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• The ERA-interim

- Resolution: 1.5° × 1.5° , 37 pressure levels from 1000 to 1 hPa

- Period: 1979~2010, Only DJF data are analyzed.

- Variables: Solar insolation, surface pressure, surface temperature, surface latent/sensible heat flux, surface

downward/upward SW, ozone, air temperature, specific humidity, cloud amount, and cloud liquid/ice water

Decomposition ProcedureCFRAM Formulation
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• The total energy balance at M atmospheric layers and one surface (M+1)th layer

LW radiation flux

SW radiation flux

Energy due to non-radiative dynamical processes
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w : water vapor

c : cloud

α : albedo

atmos_dyn : Atmospheric dynamics

sfc_dyn : Surface dynamics

storage : heat storage

T
T

R
RRRR 






)()()( 3Ocw






























































1

1

1

1

1

1

1

1

M

MM

M

T

R

T

R

T

R

T

R







T

R
Planck 

feedback 

matrix

• The difference between two climate states

Ozone

Cloud
Surface 

dynamics + 

heat storage

Albedo

Water vapor

Atmospheric 

dynamics

• Rearranging the terms …

Define strong and weak SH cases

Strong SH case: SH index > 1 σ  4 strong SH cases

Weak SH case: SH index < −1 σ  5 weak SH cases

Input for Radiative transfer model

Surface

Solar insolation

surface pressure

surface temperature

surface latent/sensible heat flux

surface downward/upward SW

Multi-layer

Ozone

Air temperature

Specific humidity

Cloud amount

Cloud liquid/ice water

Energy perturbation terms
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Partial temperature changes
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Fu-Liou radiative 

transfer model
(Fu and Liou, 1992; 1993)

Composite

CFRAM
(Lu and Cai, 2009)

Atmospheric dynamics

Sensible/Latent Heat fluxes

Pattern Amplitude Projection
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Feedback change related to the Siberian High (SH) activity

• Atmospheric dynamics – northerly cold advection

• Sensible heat flux – radiative cooling over snow covered surface

• Latent heat fluxes

• Surface dynamics – land surface change

• Cloud feedback – cloud reduction and longwave radiation loss

• Water vapor feedback

• Albedo feedback

• Ozone feedback

Climate Feedback-Responses 

Analysis Method (CFRAM) 
Cai an Lu (2009), Lu and Cai (2009)

Quantifying the contributions of partial temperatures to temperature anomalies related to Siberian High variability

The literatures have investigated …

The present study aims to …

(a) Climatological sea level pressure for December-January-February (units: 

hPa) and (b) normalized Siberian High Index. The box in (a) indicates the 

domain used for the Siberian High Index.

(a) Surface temperature difference (units: K) between strong and weak 

Siberian High winters. Dotted regions indicate the statistically significant 

grid cells at 99% confidence level. (b) Sum of partial temperature changes 

(units: K) derived from the CFRAM according to Eq. (7). The box indicates 

the domain used for the Siberian High Index.

Partial temperature 

changes (units: K) 

related to the Siberian 

High activity due to (a) 

sensible heat flux 

change, (b) latent heat 

flux change, (c) water 

vapor change, (d) cloud 

change, (e) atmospheric 

dynamics, (f) surface 

dynamics, (g) ozone 

feedback, and (h) 

surface albedo change.

Differences of (a) surface sensible heat flux (units: W m−2) 

and (b) surface latent heat flux (units: W m−2) between strong 

and weak Siberian High winters.

Differences of (a) 850-

hPa temperature 

advection (units: K m 

s−1), (b) 850-hPa wind, 

(c) vertical profile of 

temperature advection 

averaged over the 

Siberian High domain 

(units: K m s−1) between 

strong and weak 

Siberian High winters.

Water vapor feedback

Cloud feedback

Differences of (a) surface specific humidity (units: kg/kg), (b) surface 

heating rate (units: W m−2), (c) surface shortwave heating rate (units: 

W m−2), and (d) surface longwave heating rate (units: W m−2) 

between strong and weak Siberian High winters.

Differences of (a) vertically integrated cloud water content (units: 

kg/kg), (b) surface cloud forcing (units: W m−2), (c) surface shortwave 

cloud forcing (units: W m−2), and (d) surface longwave cloud forcing 

(units: W m−2) between strong and weak Siberian High winters.


