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準十年震盪
，怎麼來的

？

Wang et al. (2011; Clim
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準十年震盪
，怎麼來的

？

•The quasi-decadal sea 
level modes in the 
Pacific is an 
expression of the 
ENSO-like low-
frequency variability

•…but the ENSO-like 
low-frequency 
variability on quasi-

(Lyu et al. 2017 J. Climate)



準十年震盪
不是太陽黑
子造成的

Composite series (sum of oscillations with periods of 

8–13 years) of the Ri sunspot index (solid curve) and 

TO in Arosa (dashed curve). The amplitudes are in 

relative units.

(Visheratin 2012)

Sunspot cycleClimate cycle
對不起來



…但也有人
說是😅

(Matthes et al. 2016) 

• Solar signal projects onto NAO-
like pattern, which amplifies 
through ocean-atmosphere 
feedback.

• Solar cycle synchronizes quasi-decadal 
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Cross-Basin Climate Connecting





Wang, S.-Y., R. R. Gillies, O.-Y. Chung, and C. Shen 
(2018) Journal of Hydrometeorology



multi-year drought periods
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Finding the climate driver
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GRACE Satellites

Wang, S.-Y., R. R. Gillies, O.-Y. Chung, and C. Shen 
(2018) Journal of Hydrometeorology
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NEXT STEP:
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real

Decadal hindcast 
experiments using
partial ocean data 
assimilation

Soil moisture’s low-pass filtering



Colorado River Water Supply

NEXT STEP:

Soil moisture



Colorado River Water Supply

NEXT STEP: Multi-year prediction!

Soil moisture

Chikamoto et al. (2020 / Nature)



NEXT STEP: Multi-year prediction!

Total water storage

Chikamoto et al. (2020 / Nature)



Soil moisture

Chikamoto et al. (2020 / Nature)

Prediction evaluation:
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Prediction evaluation:

Predictable
shortage years

Predictive skill



Predict, 
not project
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第一步：



第二步：
Drought 
discrepancy

CPC soil moisture in Taiwan

vs.  GRACE rootzone soil moisture Much worse 
drought 🤔
in 2020



Drought 
discrepancy: 
Which 
drought 
does 2020 
belong?

• Water-deficit-based drought
• drought hazard index, drought exposure index, 

drought vulnerability index, drought risk index…

• Shallow groundwater deficit

• Quantile regression-based drought
• SPI: standardized precipitation index

• HDI: hydrological drought index

• Meteorological & agricultural drought
• PDSI 🙇🏻♂️

• Vapor deficit index, SPEI, VHI…



Drought 
cycle

Which drought type in 
Taiwan best reflects the 
quasi-decadal oscillation?


