Pressure (hPa)

Pressure (hPa)

Pressure (hPa)

102}

10_2 S ~ N\

© )
B2

10" =

100 £

10"}

102

108

25 20 15 10 5 0 5

Reference profiles

400
Upwelling longwave flux (W m'2)

0 200 600

800

(d)

300 400

200
Downwelling longwave flux (W m'2)

0 100

Heating rate (K d'1)

500

Pressure (hPa)

Pressure (hPa)

Pressure (hPa)

—_
o

—_
(]
n

—_
o
w

—
o
ro

_l
e

—_
o
o

_
o

—_
o
n

Errors in profiles

(b)

A

-2 0 2 4

Upwelling flux error (W m'2)

(e)

Downwelling flux error (W m”

-2 0 2 4

2)

{h)-

Heating rate error (K d'1)

TOA upwelling error (W m'2)

Surface downwelling error (W m'2)

N

Errors at surface and TOA

(c)

0 100
Reference TOA upwelling (W m'2)

200 300 400

®

0

100 200 300 400 500

Reference surface downwelling (W m'2)

Scenario: Present day (2020)
CKD model: RRTMGP-NN

Bias TOA upwelling: -0.31 W m

Bias surface downwelling: 0.47 W m™

RMSE TOA upwelling: 0.50 W m™

RMSE surface downwelling: 0.87 W m
RMSE heating rate (0.02-4 hPa): 0.504 K d’
RMSE heating rate (4-1100 hPa): 0.109 Kd'



