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1. Motivation 7. Results

Reference profiles Errors in profiles . Errors at surface and TOA

(b) (c) Table 1: Clear-sky shortwave climate feedback parameter from konrad
5 ] with longwave water vapour continuum model fixed to MT_CKD 4.1.1 and
different shortwave models. Last row is the reference calculation.
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= Discrepancies in estimated clear-sky radiative feedbacks, climate @
sensitivity and other climate quantities from 1D radiative-
convective equilibrium (RCE) models (Kluft et al 2019)
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= These discrepancies are attributed to, inter alia, radiative ), : .
: : W' )/ | Shortwave continuum Radiative feedback
transfer calculations in RCE models ol A ST o Y I . v
0 50 100 150 ) 200 4 2 0 2 ; 4 0 50 100 150 200 ; 250 continuum model parameter (W m2K )
Upwelling shortwave flux (W m™) Upwelling flux error (W m™) Reference TOA upwelling (W m ™)
= Radiative transfer calculations sensitive to water vapour line and o - e | s
continuum absorptions wooall e :
_ neos| | 5 MT_CKD 2.5 0.403
= Water vapour continuum currently uncertain, especially at e | =t <o
shortwave atmospheric windows (e.g., Elsey et al, 2020) £ & | :
{ £ MT_CKD 3.2 0.405
= What is the impact of this shortwave continuum uncertainty on o e  we w2 o 2 4 Co a0 a0 wo o ioo iz
Downwelling shortwave flux (W m™) Downwelling flux error (W m™) Reference surface downwelling (W m™)
clear-sky shortwave feedback from a 1D-RCE model? g g g
10 Scenario: Present-day (2020) CAVIAR 0.417

CKD model: ecCKD-RGD-32-MT-CKD-4.1.1
Bias TOA upwelling: -0.29 W m™

Bias surface downwelling: -0.29 W m2

RMSE TOA upwelling: 0.34 W m2

RMSE surface downwelling: 0.79 W m2

') 7 RMSE heating rate (0.02-4 hPa): 0.130 K d”’ MT_CKD 4. 1 1 0405
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2. Data
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= Four water vapour continuum models selected for this study: RMSE heating rate (4-1100 hPa): 0.057 K d
» MT_CKD (Mlawer-Tobin-Clough-Kneizys-Davies; Mlawer et al, 2012, Heating rate (K ) D eamgraemorka®)
2023) model: versions 2.5, 3.2 and 4.1.1 l
Figure 3: Evaluation of shortwave fluxes and heating rates from ecCKD 8 ’ CO N CI usions an d fu t ure wor k
» CAVIAR (Continuum Absorption at Visible and Infrared Wavelengths and gas-optics table trained with MT_CKD 4.1.1 for present-day climate = Current uncertainties in the shortwave water vapour continuum
its Atmospheric Relevance; Ptashnik et al 2011, 2012) model models have a modest but non-negligible impact on estimated

clear-sky shortwave radiative feedback from 1D RCE model
= CAVIAR model is stronger than the MT_CKD models, especially

in the near-infrared (Figure 1) = Stronger shortwave continuum leads to more absorbed solar
4. Radiation scheme radiation and hence a more positive feedback for a warming world

—— CAVIAR
— MT_CKD4.1.1

Q  Wrcmes = 1D RCE model, “konrad“ employed for this study (Dacie et al = Differences in MT_CKD models make negligible differences ( less
g 2019; Kluft et al 2019) than ~0.5 %) to the estimated shortwave feedbacks

Q i} o = Offline version of ECMWF radiation scheme, “ecRad“ (Hogan and = The shortwave radiative feedback with the relatively stronger
ey o Bozzo, 2018) used in konrad through Python subprocesses CAVIAR model is about 3.0 % more positive than that with

520 MT CKD 4.1.1
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= Flexibility of ecRad exploited to switch between the generated

o — Outgoing Longwave Radition gas-optics tables = Future Work: Shortwave radiative fged back depends strongly on
25, surface temperature because there is more moisture for a warmer
L = Radiative transfer performed using ‘cloudless’ solver of ecRad atmosphere. Study this temperature-dependence for
00 . . . . . . | temperatures between 270 and 330 K
2500 5000 7500 10000 12500 15000 17500 20000
Wavenumber (cm™?)
Figure 1: (Top) Layer optical depths for the continuum models at 960 hPa Selected References
and 289 K from 0 — 20, 000 cm™. (Middle) Ratio of optical depths with ] 2 And B A A flexible and effici it ) e ECMWE
MT_CKD 4.1.1. (Bottom) Outgoing longwave radiation and solar " 1 - VUCEEIT, (Rl (ATIC) EEPZAR), (oo /2 RIS BTG EIIEES FERIEMION SETEE Wl Ui
MT_CKD 411, (Bottom) Outgoing long 5. Konrad Configuration and model. . Adv. Model. Earth Syst. 10, 2018
Ca I C U I at I O n S = Hogan, R.J. And Matricardi, M.: A tool for generating fast k-distribution gas-optics
e I 1 " _ , models for weather and climate applications. J. Adv. Model. Earth Syst. 14, 2022
3 o C.O r're I ated k d IStrI bUt|O N gaS = Konrad run at 512 pressure levels, T. = 288.0 K, hard convective
O pt ICS ta b I es adjustment with moist adiabatic |ap5e rate, isothermal = Kluft, L. et al: Re-examining the first climate models: Climate sensitivity of a modern
Stratosphere and RH = 80 % radiative-convective equilibrium model, J. Climate, 32, 2019
. Contlnuum.models parameterlsed In k-dISt”t_)Utlo_n gas-optics . . . = Mlawer E.J. et al: The Inclusion of the MT_CKD Water Vapor Continuum Model in the
tables required for radiative transfer calculations in RCE model = CO, concentration = 348 ppmv and ozone profile as defined by HITRAN Molecular Spectroscopic Database, J. Quant. Spectrosc. Radiat. Transf., 306,
RCEMIP guidelines (Wing et al, 2018) 2023
o -opti les in h longwave and shortwav ner
Ga; OE)t €5 ta? €5 both lo 5 a N a. d shortwave sene ated o ] ] = Mlawer E.J. et al: Development and recent evaluation of the MT_CKD model of
using “ecCKD" (Hogan and Matricardi, 2022) * Radiative feedback calculated at constant CO, concentration using continuum absorption, Philos. T, Rov. Soc. A, 370, 2012
the fixed-temperature method (Kluft et al, 2021)
= Generated gas-optics tables validated with independent data = Ptashnik, I.V. et al: Water vapor self-continuum absorption in near-infrared windows
(Figures 2 and 3) derived from laboratory measurements, J Geophys Res 116, 2011
102 Refes Profies I g e T = Ptashnik, I.V. et al: Water vapour foreign-continuum absorption in near-infrared
o o i windows from laboratory measurements, Philos Trans Roy Soc A 370, 2012
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RMSE surface downwelling: 2.06 W m

RMSE hosting rate (0,094 P, 0.083 K & Figure 2: Evaluation of longwave fluxes

RMSE heating rate (4-1100 hPa): 0.100 K o and heating rates from ecCKD gas-optics
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