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We would like to thank the co-editor Dr. Frank Eckardt and the two7

reviewers Dr. Jana Olivier and Stephanie Westerhuis for their careful reviews8

of the manuscript and their constructive criticism. Comments by the co-9

editor/referees are colored in blue, our replies or comments are colored in black.10

11

Response to the Co-Editor12

This is a very interesting paper that provides a first insight into the behaviour13

of fog fusing satellite and ground observations.14

I have two comments15

One detailed and one general.16

Detailed comment.17

Figures 2,3 and 4. These are a bit cryptic given the use of acronyms which18

need to be retrieved one by one from the text. I would encourage spelling these19

out in the captions. Furthermore, the linkages between the series of figures are20

not great.21

Figure 2b) please show the pixels that have been used to derive 2c) Please22

extend the latitudes from a and b into c.23

Thank you for the detailed comments on the figures. We agree that the24

mentioned aspects of the figures can be improved upon. The newly produced25

version of figure 2 is shown below (Fig. 1) and included in the revised26

manuscript.27

28

2



Figure 1: A satellite-based climatology of relative fog and low cloud occurrence
frequency derived by using the algorithms presented in Cermak (2018) (a)) and
Andersen and Cermak (2018) (b)), based on the nearly complete data records
of CALIPSO (2006–2017) and SEVIRI (2004–2017). The seasonality (c)) is
computed by averaging pixels from (b) in coastal regions (maximum 100 km
distance to coastline) with frequent FLC occurrence (minimum of 5 % relative
FLC occurrence in the 14-year climatology shown in b)). The regions used for
averaging in c) lie within the orange contours in b).

Figure 3) spell out CTB and CTH29

Also, the fact that CL31 is at CM needs to be extracted from the main text.30

This is very confusing. Why is there a change in CM and CL31 for July and31

August? Why is there no line for the CL31 observations? Also, what is ASL32

and AGL?33

We have incorporated the suggestions into the figure and agree that this im-34

proves its clarity. ASL and AGL stand for above sea level and above ground35

level, respectively. This is now written out in the caption.36
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Figure 2: c) Medians, 25th and 75th percentiles of monthly averaged CBH and
CTH in the central Namib based on SCIAMACHY (above ground level; 22.5◦S-
24.0◦S and 14.25◦E–15.5◦E, 2003–2009) and CALIPSO (above sea level; 22.5◦S-
24.0◦S and 14.0◦E–15.5◦E, 2006–2017) observations, respectively. Ceilometer
CBH observations (above sea level) are only available since September 2017.
Ceilometer positions (CoastalMet from September–June and Swakopmund July
and August) and sensitivity limits are illustrated by thin horizontal lines and
described in Sec. 2.4.

Figure 4) please depict the areas used to make in 4b in 4a) as boxes or state37

the northern and southernmost extent of these observations.38

This is a good suggestion. We have now incorporated lines to illustrate the39

southern/northern boundaries of the three regions and included markers in a)40

to visually link the panels. The result is shown below (Fig. 3) and is included41

in the revised version of the manuscript.42
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Figure 3: a) The time of the start of the diurnal FLC cycle on pixel level. Pixels
are not considered which either are more than 100 km removed from the coastline
or that feature a relative frequency of FLC occurrence of less than 5 %. The
dashed horizontal lines indicate the northern/southern boundaries of the three
regions considered in b), with markers illustrating their respective association.
b) Upper panel: The average timing of start of the diurnal FLC cycle as a
function of average distance to the coastline. Shaded area illustrates mean
+/- one standard deviation. Lower panel: Average relative FLC occurrence
frequency in the three subregions. The same pixels are considered as in panel
a) and are averaged in 2 km distance bins (x axis).

Appendix A43

Why don’t provide a list of all the acronyms44

The appendix now provides a full list of all acronyms used in the manuscript.45

46

On a more general note, the paper is very descriptive and not explanatory.47

It would be great to tie these observations into our understanding of regional48

Synoptics and local winds. The work by Tyson would be particularly apt to49

consider. At the moment there are linkages to processes even at the most basic50

level. If this is to happen elsewhere at least a brief description and explanation51

would be welcome.52

Thank you for this comment. We agree that the main focus of the manuscript53
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is to characterize the spatiotemporal patterns of FLC in the region, with some54

limited inferences of processes. We agree that more research is needed to un-55

derstand the role of synoptic scale and local drivers, and are currently inves-56

tigating these aspects within the NaFoLiCA research project. We do feel that57

these aspects are not within the scope of the current manuscript, though, as58

this topic is complex and demands a thorough treatment. We do now state our59

plans to tackle these research questions more clearly in the last paragraph of60

the revised manuscript: The interplay of large-scale dynamics with local winds61

(Tyson and Seely, 1980; Olivier, 1992, and sources therein), (sea) surface char-62

acteristics (Olivier, 1995), radiative transfer and aerosols is likely to explain63

fog and low cloud occurrence and variability in the Namib desert. The exact64

manner, however, by which the various processes determine this complex sys-65

tem and its observed spatiotemporal dynamics is still unclear. Future research66

is thus needed to more fully understand the processes that lead to the variability67

in spatial patterns, overall coverage, vertical structure and life cycle of FLC, as68

well its capacity to serve as a water source for ecosystems. Within the ongoing69

research project Namib Fog Life Cycle Analysis (NaFoLiCA), these aspects will70

be studied using a combination of satellite data, ground-based measurements and71

numerical models.72

Response to Dr. Jana Olivier73

General comments: While fog and low cloud (FLC) form the lifeblood of desert74

flora and fauna in the Namib, their occurrence are considered to be hazardous75

to human activities such as aviation and shipping. It is thus important to76

understand where and when FLC occur. This paper examines the spatial and77

temporal incidence of FLC in the Namib, with special reference to the Central78

Namib. It also aims to help understand the processes driving the occurrence79

6



of FLC. Both ground based data and a variety of geostationary satellite based80

observations such as SEVIRI, CALIPSO, SCIAMACHY are used for this81

purpose. The use of these space-based observation adds a novel aspect to82

research. The two guiding hypotheses were successfully addressed and found83

to be valid. The paper is well-written and a pleasure to read. It fulfils all the84

criteria required for publication in a high-impact journal.85

Thank you for reviewing the manuscript and for the positive feedback.86

Specific comments: Of special importance is the simple and clear explanation87

given for the anomaly between the ground- based and satellite based observa-88

tions of the seasonal incidence of FLC in coastal regions. Unfortunately, this89

implies that satellite-based data cannot be used to examine the extent of fog90

over the coastal and adjacent maritime regions. The final recommendation by91

the authors i.e. that ’future research should focus on further characterization92

of the dynamical conditions and drivers that determine diurnal and seasonal93

variability and vertical structure of FLC is extremely important’. This should94

include the seasonal shift in location and intensity of the S. Atlantic and sub95

continental high pressure systems over southern Africa and their impact on the96

height of the inversion layer over the Namib. This together with the influence97

of the Namib-Benguela Upwelling System will provide a comprehensive picture98

and explanation of surface fog occurrence in the coastal regions.99

Thank you for this comment. We agree wholeheartedly that the aspects men-100

tioned by Dr. Jana Olivier are highly relevant and could significantly expand101

our current system understanding. We are in the process of investigating the102

role of large scale dynamics and SST for FLC occurrence patterns on different103

time scales. However, we feel that this is not within the scope of the current104

manuscript. As mentoined above, we now describe future goals more clearly in105

the revised version of the manuscript.106
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Suggestions: Use colours for b in figure 4 rather than triangles. It will facilitate107

the interpretation of the results.108

We agree that the new version of the figure (Fig. 3 in this document) is easier109

to interpret due to the added coloring.110

Please note: Research was conducted on fog in the Namib by Olivier J 1992:111

Some spatial and temporal aspects of fog in the Namib. SA Geograaf, 19(1/2)112

106 - 126. If required, I can send a copy of the article to the authors.113

Thank you for the reference, this was an oversight on our part. We have been114

able to locate the article and it is now properly cited in the manuscript.115

Technical corrections: p2, 26: replace ’nearby’ with ’near’116

We have now corrected this in the manuscript.117

p3, 9: is CALIPSO level ’2 5 km’ correct?118

Yes, this is correct.119

p5, 27: word missing after ’over...,’120

Yes, this is now corrected in the revised manuscript.121

p10, 22: ..In the central Namib, the diurnal cycle... are you referring to the122

whole central Namib or to the coastal region in the central Namib?123

This refers to the ”whole” central Namib as defined in the manuscript. Basi-124

cally, this is the ”yellow blob” in Fig. 4a), where FLC occurs systematically125

later than in the adjacent regions to the north and south.126

127

Response to Stephanie Westerhuis128

General comments129

Andersen et al. present a study about the spatial and temporal patterns of130

fog and low clouds in the Namib. The present paper extends the knowledge131
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gained from earlier studies via the combination of ground measurements (fog132

precipitation, relative humidity and cloud base height) with data from several133

satellite platforms (spatial extent, cloud base height and cloud top height).134

They investigate spatial, seasonal and temporal patterns. In the end, they135

derive a conceptual model for fog and low clouds in the Namib.136

The main conclusions in this study are generally comprehensible and well137

substantiated by the results. I congratulate the authors for deriving the very138

nicely summarising schematic of the seasonal FLC cycle. My main point to139

improve the paper in the revisions is that the information conveyed to the140

reader could be written in a more easily understandable and more concise141

way. Especially at the beginning, it was not obvious to me which phenomenon142

was referred to with “satellite observations differ from station measurements”143

as comparing ground fog measurements with satellite fog and low clouds144

observations obviously only tells half of the story.145

The figures are nicely drafted and I only made a few suggestions to add small146

features which could facilitate it for the reader to grasp the content (see specific147

comments).148

The text is carefully written, some details to improve are pointed out in the149

technical corrections.150

Overall, the paper is understandable and interesting and I recommend publica-151

tion after minor revisions.152

Thank you for reviewing the manuscript and for the positive feedback.153

154

Specific comments155

P1L4-6: The sentence “...observed seasonal patterns derived from satellite156

observations differ from station measurements...” is misleading, it should be157
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clarified that station measurements only observe ground fog.158

This is now clarified in the revised version of the manuscript.159

P2L3-4: Again, it should be stated more clearly what kind of station measure-160

ments are compared to satellite data.161

This is now clarified in the revised version of the manuscript.162

P2L5: Explain better what you mean with “seasonal cycles of formation163

mechanisms”.164

The text now states: ”This could be related to seasonally varying mechanisms165

responsible for fog formation/type or due to a seasonal cycle in vertical166

characteristics of FLC in this region,[...]”167

I see a benefit in adding a small table or graph summarising the used datasets168

including availability (time period) and resolution (time and space).169

Thank you for this comment. We feel that an additional table would introduce170

quite a bit of redundancy to the manuscript and would thus prefer to keep the171

data descriptions in their current state.172

Section 2.3 is more difficult to read than the ones before. Shorter, less nested173

sentences could improve readability.174

We have rephrased some sentences in this section for clarity.175

Figure 4: I suggest to indicate the three separated regions from b) also on176

the map in a). And to me it is not obvious which data are comprised in one177

circle/triangle.178

For added clarity, we now show region boundaries and markers for b) in a).179

(Fig. 3 in this document).180

The text could be somewhat sharpened: Eg P7L15: What do you mean with181

“distinct spatial patterns”?182

Yes, this was not clearly written. The sentence now reads: ”It is apparent183

from Fig. 4 a) that the start of the diurnal FLC cycle is closely related to the184
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distance from the coastline, at least north of 25◦S (r = 0.86 between 22.5◦S185

and 25◦S and r = 0.85 north of 22.5◦S).”186

P9L1: Which are the “subregionally different mechanisms”?187

The close relationship between the start of the diurnal FLC cycle and the188

distance from the coastline suggests dominant advective processes north of189

25◦S. South of 25◦S, this is no longer apparent. This leads us to the conclusion190

that advective mechnasms are unlikely to dominate in this region, however,191

as of now there are no observational clues to what extent specific mechanisms192

contribute to the formation of FLC in the southern region.193

P9L3: Can you elaborate the relationship you are referring to in “FLC194

occurrence frequency...features a strong relationship”? → These sentences195

sound complicated but do not provide much information to the reader. My196

suggestion is to either delete them or explain more specific what you want the197

reader to know.198

In the revised version of the manuscript this is now more clearly described:199

”The lower panel of Fig. 4 b) shows the average FLC occurrence frequency in200

the three subregions as a function of the distance to the coastline that features201

a strong relationship, especially north of 25◦S. While this is a typical feature202

of coastal fog (e.g., Olivier, 1992), it serves as an additional indication that the203

region south of 25◦S is not influenced by marine airmasses to the same extent204

as regions further north.”205

P9L8: How do you interpret this discrepancy between the high- and low-level206

FLS season? Can you indicate the distance where FLS occurrence is below 5%207

in Fig. 5?208

Based on the results it is hard to say what exatly is responsible for the209

observed seasonal differences. We do not want to speculate and thereby just210

state that In general, the slope of the relationship illustrated in the upper panel211
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of Fig. 5 can be affected by the average advection speed, the fraction of advective212

FLC, and the partial contribution of random misclassifications. We do not213

see 5% as a strict threshold under which you cannot interpret the results any214

more. We rather state that lower FLC occurrence frequency also lowers the215

confidence in derived statistics, e.g., in those related to the diurnal cycle, due216

to the factors outlined by the sentence stated above.217

P10L17: Do you want to say that satellite observations really “overestimate218

ground fog” or that based on these observations it is just not possible to219

distinguish between fog at the ground and low clouds lifted from the surface?220

We argue that the probability of satellite-derived FLC being ground fog shifts221

with season and location. Using FLC for an estimate on fog occurrence at222

coastal locations between August and February would be specifically prone to223

an overestimation of fog occurrence frequency.224

225

Technical corrections226

Overall: The term FLC is used inconsistently. Either use plural or singular and227

always use the abbreviation after it is introduced (eg P2L16+17).228

The term FLC/FLCs is now used consistently in the updated version of the229

manuscript. In specifically relevant sentences of the manuscript, as e.g. the230

sentence pointed out here, we deliberately chose to write out fog and low clouds231

instead of using the abbreviation. This is intended to help readers who are232

just skimming over the paper to understand the most relevant sentences even233

though they might not know all of the abbreviations.234

P1L8: This should be “25◦S”, not “25◦N” I presume.235

Yes, of course you are right. This is now corrected in the manuscript.236

P1L9 and P8L1: Please explain “r”.237
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This should be more clear in the current manuscript.238

P2L1: patterns ”of” fog239

Yes, this is now corrected in the manuscript.240

P2L25: In Fig. 1a) the western boundary is 10◦E. For consistency reasons, I241

suggest taking the same extent as in Fig. 2a).242

The western extent of the figures was chosen deliberately. 10◦E makes sense243

for Fig. 1a) and Fig. 2b), as no information content would be added by further244

extending the figure over the ocean. Fig. 2a) shows the spatial connection of245

the FLC field over the coast with the stratocumulus field in the southeastern246

Atlantic. We would thus prefer to keep the figures at their current state.247

P3L9: Although correct, a reader who is not familiar with CALIPSO products248

might think that “level 2 5 km” is a typo. The sentence could be rearranged.249

As this seems to be the official product name, we would like to keep the250

sentence in its current form.251

P3L11: To my knowledge, dates should be written in the form “June 13, 2006”.252

Yes, indeed, we have corrected this in the revised version of the manuscript.253

P4L1 and L19: Indicate size also in km, for easier comparison with SEVIRI254

data.255

This is technically not possible, as the size of a 1◦x1◦ area depends on its256

latitude.257

P5 title: Suggestion: Fog and low cloud “spatial” patterns258

Yes, we agree that this is more accurate. We have changed the title accordingly.259

P5L27: unfinished sentence260

We have corrected the sentence.261

P8 figure caption: “fls” should be in capitals.262

Yes, this is now corrected in the manuscript.263

P8L8: Omit the “the” at the end of the line.264

13



We have corrected the sentence.265

266
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