Dear Reviewer:

We sincerely thank the reviewer for the valuable and constructive comments on
our manuscript “An autonomous cloud detection algorithm using single ground-based
infrared radiometer for the Tibetan Plateau” (ID: EGUSPHERE-2025-2876). We have
carefully revised the manuscript accordingly. Below, we provide point-by-point

responses (reviewer’s comments in italic, our responses in normal font).

Q1. My main concern is the selection of the several threshold values. These thresholds
(e.g., 150% of clear-sky maximum for spectral test, SD > 0.3 for temporal test) are
critical to the algorithm's performance, yet their derivation appears empirical. |
suggest the authors conduct a sensitivity analysis to show how performance changes
with threshold variation and whether optimal thresholds are season-dependent.
Response: Following your suggestion, we reassessed the sensitivity of the results to
the choice of thresholds. For the spectral test, we adjusted the threshold settings to
account for seasonal variations. Due to diurnal temperature variations in different
season, the clear-sky IRBT diurnal cycle exhibits seasonal differences. For example,
the average maximum IRBT of the clear-sky diurnal cycle (Max-IRBT DC) in June
and November 2021 was 5.86 and 10.6 °C, respectively. Using a uniform 150%
increase would result in a high threshold in winter, potentially leading to misjudgments
of thin high clouds. Therefore, in the algorithm, when the Max-IRBT DC exceeds 10°C,
the threshold is automatically set to 15°C; otherwise, the threshold is set to 150% of
Max-IRBT DC.

The corresponding revisions have been incorporated into the manuscript. (Line
210-213 Section 3.2, Page 12) (Line 277-279, Section 3.4, Page 17)

For the temporal test, we performed a sensitivity analysis with thresholds of 0.2,
0.25, and 0.3. The results show that during the wet season, the choice of these thresholds
has little effect on detection outcomes, as clouds typically exhibit much larger standard
deviations (Figs. R1-R2). In winter, the threshold setting may affect the classification
in a small fraction of cases (Fig. R3). We further analyzed specific cases, such as
November 3, 2021, shown in Fig. R4. Although the IRBT indicates clear skies (top
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figure), the standard deviation increased to between 0.2 and 0.3 from 4 to 8 UTC
(bottom figure). However, without complementary cloud observations, we cannot
determine with certainty whether the small fluctuations in standard deviation around
0.2—-0.3 were due to clouds or other factors. Based on this sensitivity analysis, we adopt
a threshold of 0.3 for cloud detection.

The result of sensitivity analysis has been added in the manuscript. (Line 245-253,

Section 3.3, Page 15)
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Fig. R1 The normalized infrared brightness temperatures (top) and the corresponding
calculated standard deviations (bottom) in June 2021. Red reference lines represent the

three thresholds, 0.2, 0.25, and 0.3.
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Fig. R2 The normalized infrared brightness temperatures (top) and the corresponding
calculated standard deviations (bottom) in July 2021. Red reference lines represent the

three thresholds, 0.2, 0.25, and 0.3.



60

50

40

30

20

10

Brightness Temperature (°C)
o
\\\\l\\\\l\\\\l\\\\l\\\\l\\\\
—
T T[T T T T[T T T[T T[T TTrIrrTT
=

— — 0.8
B =}
B R
] — 0.6 ~§
i =]
i =
b}
— — 0.4 g
N S
7]

| w | L 02

I [ [ L B B B B B 0.0

5 10 15 20 25
Day

Fig. R3 The normalized infrared brightness temperatures (top) and the corresponding
calculated standard deviations (bottom) in November 2021. Red reference lines

represent the three thresholds, 0.2, 0.25, and 0.3.
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Fig. R4 The normalized infrared brightness temperatures (top) and the corresponding
calculated standard deviations (bottom) on November 03, 2021. Red reference lines

represent the three thresholds, 0.2, 0.25, and 0.3.

Q2. [ wonder what is the temporal resolution of the detection? Is it a minute basis or
daily basis? The authors mention using a sliding window but also compare the BT with
the diurnal cycle, so it is not clear whether cloud is detected for every measurement or
over the window, or over the course of one day.

Response: The temporal resolution of the detection results is 2 seconds, consistent with
the resolution of the observed IRBT data. In the spectral test, the first step is to extract
the clear-sky IRBT diurnal cycle, which is a statistical feature with a resolution of 20
minutes in the wet season and 10 minutes in other seasons. This diurnal cycle serves
only as a reference for comparison with the observed IRBT data and does not alter the

resolution of cloud detection itself.



We acknowledge that the description of temporal resolution in the original
manuscript was not sufficiently clear. Based on your comment, we have revised the
relevant section to explicitly state: “The temporal resolution of the detection result is
the same as that of the observed IRBT data, which is 2 seconds.” (Lines 213-215,
Section 3.2, Page 12). Other corresponding revisions have been incorporated into the

manuscript. (Line 87-90, Section 2.1, Page 4-5) (Line 176-179, Section 3.2, Page 10)

03. The dust normalization method is innovative, but its assumptions may not always
hold—especially during days with persistent cloud cover, when the “daily minimum
IRBT” may not represent a dust-free baseline. I suggest the authors separately examine
the effect of normalization under strong dust contaminated days. The cloud recognition
results should also be evaluated separately for dusty and dust-free days.

Response: Thank you for your valuable comments. As you pointed out, the developed
normalization method is unable to fully eliminate the contamination in observational
data caused by intense short-term dust deposition. It is worth noting, however, that such
events have become increasingly rare in Lhasa. Previous studies reported a significant
decreasing trend in dust days since the 1950s due to climate change and ecological
improvements, with the annual average declining to 5.2 days in the 1990s and further
to 2.7 days between 2000 and 2010 (Zhang et al, 2002; Xu et al. 2007; “The Xizang
Meteorological”, 2014).

The normalization method developed in this study is primarily intended to mitigate
the influence of long-term accumulated dust deposition. Owing to the absence of
supplementary observations during the study period, detailed analyses of individual
dust events cannot be provided in this study. A clarification regarding the scope of
applicability of the method has been added to the methodology section. (Line 149-156,
Section 3.1, Page 8-9)



Q4. While radiosonde data are used for validation, the temporal (twice daily) and
spatial (4 km offset) mismatch between radiosonde and radiometer observations is
significant. This likely underrepresents actual performance. Is it possible to use
collocated higher temporal resolution instruments (e.g., ceilometers, cloud radar, or
even sky cameras) to validate the results? Or at least some quantitative discussion of
potential errors caused by the mismatch should be provided.

Response: Thank you for your suggestion. During the instrument observation period,
there were no other simultaneous cloud observations operating at Tibet University or
its adjacent areas. Relative humidity data from radiosondes is the only available
observation. Therefore, we could only utilize radiosonde data to evaluate the algorithm.

In designing the validation scheme, we considered different physical principles
and the temporal inconsistencies between the cloud detections from sounding data and
the infrared radiometer. Corresponding constraints and settings were applied to mitigate
these discrepancies (Line 319-334, Section 4, Page 20-21).

Furthermore, we provided a detailed analysis of the three main sources causing
comparison differences:

(1) spatial mismatch (due to different instrument locations and wind-induced drift
of the radiosonde), (2) temporal misalignment (caused by uncertainties in the launch
time and ascent rate of the radiosonde), and (3) threshold uncertainty in the radiosonde
retrieval algorithm (Line 350-362, Section 4, Page 22; Line 391-394, Section 5, Page
24).

However, owing to the lack of additional meteorological observations, it was not
possible to determine which specific factor or combination of factors contributed to the
discrepancies, nor to quantitatively assess the impact of each factor on the validation
results.

A new dual-wavelength millimeter-wave cloud radar and infrared imager (MWII)
has been deployed at the Yangbajing Whole Atmosphere Observatory. This system
integrates active radar, providing detailed information on cloud vertical structure and
optical properties. Future work will utilize accumulated radar data to conduct more
comprehensive evaluation and refinement of the integrated algorithm (Line 407-415,
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Section 5, Page 24-25).

05. I also suggest the authors discuss the performance of the algorithm for different
cloud types and heights. This, combined with comment 2, might explain part of the
poorer performance for the winter season.

Response: Thank you for your suggestion. During the observation period, no other
cloud measurements were available at Tibet University or its surrounding areas. The
relative humidity from radiosondes was the only supplementary dataset. However, due
to retrieval uncertainties and spatial discrepancies, radiosonde data alone cannot
reliably identify cloud types or determine cloud (top/base) heights. The lack of
complementary cloud observations therefore precludes a detailed evaluation of the
algorithm’s performance for specific cloud types in this study.

Based on the physical principles underlying the algorithm, we also recognize its
potential limitations for certain cloud types. In the spectral test, the relatively high
threshold may inevitably cause misclassification—for example, optically thin clouds
during nighttime can be erroneously identified as clear skies (Lines 217-218, Section
3.2, Pages 12—13). In the temporal test, clouds with small temporal variability, such as
stratus, may likewise be misclassified as clear due to their stable signals (Lines 263—
264, Section 3.3, Page 16). The integration of spectral and temporal tests enhances the
overall robustness of the algorithm; however, challenges remain under rapidly evolving
conditions such as fog or blowing dust, where misclassification is still likely.

Future work will incorporate comprehensive observational datasets to enable a
more thorough evaluation and refinement of the integrated algorithm, thereby
enhancing its accuracy and applicability under diverse atmospheric conditions. This

discussion has been added to Section 5 (Lines 395-401, Page 24).

Q6. The flow chart of Figure 7 is very important. However, this figure is too simplified
lacking detailed information. For example, the normalization strategy and specific
thresholds should be added.

Response: According to your suggestion, we revised the flow chart, which involves
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more details in normalization and threshold used (Fig. RY).
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Fig.R5 Flow chart of the cloud detection algorithm.

Q7. While prior IRBT-based cloud detection work is cited, the manuscript could more
explicitly compare its results with those of similar autonomous algorithms in other
regions to highlight relative strengths and weaknesses.

Response: Thank you for your suggestion. The cited related studies in the manuscript
all employed comprehensive observational data to develop their algorithms. For
instance, the algorithm in Ahn et al. (2015) also utilizes both the spectral and the
temporal characteristics of the clouds captured by the infrared radiance from the
radiometer. The implementation of this algorithm requires high-temporal-resolution
surface observational data (surface air temperature and water vapor pressure at 2 m
height), long-term hourly vertical profiles of temperature and humidity with 5 km
spatial resolution, and ceilometers or other accurate cloud observation instruments
installed adjacent to the radiometer. Based on these observations, dynamic detection
thresholds are established to achieve more accurate results.

In contrast, the algorithm proposed in this study relies solely on infrared



radiometer data, making it suitable for cloud observations in remote regions where
comprehensive atmospheric measurements are unavailable. Because of the lack of
supporting observations, a direct comparison between our algorithm and that developed
by Ahn et al. (2015) could not be conducted at present. In the future, we will conduct
experimental field observations that can provide necessary observations of both
atmospheric states and cloud properties, enabling a detailed comparison of the strengths
and weaknesses of the two algorithms, and thereby contributing to further
improvements in our method. The relevant prospects regarding this comparison have

been added to the last section (Lines 404—406, Section 5, Page 24).
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