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Precipitation occurs in eastern Indian ocean (magenta 
box). This interacts with subtropical jet (orange) 
producing a Rossby wave train (path in yellow).

Summary
The global hydrological cycle is expected to intensify under a warming 

climate. Tropical precipitation can impact circulation in the extratropics. 

See Fig 1.

We can treat this process as a linear time-invariant system and isolate the 

extratropical response. This is the linear response theory method 

(LRTM) e.g. Deb et al (2020).

How the present day atmosphere ‘responds’ to anomalous precipitation 

may hold clues as to how the future climatology might respond to 

changes in precipitation patterns.

We use LRTM to quantify the boreal winter extratropical response to 

future change in tropical precipitation for seven CMIP5 models (RCP 

8.5, 3OC rise in global surface temperature above pre-industrial).

We perform a systematic study, a perfect model approach, comparing 

how the LRTM projections perform against model projections.

LRTM performs as good as or better than projections for HadGEM2-ES, 

CCSM4 and MPI- esm-MR.
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Method

Perfect model, systematic study

1. Assume model  is ‘perfect’ and that its future circulation 
projection is the truth.

2. Calculate LRTM projection using future change in precip pattern 
from test model.

3. Correlate* perfect model projections with test model 
projections => correlation matrix A

4. Correlate* with the LRTM projection => correlation matrix B

5. Uses ‘similarity metric’ of test model i’s future precipitation 
change and perfect model J’s daily present day data

6. Repeat for all seven by seven perfect model and test model pairs

*spatial correlation coefficient over the North Pacific sector (30N-
80N, 140E-220E)

FIG 1: Schematic diagrama of Z’250 response in Northern Hemisphere 
extratropics due to tropical precipitation.

Results

FIG 3a: Spatial correlation coefficient between perfect model and test model projections.

FIG 3b: Spatial correlation coefficient between perfect model and LRTM projections. The 
LRTM uses present day climatology  in perfect model forced by  future change in tropical 
precipitation from test model.

Models show varying degrees of agreement in projections.

The LRTM performs well when HadGEM2-ES, CCSM4 or MPI-

esm-MR are the perfect models, otherwise shows little to no 

correlation with perfect model future even when test 

model=perfect model.

LRTM performs well if basic state has not changed considerably, 

if the teleconnection is strong and if natural extratopical

variability does not dominate the response.


