precip.
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ERA5
CoRE
JMA55

Projection of 
Mode 4  onto 
CMAP Precip.
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ERA5
CoRE
JMA55

Projection of 
Mode 4 (ENSO mode) 
onto CMAP Precip.
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In Summary:
• It’s about time to replace the original, one and only, NCEP/NCAR Reanalysis R1 (early 1990’s based model and GDAS), for operational 

global climate monitoring with a modern reanalysis.

• Modern Reanalyses include CoRE(CPC/NCEP), ERA5 (ECMWF), JRA55(JMA), etc. based on new and improved forecast  GCM’s with 
sophisticated data assimilation systems, including ensemble data assimilation, which are now almost available for ~ 75 years period  
and extending in near real time. 

• Even a simple comparison of NCEP1 R1 with CoRE, ERA5,and JRA55  in such quantities as equatorial zonal wind indices in the tropical 
Pacific to monitor ENSO suggests that NCEP R1 is clearly the outlier (hence the  1st point above!)

• In spite of the vast improvements in GCMS’s and global data assimilation systems, the three major modern reanalysis data sets still 
differ even in such basic quantities such as eq. area mean wind indices to monitor ENSO in the early 1950s, 1960’s decades. However, 
the overall agreement and consistency between the modern reanalyses slowly and markedly improved with time in the following 
decades.  

• A low frequency (ENSO and non-ENSO) EOF analysis, including the earlier decades of the wintertime (DJF) 30N-30S  200 mb VPOT 
anomalies, and its signature/projection on to global surface T  & P , showed that the uncertainty and inconsistency of the ‘data poor’ 
1950s and 60s, is corrupting the overall spatial structure and time series of the leading modes even in recent decades. 

• The above same analysis with only the  recent ~45 years (1979-2023) period revealed amazingly consistent similar behavior in all the 
leading 4 leading modes (total ~80% EV) in all the 3 modern reanalyses . Besides the leading ENSO mode, the Indian Ocean mode with 
possible teleconnections to anomalous (not canonical) US west coast rainfall during ENSO winters needs to be further explored.

• In the last 45 years, ERA5 & JRA55 reanalysis agreed more closer with each other than CoRE, possibly due to us of only conv. data. ***  
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END!
Thanks very much!! 



27

Some additional slides……
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