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Interactive comment on acp-2016-1166: “Analyzing cloud base at local and regional scales to understand 
tropical montane cloud forest vulnerability to climate change” 
 
This paper describes measurements of cloud base altitude using ground-based remote sensing at a site in close 
proximity to the Luquillo Mountains, Puerto Rico. The authors stress the importance of cloud immersion to the 
current ecosystem of the tropical montane cloud forest, while also advising the reader that the various 
mechanisms by which these ecosystems exchange water with the atmosphere are still not fully understood. 
The authors suggest that rising cloud base altitude as a result of climate change would stress vulnerable species 
even if rainfall rates in these regions were to remain high. In addition, they hypothesize that the lack of cloud 
water deposition and increased evapotranspiration, resulting from elevating cloud base, could affect the 
watershed dynamics in the mountains. The authors also project that their study site may also be vulnerable to 
changes in the wet season, especially during wet season drought periods. 
While the manuscript documents an important baseline for assessing future changes at this site, the reporting of 
the data is quite laborious to follow, and by trying to broaden the scope to assess conditions across the wider 
region, I think the discussion loses a lot of focus. I am not against the idea of using the other data products to 
bolster the understanding of the regional context, but I think the authors could make a clearer connection with 
the main study site. The extensive use of acronyms coupled with quite intricate data reduction methods makes 
the paper hard to read. My recommendation is that the manuscript needs major revisions to address the 
substantive points listed below, but I would also encourage the authors to consider ways to improve readability, 
perhaps by reducing the acronyms and perhaps by focusing the description of the results a bit more to the 
aspects that they wish to stress during the discussion/conclusions section. 
 We felt that the regional context was very important to the understanding of precipitation sources for this 
TMCF (as well as others at similar latitudes). Because the trade winds are a major factor in the climate, changes 
in climate that affect the forest may be driven more by regional than by local processes. Recognizing the spatial 
variability, lifting and possible additional cloud formation due to the mountain terrain, we did not assume that 
the cloud base altitudes measured above the ceilometer were exactly the same as at the forest location. We are 
currently working on the temporal correlation between the ceilometer observations (from foothills about 7 km 
upwind of the forest) with simultaneous observations of cloud immersion within the forest. The purpose of the 
present paper was to develop a method and baseline for long-term measurements and to focus on the regional 
system of clouds and how it may relate to TMCFs in the trade-wind latitudes. We have made an effort to bring 
the regional and local aspects of the research together in the discussion, but given the complexity of the subject 
it will take more than one paper to address the entire set of research questions. To address the readability of this 
paper, subsection headers were added to the methods and results to discuss each data-type in turn, and clarify 
the connections between the data-types. We have removed the seasonal abbreviations except in the figures, and 
added an illustrated supplement to explain the data reduction (as discussed in comment #2). Numerous revisions 
and clarifications were added (as recommended by this review and others). We hope these changes make the 
paper much more readable.  
 

Substantive comments: 
1) Study Area section: much of this section reads as an extension of the Introduction, in its detailed 
description of literature focused on tropical dynamics together with references to previous observational 
work in the region. However there is no actual description of the local terrain nor mention of other 
geographical features pertinent to the study. Many readers will not be familiar with Puerto Rico and/or 
the wider region and so a detailed map or at least a text description documenting the location of the 
ceilometer and other relevant locations such as the ASOS sites (you give coordinates for the TMCF, but 
in reality it is not a point. I had to wait for the Methods section to get a brief description of the 
ceilometer site). If you choose to do a map, you could also indicate the terrain contours in detail and 
show the proximity to the coast, both of which are very important to the discussion. I would recommend 
that the current content of this section be worked into the Introduction.  

 



We have added material on the study area location and terrain to the Study Area section. The specific details of 
the ceilometer location are given in the methods section for the ceilometer, similarly, information on specific 
details of all the other data types are in the newly added subsections on each data-type. The “study-area” section 
is meant to provide a broader description of the region and how the data-types fit together. This sentence was 
added to the end of the study area section “Cloud base height data have been collected in the region by satellites 
and airport stations in addition to the newer data collected by this study nearer to the TMCF. These data types 
will be discussed extensively in the next section and a map of locations can be seen in Fig. 4a.” 

 
2) Cloud base statistics methods: In Page 3 lines 14-21 there is a thorough description of the method the 
authors used to generate various statistics for cloud base. While I understand that broken cloud, multiple 
layers and/or rapidly changing conditions may justify a more detailed algorithm for identifying cloud 
base characteristics, I think the current method involving quartiles, tertiles and octiles to produce a set of 
four cloud base metrics is really confusing. This becomes more confusing when these metrics are then 
displayed in a histogram type format, because it is hard to tell which of these metrics is most relevant to 
the ecosystem health. Could the histogram not display the raw 30-second resolution data and that way 
the frequency counts could be related to a physical diagnostic (i.e. time-in-cloud)? Unless there is an 
ecosystem relevance to the various statistical quantities, (do they capture/differentiate the intermittency 
or variability of the cloud within hourly or daily timescales?) the authors should reconsider a more 
readily interpretable set of metrics. If there are specific reasons, concerning the ecosystem and/or 
hydrology, for the specific choice of quartiles, tertiles and octiles, then a description of this is certainly 
warranted. Such a description would be useful for future work, if the same metrics were carried over.  
 

We have added a supplement to show how calculation of the frequency-distribution based metrics works out in 
practice. For low cloud characterization, we wanted to know the cloud base values that occur consistently. We 
agree that the question could be stated as how often do we see cloud base at a certain altitude range but we 
concluded that presenting the entire frequency distribution of observations offers the most information about the 
atmospheric profile to 8 km, and may allow comparison to other forests, as discussed in the section and now 
extensively in the new supplement. We will address time-in-cloud in a future publication, as explained above, 
when we have a good understanding of how the ceilometer observations correlate with immersion within the 
forest. We have rewritten this section extensively to explain the quantiles. For example, before introducing the 
specific metric quantiles, we say “The specific quantiles used for metrics were chosen such that hourly metric 
values were between 600-1077 m a majority of the hours in each season and daily metric values were between 
600-1077 m a majority of the days in each season. In this way, the metrics can be applied to help quantify the 
ecosystem characteristic of low-elevation cloud amount needed to sustain the forest throughout the hour, day, 
and season.” Direct frequency histograms by season were made, but did not sufficiently answer the questions of 
frequency and elevation of low clouds. We hope that by rewriting this section and including the supplement 
these intentions are clearer.  
 

3) CALIPSO: The authors should be careful in their usage of the CALIPSO cloud mask for the purposes 
they report. Lidar signal attenuates within optically thick clouds and so it is not possible to determine 
cloud thickness in that case. Winker et al. (2009) report a cloud optical depth of 5 as the threshold below 
which thickness can be determined and for optically thicker clouds, only the cloud top altitude is 
possible. Trade cumuli would typically be classified as optically thick using this threshold. On p5 L32, 
Winker et al. (2009) could be a more appropriate reference than Hunt et al. (2009), since that reference 
makes no mention of the cloud data products. When using the vertical feature mask, if there is “no signal” 
data below “cloud” data it is not possible to determine thickness. 
D.M. Winker, M.A. Vaughan, A. Omar, et al. Overview of the CALIPSO mission and CALIOP data 
processing algorithms J. Atmos. Ocean. Technol., 26 (11) (2009), pp. 2310-2323 
 

Thank you for the suggested reference. The attenuation issue is a very good point—the original calculation 
removed the attenuated measurements but after more consideration of the systematic error this would introduce 
we have decided to include all the measurements and use bounds. This is now explained in the methods under 



subsection 3.4: “Aproximately 10% of the vertical profiles had uncertainty in the cloud base as the lidar was 
completely attenuated below a cell of cloud (because the cloud was too thick optically; Winker et al., 2009). For 
these profiles, low cloud base altitude was set as minimally the altitude of land/water surface, and maximally as 
the lowest cell vertically that cloud is observed, before complete lidar attenuation.” We put these ranges into the 
results subsection (4.4). 
 

4) LCL calculation (described in Appendix A): the authors provide a brief description of calculations, 
which were done to determine the LCL. The LCL is a parcel property (i.e. given the temperature, 
pressure and a humidity variable – RH, dew point, mixing ratio: : : - the LCL altitude, LCL pressure and 
LCL temperature can be uniquely defined). The authors state that surface observations are used, which 
is an acceptable choice, and they calculate LCL temperature with appropriate citation of the method. 
However at that point they also have the LCL altitude, by definition. Instead they describe an 
interpolation of the LCL temperature to determine a corresponding altitude on a radiosonde sounding. It 
is not clear to me what that altitude means, but it is not the LCL. This should be addressed before the 
paper is published. 
 

Correct—thank you for pointing this out; we incorrectly used the actual lapse rate to calculate the LCL instead 
of using the dry adiabatic rate as it should be by definition. We have redone this calculation completely as a 
mean layer (ML) LCL as the MLLCL was recommended to us as a better representation of the atmospheric 
profile. We have corrected the description in the Appendix. Subsection 4.3 (results of radiosonde) and figure 4 
are redone with the new numbers. 
 

Minor comments: 
P1 L30: “Smaller mountains have lower temperatures and steeper adiabatic lapse rates”. Please consider 
rewording this. It is at odds with Line 27-28, and also do you mean pseudo-adiabatic lapse rates? The 
word steeper is generally confusing when describing lapse rates because of the conventional way of 
plotting them. 
 

We changed these two sentences to: “Around 500 TMCFs have been identified world-wide on mountains with 
frequent cloud cover; these can be at higher elevation (on larger mountains) which have lower temperatures, or 
lower elevation (on smaller mountains) which have more rainfall (Jarvis and Mulligan, 2011). The global set of 
TMCFs are almost all within 350 km of a coast and topographically exposed to higher-humidity air (Jarvis and 
Mulligan, 2011). Smaller mountains are likely to have clouds at lower elevations due to slightly higher adiabatic 
lapse rates (more temperature loss with the same elevation gain) than larger mountains, which undergo greater 
heating of the land mass (the mass-elevation effect: Foster, 2001; Jarvis and Mulligan, 2011). This effect and 
the higher humidity near the ocean support TMCFs on small coastal mountains.” This statement follows Jarvis 
and Mulligan who use the term “adiabatic lapse rate” as a general term. 
 

P3 L16 “more diurnal effect of convection” Suggest rewording to make this statement less vague 
 
Changed sentence to: “A pattern of lower clouds (bases and tops) over the ocean and higher clouds over the 
land with a stronger diurnal effect of convection above land has been observed in the tropics with Cloud-
Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) (Medeiros et al., 2010).” 
 

P3 L24 “originate with strong winds . . .” is this relevant to your site? Later you provide another 
reference suggesting that winds are 3-5m/s, which is quite light. 

 
Changed to “originate with consistent winds” – which is more appropriate wording as you say. The reference 
here is from work in the same area where they are talking about the winds in our study region.  
 

P3 L25 suggest “lifting” instead of “forcing” 
 



Changed. 
 

P4 L3-4 “Raw ceilometer: : :” what you describe is not really raw data, it is a processed product. 
 
Good point, we’ve removed all the “raw” words in the paper.  
 

P4 L9 How is temporal and spatial variability separated with a ceilometer? This whole sentence is vague, 
consider rewording. 

 
We have made our intentions more clear, now saying “we developed metrics to summarize the cloud base 
altitude data in ways that could express differences and changes temporally (as well as spatially if the same 
metrics where calculated elsewhere) . . . ..” 
 

P4 L13-14 “ . . . more complete picture of the climate of the entire atmosphere above the site.” Consider 
replacing “atmosphere” with “troposphere” since you measure <8.2 km.Consider also replacing “climate” 
with something more specific to the measurement like “cloud patterns” or “cloud variability” 

 
Changed to “troposphere” and “cloud patterns”  
 

P4 L28-31 Ceiba is only a few km from the site. MSLP is certainly going to be very similar. If this is an 
example to support the claim that “weather immediately around the TMCF was homogeneous in 
pattern . . .” it is quite weak. Consider removing it. Also the statement “the weather immediately around 
the TMCF was homogeneous in pattern, but clearly not in magnitude” is vague but also confusing. Later, 
you go on to show various heterogeneities (associated with the topography and other features) that 
appears to be in direct contradiction with this statement. Please clarify what you mean and consider 
using another term instead of “weather”. 

 
The stations we were referring to are the ones in the forest, albeit at different locations, and not Ceiba. We’ve 
reworded these sentences to avoid misunderstanding: “were collected at several weather stations around the 
TMCF within an 8 km2 area of the forest for differing periods of record (PORs) (Table 1). High hourly 
correlations were observed between these parameters across the forest stations for periods of overlap, giving 
confidence that patterns between the set of weather variables at each station in the immediate vicinity of the 
ceilometer measurements were homogeneous, although of differing magnitude at the different stations (Van 
Beusekom et al., 2015). Thus we used the weather data from the one station with the most complete and longest 
POR (Bisley at 361 m; Table 1). Mean sea level pressure (MSLP) was only collected near the TMCF at 100 m.  
Its relatively short record was highly correlated with the MSLP at the ASOS station TJNR, Ceiba (correlation 
coefficient ρ = 0.98), so the record was filled with data from Ceiba.” 
 

P4 L34 “climate oscillations” – I think you should be more specific. Also, I think you should provide a 
bit more clarity on why you removed all the various segments. Was it because you could not clearly 
define the break between seasons? If so, do you think there is another way of classifying your seasonal 
groups rather than calendar months? 

 
Changed to “However, interannual variability in the timing of seasons from climate oscillations (North Atlantic, 
Pacifica Decadal, and El Niño-Southern Oscillations) was observed in averages made over the shorter record 
(Gouirand et al., 2012).” We’ve changed the next sentence to “Because we have a short period of record for the 
ceilometer data (~3 years) and we focused on average seasonal behavior in this initial study, we chose to omit 
the unrepresentative time periods noted above and only used the time periods representative of the longer-term 
seasonal average (~17 years). As the ceilometer record gets longer, we will be better able to investigate effects 
of the large-scale climate oscillations on clouds at the site.” We could have done a more sophisticated analysis 
to break the seasons—but past work has shown efforts to be complicated and we feel that with three years of 
data that analysis would just add confusion. (See Van Beusekom, A.E., González, G., Rivera, M.M., 2015. 



Short-Term Precipitation and Temperature Trends along an Elevation Gradient in Northeastern Puerto Rico. 
Earth Interact. 19, 1–33.).  
 

P7 L29 “within 100 m the LCL” missing “of”? 
 

Yes, changed. 
 

P8 L3 Suggest stating which stations you are referring to instead of “Caribbean ASOS stations 
windward of Luquillo” or else, perhaps substitute “windward” for “east” 

 
Changed to “Caribbean ASOS stations east (windward) of Puerto Rico” 
 

P8 L3-4 “stable” do you mean that the marine boundary layer is thermodynamically stable? 
 

Changed to “thermodynamically stable marine boundary layer TWI” 
 

P8 L5 “remnants of this weather pattern may be carrying on to land: : :” this is an awkward statement, 
consider rewording. Also in reference to the previous point about homogeneous “weather” this statement 
also seems at odds. 
 

We changed it to “remnants of this weather pattern may be persisting on to the land in eastern Puerto Rico”.  
This statement shouldn’t be at odds with the previous statement about the weather immediately around the 
forest—hopefully with the clarifications in the earlier statement this now appears un-contradictory.  
 

P8 L27-29 Please consider rewording this whole sentence. In its present state the meaning is unclear and 
the wording may need adjusted (e.g. “. . . evidence that consistently as low, or lower, clouds exist: : :”) 
 

Reworded sentence “This study presents evidence that cloud levels in the dry season are consistently as low, or 
lower, than in the wet seasons at a low-elevation TMCF under the current climate regime, indicating that the 
TMCF ecosystem may be more vulnerable to wet-season drought periods than was previously assumed.” 
 


