Answers to Referee#1’s comments

Thanks a lot for your time and comments. Our point-to-point answers are listed

below the comments in blue italic.

)

Comments on the manuscript “Anomalous holiday precipitation over southern China’
by Zhang et al. (2018)

| am glad that the authors accepted my previous advice and revised the manuscript
accordingly to some degree. | am fully satisfied with the scientific findings presented.
However, | still cannot recommend its publication at this phase. There are two major

issues.

First, since the authors no longer attributed precipitation changes to aerosol loading
changes, why did they take so much space to talk about aerosol changes during the
CSF? The rationales should be given clearly to avoid confusing or misleading readers.
Currently, that part seems quite irrelevant to the major topic, especially for the
Abstract part.

[Answer] We completely removed the part of aerosol changes during the CSF. Now
the discussion is only about time-lag correlation between the temperature and
anomalous cyclone. We just discussed a little about aerosol in the end. Because
Chinese Spring Festival (CSF) is a cultural event that is only related to human beings.
Many studies show that air pollution reduces significantly during the CSF holiday. The
factors which induce the anomalous atmospheric circulation during the CSF holiday
need further research and aerosol is the most likely factor affecting atmospheric
physics during the CSF holiday.

Second, the authors should spend some time on the English writing in the next
version. The manuscript now is too verbose, informal and sometimes confusing or
misleading, and has many grammar errors. Below, | list a few examples and hope the

authors can check and revise the whole manuscript accordingly.

[Answer] Thank you for your careful checking. All the suggestions have been taken.
And we checked the whole manuscript and improved the English writing. We also
used the academic English editing from American Journal Experts

(https://www.aje.com/) and the editorial certificate is behind. In addition, before

submitting the paper to Atmospheric Chemistry and Physics, we used the English
language editing service from Springer Nature

(https.//authorservices.springernature.com/).
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https://authorservices.springernature.com/

1. What's the relationship between Chinese Spring Festival (CSF), CSF holiday and
Lunar New Year’s Day? It could be clear for Chinese readers, but not necessarily for
readers from other cultures. The authors should explain it clearly at the beginning of

the Abstract, or readers may have difficulties understanding results below.

[Answer] Thank you for your suggestion. We modified the Abstract to explain Chinese

Spring Festival (CSF), CSF holiday and Lunar New Year’s Day.

In revision, it reads:” The Chinese Spring Festival (CSF, also known as the Chinese
New Year or Lunar New Year) is the most important festival in China. Lunar New
Year’s Day (LNYD) is the first day of the Lunar New Year. Traditionally, the CSF
holiday begins a couple of days before LNYD and ends on lantern day, lasting for

approximately 2 weeks”

2. In ‘this manuscript reports that during the holidays .....has been significantly
reduced’, | think ‘holidays’ should be replaced with ‘holiday’; ‘significantly reduced’
compared with what period? A better statement could be ‘the precipitation during
the CSF holiday over southern China tends to be lower than days before and after
the holiday’.

[Answer] Taken. We also checked the whole manuscript and replaced ‘holidays’ to

‘holiday’ in the same cases.

3. The authors has a mixed use of present and past tenses in describing their results,
such as ‘the ARH showed an evident’, ‘the ARH vertical profiles displays ..., "low
cloud cover decreased ...’, ‘LCC also shows a...” They had better stick to one

throughout the manuscript.

[Answer] Modified. We revised the manuscript and now only use present tense in

describing our results.

4. When citing papers, the authors also should pay attention to proper and
consistent use of tenses. For example, Page 3, line 3: ‘PM2.5 in Beijing-Tianjin-Hebei
were reduced’ vs. Page 3, line 19: ‘there are significant negative ..." Both are

observational results published in previous studies, why use different tenses?

Page 2, line 6-9, the two adjacent sentences both start with ‘Recent’. Better use a

different transition word.
[Answer] All taken.

5. Page 2, line 20 ‘there are also discernible weekly cycles’ in what aspect?



[Answer] We added ‘in meteorological parameters’ in this sentence.

6. Page 2, line 20-25, these sentences are too verbose. They can be shortened as
‘there are also discernible weekly cycles in meteorological parameters. For example,
Gong et al. (2007) found that there are robust weekly co-variations in the surface
solar radiation, total cloud cover, maximum temperature, and relative humidity in
China, where the weekdays tend to have lower total cloud cover and relative
humidity but higher surface solar radiation and temperature than the weekends’. Try

to condense your words.
[Answer] We have modified these sentences.

7. Page 2, line 26, ‘Choi et al. (2008) found that the summertime cloudiness shows a
bell-shaped curve between midweek and weekend’. This sentence is confusing.
What parameter shows the bell shape in what way? | checked the paper, where the
bell-shaped curve referred to interdecadal variations. | could not get this information

or even got wrong information from the authors’ saying.

[Answer] Yes, the bell-shaped curve is the description to interdecadal variations. To

avoid confusing, we replaced this sentence with another paper’s results.

In revision, it reads:” In Korea, Kim et al. (2009) found that there are more
cloudiness and less insolation for Wednesday-Thursday and less cloudiness and more
insolation for Monday-Tuesday. Furthermore, weekly periodicities are enhanced
especially in autumn, more than 2-3 times as great as those of the annual mean with

long-term surface measurements of meteorology (1975-2005).”
Reference:

Kim, B.-G., Choi, M.-H., and Ho, C.-H.: Weekly periodicities of meteorological
variables and their possible association with aerosols in Korea, Atmospheric
Environment, 43(38): 6058-6065, doi: 10.1016/j.atmosenv.2009.08.023, 2009.

8. Page 3, line7: ‘for example, on’ = such as
[Answer] Done.

9. Page 3, line 10: ‘The emission may differ among these events’ differ in what
aspect? The sentence tells me nothing.

[Answer] We modified the sentence to ‘The emission may differ in the magnitude and

type among these events’.

10. Remove all ‘etc.” from the manuscript. It is too informal for a scientific paper.



[Answer] We checked the whole manuscript and removed all ‘etc’.

11. Page 4, the last line, ‘Lunar New Year’s Days (LNYD)’, LNYD->LNYDs; replace all
‘New Year’s Day’ afterward with ‘LNYD’

[Answer] All taken.
12. Page 5, line 14, everyday = every day.
[Answer] Done.

13. Page 5, line 17, ‘whose lunar date is’ - ‘whose lunar dates are’; ‘and calculated

the average’ grammar error
[Answer] Modified.
13. Page 16, line 6, this sentence should go into the introduction section.

[Answer] We think you may be referring to this sentence ‘The CSF is a cultural
tradition that is directly related to the daily activity of human beings, particularly

economic activities.” in Page 15, line 6.

We have moved this sentence to the fourth paragraph of the introduction section.

| could not check errors and verbose sentences throughout the paper and do not
ensure no other errors in places between what | list above. The authors should do it

and revise the manuscript accordingly.

[Answer] Thank you very much and we have checked the whole manuscript.
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Anomalous holiday precipitation over southern China
Jiahui Zhang?, Dao-Yi Gong?, Rui Mao?, Jing Yang?, Ziyin Zhang?, Yun Qian?

State Key Laboratory of Earth Surface Process and Resource Ecology/Academy of Disaster Reduction and Emergency
Management, Beijing Normal University, Beijing, 100875, China

2Environmental Meteorology Forecast Center of Beijing-Tianjin-Hebei, China Meteorological Administration, Beijing,
100081, China

3Pacific Northwest National Laboratory, Climate Physics Group, Washington, 99352, USA

Correspondence to: Dao-Yi Gong (gdy@bnu.edu.cn)

Abstract: The Chinese Spring Festival (CSFESF, also known as the Chinese New Year or Lunar New Year) is the most

important festival in China. Lunar New Year’s Day (LNYD) is the first day of the Lunar New Year. Traditionally, the CSF

holiday begins a couple of days before LNYD and ends on lantern day, lasting for approximately 2 weeks. In this manuscript,
Officialhy;this-heliday-lasts-approximately-ene-week-bBased on the long-term station observationss from 1979 to 2012, -this

rranuseript-reports—that-during-the-helidays,—the precipitation during the holiday over southern China (108 <E-123<E and
21N-33N, 155 stations) tends to be lower than that before and after the holidayhas-been-significanthyreduced. The mean

precipitation frequency anomalyies from the fourth day to the sixth day after Lunar New—Year’s DayLNYD (i.e., days [+4,
+6]) were—found-te-decreases by -7.4%. At-the-same-timeSimultaneously, the daily precipitation amounts experiencesd a

reduction of -0.62 mm d during days [+2, -te-+5]. The holiday precipitation anomalies are strongly linked to the relative
humidity (ARH) and cloud cover. The station observationss of the ARH showesd an evident decrease from day +2 to_day +7,
and a minimum appearsed on days [+4, +6], with a mean of -3.9%. The ARH vertical profile displays-a significant drying
below approximately 800 hPa. Between 800 hPa and 1000 hPa, the mean ARH is -3.9%. The observed station daytime low
cloud cover (LCC) evidently decreasese by -6.1% during days [+4, +6]. Meanwhile, the ERA-Interim daily LCC also shows
a comparable reduction of -5.0%. The anomalous relative humidity is mainly caused by the decreased water vapor in the
lower-middle troposphere. Evident negative specific humidity anomalies persist from day -3 to day +7 in the station
observationss. The average specific humidity anomaly for days [+4, +6] is -0.73 g kg™. When the precipitation days are
excluded, the anomaly remains significant_at—being -0.46 g kg™. A significant deficit-of-water vapervapour deficit is

observed in the lower troposphere below 700 hPa. Between 800 hPa and 1000 hPa, the mean specific humidity dropsped by -
0.70 g kg™. This drier lower-middle troposphere is due to anomalous northerly winds, which are -tightlyclosely related to the
cyclonic circulation anomaly over_the northwestern Pacific. The time-lag correlation demonstrates that approximately one

week after a lower temperature occurs over eastern China, a stronger cyclone is observed over the western Pacific.Authors

(R seh s




10

15

20

25

30

orr vhan th DI\II*O Ieags I'\\]I o} 7 a Nr\\]lr\‘ \uith eorr I&H’eﬂ

—The possible mechanism needs further clarification throughby elaborate

observation-arabysis and numerical modeling.

1 Introduction

Human activitiesy haves important impacts on weather/climate at diverse spatial/temporal scales by causing changes in
Earth’s-atmesphere-in the amounts of greenhouse gases, aerosols and cloudiness_in the Earth’s atmosphere. The changes of

these factors alter the energy balance of the Earth-atmosphere system. In particular, Particutarly-the large uncertainty
involving the clouds, precipitation, and radiation makes it difficult to accurately estimate the i-contributions_of these factors
to the-long-term climate changes (Boucher et al., 2013). Recent estimation indicates that in_—the-fast-developing China,
anthropogenic emissions mayight have contributed 10%24% of the current global radiative forcing (Li et al., 2016a). Many
relatedRecent studies have noted that short-term air pollution associated with intense economical/political/cultural events has
discernible influences on local and/or regional weather worldwide, where air pollution caused by regular or occasional
anthropogenic emissions significantly impacts atmospheric physics and chemistry (e.g., Zhao et al., 2006; Sanchez-Lorenzo
et al., 2012; Williams et al., 2015). The involved cloud-precipitation processes and interactions over monsoonal Asia
remains-ameng the most challenging topics (Li et al., 2016b).

Alternating weekdays and weekends may be the most apparent regular activities of human beings. The so-called weekly
cycle effects of atmospheric parameters, which are strongly related to the aforementioned regular human activity, have been
widely reported globally (Gordon, 1994; Cerveny and Balling, 1998; B&umer et al., 2008). At first, these studies of the
weekly cycles were focused on cities and industrialized areas. Later, it-was-reportedly, that-the weekly cycles of atmospheric
variables are not only local phenomena confined within urban areas but-are also large-scale phenomena that are closely
related to regular human activities (Gordon, 1994). Over developed Europe, for example, B&mer et al. (2008) analyzed the
station data from_the Aerosol Robotic Network over central Europe and reported that the aerosol optical thickness is higher
midweek than on the weekend. In -the-rapidly industrializing Asia, there are also discernible weekly cycles in meteorological
parameters. For example, Gong et al. (20062007) found that the weekend effect in the diurnal temperature range (DTR) has

the opposite signal between winter and summer, where wintertime DTR tends to have a positive weekend effect (i.e., larger

DTR on weekend days compared to weekdays), which is in association with increased maximum temperature and total

irradiance but decreased relative humidity, whereas summertime DTR displays a much stronger and significantly negative

weekend effect. the-meteorclogical-parameters-in-China-experience-significant- weekly-eycles—There-are-robust co-variation
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Evident weekly cycles are also identified in other parameters, such as wind speed, precipitation frequency (Gong et al., 2007)

and the-diurnal-temperaturerange(Gong-et-al—2006)-and-thunderstorm frequency (Yang et al., 2016). In Korea, Kim et al.

(2009) found that there are more cloudiness and less insolation for Wednesday-Thursday and less cloudiness and more

insolation for Monday-Tuesday. Furthermore, weekly periodicities are enhanced especially in autumn, more than 2-3 times

as great as those of the annual mean with long-term surface measurements of meteorology (1975-2005)#r-Seuth-Kerea-Chei
et-al—(2008)found-that—, the-summertime—cloudine hows—a—bell-shaped—curve between midweek and—weekend—The
mechanisms of these weekly cycles are not yet fully understood, though their strong co-variations with human activities (e.g.,
air pollutants) are widely measured-widely. Fer-Gong et al. (2006;_2007) supposed that the phases of weekly cycle may
depend on the different climatological circumstances. Wang et al. (2012) emphasized that during the autumn, the semi-direct
aerosol effects likely play a dominant role in the weekly cycle of cloud cover in southeastern China. Yang et al. (2016)

proposed the importance of-the human emission types.,

In addition, there are occasional, intense human activities (e.g., societal and cultural events) that—which also change
atmospheric environments (particularly the air quality). For example, Xin et al. (2012) found that the concentrations of PM,s

in Beijing-Tianjin-Hebei area arewere reduced by approximately 50% with the implementation of emission controls during
the_2008 Beijing summer Olympic Games-in-the-summer—of-2008. Similar actions were also implemented when China
hosted the 2014 Asia-Pacific Economic Cooperation meeting in-2024-and held the 2015 held-the-national military parade-in
2015; as a result, the air quality iswas considerably improved over northern China (Chen et al., 2015; Wang et al., 2015; Xu
et al., 2015; Wen et al., 2016; Xu et al., 2017). In contrast, setting off fireworks during holiday celebrations can produce
severe air pollution arounderess the world,; such asfer-example-on the Fourth of July holiday in America (Carranza et al.,
2001), the New Year’s fireworks in Mainz (Drewnick et al., 2006), during-the Diwali festival in India (Singh et al., 2014)
and ;-during-the Chinese Spring Festival (CSF) (Tang et al., 2016);—ete. The emissions may differ in magnitude and type
among these events (Wang et al., 2007; Zhang et al., 2010; Tang et al., 2016). Compareding with weekly cycles, the possible
meteorological co-variations in association with these occasional, intense events are less studied.

Notably,e-that the CSF holiday-repeatedty occurs annuallyevery-year in January-February across the whole country and
is the most important holiday in China. Moreover, the CSF is a cultural tradition that is directly related to the daily activity of

human beings, particularly economic activities. HFre-human emissions during the CSF holidays decreases evidently (Lin
and McElroy 2011; Gong et al., 2014). Some studies have tried to identify the possible covariations-changes in atmospheric
physics and weather anomalies accompanying with these local and regional occasional society/cultural events. Travis et al.
(2002) noted a significant increase in DTR As-an-example—in the United Statess;-the-diurnal-temperature-range-increased
significantly-during the three days after 11 September 2001 when civil aviation planes were grounded-(Fravis-et-al—2002).

(R o ion
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Gong et al. (2014) analyzed the temperature anomalies during the CSF holidays fromeuring 2001-2012 and found that there
are significant negative anomalies of approximately -0.81°C in eastern China, wherein atmospheric feedbacks likely play a
role in enhancing-the cooling.

The purpose of the present study is to investigate the possible changes ofef precipitation over southern China during the
CSF holidays. The paper is organized as follows. The data and methods are presented in Section 2. The rResults, including
the anomalous precipitation frequency and amount, the relevant changes in humidity, cloud cover and temperature, and the
anomalous atmospheric water vapor and circulation_-are described in Section 3. The possible relevance of these results to
the human activityeliday-aeresels is discussed in Section 4. Finallytn-addition, a summary is presented in Section 5-presents
L

2 Data and methods
2.1 Data and study area

The daily precipitation data analyzed in the present study arewere obtained from the China Meteorological Administration
observation archives. The daily precipitation amounts as well as the precipitation types are recorded. There are six kinds of
readings, namely, (a) no precipitation; (b) trace precipitation (daily precipitation readings of less than the measurable
0.1 mm); (c) precipitation from fog, frost and dew; (d) precipitation from pure snow; (e) precipitation from snow and rain;
and (f) precipitation from rainfall. Because the frequency of snowfall events is low in the warm area of southern China and
the precipitation from fog and dew is considerably small (accounting for 0.14% of our data), in this study, we considered
only the precipitation amounts and ignored the precipitation types. This dataset consists of 917 stations, and the earliest
observations start in the 1950s. Here, we confined our analysis period to 1979-2012, during which China experienced a-rapid
development and immense amountsmassive of air pollutant emissions-ef-ai—pelutants. Since we aim to investigate the
precipitation around the CSF_holidayEunarNew—Year’s-Day, in this study, only the daily precipitation from January to
February is employed. After excluding the 319 stations with missing values, we retained the 598 stations without missing
data during 1979-2012.

Prior to this analysis, we have-te-determined the target area based on the precipitation climatology. Because the Chinese
Lunar New Year occurs in January or February, here, we investigated the climatological means of the precipitation amounts
as well as the precipitation frequencdaysies based on the observations from 598 stations. As shown in Figure 1a, in the
boreal winter, the number of precipitation days is much greater in southern China than in northern Chinathe—nerth. A
maximum of >35 days occurs between approximately 25-30°N and 102-115°E, while the precipitation frequency north of
35°N is less than 15 days-nerth-6f-35°N. SimultaneouslyAtthe-same-time, the major precipitation belt, with precipitation

amounts > 50 mm, also appears over the southeast of mainland China, which isbeing generally consistent with the spatial

features of the frequency patterns (Figure 1a). Although the number of precipitation days in the Sichuan Basin is high, the
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precipitation amountss are not assueh large. In addition, the Sichuan Basin has a unique climate due to its special basin

topography. Therefore, we did not include the Sichuan Basinit in our study area. In addition, for 319 stations north of 33N,
the average precipitation days and amounts are 12.8 days and 9.9 mm, respectively. It would be difficult to obtain a
statistically meaningful signal in northern China due to a small precipitation frequency and amount. Fee-small-precipitation

equency-and-amountin-northern-China-would-be difficultto-statisticalyvield-a-meaningful-sighal- Finally, we confined

our study area to 108<E-123E and 21N-33N (as indicated by the black dashed rectangle in Figure 1). Within this area,

there are 155 available meteorological stations. Among these stations, the minimum number of precipitation days (15.7 days)
appearsed at the Zhumadian station (33N, 114<E), and the minimum precipitation amount (15.3 mm) appearsed at the
Ankang station (32N, 109<E). Meanwhile, the maximum precipitation days (41.6 days) and maximum precipitation amount
(214.5 mm) arewvere found at Wugang (26 N, 110<E) and Nanyue (27N, 112E), respectively. On average, the precipitation
frequencies and amounts during the period of 1979-2012 are 30.3 days and 124 mm,_respectively. In addition to the daily
precipitation, we also analyzed other meteorological variables, including the mean temperature and relative humidity.

The atmospheric circulation and moisture in the troposphere arewere taken from the ERA-Interim reanalysis datasets
(Dee et al., 2011), which have a 1.5°spatial resolution and span the period of 1979-2012. We utilized surface parameters,
such as the cloud cover and total column water vapor. In addition, the impacts of-the air temperature, relative humidity, and
horizontal winds on pressure levels arewere also investigated. Only the data at step 0 for 00:00, 06:00, 12:00, and 18:00 UTC

arewere obtained and subjected to analysis. Averaging these 4 times yields the daily mean.

2.2 Analysis method

We employed a temporal composite analysis to investigate the possible changes in the daily precipitation and the statistical
significance. This analysis iswas carried out via the following steps. First, we identified all Lunar New Year’s Days (LNYDs)
from 1979 to 2012. As listed in Table 1, the New—Years-BaysLNYDs all fall within late January to mid-February. During
our analysis period, the earliest New—Year’s—BayLNYD is on 22 January, and the latest occurs on 20 February. These
LNYDs are denoted as day 0. The days before and the day after the LNYD are denoted as day -1 and day +1, respectively.
Accordingly, two days before and after the LNYD are denoted as day -2 and day +2, -and so onete.

Second, we estimated the anomalies from the climate means. When dealing with continuous variables (such as the
temperature, humidity, atmospheric circulation, and water vapor), we calculated the long-term means for each calendar day
from 1 January to 28 February. Then, the means arewere subtracted from the daily observations to determine the
corresponding anomalies. This process is the same as that used in Gong et al. (2014). In contrast to these continuous
variables, precipitation occurs_-guite-randomly. For a specific day, such assay day 0, we counted the number of precipitation
days (N) during the entirewhele data period from 1979-2012. Thus, the precipitation frequency (hereafter denoted-te as F) is
deduced by:

F = 2% 100%, o)
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To remove the randomness of precipitation, we used a 3-day window. For example, precipitation occurring on the
previous day (day -1) and the day after (day +1) is considered to occur on day 0. The aAbove method iswas also used to
calculate the climatic values of F, which are based on Gregorian calendar days. For a station from 1st January to 31st March,
every day has a precipitation frequency. Then, -withte this climatic sequence, we used a 7-day window filter to reserve the
changes for more than 7 days because the typical synoptic time scale is approximately 7 days. For a station, onin a specific
day, such ashike day 0, all precipitation frequencies whose lunar dates areis day 0 arewere found from the climatic sequence.

Then, we -and-calculated theird-the average. The departure of F from the average is the-anemalous frequency anomaly (AF).

The fFinal result is the average of all stations’ anomalies.

3 Results
3.1 Significant reduction of precipitation

We computed the daily anomalies of the precipitation frequencies for each_—of-the-stationens. To determine how the
precipitation might change before and after New—Year’s-BayL NYD, we considered days from -12 to +12. This method is
similar to that ef-the-werk-efused by Gong et al. (2014). We also tried to use a longer time window and found that the
conclusions remain the same. To focus on southern China, we computed the means for all 155 stations within the target area
(Figure 1). The regional mean AF is shown in Figure 2a. Although the AF before the LNYD is generally positive, the salient
feature is the AF reduction after the LNYD. The mean for day +3 to day +7 is -5.5%, and a minimum of -9.4% occurs on day
+5. Note that the largest reductions occur on days [+4, +6], where the averaged anomalies are as low as -7.4%. Precipitation
is a natural phenomenon. Thus, its frequency anomaly should be spatiotemporally random for a certain day from 1979-2012
among all the stations over this large region. The standard deviation of the stations’ AF would provide information
concerning further uncertainties. A smaller standard deviation suggests that similar anomalies tend to be observed, thus
indicating a robust signal, whereas a larger standard deviation implies diverse changes. We found that the standard deviation
of-the days [+3, +7] is approximately #3.7%, which isbeirg smaller than the standard deviation of most days before the
LNYD. Note that the means may be biased by outliers or skewness. Thus, to determine the diverseness of these frequency
anomalies among the 155 stations, we also computed the medians and the lower and upper percentiles. In Figure 2a, the
ranges of the 10" and 90" percentiles are plotted as the error bars and are shown with the medians. The 90" percentiles for
the days [+4, +6] are clearly -0.9%, -3.9%, and -1.7% respectively, all being significantly below 0. At-the—same
timeSimultaneously, the medians are generally similar to the means; for example, fromen days {+3 to; day +7}, the means (-
3.1%, -6.5%, -9.4%, -6.3%, and -2.2%, respectively) and medians (-3.6%, -7.0%, -9.8%, -7.0%, and -1.8%, respectively) are
almost identical, likely suggesting that the majority of the anomalies tend to be negative and that the means are not skewed

by large departures or outliers.
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We further investigated the statistical significances of the precipitation anomalies by employing a Monte-Carlo
approach (e.g., Stjern, 2011; Wang et al., 2012). Here, the Monte-Carlo test iswas performed by randomly rearranging-the
sequences of the lunar calendar days. For each experiment, we first generated the random sequence and then estimated the
frequencies for each lunar day station by station. In addition, the regional anomaly mean was-is calculated as described
above. We repeated these steps 1000 times and obtained the 10" and 90" percentiles of these experiments. By comparing the
observations with these Monte-Carlo-yielded percentiles, we mayight estimate whether the frequency anomalies are beyond
those of random chance. If the original observations are lower than the 10" percentile, these measurements are significant at
the 0.1 level.

For the regional mean frequency anomalies, there are few cases where the simulated anomaly is smaller than the
observations during the holidays. Only 1 of 1000 random Monte-Carlo experiments is below the observation on day +5. On
days +4 and +6, there are 10 and 14 cases, respectively, with values smaller than the observation. On days +3 and +7, there
are slightly more values smaller than the observation (135 and 190, respectively). We found that the 10" percentiles during
days +4 to +6 are -3.6%, -3.4% and -3.5%, respectively. Note that the observations (-6.5%, -9.4% and -6.3%) are all below

the corresponding 10 percentiles of the Monte-Carlo experiments. Therefore, we may conclude that the observed AF is
significant at the 0.1 level from days +4 to day +6. We also examined the medians of the 155 stations and found a similar

result. Forrem days +4, +5 and-te +6, there are only 9, 1 and 7 cases, respectively, with values below the observations. The

observed medians during days +4, +5 and-te +6 are -7.0%, -9.8% and -7.0%, respectively, which are all below the Monte-
Carlo 10" percentiles (-3.7%, -3.6% and -3.6%, respectively).
Further, wWe further-investigated the possible changes of daily precipitation amounts. Here, all trace precipitation

records are excluded. The composite method is similar to that for frequency. In other words, for a specific lunar calendar day,
the anomalous amount is calculated as the mean daily precipitation amount minus the climate reference, where the climate
reference is estimated based on the Gregorian calendar. Then, we averaged the anomalies for all stations to obtain a regional
mean. Figure 2b shows the results. Interestingly, from day +2 to day +5, the amounts experience continuously negative
anomalies with a mean of -0.62 mm d. In particular, a minimum of -1.0 mm d-* occurs on day +3. During days +2, +4, and
+5, the anomalies are similar (being -0.54, 0.52, and -0.48 mm d, respectively). Differing from the precipitation frequency,
the amounts ranginges from the 10M-90™ percentiles are obviously larger. In addition, during days [+2, +5], the upper bounds
all exceed zero and imply larger uncertainties. Thus, the gradual decrease in the amount after the LNYD is likely consistent
with the significant reduction in precipitation frequency. Note that the Monte-Carlo test suggests a high confidence of the
negative amount anomalies during the holidays. Of 1000 Monte-Carlo experiments, there are 83, 14, 75 and 70 cases with
values smaller than the observations during days [+2, +5]. The Monte-Carlo 10" percentiles for days [+2, +5] are -0.47, -0.45,
-0.42 and -0.40 mm d', respectively, whereas the corresponding observations of -0.54, -0.95, -0.52 and -0.48 mm d* are all
smaller. We also examined the median of the 155 stations by employing the Monte-Carlo test. The results areis similar.
There are 70, 16, 66 and 43 experimental values that are smaller than those observed. The medians of the observation for

these days (-0.63, -0.97, -0.65 and -0.70 mm d, respectively) are all smaller than the corresponding Monte-Carlo 10%"
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percentiles (-0.56, -0.54, -0.52 and -0.47, respectively). Therefore, the means and medians of the amount anomalies during
days [+2, +5] are significant at the 0.1 level. Note that the large error bars in Figure 2b may imply somewhat larger
diversities/differences of the daily precipitation amounts among the 155 stations. The Monte-Carlo test likely provides a
more reasonable estimation of the significance. With the above analysis, we may conclude that there is a significant

reduction in the precipitation frequency and a decrease in the daily precipitation amount after the LNYD.

3.2 Spatial distribution of the holiday precipitation anomalies

Although the precipitation reduction after the LNYD is evident in the composite analysis based on the regional means
(Figure 2), this feature might differ among stations. In this subsection, we investigated the spatial distribution of the
precipitation anomalies. A significant frequency reduction occurs on days [+4, +6], and a significant amount reduction
appears on days [+2, +5]. Here, we computed the mean frequency anomalies during days [+4, +6] and the mean amount
anomalies during days [+2, +5] for each station. The statistical significance is also estimated using the Monte-Carlo test at
each station. The method used is similar to that described in Section 3.1. Here, the Monte-Carlo test iswas performed for
every station by randomly rearranging the lunar calendar, and the simulation iswas repeated 1000 times. The 10" (90™) and
20™ (80™) percentiles arewere taken as the criteria. For the precipitation frequency, the mean value is regarded as significant
at the 0.1 (or the 0.2) level only when the anomalies in all three days (i.e., days +4, +5 and +6) arewere significant at the 0.1
(or 0.2) level. Similarly, when the daily precipitation amounts on all four individual days (from day +2 to day +5) are
significant, their mean is regarded as a significant anomaly. The results are shown in Figure 3.

Figure 3a shows that the majority of the AF have negative signs. Among the 155 stations, only 7 stations have positive
signs, and none of these positive anomalies are significant. Of the 148 stations with AF reductions, 57 stations are significant
at the 0.1 level, and 108 are significant at the 0.2 level. Most stations located in the north and east of study area have athe
significant AF reduction. The AF minimum reaches -13.5% at the Sansui station (27N, 108 E). Consideringkeeking-at the
anemaly’s magnitude_of the anomaly, there are 55 stations with AF reductions exceeding -9%. Among these 55 stations, the
anomalies for 45 stations are significant at the 0.1 level, and those at the other 10 stations are significant at the 0.2 level.

Unlike the frequency, the spatial features of the amount anomalies differ among stations (Figure 3b), which is
consistent with the relatively larger span of the 101"-90™ percentiles, as shown in Figure 2b. Nevertheless, there are still 117
stations with decreased amounts during days [+2, +5]. Among these_stations, 27-stations showed significant decreases
significant-at the 0.2 level, and 8 stations showed these-significant decreases at the 0.1 level. The largest reduction is -
2.41 mm d, which appearsed at the Shouxian station (32N, 116 E).

Based on the above analysis of the temporal composites and spatial distributions, we found that the-significant

reductions of precipitation frequency and daily precipitation amount occur regionally within an approximate one-week
period after the LNYD.
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3.3 Relative humidity and cloud anomalies

Relative humidity (RH) is the most important factor that directly controls/influences precipitation. In this subsection, we
investigated the possible changes in the relative humiditieshumidity associated with the holiday precipitation decreases. Here,
we examined the station data to analyze the relative humidity by making composites. Note that the method of estimating the
anomalies is different from that for precipitation frequencies. The composites of the relative humidity (as well as those of
other meteorological parameters analyzed in the following sections) are based on anomalies (ARH), which are obtained by
subtracting the 1979-2012 long-term mean from the daily relative humidity values.

For each lunar calendar day, all 34 daily anomalies are collected and subjected to a t-test with the null hypothesis of
their mean being not significantly different from zero at the 0.05 (or 0.1) level. In Figure 4, we plotted the means during days
[-12, +12]. To facilitate a comparison, the range of one standard error estimated from the 34 anomalies is shown via error
bars. The ARH experiences an evident decrease from day +2 to +7, with a mean value of -2.5%. The driest value is -4.6% at
day +5. The mean ARH of the lowest anomalies for days [+4, +6] is -3.9%, which is significant at the 0.1 level as estimated
from a left-tail t-test. Note that the drying (wetting) may be the result of less (more) precipitation, as demonstrated in the
previous sections. For clarity, we also computed the ARH using only the data from no-rain days. We found that the ARH for
no-rain cases shows a similar temporal feature (figure not shown). The lowest values still occur on days [+4, +6], with
anomalies of -0.97%, -0.69% and -0.38%, respectively. However, these anomalies are not statistically significant. This result
could be caused by the relatively smaller data sample and exclusion oféing the precipitation days. The sample numbers of no

rain days is 48.9% ef-that-of all days. In any case, the similar drying features on no-rain days may provide support for the
theory that the lower ARH could be a cause of the precipitation reduction and may even help enhance the drying.

We also examined the spatial distribution of the ARH. The station means of the ARH during days [+4, +6] are plotted in
Figure 5. All 155 stations show negative anomalies, with a maximum and a minimum of -0.6% and -8.1%, respectively.
When estimating the statistical significance, we considered the mean for days [+4, +6]. Thus, we did not consider the
significance of each of the three days. If the resulting anomaly is significant at the 0.05 (or 0.1) level as calculated by a t-test,
this station is regarded as significant during days [+4, +6]. As shown in Figure 5, there are 70 (98) stations that are
significant at the 0.05 (0.1) level. Additionally, we investigated the spatial features of no-rain days and found that most ARH
values during days [+4, +6] arewere also negative (the number of stationdays is 136, accounting for approximately 88% of
the total stations), and the lowest anomaly is -7.6% (figure not shown). Again, this result suggests a drying atmosphere near
the surface during the New Year’s holiday.

For the precipitation-of-stratus precipitation during the winter season, the relative humidity in the midele-lower--middle
troposphere is more important than the surface humidity. The precipitation reduction could occur with a drier and upper
atmosphere. Then, w\We-then investigated the ARH in the lower-middle level troposphere using the ERA-Interim reanalysis
datasets of the pressure levels from 1979 to 2012. Here, we selected 99 grid points between 21 <N-33N and 108 E-123E.

We examined the ARH values at each level from 1000 hPa to 500 hPa. Generally, the results are similar, showing drying
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tendencies throughout, as expected. Note that the ARH values in the low levels are more evident. At 1000 hPa, the ARH
showshas a continuous reduction during days [+3, +6], with a mean decrease of -3.8%. The negative anomalies on these days
are significant at the 0.1 level. The largest reduction occurs on day +5, being -5.2% (figure not shown). In Figure 4, we
plotted the regional mean ARH at 850 hPa. A similar reduction is observed during days [+2, +6], where the lowest anomalies
are still found on days [+4, +6]. In addition, the values on days +4 and +5 (-4.0% and -5.7%) are both significant at the 0.1
level. In the middle-upper troposphere, the ARH during the holidays is not evident.

The spatial distributions of ARH at 1000 and 850 hPa during days [+4, +6] were-are also analyzed. At 1000 hPa, the
majority of the significantly negative ARH values were-are located over southern China and the neighboring western Pacific,
with a northeast-southwest distribution. The results at 850 hPa are plotted in Figure 5, and only the significant values (above
the 0.1 level) are shown. At 850 hPa, the significant region is spatially smaller spatially-but has a greater magnitude than that
at 1000 hPa. Over the land, the majority of the anomalies are between -4% and -6% at 1000 hPa, whereas the values are
between -6% and -10% at 850 hPa. The minimum grid point value at 1000 hPa is -6.5%, while the minimum is as low as -9.7%
at 850 hPa.

The drying in the lower troposphere can be more clearly seen in the relative humidity profiles. The vertical profile of
the ARH during days +4 to +6, as averaged over all 99 grids in southern China, is shown in Figure 6. Because the meaningful
changes occurred in the lower troposphere, here we plotted only the ARH values below the 500 hPa level. Below 500 hPa,
the anomalies all have negative signs. In addition, the significant ARH values appear below approximately the 800 hPa level
(Figure 6a). The negative anomaly at 850 hPa is -3.9%, and that at 1000 hPa is -4.2%. The mean for these layers (below 800
hPa) is -3.9%. Generally, the significant drying of the relative humidity appears in the lower-middle tropospherelevel, which
physically agrees with the precipitation reduction.

As the relative humidity at the lower-middle level decreases, consistent changes in clouds should occur, particularly in
the low-level cloud coverage (LCC). To confirm this, we first analyzed the surface-observed cloud data, which are from the
Global Surface Weather Dataset obtained from the China Meteorological Administration. In this dataset, the observations are
taken 4 times per day (00:00, 06:00, 12:00, 18:00 UTC) during the years 1980-2012, except fer-during 2000, which is not
available. Only those days with all 4 records are included. Of the 304 stations in our study area, we selected 137 stations
with overall data availabilities above 30%. When deriving the anomalies, we applied the same method as that used for ARH.
The results show that both the total cloud cover and LCC reduces, especially the LCC experiences a significant decrease
during the New Year’s holiday. It seems the reduction of total cloud cover is contributed by the decrease of lew-cloud
coverLCC. The mean anomaly of LCC during days [+1, +5] is -2.6%. In addition, a minimum of -3.1% appears on day +5,
which is significant at the 0.1 level. We should note that sometimes the LCC cannot be completely distinguished from the
middle cloud cover in the station observationss. Moreover, the cloud cover changes rapidly and might depend on the
observer. At nighttime, the uncertainty of the observations is much greater. We would expect more reliable observations

during the daytime. The mean LCC of 00:00 and 06:00 UTC is computed and regarded as the daytime observation. As
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shown in Figure 4b, the daytime LCC shows an evident reduction during days [+4, +6]. The values of each-ofthe three days
are eachal significant at the 0.1 level, as estimated using a left-tail t-test. The mean for the three days is -6.1%, and a
minimum of -9.7% occurs on day +5. Compared to the climate daytime cloud cover of 78% during January to March in
southern China, the LCC reduction during the New Year’s holiday has a considerably large magnitude. Figure 5b shows the
spatial distribution of the daytime LCC values during days [+4, +6]. For a total of 137 stations, 119 (86.9%) stations showed
negative signs. In addition, there are 8 (27) stations with values significant at the 0.05 (0.1) level, as estimated via a both-tail
t-test. A minimum of -16.8% occurs at the Fuyang station (33N, 115E).

To assess the robustness of the cloud cover changes, the-cloud-cover of the-ERA-Interim data about cloud cover arewas
investigated. We found that the high cloud cover and-the middle cloud cover showed no significant changes (figure not
shown). Interestingly, there is a significant reduction in the LCC during the CSFNew-Year’s holidays. Figure 4d shows the
temporal variations of the ERA-Interim LCC. The LCC clearly shows an outstanding reduction during days [+4, +6]. The
largest reduction, i.e., -5.9%, appears on day +5. The values from day +4 to day +5 are all significant at the 0.1 level, as
calculated by a left-tail t-test. Averaging over days [+4, +6], the mean value is -5.0%. This magnitude is comparable to the
station-based daytime LCC anomaly (-6.1%). The spatial distribution of the LCC anomalies for the ERA-Interim data during
days [+4, +6] is shown in Figure 5d. The LCC reduction center is located in the eastern region and has a magnitude between
approximately -8% and -12%. This reduction is almost identical to that of the station observations (c.f., Figure 5b, d). Note
that in the ERA-Interim data, the cloud height is defined according to the corresponding sigma level. The low clouds
correspond to sigma 0.8-1.0. A significant decrease of the relative humidity occurs below 800 hPa (Figure 6a), which

physically agrees with the negative LCC anomalies.

3.4 Temperature and water vapor anomalies

The negative ARH during the holidays might be caused by anomalous temperatures,-by the water vapor or both, depending
on certain conditions. In this subsection, we analyzed the changes of the temperature and water vapor associated with the
holiday precipitation reduction. First, we examined the temporal changes of the temperature over southern China using the
same composite analysis as that used for the relative humidity. We found that there is-a continuous cooling of the daily mean
temperatures from day -3 to day +6, which are all significant at the 0.1 level, as estimated by a left-tail t-test (figure not
shown). The mean temperature anomaly of these days is -1.12°C. The maximum and minimum temperature anomalies are -
0.70°C and -1.42°C for days +6 and +3, respectively. Precipitation often causes a low temperature. To exclude the possible
influence of precipitation on temperature, we also examined the daily temperatures for no-rain days and found a similar
temperature anomaly of -1.22°C for days +1 to +6. In addition, there is a similar minimum of -1.48°C. These values for the
no-rain days are significant at the 0.05 level.

Note that Gong et al. (2014)-have reported negative temperature anomalies over the whole of eastern China around the
LNYD when analyzing the shorter data period of 2001-2012. They found that the most significant decreases appears on days
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-3 to +2, with a mean value of -0.81°C. However, tFhe temperature beyond this period over the southern China_-hewever;

iswas not addressed in their analysis. As demonstrated in the previous sections, the most significant reductions of the AF and
ARH are observed on days [+4, +6]. Thus, we further computed the mean of the temperature anomalies (AT) for days [+4, +6]
and estimated their statistical significances using a t-test for each of the stations. The results show that all 155 stations have
negative anomalies (figure not shown). The maximum AT of -0.28°C occurs at the Fengjie station (31N, 109<E), and a
minimum of -2.14°C appears at the Jiuxian station (25N, 118E). The anomalies for 116 stations are statistically significant
at the 0.1 level, and those for 95 stations are significant at the 0.05 level. We also investigated the temperature anomalies
during days [+4, +6] using no-rain days and found similar results. All stations continue to show negative anomalies, and
more stations are significant (134 stations exceed the 0.1 level, and 117 stations exceed the 0.05 level).

The above spatial distribution suggests that temperature anomalies are unlikely at the local scale. For clarity, we also
investigated the vertical profiles and the spatial distributions of AT using the ERA-Interim pressure level data. The mean AT
values below the 500 hPa level during days [+4, +6] are averaged for all 99 grid points over southern China and plotted in
Figure 6b. The significant negative temperature anomalies below 700 hPa are evident, where all values are as low as < -1°C.
The mean for these layers is -1.37°C. To determine whether the cooling of the lower-middle troposphere is a regional-scale

phenomenon, we further analyzed the-ATs spatial distribution_of AT. Note that the minimum of -1.56°C occurs at the 850

hPa level in Figure 6b. Here, we computed the 850 hPa AT during days [+4,+6] for each of the grid points (figure not shown),
revealing that the majority of the study area experiences-a significant cooling (exceeding -1°C) that is almost identical to that
from the surface station observationss. Based on these analyses, we may conclude that during the holidays (particularly, days
[+4, +6]), there is an anomalous temperature cooling over southern China from the surface to the middle troposphere (below
500 hPa).

Cooling favors condensation and precipitation. If the water vapor content remains—a constant, a cooler temperature
should result in a higher ARH. During the period of 1979-2012, over southern China, the climatic mean temperatures for
days [+4, +6] at 1000 hPa and 850 hPa are 9.3°C and 3.3°C, respectively. Meanwhile, the specific humidities at 1000 hPa
and 850 hPa are 5.5 g kg™* and 4.4 g kg, respectively.- According to the Clausius-Clapeyron equation (Murray, 1967), the
climatological relative humidities are;+espeetively; 75.4% at 1000 hPa and 77.5% at 850 hPa. The observed coolings of -
1.15°C at 1000 hPa and -1.56°C at 850 hPa (Figure 6b) could result incause corresponding ARH increases of +6.0% and

+9.1%, respectively. This contradicts the observed negative ARH anomalies (c.f., Figure 5). Therefore, the cooling
temperature is not a direct factor causing the drier ARH and the precipitation reduction.

Alternatively, the water vapor should be responsible for the anomalous ARH. We analyzed the station specific humidity
(SH). Here, the SH is estimated from the surface pressure, relative humidity and temperature, where the Tetens formula is
employed to estimate the saturated vapor pressure over water (Murray, 1967). Figure 7a shows the specific humidity
anomalies (ASH) before and after the LNYD. Evident negative anomalies persist from days -3 to +7. The lowest values
appear at approximately days [+4, +5]. Note that the negative ASHSs during days +2 to +6 are significant at the 0.05 level,
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with a mean of -0.71 g kg*. A minimum of -0.82 g kg™ occurs on day +4. In addition, the average ASH for days [+4, +6] is -
0.73 g kg*. We repeated the composite analyses for no-rain days and found that the ASH hasve the similar continuous
reductions after LNY DNewYear’s-Bay (Figure 7b). The ASHs of days [+2, +5] are significant at the 0.1 level, and their
mean is -0.43 g kg*. The minimum of -0.54 g kg™ also appears on day +4, while the mean from day +4 to +6 is -0.46 g kg™,
being smaller than the values estimated for all days. SimultaneouslyAtthe-same-time, the spatial distribution of ASH during
days [+4, +6] reveals a regional-scale reduction over the study area (Figure 8). All stations clearly show negative anomalies,
both when all days are analyzed and when only no-rain days are analyzed. In the former instance, the ASH values for the 140
stations areis statistically significant at the 0.05 level, and in the latter case, the number of stations with statistically
significant values is 102.

Further, w\/e —further-investigated the ASH values in the lower-middle troposphere using the ERA-Interim reanalysis
data. The ASH at 1000 hPa (850 hPa) during days [+2, +6] are all significant at the 0.05 (0.1) level, with a mean of -0.75 (-

0.65) g kg'*. It is clear that the ASHs at 1000 hPa and 850 hPa display features similar to those of the surface observations in
both-their temporal variations and -the-magnitudes of-the negative anomalies during the holidays (c.f., Figure 7). Furthermore,
we investigated the spatial distributions of ASH on days [+4, +6]. The evident ASH reduction covers almestthe-whelenearly
all of southern China, with minimums extending from southeastern China to the western North Pacific, south of
approximately 30°N (Figure 8). The anomaly center lies between 110<E-130E and 20 N-30N.

The drying of the ASH in the lower-middle troposphere is more obvious, as seen in the vertical profile (Figure 6c).-Fhe
Ssignificant negative ASH values appear in-the-levels-below 700 hPa. Below 800 hPa, the ASH values are all less thanbelow
-0.50 g kg'*. The mean for these layers (800 hPa to 1000 hPa) is -0.70 g kg™*. Similarly, we also estimated the variations of
the relative humidity corresponding to these ASHs. The ASHs at 1000 hPa and 850 hPa are -0.78 g kg™ and -0.69 g kg™,
respectively (Figure 6c). If the temperature remains unchanged, these values would reduce the relative humidity by -10.9%
and -12.3%, respectively. Obviously, the-reduction -ef-the-water vapor reduction in the lower-middle troposphere plays the
dominant role in causing anomalous relative humidityies, low-level clouds and precipitations.

The total column water vapor (TCWV), or the precipitable water, is also a large-scale factor that correlates well with
precipitation (e.g., Qian et al., 2009). The drying from the surface to the mid-troposphere is suggestive of the reduction in the
TCWV. For clarification, we performed a composite analysis of the ERA-Interim TCWV. Unsurprisingly, the ATCWV
experiences a continuous reduction from day +1 to day +5 (Figure 9a). The ATCWV are significant at the 0.05 level during
days [+2, +5], with a mean of -1.93 kg m™. In addition, the largest negative ATCWV values are observed on days +4 and +5
(2.43 kg m? and 2.36 kg m?, respectively). The spatial distribution of the ATCWV values during days [+4, +6] is shown in
Figure 9b. The TCWV decreases by approximately -1.00 kg m?2or more over most of-the southern China. The minimum is
located over the neighboring western North Pacific, between 120E-130E and 20 N-30N. Meanwhile, positive ATCWVs
with somewhat smaller magnitudes appear to the east (over approximately 150E-175E and 20N-30N). Generally, the

reduction in the TCWV over the western North Pacific and eastern China is physically consistent with the negative
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anomalies of-the SH over southern China. The observed decrease in precipitable water during the holidays is unfavorable for
precipitation.

Based on the above analysis, we may conclude that, although the relative humidity (as well as the relevant cloud cover
and precipitation) would benefit from the cooling temperatures, its reduction during days [+4, +6] is strongly dominated by
the drying water vapor in the lower troposphere. Therefore, the reduction of-the SH is likely to contribute to the decrease of

precipitation during the New Year’s holiday.

3.5 Water vapor budget and atmospheric circulation

Our analysis demonstrates that in association with the significant precipitation reduction over southern China, an anomalous
negative departure of the SH occurs. One further question is_-that-what causes such water vapor deficits during the New
Year’s holiday?- Here, we discussed the possible factors relevant to the atmospheric column water vapor balance as well as
their individual contributions. Regional changes of the column water vapor are essentially related to two components. One is
the budget between evaporation and precipitation, and the other is the budget of moisture inflow and outflow from the

horizontal air motion crossing the four lateral boundaries. We investigated the corresponding anomalies separately during the
holidays.

First, we computed the differences between the evaporation and-the total precipitation (evaporation minus precipitation,
i.e., E-P) using the ERA-Interim data from 00:00 and 12:00 UTC. Note that both evaporation and precipitation are forecasted,
and the accumulated variables are collected at step 12. We analyzed the E-P anomaly (mm, equivalent to kg m) during the
holidays (figure not shown). From days +1 to +5, the E-P anomalies arewere all positive values with a mean of 0.85 mm. In
addition, the anomalies on days +3, +4 and +5 arewere all significant at the 0.05 level. The maximum of the E-P anomaly
(+1.25 mm) appearsed on day +4. We also investigated the evaporation independently and found itthat-the-evaporatien is
enhanced during the holidays, with the mean of the evaporation anomalies reaching +0.39 mm (figure not shown). Notably
We-should-note-that-the positive E-P anomalies occur concurrently with the precipitation reductions. The E-P anomalies are
likely dominated by precipitation changes. Although the positive E-P anomaly implies a net gain, this effect cannot account
for the total net loss of the column water vapor.

Second, we investigated the column water vapor budget contributed by the horizontal transport. Here, we simply
estimated the moisture flux across the borders (i.e., the box in Figure 1). The vertically integrated moisture transport (Q)

crossing the border is defined as follows:
1 1000hPa
2=, [E Jsoonpa 4 Vdp] dl. (@)

where V is the horizontal wind vector, g is the gravitational acceleration, q is the SH and L is the length of the border.

Moisture transport above 500 hPa is ignored becauseas its contribution to the total column moisture transport is relatively

small, and large winds tend to cause errors in the upper troposphere, where the SH is quite small (Qian et al., 2009). Along

the northern and southern borders, we computed the meridional transport, while along the eastern and western borders, we
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computed only the zonal transport. The summation of the meridional and zonal transports yields the net budget. The results
shows that the net water budgets are negative from day +1 to day +5 (figure not shown), with a mean of -2.9x107 kg s*. Note
that the anomalies of days +1, +3 and +4 are all significant at the 0.05 level. The lowest water vapor budget is -4.4x107 kg s**
(approximatelybeut -1.96 kg m day™), occurring on day +4. This simple calculation suggests that the horizontal moisture
transport dominates the anomalous variations of the total net water vapor budget.

Because the negative anomaly in the water vapor budget may be caused by a reduced inflowing water vapor transport or
by an increased outflowing transport, we investigated the transport crossing of each of the boundaries during the holidays.
We found that the zonal transports crossing the eastern and western borders are negligible (figure not shown). In contrast, the
water vapor transport at the southern boundary has the greatest magnitude (Figure 9). The southern border shows continuous
negative anomalies from day +1 to day +5, and the largest departure_-of -5.5x<107 kg s*; occurs on day +4. The anomalies
during days +2 to +5 are significant at the 0.05 level and have a mean of -4.4x107kg s™. Thus, the negative transport
crossing the southern border implies an enhanced outflow, and is largely responsible for the net loss of the column water
vapor during the holidays.

The water vapor transport over this large area should be closely related to the regional atmospheric circulation. Previous
studies have emphasized the importance of-the anomalous atmospheric circulation over the western Pacific in modulating-the
precipitation over southern China by influencing-the moisture transport and convergence (e.g., He et al. 2007; Li et al., 2013;
among others). To elaborate on the details of the regional atmospheric circulation around the New Year’s holiday, we
investigated the tropospheric horizontal winds over eastern Asia. The vertical mean horizontal winds averaged from 1000
hPa to 700 hPa are plotted in Figure 9b. Over southeastern China, there are -¢lear-dominant northerly wind anomalies clearly.
The northerly winds flow toward the east over the western Pacific, south of approximately 25°N, and then, the winds turn
northward. Consistent with this cyclonic circulation anomaly, eastern China and the neighboring western Pacific experience
remarkable reductions in the column water vapor. This pattern remains stable when leeking—atconsidering each—ef-the
pressure levels in the mid-troposphere. For example, at the 850 hPa level, the anomalous cyclone is more evident, and the
strong northerly winds over southeastern China are greater than the vertical means (Figure 9c). Interestingly, the
precipitation reduction in-the southern China is well captured in the ERA-Interim reanalysis, and such-a reduction is
physically consistent with the large-scale atmospheric circulation change. We repeated the composite analysis of the
atmospheric circulation using the NCEP/NCAR Reanalysis | and NCEP-DOE Reanalysis Il datasets and found a similar
pattern (figures not shown). Employing the same ERA-Interim data but a shorter data length (2001-2012), Gong et al. (2014)
also reported a similarly anomalous circulation pattern over East Asia around the Chinese New Year. This anomalous
cyclone is likely a robust signal of the holiday weather. Generally, this anomalous cyclone plays a dominant role in bringing
stronger northerly wind, causing lessdrier humidityies and lower water vapor—values, which finally resultsing in less
precipitation over southeastern China.
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Note that in the observations, the holiday precipitation reduction is strongly related to the significant drying of-the SH, which«—
is caused by anomalous northerly winds. In fact, an anomalous cyclone dominates East Asia and the western Pacific region
during the CSF holidays (Figure 9). The anomalous northerly winds over southern China are just located in the rear side of
the anomalous cyclonic circulation. The anomalous cyclone is likely correlated to the temperature cooling during the CSF
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holiday. Gong et al. (2014) reported that during days [-4, O], there is no anomalous cyclone over East Asia, but

simultaneously, the temperature cools significantly. These phenomena can be observed in both the long-term (1979-2012)

and short-term (2001-2012) data periods. The anomalous cyclone appears in the troposphere after LNYD, moves eastward

and disappears after approximately 12 days. This result is highly consistent with our analysis, as demonstrated in Figure 9.
On days [-3, -1], the greatest temperature cooling in eastern China was observed (c.f., Gong et al., 2014, Ffigures -2-and-4).

As shown in Figure 10, the lower-middle troposphere shows no evident northerly wind anomaly over East Asia or the

western Pacific before LNYD. However, there is significant cooling in the lower-middle troposphere, as indicated by the

negative 1000-500 hPa thickness anomalies during days [-4, 0]. The cooling center is located between 100E-130E and

30N-40N. In this case, the negative temperature anomalies can result in anomalous cold advection due to the climatic

northerly winds. This condition is helpful for constructive baroclinic interaction between the upper and lower troposphere

and favors the midlatitude cyclone system (Hakim et al., 2003). We would expect a mature cyclone anomaly approximately

one week later if the cyclone develops from days [-3, -1].

7 o g

Secondly-tthe intensity of the cyclone is-significantly correlated with the_temperature cooling-preceding-airpotution.
We computed the time-lag correlation between the holiday cyclone and-the regional mean temperature. Because the

anomalous cyclone is most robust during days [+4, +6], we selected the corresponding center (140 E-145E and 25N-35N)

to calculate a regional mean for the 500 hPa height. In eastern China, there are 394 available meteorological stations. We

averaged thesestations’the daily temperature anomalies of these stations to derive a regional mean time series and then

computed theits correlation with-thatef the 500 hPa height on day +5. To suppress the noise and identify a stable signal, we
used a 3-day window when computing the means, i.e., the data on a specific day as well as those of the day before and after
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are averaged. The results are plotted in Figure 11; note that a time-lag of O refers to day +5, a time-lag of -2 refers to day +3

and so on. The results show that the cyclone is closely related to the temperature anomalies that occurred approximately 5

days previously. A maximum correlation of 0.52 wasis observed when temperature leads the pressure by 4 to 5 days. And it
is statistically significant at the 0.1 level. These significant positive correlations suggest that when the temperature is lower

around LNYD, the intensity of the anomalous cyclone on days [+4, +6] over the western Pacific is likely to be stronger. Thus,

the anomalous cyclone is significantly related to the continental temperature that occurred approximately one week

previously. The regional temperature over southern China experiences a similar cross-correlation with the following cyclone
" ions. —

evekIt should be pointed out that these time-lag

correlations should not be explained by the natural 1-2 week processes. The natural synoptic system’s occurrence and phases
are random in time. Here, we prepared the atmospheric correlation/temperature time series according to the lunar calendar

dates. If there is a natural cyclone around the CSF holiday, its random phase should be offset by other cyclones when all

years are put together. Anyway, these results demonstrate that a stronger cyclone over the western Pacific on days [+4, +6] is

often accompanied by lower preceding temperature that occurs approximately one week previously over eastern China.

CSF is a cultural event that is only related to human beings. Many studies show that air pollution reduces significantly

during the CSF holiday. For example, Tan et al. (2009) investigated the 1994-2006 observations from 13 monitoring sites

around the Taipei metropolitan area and found that the concentrations of NO,, CO, nonmethane hydrocarbon, SO, and PM3o

are lower during the New Year period than during the non-New Year periods. Using three different approaches considering

the thermal power generation, satellite retrieval products and statistical and modeling attribution, Lin and McElroy (2011)

estimated that the economic slowdown during the celebrations of CSF is responsible for a notable reduction in anthropogenic
emissions. According to their estimations for 2005, 2007 2008 and 2010, the CSF contributes a NO, emission reduction of

12%. In addition, the 2009 CSF contributes a reduction of 10%. These estimations are comparable to those given in the work

of Gong et al. (2014), in which they reported a PMj, reduction derived from 323 surface station measurements over eastern

China and estimated the magnitude of the PMsq concentration decrease to be approximately -9.24% for the day -4 to day +5

(excluding day 0 to rule out the New Year’s Eve firework emissions). Aerosol is the most likely factor affecting atmospheric
physics during the CSF holiday.
In addition, it should be noted that the northerly winds are helpful in cooling the temperature. We think that when

considering the simultaneous temperature changes in association with short period aerosol anomalies, the atmospheric
feedback would be ignorable. However, during a moderate period (such as >3 days to one week), the atmospheric feedback

is likely discernible. The mechanism about how the concurrent aerosol reduction influences temperature and further affects

circulation needs more elaborate observation and model simulation.
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5 Summary

Briefly, the major findings of our analysis are summarized as follows:

The long-term station precipitation data from 1979 to 2012 arewere analyzed with a focus on the possible changes
during the CSF holidays. We found that the precipitation frequency over southern China experiences a significant holiday
reduction. The largest reduction occurs on days [+4, +6], with a mean anomaly of -7.4% and a minimum anomaly of -9.4%
on day +5. At the same time, the daily precipitation amounts from day +2 to day +5 show continuous negative anomalies,
and their mean is -0.62 mm d. The Monte-Carlo test implies that the holiday-related frequency and amount anomalies are
significantly different from random occurrences. The spatial distributions of the mean frequency anomalies for days [+4, +6]
elearly-show that-a clear reduction appears-across-the-whele southern China. Among the 155 stations, negative anomalies
were-are observed at 148 stations.

The holiday precipitation anomalies are strongly linked to the relative humidity and cloud cover. The station ARH
shows an evident decrease from day +2 to +7, and the lowest anomalies appear on days [+4, +6], with a mean of -3.9%.

When all precipitation days are excluded, the ARH shows similar decreases, where the lowest values also occur on days [+4,

+6], with anomalies of -0.97%, -0.69% and -0.38%, respectively. The ARH vertical profile demonstrates-a the significanthy
drying under approximately 800 hPa. The ERA-Interim reanalysis data revealed that the negative anomaly at 850 hPa is -3.9%
and that at 1000 hPa is -4.2%. The mean ARH of the layers between 850 hPa and 1000 hPa is -3.9%. The negative anomalies
in the lower troposphere are consistent with the significant decreases in the LCC. The daytime station LCC shows an evident
reduction during days [+4, +6], with a mean of -6.1%. Meanwhile, the daily ERA-Interim LCC also displays a notable
reduction during days [+4, +6]. The corresponding mean is -5.0%, and a minimum of -5.9% appears on day +5. This
magnitude as well as its spatial distribution are comparable to that of the station-based daytime LCC anomaly.

The anomalous relative humidity is feund-te-be-mainly caused by thea drying of the water vapor in the lowerer-middle
troposphere over southern China during the holidays. Evident negative SH anomalies persist from days -3 to +7 in the station
observationss. The lowest values appear on approximately days [+4, +5]. The average ASH for days [+4, +6] is -0.73 g kg™.
When the precipitation days are excluded, the ASH shows a similar, continuous reduction after LNYDNew-Year’s-Day. A
minimum of -0.54 g kg appears on day +4, while the mean for days [+4, +6] is -0.46 g kg™’. Significant drying-of the-water
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vapor_drying is observed for the whele-entire lower troposphere below 700 hPa. Below 800 hPa, the ASH values are all less
thanbelew -0.50 g kg*. The mean value between 800 hPa and 1000 hPa is -0.70 g kg™*. The reduction-of-the-water vapor
reduction in the lower-middle troposphere likely plays the dominant role in causing anomalous relative humidityies, low-
level clouds and precipitation. This water vapor deficit results from the anomalous meridional horizontal moisture transport.
During the holidays, a large-scale cyclonic circulation appears over the western Pacific, which brings anomalous northerly

winds to East Asia and leads to the negative water vapor flux in the troposphere.

correlation demonstrates that approximately one week after a lower_—PMag-conecentration-and-a-coeler-temperature over

eastern China, a stronger cyclone is observed over the western Pacific. The cooling is likely to lead to anomalous cold
advection, which provides a favourable condition for the midlatitude cyclone system. The cyclone brings anomalous
northerly wind to East Asia, reduces the atmospheric SH, and consequently results in less precipitation over southern China.

The mechanisms need further clarification by elaborate observation-anakysis and_numerical modeling.
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Year Date Year Date

1979 28 January 1996 19 February
1980 16 February | 1997 7 February
1981 5 February 1998 28 January
1982 25 January 1999 16 February
1983 13 February | 2000 5 February
1984 2 February 2001 24 January
1985 20 February | 2002 12 February
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1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

9 February
29 January
17 February
6 February
27 January
15 February
4 February
23 January
10 February
31 January

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

1 February
22 January
9 February
29 January
18 February
7 February
26 January
14 February
3 February
23 January
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Figure 2: The anomalies of precipitation frequency (a) and amount (b) computed based on 155 stations. The means are shown as gray bars,
10 and the median; and the range of the 10-90™ percentiles are also plotted for comparison.
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Figure 5: Station anomalies of relative humidity estimated from all available days (a) and daytime low cloud cover (b) during days +4 to
+6. The significance is estimated using a t-test; stations with circles and dots denote values are significant at the 0.05 and 0.1 level,

10 respectively. Spatial distribution of ERA-Interim ARH at 850 hPa (c) and the daily LCC anomalies (d) during days +4 to +6. Only the
significant values (at the 0.1 level) are plotted.
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Figure 6: The vertical profiles of the relative humidity (a), temperature (b) and specific humidity (c) anomalies below 500 hPa. The
10 significance level is estimated using a left-tail t-test, and the values significant at the 0.05 level are indicated with red dots.
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(a) All days, station (b) No-rain days, station
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| Figure 7: Means of station-specific humidity anomalies (ASH) during the holidays from 1979-2012 as estimated from all available days (a)
10 and no-rain days (b). The corresponding ERA-Interim ASH at 1000 hPa (c) and 850 hPa (d) are also plotted.
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(a) ASH, all days, days[+4,+6] (b) ASH, no-rain days, days[+4,+8]
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Figure 8: Spatial distribution of the observational specific humidity anomalies (ASH) during days [+4, +6] as estimated from all available
days (a) and no-rain days (b). The spatial distributions of the ERA-Interim ASH at 1000 hPa (c) and 850 hPa (d) during days [+4, +6].
Only the significant values (above the 0.05 level) are plotted.
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a)Total column water vapor, ERA-Interim
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Figure 9: (a) Temporal anomalies of the total column water vapor (ATCWYV) during the holidays. (b) Spatial distribution of the ATCWV
(in color shading with unit of kg m2) and the 700-1000 hPa mean horizontal wind anomalies (in vectors with unit of m s'*) during days [+4,
+6]. Stipples denote significant ATCWV (at the 0.05 level). Only the anomalous wind vectors significant at the 0.05 level are plotted. (c)
Spatial distribution of the mean anomalies of the total precipitation(ATP) (in color shading with unit of mm) and the significant (at the 0.05
level) 850 hPa mean horizontal wind anomalies (in vectors with unit of m s*) during days [+1, +5].
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(a) AOD (b) PM10
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TOA longwave radiation, clear sky
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Figure 102: The mean horizontal wind anomalies at 1000-500 hPa (in vectors with unit of m s?) and the 1000-500 hPa thickness
anomalies (in color shading) during days [-4, 0]. Only significant (at the 0.1 level) winds and thickness are plotted. The long-term mean

horizontal winds between 1000-500 hPa during days [-4, 0] are shown together as the streamlines for comparison. A red dashed rectangle
(140E-145E and 25N-35N) indicates the central location of the anomalous cyclone which is manifest in day+5.
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Figure 113: {a)-Correlations of the 500 hPa geopotential heights over the anomalous cyclone center (140 E-145<E and 25N-35N) on
day+5 with the PMac-coneentrationregional mean temperature over eastem /southern | Chma in varylng Iead/lag days w
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