
Author Comment to manuscript1

egusphere-2023-2140,2

(https://doi.org/10.5194/egusphere-2023-2140, in3

review, 2023): ”Updating the radiation4

infrastructure in MESSy (based on MESSy5

version 2.55)”6

by M. Nützel et al.7

February 9, 20248

We thank the referees for taking the time to review our paper. We are9

grateful for their comments which helped to improve the manuscript. In the10

following we address each review comment (black italics) by stating our reply11

(blue). In addition we append a manuscript version which highlights the changes12

between the preprint version of the manuscript and the revised version.13

Reply to comments from editor14

In addition to the comments by the reviewers, the editor has commented on our15

discussion version and requested these comments to be considered in a revised16

version. We thank the editor for these comments which we will address below.17

18

Minor comments on egusphere-2023-214019

20

1. Abstract: The statement “they also aim towards the use of MESSy with21

the ICOsahedral Non- hydrostatic (ICON) model” is unclear. I think it means22

that the use of this development will be feasible in the MESSy infrastructure,23
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using ICON as the base model, but it should be more clearly written.24

25

We rephrased the sentence which now reads: ”The developments presented26

here also aim towards the use of the MESSy infrastructure with the ICOsahedral27

Non-hydrostatic (ICON) model as a base model.” We hope that this removes28

any ambiguities.29

30

2. Line 27: Correct spelling of “asessed”31

32

Done.33

34

3. Line 55: No need for “radiative” in front of “RFs”35

36

Done.37

38

4. Line 190: I would recommend changing “supposed to follow”. Often, the39

word “supposed” can have a negative context, i.e., something was planned, but it40

didn’t actually happen! How about “this functionality is due to be implemented41

with a revision of the AEROPT submodel”?42

43

Done.44

45

5. Line 255: Change “Still missing” to “Any remaining missing”46

47

Done.48

49

6. Line 278/298: Change “via namelist” to “via a namelist”50

51

Done.52

53

7. Line 296: Change “where shifted” to “were shifted”54

55

Done.56

57

8. Line 469: Please provide full name for JJA on first use (Same applies58

for DJF on line 476)59

60
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Done.61

62

9. Line 523: Please correct the bracketing63

64

We could not find any bracketing that needs correction in line 523. The65

formula for calculating relative anomalies is correct and we assume that the66

bracket ”(panels b and d)” is also ok.67

68

10. Line 660: I suggest that you replace “guideline” with “guiding principle”.69

70

Done.71

72

3



Reply to comments from CEE73

(https://doi.org/10.5194/egusphere-2023-2140-CEC1)74

The executive editor has commented on our discussion version. We will address75

this comment below.76

77

Dear authors,78

79

Please, in any potential reviewed version of your manuscript provide in the80

”Code Availability” section a link to the MESSY private repository in Zenodo,81

including its DOI.82

Best regards,83

Juan A. Añel84

Geosci. Model Dev. Executive Editor85

86

We thank the executive editor for this comment. The respective reference is87

now included in the ”Code Availability” Section. Please note that these updates88

are not highlighted in the appended diff-version.89

90
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Reply to comments from Referee #191

(https://doi.org/10.5194/egusphere-2023-2140-RC1)92

Below we will address all comments of referee #1 and we will state correspond-93

ing changes in the manuscript. Again, we would like to thank referee #1 for94

taking the time to review our manuscript and for the thoughtful comments.95

96

This paper is, in part, a technical report of the updated infrastructure con-97

cerning the treatment of radiation in the Modular Earth Submodel System (MESSy),98

and in part, an evaluation of the performance of the newly implemented PSrad99

(Pincus and Stevens) radiation scheme vs. the ECHAM5 radiation scheme.100

It is clearly written with sufficient technical detail to be useful for developers of101

the MESSy infrastructure as well as serving as a useful example for developers102

of other model radiation schemes.103

104

The evaluation of the radiation schemes serves as a good test of the imple-105

mentation and a useful evaluation of two schemes side-by-side in an identical106

model. The only problematic area is the comparison of the schemes against107

reference data presented in Pincus et al (2020), based on RFMIP (Radiative108

Forcing Model Intercomparison Project).109

110

I would recommend this paper for publication once the following, generally111

minor comments have been addressed:112

113

We thank the reviewer for this general rating of our manuscript. We revised114

our document according to the suggestions given by the reviewer and here we115

reply to each of the comments. In particular we tried to adjust the comparison116

to reference data. If we did not follow the suggestions at some particular in-117

stance we hope that our respective replies make our choice understandable.118

119

Principal comment:120

121

1) Section 4, lines 630-640: The arguments presented here may be valid but122

it feels like the overall argument in this section is biased towards achieving a bet-123

ter comparison for the PSrad scheme. I think a more robust comparison could124

be done avoiding the need for the caveats in this section.125
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126

In the previous paragraph, lines 613-628, you use your present-day (PD)127

background runs to compare with the Pincus et al results for the forcing from128

pre-industrial to present-day GHG amounts. You scale the quantities to account129

for the different PD background conditions which sounds reasonable. For the130

CO2-folding experiments, however, you revert to the pre-industrial (PI) back-131

ground runs. Your following arguments detail why this is a bad thing to do.132

Given that you have a range of CO2-folding experiments for the PD-background133

runs: CO2(pi), CO2(pd), 2xCO2(pd), 4xCO2(pd), you should be able to inter-134

polate values for 2xCO2(pi) and 4xCO2(pi) to directly compare with Pincus et135

al. It would then be good to have all the Pincus et al results listed in table 7 to136

provide a clear comparison for the reader.137

138

We thank the reviewer for this comment and in particular for bringing the139

option of using our pd background simulation for comparison to our atten-140

tion. We think that scaling the pi-pd results is reasonable, which can be seen141

as a comparison of radiative efficiencies. With respect to the CO2-folding ex-142

periments, we referred to the pi simulation in which we did CO2(pi)-folding143

experiments because this minimizes the differences between the sampling points144

with respect to which RF is calculated. We thought that this might be the145

first point to go to when comparing our study to the results by Pincus et al.146

(2020). Hence we warrant, that this of course comes at the drawback of having147

a different background. Doing the analysis the other way round - as suggested148

by the reviewer - leads to a comparable (pd) background at the expense of hav-149

ing the CO2-folding experiments at sampling points which are quite different150

from the ones used in Pincus et al. (2020). As we were driven by comparing151

at similar sampling points, we completely disregarded the option raised by the152

reviewer. We now added a figure to our paper and discuss this second option.153

Nevertheless, we will also keep the discussion of the first option as we think it154

is good to put this approach into perspective and to outline the possible caveats.155

156

Minor comments:157

158

1) Section 1, line 89: ”resulted in 0.23 Wm-2”: please define what this num-159

ber represents, i.e. define radiative forcing as the difference in which fluxes?160

Top-of-atmosphere / tropopause / surface. Directionality?161

162
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We corrected the respective sentence which now reads: ”For instance, a dou-163

bling of the present-day reference value for methane of 1.8µmolmol−1 resulted164

in a top-of-atmosphere stratospheric adjusted RF of 0.23Wm−2 (Winterstein165

et al., 2019; Stecher et al., 2021), while studies of Myhre et al. (1998) and Etmi-166

nan et al. (2016) suggest 0.53Wm−2 and 0.62Wm−2, respectively, for doubling167

of the reference value of 1.7µmolmol−1.”168

169

2) Section 2.4 CLOUDOPT: Can you provide some details on how the cloud170

fractions are handled. Do you have separate ice and liquid cloud fractions or171

are they mixed in a single cloud fraction? How is the vertical overlap of cloud172

fraction handled? (Maybe a reference for this is sufficient.)173

174

In CLOUDOPT mass extinction coefficients for ice and liquid clouds are175

used to calculate the radiative properties (see lines 203-210 in the discussion176

paper). The cloud fraction, however, is not split into liquid and ice clouds (see177

the nml in the supplement of Dietmüller et al., 2016). With respect to the cloud178

overlap we added the following paragraph at the end of the CLOUDOPT sec-179

tion: ”In CLOUDOPT and in the radiation schemes the (default) cloud overlap180

is assumed to be maximum-random overlap (Roeckner et al., 2003; Dietmüller181

et al., 2016; Giorgetta et al., 2018). In the case of PSrad the overlap assump-182

tion is treated based on the Monte Carlo Independent Column Approximation183

(McICA) technique (see Giorgetta et al., 2018, for details and further refer-184

ences).”185

186

3) Section 2.5 ALBEDO, line 225: Please define what you mean by ”blue-187

sky”, ”black-sky” and ”white-sky” albedos. In other models, only the direct (your188

”black-sky” I think) and diffuse (your ”white-sky”) albedos are needed as the ra-189

diation scheme will solve for the direct and diffuse fluxes separately. Presumably190

the radiation schemes here don’t do this and require a combined ”blue-sky” albedo191

as well?192

193

You are right, we use the terms white-sky and black-sky albedo which194

are relevant for the direct beam and isotropic diffuse radiation (Liu et al.,195

2009). The definitions are given in the papers referenced in L225. We have196

adapted this paragraph which now reads: ”In particular, ALBEDO calculates197

a blue-sky albedo (αblue) from the black-sky (αblack) and white-sky albedo198

(αwhite) and the fraction of direct and diffuse radiation fluxes with respect199
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to the total downwelling shortwave fluxes at the surface (fdir
sw,surf , f

dif
sw,surf ) as200

αblue = fdir
sw,surf αblack + fdif

sw,surf αwhite (see e.g. Liu et al., 2009; Li et al., 2018;201

Cordero et al., 2021, and references therein for details on the different albedos202

and how to typically derive the blue-sky albedo). Here, the black-sky albedo203

relates to the albedo associated with the collimated beam, whereas the white-204

sky albedo corresponds to the albedo associated with isotropic diffuse radiation205

(Liu et al., 2009).”206

Both radiation schemes separate between direct and diffuse flux as noted by207

Roeckner et al. (2003); Giorgetta et al. (2013). In the latter reference actu-208

ally RRTMG is described, however PSrad was built based on RRTMG (Pincus209

and Stevens, 2013). In fact as explained in the text (and as you note in your210

comment below), the direct and diffuse fluxes are used to calculate the blue-sky211

albedo (see e.g. line 274 in the discussion paper). With some additional changes212

it would also be possible for us to pass the direct and diffuse albedos to the ra-213

diation schemes. This was, however, not considered in our current simulations214

but is a potential point of further investigation.215

216

4) Section 2.5 ALBEDO: There is no mention of the spectral dependence of217

albedo. How is this handled by these schemes?218

219

We do not apply any spectral dependent albedo neither in E5rad nor in220

PSrad. However, e.g. for PSrad we know that both direct and diffuse albedo221

can be separated into near-infrared and a UV-visible part. As stated before this222

might be an additional point for further investigation.223

224

5) Section 2.5 Solar zenith angle dependent albedo, line 277: it would be good225

to explain at this point that you mean the fraction of diffuse and direct flux will226

be needed from a previous timestep call of the radiation scheme. What happens227

at model start-up when there is no previous call?228

229

We added the respective information and also included the information that230

in the first model time step the partitioning of 0.9 (direct, black-sky) and 0.1231

(diffuse, white-sky) albedo is used to calculate the blue-sky albedo. ”To be able232

to use this new feature, either the radiation scheme has to provide (the fraction233

of) the direct and diffuse SW radiation fluxes from the previous model time step234

(for the first model time step the partitioning is automatically set to 0.9 and235

0.1, respectively) or ...”236
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237

6) Section 2.6 (1): This appears to be an arbitrary functionality to add that238

could only degrade the physical accuracy of the results. Using the middle of the239

interval would appear to be the best of the options available. However, none of240

these options appear to consider what happens when the sun rises or sets during241

the radiation timestep. I believe the best approach (particularly for solar zenith242

angle) is to calculate the orbital parameters as a mean over the period of the243

timestep for which the sun is above the horizon. Was this considered?244

245

We agree that this functionality seems odd without additional explanation:246

We included the new offset because we think it is the most reasonable. We247

kept the old implementation for backward compatibility. Further we added the248

option to select the offset freely for offline radiation calculations.249

We adjusted the respective part: ”Now, the offset type can be selected via250

a new namelist switch. Apart from the previous choice ∆torb,opt0, which we251

kept to ensure backward compatibility, the orbital parameters now can be cho-252

sen to be calculated for the middle of the interval of time steps associated253

with the current radiation call (tr,i−1, tr,i−1 + ∆tm,..., tr,i − ∆tm, leading to254

∆torb,opt1 = 1
2 ((tr,i −∆tm)− tr,i−1), Fig. 2b), or the offset can be set to an ar-255

bitrary constant (∆torb,con ≤ ∆tr). The latter option was introduced for offline256

radiation calculations.”257

258

Regarding the problem of the rising or setting sun: For the radiation cal-259

culation the SZA is corrected such that its cosine cannot fall below a certain260

threshold (see equation 11.23 of Roeckner et al., 2003). Hence, the radiation is261

calculated globally with at least a certain minimum solar irradiation and later262

on corrected with the actual SZA (see equation 11.4 of Roeckner et al., 2003).263

We have incorporated this information in the respective section: ”The results264

from this radiation call (with the adjusted orbital parameters) are later on cor-265

rected with the solar irradiation associated with the orbital parameters of the266

actual model time step for the calculation of the actual SW fluxes and heating267

rates (see Roeckner et al., 2003). We note that the adjusted SZA contains a268

modification which ensures that fluxes are non-zero globally to avoid problems269

in the grid boxes in which the sun rises or sets during the time steps associated270

with the radiation time step (see Roeckner et al., 2003, ; also their Eq. 11.23).271

”272

273
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7) Section 2.6 (2), lines 293-296: Not much point mentioning this adjust-274

ment unless you are going to explain how it was adjusted.275

276

We removed the respective paragraph.277

278

8) Section 3.1, line 340: It would be useful to give an approximate horizontal279

resolution in km for T42.280

281

We rephrased the sentence: ”The simulations were conducted with T42 spec-282

tral truncation (corresponding to about 2.8◦ × 2.8◦, i.e. roughly 300 km× 300 km283

at the equator) and 90 vertical levels extending up to roughly 80 km (see the284

T42L90MA setup e.g. mentioned by Jöckel et al., 2016).” We also added infor-285

mation on the time step length and the frequency of radiation calls, which we286

missed to give in the discussion version of the paper.287

288

9) Section 3.1, line 357: ”purely dynamic”: I’m not sure what this means289

(in our usage, this would mean all the physics parametrisations are turned off,290

which is not the case here).291

292

We thank the reviewer for pointing out this sloppy use of ”dynamic”. We293

have rephrased all such statements referring to the setups at hand as being of294

”GCM-type”.295

296

10) Section 3.2, paragraph at lines 433-444: I notice you specifically target297

clear-sky SW with albedo adjustments, but there is nothing to specifically target298

clear-sky LW. Is surface emissivity fixed for these schemes? Is there anything299

else that could be used to target this?300

301

We thank the reviewer for pointing out this possibility. In principle it seems302

that the radiation schemes could deal with spectrally dependent and regionally303

varying surface emissivities. However, this is not a feature that is available. We304

would need to implement additional infrastructure to provide such an emissivity305

field to the radiation schemes and we would need to acquire the respective data306

beforehand. Hence, in our simulation we used our standard globally fixed sur-307

face emissivity of 0.996 as described by Roeckner et al. (2003). Apart from the308

surface emissivity we do not see any justifiable ”tuning” parameter for clear-sky309

LW fluxes.310
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311

11) Section 4, line 550: Please explain how the stratospheric adjustment is312

done.313

314

The stratospheric adjustment is calculated as described by Stuber et al.315

(2001) as stated in line 55 of the discussion paper. We have added this informa-316

tion also to the sentence in Section 4: ”Table 5 lists the respective perturbations317

that are calculated in the multiple calls of the radiation scheme. In total, 22 ad-318

ditional (diagnostic) calls for calculating instantaneous RF (calls 02 to 23) and319

11 additional calls for calculating stratospheric adjusted RF (calls 24 through320

34, where stratospheric adjustment is calculated as described by Stuber et al.,321

2001), were conducted.”322

323

12) Section 4, line 619-620: ”we assumed the 2014 values used by Pincus324

et al are similar to Meinshausn”: I believe the values used by Pincus et al.325

are essentially those publicly available for RFMIP, so this assumption could be326

properly checked.327

328

Pincus et al. (2020) mention that they use 2014 values from ”NOAA green-329

house gas inventories”. From this information we could not find the reference330

and the corresponding values and hence we assumed that they are close to the331

2014 values presented by Meinshausen et al. (2017).332

333

13) Section 4, line 628: the N2O RF presented by Pincus should be stated334

for comparison (even better, all the values from Pincus should be added to table335

7).336

337

We have added the respective value in the text and for the CO2-folding ex-338

periments we added a new figure.339

340

Typos etc.:341

342

1) line 11: ”of sixth generation of the the” → ”of the sixth generation of the”343

344

Done.345

346

2) line 55: ”radiative RFs” → ”RFs”347
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348

Done.349

350

3) line 86: ”old radiation” → ”old radiation scheme”351

352

Done.353

354

4) line 351: table 2 is referenced before table 1355

356

Thank you for spotting this inconsistency. We rearranged the tables.357

358

5) line 430: ”adjust parameters target-oriented” → ”adjust parameters in a359

target-oriented manner”360

361

Done.362

363

6) line 679: ”much increased (decreased) to the radiative forcings” → ”much364

increased (decreased) with respect to the radiative forcings”365

366

We adjusted the sentence to ”...much increased (decreased) in comparison367

to the radiative forcings...”.368

369
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Reply to comments from Referee #2370

(https://doi.org/10.5194/egusphere-2023-2140-RC2)371

Below we will address all comments of referee #2 and will state corresponding372

changes in the manuscript. Again, we would like to thank referee #2 for taking373

the time to review our manuscript.374

375

This manuscript describes major updates to the radiation schemes within the376

Modular Earth Submodel System (MESSy), which is an infrastructure designed377

to link different submodels into the same framework to more seamlessly perform378

simulations with different model components. Specifically, this work covers the379

implementation of the PSrad radiation scheme into MESSy, as well as updates380

to related submodels for calculating cloud optical properties (CLOUDOPT) and381

aerosol optical properties (AEROPT), as well as implementation into MESSy382

of a new albedo scheme (ALBEDO). The authors find that implementation of383

these schemes leads to reduced biases in temperature and humidity of a hand-384

ful of key climate processes and improvement in radiative forcing variables for385

greenhouse gases relative to reference values. I find it particularly valuable that386

the implementation allows for easier calculation of radiative forcing through on-387

line double calls. These calculations are important but not routinely performed388

at most modeling centers. This manuscript is well written and will be of inter-389

est to GMD readers, especially as many modeling centers work towards updating390

their radiation schemes and, more generally, work towards stronger unification391

of submodels. I recommend some minor revisions detailed below.392

393

We thank the reviewer for this rating of our manuscript. We will address all394

minor revisions suggested below.395

396

General: I think readers would appreciate some information about computa-397

tional performance when implementing the new radiative transfer scheme with398

more spectral bands. Was there a noticible increase in compute time with the399

new code and, if so, what steps did the developers take in an attempt to improve400

speeds?401

402

We thank the reviewer for pointing out that this information was lacking403

in the manuscript. The computational time for the GCM-type simulation in-404
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creased by 70%, however this increase is due to the combined effect of the ”old”405

vs the ” new” setups, i.e. it includes also possible increases in computational406

time from the other updated submodels: AEROPT, CLOUDOPT, ALBEDO.407

For simulations with full chemistry, which we typically aim at, this increase will408

not play a major role due to the large computational demand of the chemistry409

solver. We have added a corresponding paragraph at the end of Section 3.1.:410

”Without additional diagnostic radiation calls for RF calculations as presented411

in Section 4, for a simulation performed on a single node1 the computational412

time required for a radiation time step is around 70% higher for the PSrad se-413

tups than for the E5rad setups. If the full radiation calls are only performed414

every third time step (as in the simulation setups described above), this leads to415

an increase in the computational time of roughly 40%. This increase in compu-416

tational time cannot be solely attributed to the core radiative transfer routines417

in RAD but is also affected by possible changes in computational time in the418

connected submodels AEROPT, CLOUDOPT and ALBEDO. To put this in-419

crease into perspective, we note that EMAC is commonly used in setups with420

comprehensive interactive chemistry (e.g. as chemistry-climate model). Due to421

the large computational demand of the chemistry solver the increase in compu-422

tational time due to the radiation scheme will only be a fraction of the increase423

we report here for a GCM-type setup.”424

Footnote:”1 32 task on an AMD Epyc 7601 node with 32 cores”425

426

Line 206-207: It may be a bit surprising to some, me included, that the de-427

velopers decided to add a secondary LW ice mass extinction option that comes428

from a model that is now a few generations old (ECHAM4). What there a partic-429

ularly reason to bring back this scheme? Some context here would be interesting.430

431

We are sorry for the impression that we newly implemented this feature. It432

has been an option of the MESSy submodel CLOUDOPT before and we simply433

kept it for backward compatibility reasons. We slightly rephrased the sentence434

by changing ”also allows” to ”still allows” to make clear that this option was435

not introduced during our development but simply preserved.436

437

Line 245-258: What is the role of this observational-based albedo climatology438

when the scheme is used to simulate climates beyond the present-day? Is the439

climatology used as a scaling factor to preserve seasonality? Is it only imple-440

mented for certain types of simulations?441
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442

Indeed the observational based albedo was not changed for our pi and pd sim-443

ulations and it is not routinely implemented to use it to modify (transient) albe-444

dos associated with different climate states (e.g. concerning land-use change).445

However, we note that it is only the background albedo and is modified e.g. by446

the snow cover (see lines 268-275 in the discussion version). Before our imple-447

mentations we have used an old background albedo from ECHAM5, which did448

not feature a seasonal cycle. Further, if a certain transient albedo associated449

with a specific scenario would be available, it could be easily applied with the450

new submodel ALBEDO (see lines 240-243 in the discussion version).451

452

Section 2.6-1: Some motivation for providing additional flexibility in the453

orbital offset would be helpful. The previous version, where the offset would al-454

ways falls in the middle between radiation calls, seems like the most reasonable455

approach for any case. Are there cases where another option is better? Some456

context would be helpful here.457

458

We agree that some more motivation is needed. We have introduced the459

new option (middle between time steps associated with the respective radia-460

tion call), which we think is most suitable. We understand that referee #1461

agrees on that. The previous option (middle between radiation steps) was pre-462

served for backward compatibility. The freely adjustable option is important463

for offline radiation calculation purposes. In response to this comment and the464

comment by reviewer #1 (see minor comment 6) we adjusted the section as465

follows: ”Now, the offset type can be selected via a new namelist switch. Apart466

from the previous choice ∆torb,opt0, which we kept to ensure backward compati-467

bility, the orbital parameters now can be chosen to be calculated for the middle468

of the interval of time steps associated with the current radiation call (tr,i−1,469

tr,i−1 + ∆tm,..., tr,i − ∆tm, leading to ∆torb,opt1 = 1
2 ((tr,i − ∆tm) − tr,i−1),470

Fig. 2b), or the offset can be set to an arbitrary constant (∆torb,con ≤ ∆tr).471

The latter option was introduced for offline radiation calculations.”472

473

Line 355: It is clear that the sets of simulations performed in this section474

have different radiation schemes (PSrad vs E5rad) but what about the modifica-475

tions to the other relevant submodels discussed? I suspect the simulations using476

of PSrad also include all of the updates discussed for CLOUDOPT, AEROPT,477

ALBEDO and the orbital offset. If so, this should be noted in the text or better478
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incorporated into the experiment names for clarity.479

480

We agree that the previous formulation at the beginning of Section 3.1 was481

not clear about this. Hence we adapted it: ”We performed four simulations482

for the evaluation presented here. Namely, two simulations (pre-industrial and483

present-day denoted with pi and pd, respectively) for each of the two radiation484

schemes (the old ECHAM5 radiation scheme with the v2 in the SW, denoted485

here with E5rad, and the newly implemented PSrad scheme). These simulations486

will be addressed here as EMAC-E5rad-pi, EMAC-E5rad-pd, EMAC-PSrad-pi487

and EMAC-PSrad-pd, respectively. The simulation setups do not differ only488

in the radiation scheme but also according to the respective radiation scheme489

the typical old and new setups of AEROPT, CLOUDOPT and ALBEDO (as490

described before) have been chosen as indicated in Table 1. In all simulations491

the new choice for the orbital offset parameter (∆torb) was employed.”492

Information on the setup is partly also contained in Table 1 (previous Table 2).493

We now explicitly refer to this table and also adapted it such that the setups494

can be followed more easily.495

496

General Section 3: The biases are presented clearly, and the authors focus497

on important ones, but I was hoping for some attempt to explain the causes of498

the bias, and particularly for situations where the e5rad and Psrad-driven sim-499

ulation biases differ. Establishing causation is difficult in many cases, but some500

general discussion or potential explanations from the authors would be useful501

here. Is the warm stratosphere bias from the PSrad simulation (compared to the502

cold bias from the e5rads) related to the new handling of the orbital parameter503

offset, for instance?504

505

We are glad that our comparison is presented clearly. We can also under-506

stand the wish to establish causality. However, from the simulations at hand this507

is difficult to do. We would need to setup additional experiments to disentangle508

the different effects due to changes of the albedo or the different tropospheric509

aerosol etc. We compare our results to the changes from ECHAM5 to ECHAM6510

presented by Stevens et al. (2013), which are related to changes in the radiation511

scheme. But also in this study not only the radiation scheme was changed but512

at several instances the model was updated. However, we can rule out that the513

orbital parameter offset is causing this effect because the new choice for this514

parameter was used in all simulation that we present in the paper. Now we515
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mention this fact also in the text (see our reply to your previous question)516

517

Also relevant to Figure 5: ERA5 has a known cold bias in stratospheric518

temperature from 2000 to 2006, The reanalysis was rerun for this period in a519

product called ERA5.1. I am unfamiliar with how large this bias was, but it520

would be interesting to see if the EMAC-PSrad bias is reduced for years outside521

of this range, or if ERA5.1 is used instead. Presumably the Figure 7 humidity522

bias is impacted too. Details here: https: // confluence. ecmwf. int/ pages/523

viewpage. action? pageId= 181130838524

525

We thank the reviewer for pointing this out. In the discussion version we526

did not add a note regarding ERA5.1 to avoid any confusion. In response to527

this comment, we decided to add the following paragraph after the comparison528

of specific humidity from ERA5 and our simulations: ”Due to a setup incon-529

sistency ERA5 has a cold bias in the stratosphere for the period 2000 to 2006,530

which also affects stratospheric water vapour (Simmons et al., 2020). This issue531

has been addressed in a new set of analyses called ERA5.1 covering this period532

(Simmons et al., 2020). We note however, that the differences between ERA5.1533

and ERA5 regarding temperatures and water vapour as analysed by Simmons534

et al. (2020) are relatively small compared to the differences we see between535

ERA5 and our model simulations. Hence we simply applied the ERA5 data536

as the main conclusions regarding the model reanalyses differences will remain537

unchanged.”538

539

Line 599-606: Is the reduction in methane RF from IRF for PSrad sig-540

nificant? A 0.01 W/m2 reduction from IRF seems quite small and may just be541

noise, especially when the reduction does not appear to be present for the pi sim-542

ulation. I mention this because although stratospheric adjustments related to SW543

absorption may be playing a role in a reduction, the Smith et al figure points to544

cloud adjustments playing in even larger role, an effect not being captured in this545

work. And recently, Allen et al. 2023 looked into the cooling from SW absorption546

of methane explicitly, finding much of it is driven by cloud adjustments, rather547

than a stratospheric adjustment: https://www.nature.com/articles/s41561-023-548

01144-z549

550

We thank the reviewer for this comment. We have adjusted the respective551

section as follows: ”Another aspect to note about the methane RFs is that552
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with E5rad the stratospheric temperature adjustment acts to increase the RF553

in comparison to the instantaneous RF, whereas for PSrad the differences be-554

tween instantaneous and stratospheric adjusted RF are smaller and the sign555

depends on the background state. PSrad includes SW absorption of methane556

in two bands in the near-infrared (3.08 - 3.85 µm and 2.15 - 2.50 µm; cf. the557

RRTM bands described in the ECHAM6 documentation Giorgetta et al., 2013).558

The SW absorption acts to counteract the stratospheric cooling induced by the559

LW radiation (Byrom and Shine, 2022, their Fig. 2). Hence, the adjustment dif-560

ference we find between PSrad and E5rad is in part consistent with the results561

from Smith et al. (2018, their Fig. S6). They point out that for the same exper-562

iments as analysed by Richardson et al. (2019), the rapid radiative adjustment563

induced by the stratospheric temperature adjustment is negative in models with564

the explicit treatment of methane SW absorption in the radiation scheme, and565

positive in models without. However, in the latter case the increase reported by566

Smith et al. (2018) is more pronounced as there is a substantial additional contri-567

bution from cloud radiative adjustments that are not covered by our technique.”568

569

Line 638-639: Yes, the Pincus pd background likely has a warmer surface570

thus CO2 forcing is stronger, but it also likely has a cooler stratosphere, which571

is arguably more impactful on CO2 forcing as highlighted by Jeevangee et al.572

2021 and He et al. 2023. Related, this may explain why the CO2 forcing from573

the PSrad simulation is smaller than the E5rad simulations. PSrad produces a574

warmer stratosphere and thus the CO2 forcing is smaller.575

576

Jeevangee et al. 2021: https://doi.org/10.1175/JCLI-D-19-0756.1577

578

He et al. 2023: https://www.science.org/doi/10.1126/science.abq6872579

580

We thank the reviewer for this comment. Regarding the impact of the strato-581

sphere, we have adjusted the respective section: ”(ii) In the climatological pd582

background, the tropospheric temperatures are likely higher and the strato-583

spheric temperatures lower than for our pi background. Here, we reason that584

both changes will likely lead to an increased RF as diagnosed from CO2-folding585

experiments, with the stratospheric component potentially making the larger586

contribution (He et al., 2023)”587

Regarding the second part of the comment: We thank the reviewer for pointing588

this out. Indeed it seems that this could contribute to the differences. This can589
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be inferred from comparing our Table 6 with Table 8, where the latter shows590

all-sky instantaneous RFs when the radiation scheme is switched compared to591

the radiation scheme that drives the model simulation. Hence, we added a new592

paragraph after the introduction of Table 8: ”Related to the dependence of RFs593

for CO2 perturbations on the background, we have previously detected a larger594

CO2 sensitivity in the E5rad compared to the PSrad simulations. As discussed595

above for the dependence of the instantaneous CO2 RFs on the pi and pd back-596

ground, we point out that a warmer stratosphere in the PSrad compared to the597

E5rad simulations might be contributing to the lower RF values diagnosed from598

PSrad compared to E5rad. In line with this argument, instantaneous all-sky599

CO2 RFs increase (decrease) for E5rad (PSrad) when the background is pro-600

vided by the switched radiation scheme PSrad (E5rad) as can be seen from the601

comparison of Tables 6 and 8.”602

603
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