
17 April 2025 

 

We appreciate the comments raised by the two reviewers, and thank them for the >me and 
energy they spent on our paper.  Their comments below are in black text, and our replies to each 
comment are in blue italics.  Any text directly added to the manuscript will be shown in green 
italics in our reply below. 

 

Reviewer #1: 

This manuscript describes how to propaga7ng uncertain7es and determine the informa7on 
content of quan77es derived from mul7ple instruments, and it illustrates this technique with an 
example. It is well wri>en and will be a valuable addi7on to this topic. I recommend that it be 
published a?er minor revisions. I have listed comments/sugges7ons below that I hope the 
authors consider to make the manuscript a bit more accessible to those not proficient in these 
topics. 

Thank you for taking the >me to read our paper and provide these comments! 

As a general comment coming from a reader who is not as familiar in this way of thinking as the 
authors, terms such informa7on content and DFS are not in my daily vocabulary, and some of 
the results are not intui7ve. I would urge the authors to assist us in making these concepts, 
which I believe is important ones, more accessible, and to provide more physical explana7ons 
where possible. For instance, the defini7on of informa7on content is not given un7l line 55, and 
DFS not un7l line 110. Only on line 194 did I see it clearly stated that the variability in these 
quan77es is due to instrument differences (also stated on line 324). For instance, is it possible 
to show or discuss the contribu7ons of the various measurements to DFS? These comments 
should not be construed as cri7cisms of the manuscript, which is well wri>en and reads nicely, 
but as an appeal to make challenging and non-intui7ve concepts easier to comprehend. 

Informa>on content in retrievals can be a challenging concept to grasp.  We point out that the 
first paragraph of the abstract does indicate what perfect informa>on content would be in an 
observa>on.  However, as we know many people struggle to really understand the concept of 
informa>on content, the first 50 lines of the paper are set up to bring the reader into the idea.  
In the body of the paper, the first >me we introduce the phrase “informa>on content” is line 53, 
and then we immediately define it in lines 54-55.   

Similarly, the first >me we define degrees of freedom for signal (DFS) is at line 110; it was not 
important to understanding the material that appeared earlier in the paper.  We did add a new 
sentence at line 116, aTer we have defined DFS, that states: “In other words, the DFS quan7fies 



the informa7on content in the retrieval for each variable that is being retrieved in the vector x.”  
We are not sure how to reorganize the paper to help the reader more easily understand either 
informa>on content or DFS beyond  

Specific comments: 

Line 130: This would be a good place to start a new sec7on. 

We agree – and created a new subsec>on 2.2 Case study: 13 June 2019  

Line 145: It is not obvious from the figures that the retrieved winds are larger above 1 km. 

We believe that the reviewer mis-read the line: we state that “the uncertain>es in the retrieved 
winds from the E37 DL…two DLs, especially above 1 km.”  We believe that this is easily seen in 
Fig 3 c1,d1, which is what we are poin>ng out here. (Note we will slightly adjust this 
explana>on, aTer addressing another comment from this reviewer down below). 

Line 177: Addi7on of another equa7on or a bit more explana7on of how Eq. 5 becomes Eq. 6 
would help the reader who is not as familiar with this topic as the authors are. 

We have added another sentence to help address this aTer Eq 6: “Note the transla>on of Eq 5 to 
Eq 6 uses the fact that 𝐾𝑥 = 𝜕𝐹 𝜕𝑥⁄  and that the covariance of x can be wriaen both as 𝜎𝑥2 or as 
the matrix 𝑆𝑥.” 

Line 179: The phrase “where the superscript T in this content represents matrix transpose” 
should be place near Eq. 1 where it first appears. 

Good point.  We added that phrase to the sentence right aTer equa>on 1.  We also leT this 
phrase aTer Eq 6 also (just to be clear). 

Lines 180-195: These would be be>er places before line 150. 

Excellent sugges>on, and we agree.  We moved that text that describes the instrument-level 
uncertain>es to (the new) sec>on 2.2, just aTer Figure 3. This aids the flow of the informa>on 
content deriva>on from the 6 instruments aTer Equa>on 6. 

Line 194: The explana7on “due to the differences in the instrument uncertain7es at the 
different loca7ons” should appear earlier. 

We agree.  This was done when we addressed the sugges>on immediately above. 

Line 200: The statement “the cold air advec7on … has a lot of uncertainty” is vague; is it the 
magnitude of the cold air advec7on, the 7ming, the direc7on, or what? Perhaps (likely?) that is 
my lack of understanding, but “cold air advec7on” sounds like a process, not a quan7ty (such as 



temperature advec7on or water vapor advec7on); thus, it is unclear what the uncertainty would 
refer to. 

Ah, that is a good point. We are referring to the magnitude of the cold air advec>on here.  We 
have clarified that point in the text. 

Line 203: Show the loca7on of the other two sites in Fig. 4. 

On the spa>al scale of this map, which we chose so that the larger synop>c condi>ons could be 
examined, if we used yellow dots of the same size then the three sites would be virtually on top 
of each other.  This brings us to a comment raised by the other reviewer, who asked that we 
reconfigure Figure 1 to be more useful with distance informa>on.   

Line 210: The statement that the informa7on content is approximately 5 seems impossible from 
the statement on line 112 that the informa7on content is between 0 and 1, and those shown in 
Fig. 5 are less than unity. I may be (likely am?) confusing different quan77es, but that merely 
demonstrates that a typical reader may be confused here, and that a bit more explana7on 
would be useful. 

We agree; our language was not clear.  We have modified that sentence to say: “the sum of the 
total informa>on content from the surface to 3 km (i.e., ∑ DFS(z)z=3	km

z=0	km )	is approximately 5 for 
T(z) and between 3-to-5 for q(z).” 

Line 234: Perhaps move the 7tle of the sec7on to line 245, as that seems to be where the 
example actually starts. 

The reviewer is talking about the start of Sec>on 4.  The second sentence is that sec>on is 
discussing the DFS of the temperature and water vapor advec>on, and poin>ng it out in Figure 
5, which is part of this example.  So we think that the sec>on is star>ng in the correct place. 

Line 244: The statement that the informa7on content on one quan7ty can be near unity even 
though the informa7on content of an instrument can be low is crucial and should be more 
strongly emphasized. 

We agree.  We have added the statement: “this is because the advec>on is essen>ally an 
evalua>on of spa>al gradients, which the AERI is able to determine even with its limited 
informa>on content in the ver>cal.” 

Line 244: “in informa7on content” should be “an informa7on content” 

Yes.  Good catch 

Line 244: Panels b1, b2, and b3 of Fig. 5 show DFS of water vapor exceeding 0.05 at heights 
greater than 50 m. 



We updated that sentence to say: “AERI’s informa>on content is very limited with DFS < 0.05 at 
any height above 50 m for T and DFS < 0.3 for q” 

Line 245: The end of this sentence is a great loca7on to remind the reader that this is due to the 
instrument. 

Good sugges>on: we added “due to the larger instrument noise level in the E37 DL”. 

Line 259: I had a “why?” a?er the statement that doubling the covariance matrices by a factor 
of 2 had li>le effect on the DFS, and found myself desiring a more physical explana7on of this 
result. 

It is a curious result.  We have added these sentences to offer some thoughts: “Presumably, this 
is because advec>on is a spa>al calcula>on, and that the uncertain>es at the ver>ces has 
rela>vely liale impact on the derived advec>on.  However, this result likely would depend on the 
size of the polygon used for the calcula>on; Wagner et al. (2022) demonstrated that the current 
loca>ons of the ARM site is close to op>mal in minimizing both the random and sampling error 
in the calcula>on.” 

Figure 5: In the cap7on, perhaps label that columns 1, 2, and 3 refer to E37, C1, and E39 so they 
don’t have to look back to Figure 2 to find this informa7on. The rest of the informa7on on this 
panel (e.g., T, WV, U, V) are labeled, but the loca7ons aren’t. 

Done. 

Line 260: “diagonal” or “diagonal elements”? 

We have adopted your sugges>on of diagonal elements. 

Line 298: A bit more discussion would be helpful here. What happens at those al7tudes, where 
the standard devia7on is greater than the mean? 

We have added the phrase “implying that there is marked variability in the DFS above this 
height from case-to-case” to the discussion in that paragraph to discuss the implica>ons. 

Line 324: This statement should appear much earlier in the manuscript. 

We agree, and added a new sentence directly aTer Figure 3 that states: “Note that differences in 
the noise characteris>cs among the AERIs will result in differences in the retrieval uncertain>es; 
this is also true for the Doppler lidar systems.” 

Line 331: “strong func7on height” should be “strong func7on of height” 

Done 



Line 336: “derived from remote sensors” or “retrieved from remote sensors” or “obtained from 
remote sensors”  

We restructured the sentence to make it clearer: “This work demonstrates how to derive the 
informa>on content of an observa>on that is derived from mul>ple remote sensing datasets.” 

  

Reviewer #2: 

The present paper compares the propagated uncertain7es retrieved with observa7ons and with 
a priori data; in order to account for the informa7on content of the derived geophysical 
variables. In par7cular, this is done to propagate the uncertain7es of water vapor and 
temperature advec7on es7mated from the measurements of six different instruments. The 
scien7fic content of this paper is relevant and rigorously assessed and most of the explana7ons 
are clear and well structured. Moreover, it does provide a novel quan7fica7on of the 
informa7on content of a variable of crucial interest in atmospheric dynamics, which is 
advec7on. And this is of great interest given that the growing tendency of remote sensors 
around the world has a great poten7al to es7mate this variable given the synergis7c use of 
ground-based sensors and this needs to be carefully evaluated to make sure that a proper 
quan7fica7on of this variable is performed. For all these reasons, my recommenda7on is to 
accept the present paper. However, I do have some comments that have to be addressed before 
its publica7on, I address them in the following lines.  

We thank the reviewer for their comments and their >me! 

Line 124 and : Add the “°” to 20°C and 4.5°C  

Done 

Lines 130-135 and Figure 1: The loca7on of the three facili7es is shown; however it is not very 
clear from the figure. It reads “Note that the distances from E37 to C1, C1 to E39, and E39 to 
E37 are approximately 50, 45, and 78 km, respec7vely” But this is not clearly noted by the figure 
as there is no any length scale in it. Please add one. Moreover, it is a quite big area that is shown 
surrounding this triangle of facili7es and nothing special is shown in that area, so I would 
suggest either to make more a zoom into the facili7es or add the important informa7on that the 
authors want to show with such a big area. The map is from Google Earth, and the green and 
brown colors might stand for the vegeta7on and ground in general but this is not men7oned nor 
of importance as far as the authors are explaining. So my sugges7on for them is to please 
provide a more accurate map in which the important informa7on is presented and the no 
necessary features do not occupy most of the area.  



Good sugges>on.  We have markedly improved figure 1 to show both the larger domain, as well 
as the three sites with distances between them. 

Figure 2: This figure already has a lot of valuable informa7on, however I think that it should be 
men7oned somewhere that it is in 7me UTC and what is the corresponding local 7me, because 
the diurnal cycle is quite visible but it is of course shi?ed due to the UTC 7me in the US. Please 
clarify this either on the figure itself or in its explana7on around lines 135-140.  

We added this to the cap>on: “The >me (x-axis) is UTC; local >me is UTC – 5.”  

In general I think that the authors have a lack of cita7ons, and although most of the work is 
already explained with the current references; I think that there are some aspects that would 
become more clear how the state of the art is if authors provide more informa7on about 
previous works. For example in line 59 where they say: “O?en, geophysical variables retrieved 
from remote sensors are used to derive es7mates of other geophysical variables.” And from 
lines 65 to 70, authors could provide a wider overview of the geophysical variables that are 
es7mated via mul7ple remote sensors each with their own uncertainty. What other variables 
have been propagated their uncertain7es besides the informa7on content?  

There are many (many) papers that show the deriva>on of variables from retrievals; for 
example, CAPE has been derived from space-borne thermodynamic soundings, cloud proper>es 
from satellite radiances, etc.  However, there are rela>vely few examples where uncertain>es in 
retrievals have been propagated to provide uncertain>es in derived variables.  The Blumberg et 
al. 2017 paper is the only example for which we are aware.   

Figure 3: fast temporal varia7ons appear to be visible in this figure, please specify if the 
temporal resolu7on of these uncertain7es is the same one as that of its variables in figure 2. 
Addi7onally, the AERI retrievals (with TROPoe) temporal resolu7on is not specified and it should 
be. Please add this informa7on, maybe around line 81 where the AERI is introduced.  

We added the temporal resolu>on of the TROPoe and DLoe retrievals to the first paragraph of 
sec>on 2.1, as suggested. 

Lines 196-200: The authors say: “The uncertain7es in the both the temperature and water 
vapor advec7on for this day (13 June 2019) are small near the surface, and generally increase 
with height. In par7cular, the uncertainty in the temperature advec7on above 1.2 km from 0000 
to 0700 UTC is quite large, sugges7ng that the cold air advec7on shown in this 7me period (Fig 
2e) has a lot of uncertainty.” Although the actual values of “small”, “quite large” and “a lot” are 
seen in Fig 3, these sentences together sound rather qualita7ve, so I suggest that the authors 
put some numbers on this and maybe comment on how small or large are these uncertain7es 
compared with the actual advec7on values on figure 2.  



We have added some specificity to the paragraph with “(less than 0.3 K hr-1 and 0.5 g kg-1 hr-1, 
respec>vely)” and “(larger than 1.5 K hr-1)”.   

Figure 4: in its cap7on specify the hour, it's UTC again. And what do the colors in the map stand 
for? That should be clear.  

We believe you are referring to Fig 5 here.  As the cap>on of Fig 5 says “Same as Fig 2”, which 
has an explana>on of the >me, we believe that the >me is clear. 

Lines 201-203: The authors say “However, there are par7cularly low uncertain7es in the derived 
advec7on from approximately 0900 to 1500 UTC from the surface to nearly 1500 m that seem 
associated with the change in the synop7c pa>ern. “This idea is not fully clear, please elaborate 
more: What kind of change are you referring to in the synop7c pa>ern? How does it relates to 
the advec7on of temperature and water vapor and subsequently to their uncertain7es? Please 
clarify this.  

We have added this phrase to the end of that sentence: “(i.e., the change in direc>on of the low 
winds shown in Fig 4)”.  

As a general comment: on sec7on 4 Examples, the authors carefully assess the informa7on 
content and, through plonng the degrees of freedom (DFS) they iden7fy the regions (7mes and 
heights) for which the uncertainty of the profiles and the subsequent thermal and water vapor 
advec7on are smaller and therefore they could be trusted. Moreover, on sec7on 5 Sta7s7cal 
summary, the authors explore how this uncertainty assessment can be u7lized to inves7gate 
temporally larger datasets and how it would change for cool and warm seasons. Addi7onally, 
the authors men7on more than once (for example in line 334) that a large informa7on content 
implies that the magnitude of any true perturba7on would be captured by the present 
assessment. However, I think that it would be useful to men7on if there has been any a>empt 
to show if this is really the case when comparing the present advec7on es7ma7on with other 
assessments of this variable performed with very different techniques, such as models like large 
eddy simula7ons or via in situ measurements. This comparison does not necessarily needs to be 
presented in the current paper, but I think it is an important aspect to consider, given that 
datasets as large as almost 2 years are considered and in the present paper and so far only 
retrievals from ground-based remote sensors and their uncertain7es are considered. Therefore, 
a men7on on these other comparisons would be elucida7ng.  

The original paper on the advec>on method used here, namely the Wagner et al. 2022 paper, 
includes some analysis rela>ve to the High-Resolu>on Rapid Refresh (HRRR) model.   

The conclusion is generally clear and well-structured, so no big changes are suggested for it. 
However, it seems that it assumes that the current approach is the only one possible to retrieve 
advec7on and its uncertain7es from ground-based remote sensors, and this is not necessarily 



the case. Also, regarding the informa7on content, it is true that to the best of our knowledge 
there is no other work that determines how to propagate informa7on content from mul7ple 
remote sensors; but in line 316 it seems to be assumed that this is the one and only way to do 
it, when in reality other techniques can also be developed for other remote sensors that may 
not be exactly the AERI and DWL. This sugges7on is not mandatory, but I would recommend to 
so?en some of these sentences. And as examples of previous works deriving advec7on from 
remote sensors, please refer to: Schween, Crewell, and Löhnert: "Horizontal-humidity gradient 
from one single-scanning microwave radiometer"  

We have removed the phrase “for the first >me” in the first paragraph in the conclusions.  
Addi>onally, we have added two new sentences at the end of the paper that hopefully captures 
this sugges>on.  “However, it has been shown that a single microwave radiometer making 
azimuth scans can iden>fy spa>al gradients of water vapor (Schween et al. 2011).  If this was 
paired an instrument measuring horizontal wind profiles, poten>ally water vapor advec>on 
could be derived, but the propaga>on of uncertain>es and informa>on content could be 
performed the same way as shown here.” 

 

 


