
To begin, the authors would like to thank the reviewer for their time, attention to detail, and thoughtful insights on the 
paper and research. Each comment will be addressed point by point.  

 
Specific comments: 

Page 3, lines 23-24: Upon examination of Ciesielski et al. (2014), which documents the sounding types used at the 
sites in question during the DYNAMO experiment (October 2011 to March 2012), they note that the Singapore site 
changed sonde types during DYNAMO. Did the other sites use the same sonde type for the entire period examined 
(2008-2016)? 
 
According to the World Meteorological Organization Catalogue of Radiosondes and Upper-air Wind Systems, there is 
no record of the Ranai (Modem M2K2DC sonde) or Puerto Princesa (Sippican Mark II sonde) sites switching sonde 
types during the study period (2008-2016). 
 
Page 3, line 24: In what fields are the constant bias corrections available (e.g., humidity, temperature)?  
 
The reporting biases for temperature and wind are small across sonde type and are generally accepted as is, barring 
external influences at the site. Bias corrections therefore exist mainly for humidity, which is the most uncertain 
measurement in radiosonde observations. For the VRS92 sondes (Singapore post 21-Dec-2011), the NCAR radiation 
bias correction (Wang et al. 2013) can be applied to correct for a solar radiation dry bias found in daytime soundings 
and is a form of mean bias correction. The Modem sonde used at the Ranai site can be corrected with the constant 
bias technique outlined in Nuret et al. 2008. The Sippican sonde used at the Puerto Princesa site was found to have 
relatively small RH errors (Wang and Zhang, 2008), along with the Graw sonde (Singapore pre-21-Dec-2011). The 
biases in the Sippican and Graw sondes were deemed small enough that correction was unnecessary. (Ciesielski et 
al., 2014). To err on the side of caution, during quality control the inaccurate low-level soundings of the Graw sonde, 
specifically at the Singapore site (Ciesielski et al. 2014), were removed rather than corrected. For the three sites in 
this study, the sonde type was either reported as precise enough for scientific research, or a form of mean / constant 
bias correction was available to improve its accuracy.  
 
However, rather than implement the corrections, a mean bias test was performed (Supplementary Figure 1), whereby 
a positive and negative humidity mean bias were introduced to the entire Ranai dataset from xx hPa to xx hPa. The 
choice of both a positive and negative bias was deliberate to ensure that an inflection point was represented. The 
structure functions from the original dataset were compared to the perturbed-mean dataset and were found to be 
identical. Because the current correction techniques seek to modify the measurement mean, the amendments 
themselves have no impact on system variability. Principal component analysis focuses on quantifying system 
variability and is indifferent to mean quantities or biases therein. Therefore, the application of humidity bias 
corrections was unnecessary for this study but can be utilized in instances where precise mean values are required.  
 
Do biases remain constant when the sonde type changes such as occurred at Singapore in late December 2011. Is 
there any evidence that the characteristics of the RCs changed at Singapore when they switched sonde types? 
 
The Singapore site was also tested to determine if the change in sonde type affected system variability. The 
Singapore dataset was split in two at the date of sonde replacement (21-Dec-2011) and the principal component 
analysis was performed three times: once on the full dataset (2008-2016), once on the Graw sonde period (2008-
2011), and once on the VRS92 sonde period (2011-2016). The resulting structure functions are almost identical 
(Supplementary Figure 2), with only a few variations at levels above 200-hPa and near 700-hPa. While slight 
variations between the components exist, it is not possible to attribute this simply to the change in sonde type; it could 
also be an artifact of natural system variability between the two time periods, rather than instrument discrepancies. To 
further complicate matters, it could very well be a combination of both the natural climate variability and the change in 
instrument.  
 
To test this further, the Koror release site was split in two at the same date (21-Dec-2011) and the analysis was 
repeated. Koror was chosen instead of Ranai or Puerto Princesa because it has the most reliable release record 
before 21-Dec-2011 and after. Both the Ranai and Puerto Princesa site are skewed in that they have more 
observations after 21-Dec-2011 than before, which could distort the analysis. Looking at the right panel of  
Supplementary Figure 2, the Koror site also has upper level differences in the RH RCs, it but is missing the mid-level 
differences at 700-hPa. Because the Koror site did not switch sonde type, this is most likely natural variability. Owing 
to the fact that the Koror site also has differences when the data set is split in two, researchers are hesitant to assign 
the RC fluctuations only to the change in sonde type at the Singapore release site.   
 
Page 5, line 14: I’m assuming you mean “temporal range”? Please clarify. 



 
Unfortunately, PCA does not possess the capability of quantifying the time scales associated with variability. Time 
scales must be attributed by researchers once the physical interpretation is complete. In this study we can only seek 
to quantify magnitudes of variability, and here the use of the word “range” comes from the range of magnitudes 
(Figure 2). To clarify, temperature values near the surface deviate from the mean only by only +/- 2°C, whereas at 
100-hPa the range of values is much larger at approximately +/- 7°C from the mean. By comparing the different limits, 
it is obvious that temperatures in the upper troposphere and lower stratosphere are more variable than the well-mixed 
layers of the troposphere. The wording in the paper has been updated to clarify the use of the word “range” to 
indicate that it refers to magnitudes and not time. 
 
Page 8, line 6 and page 9, line 20: Past studies (e.g., Houze et al. 1981 MWR, Ciesielski et al. 2006 MWR) would 
suggest that during certain seasons, the Ranai site is not entirely free of the diurnal cycle or the influence of land 
convection. 
 
A statement was added to address that the Ranai site can experience a diurnal convective cycle in December due to 
the northerly monsoon winds and the sea / land breeze circulations off of Borneo (Houze et al., 1981) and that even 
in non-monsoon months there is some evidence of a diurnal cycle (Ciesielski and Johnson, 2006). Incontestably, no 
site, maritime, island, or continental, would be completely free of diurnal effects. However, compared to other land 
masses in the MC, Ranai experiences relatively fewer. For example, in Figure 18 in Ciesielski and Johnson (2006) 
the summertime months only show a diurnal difference in precipitation on the order of 2 mm/day at Ranai (108°E), 
compared to Borneo (110°E – 117.5°E) where the difference can be over 18 mm/day. Despite these impacts, 
compared to the Singapore and Puerto Princesa sites, Ranai will be relatively more maritime.  
 
Page 8, line 24: are the wind reversals noted here a reflection of the QBO? 
 
The variability above 100-hPa in the meridional wind is most likely the QBO (RC5). The pressure level where this 
variability is detected correlates with the time series in Figure 9 where the QBO wind reversal is evident. Also, see 
Supplementary Figure 3, where the QBO cycle in the meridional wind is clear in RC5.  
 
Page 9, line 7-8: Please clarify what you mean that the active and suppressed phases are unique to Ranai and not 
representative of the entire MC. 
 
Because the MJO propagates eastward, its effects have a spatial and temporal nature. The categorization of the MJO 
into 8 phases stems from this cyclic propagation. Depending on location, the convectively enhanced phases of the 
MJO, or active phases, and the convectively suppressed phases will be different. For example, in Peatman et al. 
(2015) Figure 3, Ranai has positive daily mean precipitation anomalies in phase 3 and is convectively enhanced, 
while in the same phase Paupa New Guinea presents negative anomalies and is convectively suppressed. 
Essentially, specific MJO disturbances will be observed at different times at different sites and this must be accounted 
for when assigning phase numbers as either active or suppressed.  
 
Page 9, line 9-10: In addition to presenting the time-height plots, which are informative, showing the temporal 
behavior of the RCs might help clarify what physical phenomena the different RCs are associated with. For example, 
does RC1 for temperature vary seasonally (page 8, line 20), is RC5 for zonal wind associated (page 8, line 25) with 
the QBO time-scale changes, do variations in RC1 and RC2 for meridional wind vary on a monsoonal time scale as 
suggested, and so on? 
 
Generally, the temporal signature of variability is lost during PCA. However, some structure of this remains in the RC-
weight time series (Supplementary Figure 3). Looking at the figure, for almost all of the RCs, the seasonal monsoon 
is the dominant cyclical signal. These plots can help attribute meaning to some of the RCs, but we cannot overlook 
the fact that the monsoon cycle will modify the thermodynamic signature.  
 
Page 9, lines 11-12: Are the moistening and the mid-tropospheric temperature changes noted here associated with 
an MJO? 
 
In Figure 9 it looks like the moistening and temperature changes are mostly associated with the monsoon cycle. 
However, a MJO event is embedded within the monsoon and would act to further modify the thermodynamics.  
 



Page 9, line 25: How high is the topography on this island? How does this compare with other sites in Indonesia that 
might be impacted by steep topography? This relates back to my earlier comments on the representativeness of this 
site. 

Ranai island is flat overall and the airport release site sits at 2 meters above mean sea level (AMSL). The Singapore 
city-state is located in the island lowlands at under 200 meters AMSL with the release site at 16 meters AMSL. 
Nevertheless, the topography north of Singapore on the Malay Peninsula encompasses the Titiwangsa Mountains, 
which peak at over 2,000 meters AMSL at Mount Korbu. Like Singapore, the release site at Puerto Princesa is also at 
16 meters AMSL and is surrounded by mountainous terrain on the island of Palawan. Here the elevation also 
surpasses 2,000 meters AMSL at Mount Mantalingajan. While both Singapore and Puerto Princesa reside in the 
island lowlands, the sites are still influenced by the irregular mountainous and jagged coastal terrain. Ranai will still 
be influenced by the larger islands in the area, but is further removed from high topography.  

Page 9, line 26: What is meant by a “portion region of the southwest monsoon”? 
 
This is a typo. It has been edited to read “a portion of the southwest monsoon.” 
 
Fig. 9. Is perturbation temperature being plotted here? If so, please specify in figure caption. What are the differences 
between the black and white spaces? Would it be possible to linearly interpolate in time the missing data, at least for 
reasonably short time gaps, shown in the right-hand panels? This would make the structures referred to in the text 
refers to easier to identify. In the last sentence of the caption are colors red and blue reversed. 
 
Perturbation temperature is being plotted and the caption has been updated, along with the color description for the 
MJO. The figure has also been updated to remove black spaces and has been interpolated for short time scales (< 5 
days of missing data in a row).  
 
Is any ENSO time-scale signal detected in the RCs? 
 
Currently no ENSO signal is apparent in the RCs, although a future bin-analysis may reveal one. The ENSO signal 
may also lie in a higher order RC that the researchers did not feel comfortable applying physical meaning to. Lastly, 
the signal may be embedded in variability already captured by the current RCs.  
 
Page 10, lines 9-10: Does RC1 of temperature shown in Fig. 10 reflect differences in mean tropopause height of 
these sites with Singapore have the highest mean height and Ranai the lowest? If so, would it be possible to list the 
mean tropopause heights of these three sites? 
 
Both RC1 and RC5 represent tropopause height. Looking at only the most recent full year of data (2016) the mean 
tropopause height reported for the soundings are Ranai: 91.83 hPa; Puerto Princessa; 91.38 hPa, and Singapore: 
90.84 hPa. This pressure level is calculated via the World Meteorological Organization’s definition of the tropopause: 
"The lowest level at which the lapse rate decreases to 2 °C/km or less, provided that the average lapse rate between 
this level and all higher levels within 2 km does not exceed 2 °C/km." While the results follow the relative order of the 
RCs, the total range between the sites is only 1°C and may not be significant. Small changes in quality control 
procedure or number of data points could easily alter the mean values.  
 
Furthermore, the calculation of tropopause height is somewhat arbitrary and difficult to interpret. For the purpose of 
this study, it’s appropriate to envision the tropopause as a transition layer, rather than an individual point. Because 
the PCA algorithm was applied to the vertical column, it captures the variability due to this transition from the 
troposphere into the stratosphere.  
 
In Fig. 1 instead of using some random MTSAT image it would be more instructive if the long-term mean rainfall map 
for this region were shown. For example, this map could be based on MERRA analyses or preferably TRMM or 
GPCP observations which are easily accessible. In this manner the reader could see how the sites chosen were 
located with respect to regions of major convection. 
 
A TRMM seasonal climatology plot has replaced the MTSAT image as Figure 1 (Supplementary Figure 4)  
 
Page 3, line 27: Please state when RH is first mention in the paper whether it was computed with respect to ice or 
water at temperatures less than 0C. 
 



RH was calculated with respect to water for the entire vertical column, including at temperatures less than 0°C. 
Switching the calculation from water to ice would produce a discontinuity, which the PCA algorithm does not handle 
well.  
 

Technical corrections: 
Page 1, line 9: continent misspelled. 
Page 1, line 13: I suggest changing “sounding release sites” to “upper-air sounding sites” here and other places 
where this phrase is used. 
Page 5, line 29: decomposition misspelled. 
Page 4, line 9: Suggest rewording, “... the database was subjectively analyzed in the following fashion.” 
In Table 1 title and caption change “Control Flags” to “Checks”. Also suggest changing “checkpoint in” to “pass at”. 
Finally suggest changing last sentence in caption to: “This is not a comprehensive list as additional subjective QC 
was applied.” 
In a few of the figures (Figs. 6, 9 and 10) where lines overlap, it’s difficult to distinguish between black and dark blue 
lines. You might try using cyan instead of dark blue to make the lines more distinguishable. 
 
The above technical suggestions and corrections have all been addressed and updated in the paper. 
 

General comments: 
The papers examines temporal and spatial modes of atmospheric variability over the Maritime Continent (MC) by 
applying principal component analysis to upper-air data from three “representative” sounding sites. With this 
approach they conclude that the fundamental modes of spatial and temporal variability of this region can be captured 
with small set of coherent structures. The manuscript is reasonable well written and organized but could you use 
some additional clarification in several places as noted in comments below.  
 
In addition, I was left wondering if the three sites examined, all of which border or are within the South China Sea, are 
truly representative of the entire the MC region which spans over 60 degrees of longitude and contains over 17,000 
islands. It’s unclear to what degree the RC analyses of these three sites capture the major modes of variability in this 
large MC region? What measures did the authors take to conclusively demonstrate this point? Were other sites 
examined, say sites bordering the Java Sea or coastal sites in Borneo or Papau New Guinea where topographic 
effects and the diurnal cycle dominate substantially more than the three sites examined here (see Peatman et al. 
2014, QJRMS) or ENSO effects might be more prominent? Short of such efforts, the authors may need to temper 
their conclusions somewhat to reflect the more limited scope of their analyses.  
 
The limiting factor in expanding this work across other MC sites is the need for a reliable radiosonde release record. 
While many MC sites have a decent record of radiosonde observations, the availability of moisture observations 
above 250 hPa is scarce. The transition from the troposphere into the stratosphere is an important source of 
variability and should be included. Ranai, Singapore, and Puerto Princesa all report humidity beyond 250 hPa for a 
significant portion of their release history. Only a handful of other MC sites can be included in the analysis with this 
requirement, and generally the recording history of sites that report above 250 hPa is short, or the location is close to 
one of the three original sounding sites in the South China Sea. A statement has been added that most of the focus 
of this study will be the South China Sea region, but that the methodology can be applied elsewhere. 
 
Nevertheless, the authors tested three additional sites at Koror, Palau (2008-2016), Sorong, Indonesia (2014 through 
2016), and Cilicap, Indonesia (2014 through 2016). The number of observations for the additional sites can be found 
in Supplementary Table 1. Many of the structure functions between the sites are identical (Supplementary Figure 5), 
even at Cilicap and Sorong, which have much shorter release histories. Koror has the most robust release history 
and is similar to Ranai throughout. It is likely that the major differences between Ranai, Sorong, and Cilicap exist 
because the full spectrum of of short-term climate variability is not being captured in the sparse record history. 
Although, the fact that the PCA algorithm can identify signals at Sorong and Cilicap speaks to its robustness as a 
statistical method. Furthermore, it also demonstrates that a majority of the variability in the thermodynamic system is 
the result of predominant tropical meteorology and climate, specifically tropical waves and the monsoon.  
 
While it might be beyond the scope of this study, it would be helpful to put the variability of these MC sites in context 
by showing how they differ from sites in the Indian Ocean and West Pacific (e.g, Gan and Manus) where MJOs often 
typically initiate and dissipate and even a midlatitude continental site which should show dramatically different 
structures. Another natural extension of this work would be a PC analysis of rainfall at each site to better understand 
the relationship of the RCs presented in this paper to convection. 
 



While outside the scope of this project, the researchers have started looking at sites outside the Maritime Continent, 
both in the tropics and the mid-latitudes. This will be the subject of future work and will include a bin analysis, where 
observations will be placed in categories based on the background environment such as MJO phase, monsoon 
onset, and ENSO index.  
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Supplementary Figures 

 
Supplementary Figure 1) Mean bias test performed on the rotated relative humidity components. An arbitrary mean 
humidity bias was introduced to the entire Ranai data set (left) and run through the PCA algorithm. On the right, the 
rotated RH components from the original Ranai data set (dark colors) plotted together with the rotated RH 
components from the biased data set (dashed light colors). There are no distinguishable differences between the 
original data and the data with an introduced mean bias.  
 



 
 
Supplementary Figure 2) Comparison of rotated relative humidity components at the Singapore site (left) before and 
after the sonde type was switched on 21-Dec-2011. The data set was split in two on the day the sonde type was 
changed from the Graw sonde (light dashed lines) to the VRS92 sonde (light dotted lines). The PCA algorithm was 
then run on the two split data sets and the full period (dark continuous lines). There are slight variations at levels 
above 200-hPa and near the 700-hPa level. This process was repeated for the Koror site (right), which also shows 
signs of slight variations in the upper levels when the data set is split in two.  
 



 
 
Supplementary Figure 3) Rotated component weight time series. RC-weights (black dots) are accompanied by a best 
fit line (red) to highlight their cyclic nature. The best fit line was calculated with a weighted linear least squares 
method combined with a 2nd degree polynomial local regression with a span no larger than 5%. In almost all of the 
RCs, the dominant signal is the seasonal / monsoon cycle. 
 



 
 
Supplementary Figure 4) TRMM 1998-2016 average seasonal rainfall climatology with the release site locations listed 
for reference.  
 

Number	of	Soundings	(2008-2016)	
	Variable	 Ranai	 Koror	 Sorong	 Cilicap	

Temperature	 3429	 5304	 624	 566	
Relative	Humidity	 1401	 5259	 623	 561	
U	and	V	Wind	 3380	 5237	 625	 548	

 
Supplementary Table 1) Total number of quality controlled radiosonde observations for each of the additional upper-
air sounding sites.  
 



 
 
Supplementary Figure 5) Additional release site comparison including Koror, Sorong, and Cilicap. Koror has the most 
robust release history and the RCs closely match the Ranai RCs. Sorong and Cilicap have much shorter release 
records and deviate more from the Ranai RCs.  
 
 
 
  


