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⚫ The soil moisture in the late spring (May) over North Eurasia is negatively correlated 
with the summer rainfall in the northern East Asia, potentially used as a precursor
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1) Found the new precursors for the East-Asian monsoon and precipitation variability

⚫ There are significant climatic effects of the SST anomalies in the Kuroshio and its 
extension regions on the East-Asian autumn precipitation anomalies

Geng, Ren* et al. 2022 JC; 2024 JMSJ
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Correlations between GM indices and Nino3.4 indexCorrelation skills of GM index predicted in three models

⚫ The three operational models show different correlation skills for the global monsoon index (GMI)

⚫ GMI has a significant relationship with ENSO, particularly during its decaying time (boreal spring)

Wang N, Ren* et al. 2024 in preparation

2) Evaluated dynamical model predictions of the monsoon and precipitation variability



ENSO modulations on the AAM predictionsCorrelation skills of the AAM indices predicted in the models

⚫ The Asian-Australian Monsoon (AAM) SEOF-based indices can be well predicted by the four 

operational climate models and their MME mean, with higher skills in SEOF-1 than SEOF-2

⚫ ENSO is the primary seasonal-interannual predictability source of such two AAM indices

Wang L, Ren* et al. 2023 AAS

2) Evaluated dynamical model predictions of the monsoon and precipitation variability
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⚫ Dynamical prediction skills of the summer precipitation over TP are regionally dependent in the 

NMME, with higher skill in the southwestern TP

⚫ Ability of the models in reproducing the Pacific SST-precipitation relation is highly responsible for it

2) Evaluated dynamical model predictions of the monsoon and precipitation variability

Station CN05.1 CRU GPCP Multi-OBS mean

Wang L, Ren* et al. 2022 GRL



⚫ Prediction errors for the TP summer precipitation are significantly correlated with previous 
February SST anomalies in key tropical Ocean regions (ATL and IO)

⚫ The new SST analog-based correction method, with the ATL and IO SSTs serving as effective 
predictors, has notably improved the prediction skill for the TP summer precipitation

3) Error corrections of dynamical predictions of the East-Asian monsoon precipitation

Wang L, Ren* et al. 2023 RS
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⚫ A statistical downscaling and correction method has been developed to improve the seasonal-

interannual predictions of summer precipitation over China based on the CMA climate model

⚫ The new method is eligible to improvement in the northern China where skills are low as usual

3) Error corrections of dynamical predictions of the East-Asian monsoon precipitation

Wang N, Ren* et al. 2022 ARLiu, Ren* et al. 2021 DAO 
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⚫ Through developing a statistical-dynamical method, we have improved the pentad-mean 
subseasonal prediction skill for China precipitation in the boreal winter and summer

3) Error corrections of dynamical predictions of the East-Asian monsoon precipitation

Wu, Ren* et al. 2022 CD
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Predictability of the Western North Pacific Subtropical
High and Associated East Asian Monsoon Rainfall in
APCC Multi-Models
O. Y. Kim and C.-M. Lim (JGR, 2023)

Summer mean geopotential height at 500hPa (contour), its 
departure from zonal mean over 0-45N (shading) wind fields 
at 850hPa

Indices for WNPSH characteristics

• Z500 deviation: the areal mean (5N-40N, 110E-180) of the 

departure of Z500 from its zonal mean (0-45)

• Strength: the differences of zonal mean at 850hPa between north 
(20N-40N, 120E-180) and south (5N-15N, 120E-180) 

• Maximum intensity: the averaged MSLP over the local maximum 
center of the WNPSH (10N-30N, 120E-160E) → EASM

Model selected : Good: M7, Poor : M6

Summer mean rainfall skill (ACC)

Strength



Reproducibility of WNPSH modes and influence of ENSO

Leading modes of 850 winds (JJA)

Good Poor

1st mode: Transition mode
• (M6) Not capturing the anticyclonic 

circulation in the northern central 
Pacific, Stronger delaying influence of 
ENSO on EASM through the IO 
capacitor effect → more (less) 
precipitation in IO (WNP) in M6

2nd mode: Persistent mode
• (M6) Stronger El Nino persistent SSTA 

patterns in the central-eastern Pacific 
until JJA → more bias in the WNP

Poor model exaggerates ENSO (IO) response over EA region

Correlation between East Asian Jet, WNPSH, Nino, EA 
Rainfall



Delayed impacts of North Pacific Oscillation (NPO)
on wintertime surface air temperature in East Asia

Sunyong Kim and Jin Ho Yoo (2024)

East Asian
warming

A

A

Southerlies

▪ Atmospheric internal variability over the North
Pacific (Walker and Bliss, 1932) – meridional
dipole structure

▪ EOF second mode of North Pacific SLP

▪ December NPO-related anticyclonic anomalies responsible for the surface warming in East Asia
of the following January, a 1-month lag

▪ How December NPO impact on the surface temperature variability in East Asia take a
month to manifest?



Observational Results CMIP6 Results
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Kim and Yoo: Delayed impacts of NPO on wintertime surface air temperature in East Asia (submitted)

▪ Delayed impacts of NPO on the East Asian winter climate and its dynamics are investigated

▪ December NPO significantly affects the persistence of anticyclonic anomalies and resultant East
Asian warming into January with two possible pathways

Tropics-Extratropics Teleconnection and Local Air-Sea Interaction

▪ CMIP6 models reasonably simulate the overall delayed impacts of NPO in East Asia supporting
the observational hypothesis

Tropics-Extratropics 
Teleconnection

Local Air-Sea 
Interaction
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Summary of Monsoons initiative

Concept note
https://www.wcrp-climate.org/images/modelling/WGSIP/documents/WGSIP_Monsoon_Concept_Note_FINAL.pdf

Main goals
The WGSIP Initiative "Long-Range Forecasts of Monsoons" (LRFM) aims to 

systematically evaluate and compare long-range monsoon forecasts across models. 

It includes two themes: "Asian Monsoon," focusing on the significant regional monsoon, 

and "Global Monsoons," addressing a wider perspective. The initiative uses publicly 

available hindcast datasets, such as CHFP, C3S, ENSEMBLES, and DEMETER.

https://www.wcrp-climate.org/images/modelling/WGSIP/documents/WGSIP_Monsoon_Concept_Note_FINAL.pdf


Progress of Asian monsoon seasonal prediction

Evaluation of monsoon forecasts across models (1)

Presented at IWM-7, Takaya et al. (2021) Mausam
https://doi.org/10.54302/mausam.v74i2.5925
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Precipitation climatology in models

https://doi.org/10.54302/mausam.v74i2.5925


Evaluation of monsoon forecasts across models (2)

Presented at IWM-7, Takaya, Ren, et al. (2021) Mausam
https://doi.org/10.54302/mausam.v74i2.5925

A decade of progress

Averaged ACC for precipitation over AMS region Identifying high predictability regions 
(majority decision using multi-model
approach) 

Progress of Asian monsoon seasonal prediction

https://doi.org/10.54302/mausam.v74i2.5925
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ENSO mode IPOC mode

Takaya et al. in prep., (sorry little progress…)

Heterogeneous regression maps of SVD analysis for SST and precipitation in JJA

SCF: 55.9 SCF: 15.1

Both modes seem to have relatively high predictability, being a key for Asian summer 
rainfall prediction. How well do models represent these mode? How does it relates to the skill?

color： precipitation 
contour: SST (CI:0.2 [K])[mm/d]

Evaluation of monsoon forecasts across models (2)

Evaluation of dominant climate modes that drive ASM variabiltiy
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ENSO mode (obs)

SCF: 55.9

SCF: 61.6 SCF: 73.9 SCF: 54.4 SCF: 76.3

SCF: 73.8 SCF: 65.5 SCF: 58.4 SCF: 76.1

SCF: 71.7 SCF: 63.0 SCF: 76.5 SCF: 86.0

SCF: 76.2 SCF: 78.0 SCF: 76.1

color： precipitation 
contour: SST (CI:0.2 [K])

Results of SVD analysis for SST 
and precipitation in black box.
heterogeneous regression maps

[mm/d]

Evaluation of monsoon forecasts across models (3)

Takaya et al. (2020)
IWM-7, AGU2020 etc.



2424

IPOC mode (obs)

SCF: 15.1

SCF: 23.8 SCF: 11.6 SCF: 26.2 SCF: 14.1

SCF: 16.7 SCF: 20.1 SCF: 26.6 SCF: 9.3
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contour: SST (CI:0.2 [K])

Results of SVD analysis for SST 
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heterogeneous regression maps
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Evaluation of monsoon forecasts across models (4)

Takaya et al. (2020)
IWM-7, AGU2020 etc.



Dynamical Predictability of Leading Modes of Asian–Australian monsoon  

(AAM) in four operational climate prediction models

From Wang Ren* et al. 2023 AAS

Seasonal-reliant EOF (S-EOF) analysis (Wang and

An 2005) identified dominant variability modes of

AAM

Evaluation of monsoon forecasts across models (5)



● Model predictability of the leading AAM modes is much higher for the first mode than the

second mode, due to better performance of models in reproducing the first mode.

● ENSO, as an early signal, is conducive to better performance of model predictions in

capturing the spatiotemporal variations of the leading AAM modes.

TCC scores 

Dynamical Predictability of Leading Modes of Asian–Australian monsoon  

(AAM) in four operational climate prediction models

SEOF-frMAM :

MAM (0) to DJF(0/1)

SEOF-frJJA :

JJA (0) to MAM(1)

SEOF-frSON :

SON (0) to JJA(1)

SEOF-frDJF :

DJF(0/1) to SON(1)

SEOF-1 SEOF-2

BCC_CSM1.1M CFS_v2 ECMWF_S4 JMA_CPSv2Models

:

Scores of AAM patterns by CMIP5 models

From Zhou Ren* et al. 2021 IJOCFrom Wang Ren* et al. 2023 AAS



Delayed ENSO influence enhance the longer lead predictability 
through the ”Indian-western Pacific Ocean Capacitor” (IPOC).

Asian monsoon predictability (1)

Takaya et al. (2021)
Nature Comms.



Developing and delayed ENSO (IO SST) exert influence on WNP 
monsoon and associated WNP TC activity

Asian monsoon predictability (2)

Takaya et al. (2021)
Nature Comms.



Asian monsoon predictability (3)

Indian Ocean Dipole (IOD), along with El Nino, reinforces the IPOC.

Enhanced Meiyu-Baiu rainfall in early summer 2020 can be traced back to preceding extreme IOD in 2019

* Lu and Ren (2020, GRL) discussed the cause of extreme IOD in 2019

Strong IOD can cause IPOC without El Nino. (Takaya et al. 2020, GRL, Zhou et al. 2021, PNAS)

Takaya et al. 2020, GRL



Summary of Asian monsoon predictability

Expected Achieved outcomes:

✓ Better understanding of processes and mechanisms responsible for the seasonal 
predictability of the Asian monsoon    → IPOC, IOD, ENSO

✓ New diagnostic ways to describe the model performance of seasonal predictions of the 
Asian monsoon → analysis of climate modes using SEOF, CEOF

✓ Identification of key aspects to further improve the seasonal prediction skill of the Asian 
monsoon to facilitate the model development at modeling centers

✓ Provision of the systematic assessment of the prediction skill in latest and past seasonal 
prediction systems, to infer progress and prospects of the Asian monsoon seasonal 
predictions 

* A lot of research has been done across time scales and processes, including 
monsoon variability, land-atmosphere interactions, model evaluation,… to name a few!



Global monsoon predictability (1)

Annual range patterns of precipitation between GPCP and models Correlation skills of GM index predicted in three models

⚫ The three operational models show different correlation skills for the global monsoon index (GMI)

Wang N, Ren* et al. 2024 in prep.

✓ Evaluation of the seasonal-forecasting model performance in predicting the GM index. 

GPCP

BCC_CSM1.1m

NCEP_CFSv2 

ECMWF_SEAS4 

LM1



Global monsoon predictability (2)

Impact patterns of ENSO on the GMCorrelations between GM indices and Nino3.4 index

⚫ GMI has a significant relationship with ENSO, particularly during its decaying time (boreal spring)

Model-based diagnosis going slowly …

✓ Exploring the main factors of ocean forcing on the GM and precipitation, such as ENSO. 



Global monsoon predictability (3)

✓ As a key part of GM, the Asian-Australian Monsoon (AAM) can harvest the primary seasonal-
interannual predictability from ENSO through distinct mechanisms for impacting the two modes. 

ENSO modulations on the AAM predictionsCorrelation skills of the AAM indices predicted in the models

⚫ The SEOF-based AAM indices can be well predicted by the four operational climate models

Wang L, Ren* et al. 2023 AAS

TCC 

SEOF-frMAM :

MAM (0) to DJF(0/1)

SEOF-frJJA :

JJA (0) to MAM(1)

SEOF-frSON :

SON (0) to JJA(1)

SEOF-frDJF :

DJF(0/1) to SON(1)

SEOF-1 SEOF-2

SEOF-1

SEOF-2



Summary of Global monsoon predictability

Expected Achieved outcomes

✓ Evaluation of the performance of dynamical models in the seasonal prediction of the GM 
index and GM precipitation patterns. 

✓ Evaluation of the performance of dynamical prediction models in representing the impact 
patterns of the main factors of ocean forcing on the GM and precipitation. 

✓ Understanding of main mechanism aspects responsible for the seasonal predictability of the 
GM index or GM precipitation.



A possible renewal of the Monsoons initiative?

In the 5-year Monsoon initiative (2019-2024), main foci were put on the Asian monsoon, with 
some aspects of the global monsoon.

Concept note:
https://www.wcrp-climate.org/images/modelling/WGSIP/documents/WGSIP_Monsoon_Concept_Note_FINAL.pdf

Should/could we extend the scope of the Monsoon initiative, for instance, including other regional 
monsoons, South/North American, Australian, western African monsoons.

Any comments and suggestions?  
Willingness to serve as leads?

https://www.wcrp-climate.org/images/modelling/WGSIP/documents/WGSIP_Monsoon_Concept_Note_FINAL.pdf
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