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ABSTRACT

Analyses of cloud water path (CWP) data over China available from the International Satellite Cloud
Climatology Project (ISCCP) are performed for the period 1984–2004. Combined with GPCP precipitation
data, cloud water cycle index (CWCI) is also calculated. The climatic distributions of CWP are found to be
dependent on large-scale circulation, topographical features, water vapor transport and similar distribution
features which are found in CWCI except in the Sichuan Basin. Influenced by the Asia monsoon, CWP over
China exhibits very large seasonal variations in different regions. The seasonal cycles of CWCI in different
regions are consistent and the largest CWCI occurs in July. The long-term trends of CWP and CWCI are
investigated, too. Increasing trends of CWP are found during the period with the largest increase found
in winter. The decreasing trends of CWCI dominate most regions of China. The differences in long-term
trends between CWP and CWCI suggest that CWP only can influence the variation of CWCI to a certain
extent and that other factors need to be involved in cloud water cycle researches. This phenomenon reveals
the complexity of the hydrological cycle related to cloud water.
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1. Introduction

Clouds play important roles in linking the two
key energy exchange processes, radiation exchanges
and water exchanges, which determine earth’s climate.
Cloud water path (CWP), which is column integrated
cloud water [often subdivided into cloud liquid water
path (LWP) and cloud ice water path (IWP)], is the
substantial factor in the hydrological cycle and influ-
ences the atmospheric radiative energy flow directly.
Although the critical role of CWP has been widely
recognized, the quantitative analyses of it are only in-
cluded in a limited number of researches because of
insufficient observations.

Surface observations of clouds have served as the
primary source of information about clouds in past
years. These surface datasets, however, did not pro-
vide extensive cloud properties, such as CWP and
cloud optical thickness (τ). Due to the expense
and difficulty of observations, the in situ experiments
(Sassen, 1991; Hobbs and Rangno, 1985; Gamache,

1990) only provide short-term cloud water data which
extended our knowledge about cloud processes and
helped to validate numerical models. Measurement
of cloud properties from satellites can supplement sur-
face observations and in situ studies by extending their
results to larger space and time scales and can provide
more cloud parameters including CWP.

The International Satellite Cloud Climatology
Project (ISCCP) was established in 1982 as the first
project of the World Climate Research Programme
(WCRP) to collect and analyze a globally uniform
satellite radiance dataset to produce new cloud clima-
tology. The main objectives of ISCCP are to obtain
more information about how clouds alter the radia-
tion balance of Earth, and, in the second phase of the
project (1995 onwards), to improve understanding of
clouds in the global hydrological cycle (Rossow et al.,
1996). With the implement of ISCCP, climatic re-
searches on CWP and the hydrological cycle involving
CWP become possible.

The ISCCP cloud dataset is now being used in
∗Corresponding author: LI Xingyu, lxy@mail.iap.ac.cn



438 CLIMATIC FEATURES OF CLOUD WATER DISTRIBUTION AND CYCLE OVER CHINA VOL. 25

cloud properties research, most of which is on cloud
amount (Ding et al., 2004; Yu and Zhang, 2001). In
cloud water climatology researches, the ISCCP CWP
data have also been widely used. There are also some
other researches using ISCCP CWP data. Lin and
Rossow (1994) compared optical and microwave LWP
retrieval methods using ISCCP and special sensor mi-
crowave/imager (SSM/I) data to investigate the error
sources of LWP in retrieval methods. Lin and Rossow
(1996) combined ISCCP and SSM/I data to estimate
seasonal variations of liquid and ice water paths in non-
precipitating clouds over oceans. Huang et al. (2006)
analyzed 18 years (1984 to 2001) of ISCCP CWP data
and confirmed significant negative correlation between
dust storm index and ISCCP CWP over China. Chen
et al. (2005) analyzed the temporal and spatial char-
acteristics of ISCCP CWP in Northwestern China and
compared the results with those of cloud amount and
τ .

In previous researches of CWP, the climatic fea-
tures of CWP distribution over China and also the
hydrological cycle involving CWP have not been fully
discussed. As Rossow and Schiffer (1999) suggested,
clouds play an important role in Earth’s water cycle as
the intermediate stage between water vapor and pre-
cipitation. The hydrological cycle involving CWP is
one of the major energy exchange processes in the cli-
mate system besides radiation exchanges. Therefore it
is necessary to discuss cloud water cycle features based
on the climatic analyses of CWP.

Descriptions of the ISCCP D2 dataset and the cal-
culation method of cloud water cycle index are given
in section 2. Section 3 shows the spatial distribution
characteristics of annual and seasonal mean CWP and
CWCI. Standard error of CWP and standard devia-
tion of CWCI are investigated and compared in sec-
tions 4. Linear trends of CWP and CWCI are also
analyzed in sections 4. A summary and concluding
remarks are given in section 5.

2. Data and methods

The monthly CWP data used in this study are
from the ISCCP D2 dataset. To provide more de-
tailed and accurate information about the variations
of cloud properties, the analysis method of the D2
dataset has been changed from the previous C-series
(Rossow et al., 1996; Rossow and Schiffer, 1999). The
major change is to retrieve τ of liquid water clouds and
ice clouds from visible (VIS, wavelength ∼0.6 µm) ra-
diances separately.

By cloud-top temperature (Tc) liquid water clouds
and ice clouds are separated. Clouds with Tc > 260
K are identified as liquid water clouds and τ are re-

trieved with a liquid water droplet model where water
sphere size distribution is described by a gamma dis-
tribution with effective particle radius (re) of 10 µm
and effective variance of 0.15. Ice clouds are identi-
fied as having Tc <260 K. An ice crystal model with
a random fractal crystal shape and distribution from
20 to 50 µm, given re equal to 30 µm and an effective
variance of 0.10 (Rossow and Schiffer, 1999), is used
to retrieve τ .

In the D2 dataset CWP (g m−2) values are ex-
pressed as:

CWP =
4ρre

3Qext
× τ (1)

where re is the effective particle radius in microns, Qext

is the normalized Mie extinction efficiency at 0.6 µm
wavelength, and ρ is the mass density of the cloud par-
ticle in g cm−3. For liquid water clouds, re=10 µm,
Qext=2.119, ρ = 1.0 g cm−3.

CWP = 6.292τ . (2)

For ice clouds, re=30 µm, Qext=2.0, ρ=0.525 g cm−3.

CWP = 10.500τ . (3)

The parameters used in retrieval are based on var-
ious researches (Macke et al., 1996; Mishchenko et
al., 1996; Minnis et al., 1993; Lin and Rossow, 1996;
Rossow et al., 1996; Descloitres et al., 1998) and were
described in detail by Rossow and Schiffer (1999).

The Global Precipitation Climatology Project
(GPCP) Version-2 Monthly Precipitation data, which
incorporate precipitation estimates from low-orbit
satellite microwave data, geosynchronous-orbit satel-
lite infrared data, and surface rain gauge observations,
are used in the precipitation analysis.

CWP and precipitation data used in this study are
all gridded at 2.5◦ × 2.5◦ resolution.

Cloud water cycle index (CWCI) stands for the
mean effective refreshing time of cloud water that co-
incides with monthly precipitation and is calculated
using the method given by Gu (1980):

CWCI =
P

CWP
(4)

where P is monthly precipitation from GPCP.
According to the regional climatic and geograph-

ical features in China, the five regions referred in
this paper are defined as northeastern China (NE),
southeastern China (SE), northwestern China (NW),
southwestern China (SW) and the Tibetan Plateau
(TP), and are shown in Fig. 1.
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Fig. 1. The regions described in this paper: northeast-
ern China (NE), southeastern China (SE), northwestern
China (NW), southwestern China (SW) and the Tibetan
Plateau (TP). Light shadow: 1500 m elevation; deep
shadow: 4000 m elevation.

3. Annual and seasonal mean of CWP and
CWCI

Figure 2 shows the spatial distributions of annual
mean CWP (Fig. 2a), GPCP precipitation (Fig. 2b)
and CWCI (Fig. 2c) for the period 1984–2004 over
China. According to Fig. 2, the spatial distributions
of CWP, precipitation and CWCI have broad similar-
ity in China. In northwestern China and the Tibetan
Plateau, the precipitation field resembles the distri-
bution of CWP and CWCI with the lowest value lo-
cated in southern Xinjiang, whereas the high values are
found over the southern part of the Tibetan Plateau.
In southeastern and southwestern China, good agree-
ment in spatial distribution can be found between pre-
cipitation and CWCI. The largest CWP is held in the
Sichuan Basin (Fig. 2a). But for precipitation (Fig.
2b) and CWCI (Fig. 2c), the largest values are gener-
ally located in the costal regions. This figure suggests
that the spatial distribution of CWP is in many ways
tied to large-scale dynamical patterns and topograph-
ical features and that the difference in the Sichuan
Basin exhibits the distinct mechanism in CWP forma-
tion and cloud water cycle. The seasonal mean CWP
and CWCI will be discussed in detail below.

In order to explain the spatial distribution of CWP
clearly, the seasonal mean CWP is presented in Figs.
3a–3d. Distributions of CWP in summer (Fig. 3b)
and winter (Fig. 3d) are discussed first. In winter, the
CWP distribution pattern is similar to that of the an-
nual mean with great contrast between northern China
(northeastern and northwestern China) and southern
China (southeastern and southwestern China). The
area of high CWP values covers almost all of south-
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(c) 

Fig. 2. (a) Annual mean CWP (kg m−2) for the pe-
riod 1984–2004 (shaded region: value larger than 0.15
kg m−2); (b) same as (a) except for precipitation (mm
d−1) (shaded region: value larger than 3.5 mm d−1) from
GPCP; (c) same as (a) except for CWCI (shaded region:
value larger than 40).

eastern and southwestern China east of the Tibetan
Plateau. In northeastern and northwestern China
CWP is less than 0.03 kg m−2 due to cold tempera-
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tures and insufficient water vapor transport. Yu and
Zhang (2001) and Yu et al. (2004) analyzed the cloud
amount and cloud optical depth of southeastern China
using the ISCCP D2 dataset and found that the max-
ima of both cloud amounts of low, middle clouds and
cloud optical depth occur in winter and early spring.
They suggested the effect of the Tibetan Plateau on
the westerly flow is the cause for giving rise to different
cloud characters. In winter the westerly flow prevails
and covers the Tibetan Plateau. The plateau forces
the westerly flow to go around it in the low level and
then the circumplateau flow converges downstream. In
the middle level the surface friction of the Tibetan
Plateau causes divergence (Yu et al., 2004; Li et al.,
2004, 2005; Li et al., 2004). As a result, the large scale
lifting occurs on the lee side of the plateau and results
in the formation of stratiform in southeastern China.

In summer the water vapor brought by the sum-
mer monsoon circulation largely affects southeastern
and southwestern China and the average CWP of this
region rises in general. The minimum CWP is still
held in northwestern China because of the blocking
effect of the Tibetan Plateau. The transition of circu-
lation from the westerly flow to the monsoon circula-
tion can be distinguished from the low CWP values in
southeastern China, because in summer the westerly
flow shifts northward and there is no large-scale lifting
which favors the formation of clouds.

In spring and autumn the CWP distributions are
under the influence of previous seasons, respectively.
These two seasons share a similar distribution pattern
in northeastern and northwestern China. In south-
eastern China the apparent difference in CWP distri-
bution between spring (Fig. 3a) and summer (Fig. 3b)
is found, through which the weakening topographical
influence and the enhancing monsoon circulation in-
fluence are identified. In autumn the sudden shift of
the westerly and easterly flow results in the increase of
CWP on the lee side of the Tibetan Plateau and the
decline in northeastern and northwestern China.

Figure 4 shows the seasonal mean CWCI. The spa-
tial distributions of CWCI in different seasons exhibit
highly similar patterns and only with some differences
in value. High CWCI regions are located in southeast-
ern China with values higher than 45 and the lowest
CWCI which is about 5 on average can be found in
northwestern China, especially in Xinjiang. In north-
eastern China, the eastern part holds CWCI over 25.
CWCI in the southern part of the Tibetan Plateau is
obviously larger than that of the northern part. In the
Sichuan Basin, CWCI is smaller than in contiguous
regions.

Although high CWP are found in the Sichuan
Basin, that doesn’t mean high cloud water cycle also

happens there. In fact the high CWP contributed
to largely by stratiform cloud shows an even smaller
CWCI and results in low precipitation in the Sichuan
Basin. In other regions of China, spatial patterns of
seasonal mean of CWP and CWCI match well.

Figure 5a shows the mean seasonal cycles of five
separated regions in China. In the mean seasonal
cycle, high values of CWP are seen in southeastern
and southwestern China. In these two adjacent re-
gions the largest values appear in different months.
In southwestern China the maximum occurs in June
and the seasonal cycle of CWP is stable, but in south-
eastern China content of CWP fluctuates largely from
the value of 0.14 kg m−2 in March to 0.08 kg m−2

in July. In southeastern China the seasonal cycle of
CWP is almost out of phase with that in other regions
of China, because low and middle clouds take the large
part of the total cloud coverage in the region. In cold
seasons, especially in March, the amounts of low and
middle clouds increase and in summer decrease with
the decreasing westerly flow. The phases of the cloud
amounts of low and middle clouds in this region (Li
et al., 2004) show almost the same variation with that
of CWP. Southwestern China is on the path of water
vapor transport from the Bay of Bengal. Steady wa-
ter vapor supply maintains the high CWP values in
summer (Fig. 3b) and compensates the loss of CWP
caused by the weakening westerly flow.

In northeastern China and the Tibetan Plateau,
high CWP occurs in August and June, respectively.
The maximum of CWP in northwestern China is in
December. The variation over northwestern China is
closely related with the prevailing westerly flow in win-
ter and relatively weak influence of the summer mon-
soon circulation.

Wang and Gaffen (2001) analyzed the surface rela-
tive humidity from 1961 to 1990 in separated regions.
Although the method for dividing regions is slightly
different, the mean seasonal cycle of the surface rel-
ative humidity is similar to that of CWP (Fig. 5a).
The high surface relative humidity is one of the ne-
cessities for the formation of cloud. The air with high
relative humidity is easy to condense into clouds when
it is elevated upward and vice versa. This can help
to explain the high correlation between CWP and the
surface relative humidity.

The mean seasonal cycle of CWP over China (not
shown here) shows two peaks in June and December.
This distribution pattern reflects the predominant in-
fluence of the summer monsoon circulation which leads
to highest CWP in summer. Although there isn’t
enough water vapor supply by westerly flow in win-
ter, the Tibetan Plateau exerts noticeable influence
on the formation of statiform clouds which result in
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Fig. 3. Seasonal mean CWP (kg m−2) for the period 1984–2004: (a) spring, (b) summer, (c) autumn, (d)
winter. Shaded regions: values larger than 0.11 kg m−2.
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Fig. 4. Same as Fig. 3 except for CWCI: (a) spring, (b) summer, (c) autumn, (d) winter. Shaded regions:
values larger than 45.
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Fig. 5. (a) The mean seasonal cycles of CWP (kg m−2) for period 1984–2004 in five separated
regions, northeastern (NE), southeastern (SE), northwestern (NW), southwestern (SW) China and
the Tibetan Plateau (TE); (b) same as (a) except for CWCI.

the increase of CWP in winter.
Figure 5b exhibits a relatively simple seasonal cy-

cle in CWCI in different regions. The highest CWCI
of the five regions is found in July. Among these re-
gions the CWCI in southeastern China is larger than
the other regions except in September and October.
The lowest CWCI is found in northwestern China in
all months which holds relatively low CWP in seasonal
cycle. For northeastern China, the CWP is held to low
levels in seasonal cycle, but with higher CWCI than
northwestern China.

4. Interannual variabilities and long-term
trends

Results of taking the annual CWP anomalies and
computing standard error (SER) and percent standard
error (PSER) are shown in Fig. 6a and Fig. 6b. The
PSER is defined as the percent ratio of standard error
to the annual mean CWP.

Higher SER of more than 0.008 kg m−2 can be
found mainly in southeastern and southwestern China,
while lower SER of less than 0.004 kg m−2 dominate
the areas from northwestern China to northeastern
China, except the northern Xinjiang and eastern part
of northeastern China. The large SER in southeastern
and southwestern China are caused by the variation
of the summer monsoon circulation on the interannual
time scale. PSER (Fig. 6b) indicates the relative vari-
ation of CWP. In northeastern China and northern
Xinjiang, the PSER are found higher than 15% which

 

   
                        

(a) 
(b) 

Fig. 6. (a) The standard error (SER, kg m−2) of annual
CWP (shaded region: value larger than 0.008 kg m−2)
and (b) percent SER (PSER, %) (b)for period 1984–2004
(shaded region: value larger than 15%).
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Fig. 7. (a) The standard deviations (SD) of annual
CWCI (shaded region: value larger than 7) and (b) per-
cent SD (PSD, %) for period 1984–2004 (shaded region:
value larger than 25%).

keeps annual mean CWP small. In the Tibetan
Plateau region, the PSER is also larger than south-
eastern and southwestern China.

Standard deviation (SD) and percent standard de-
viation (PSD) of CWCI are shown in Fig. 7. As seen
in Fig. 7a, the high SD of CWCI larger than 7 is
located in southeastern China, east of northeastern
China and south of the Tibetan Plateau. PSD higher
than 25 covers most parts of northeastern and north-
western China and small relative variations happen in
southeastern and southwestern China. From the anal-
yses of Fig. 6 and Fig. 7, the large variation usually
happened in arid and semi-arid regions (northwestern
China) and cold regions (northeastern China and the
Tibetan Plateau). In the monsoon influenced region,
such as southeastern China, the relative variation is
held to low levels although its SD is larger than the
others.

The linear trend of annual mean CWP from 1984–
2004 in China is shown in Fig. 8a. Increases in CWP
are largely featured in China, with the largest increases
occurring in the eastern Tibetan Plateau and the west-

 

    
                         

(a) 
(b) 

Fig. 8. (a) Linear trend of annual mean CWP [kg m−2

(10 yr)−1] for period 1984–2004 [shaded region: value
larger than 0.02 kg m−2 (10 yr)−1]; (b) Same as (a) ex-
cept for percentage linear trend [% (10 yr)−1] [shaded
region: value larger than 32% (10 yr)−1].

ern part of northeastern China where linear trends are
about 0.015 to 0.025 kg m−2 (10 yr)−1. Over the south
part of Xinjiang, mainly in the desert region, CWP
decreased about 0.005 kg m−2 (10 yr)−1. The rates
of increase over southeastern China and northwestern
China are relatively small.

Considering the differences in CWP distribution,
percentage trends have also been done (Fig. 8b). The
largest percentage linear trends, larger than 32% (10
yr)−1, are found in the Tibetan Plateau and the west-
ern part of northeastern China. Decreasing trends in
CWP are found in the desert areas in the western part
of northwestern China and adjacent areas.

From the above analyses of the linear trend, the
primary regions with increasing trends are located in
the eastern Tibetan Plateau and the adjacent area.
These increasing trends of CWP are related to the wa-
ter vapor variation in the Bay of Bengal which is the
main water vapor source in China. Trenberth et al.
(2005) analyzed the water vapor of SSM/I, ERA-40,
NCEP-1 and NVAP from 1988–2001 and found an in-
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(a) 
(b) 

Fig. 9. (a) Linear trend of annual mean CWCI [(10
yr)−1] for period 1984–2004 (a) (shaded region: value
less than −3 (10 yr)−1); (b) Same as (a) except for per-
centage linear trend [%(10 yr)−1] [shaded region: value
less than −15% (10 yr)−1].

creasing trend in the Bay of Bengal in all four datasets.
Zhai and Eskridge (1997) found obvious increases of
water vapor in eastern Tibetan Plateau and south-
western China from 1970 to 1990. According to these
facts, the increases of CWP can be linked to the in-
creases of water vapor reasonably.

Although there are increasing trends in CWP in
different regions, CWCI shows a negative trend in al-
most all of the country. In Fig. 9a, decreasing trends
cover most of China except the west of Xinjiang. The
largest decreasing trends are found in northeastern
China and the Tibetan Plateau. According to the per-
centage linear trend (Fig. 9b), the decreasing trends
are relatively large in the Tibetan Plateau, northeast-
ern China and northwestern China.

A comparison of Fig. 8 and Fig. 9 shows that
they exhibit the opposite trends in CWP and CWCI.
This phenomenon suggests that the increasing CWP
will not result in the precipitation increase equally, al-
though there is actually a small increasing trend in
precipitation. This is because the formation of pre-
cipitation depends on many different factors besides

CWP, such as atmospheric dynamic conditions, cloud
microphysics and so on. The variation of CWCI can-
not only be attributed to the change in CWP and this
reveals the complexity of the hydrological cycle relat-
ing to cloud water.

The seasonal trends of CWP in percentage are
shown in Fig. 10a (summer) and Fig. 10b (winter).
In summer the largest increase in CWP in China oc-
curs in the eastern Tibetan Plateau. In northeastern
China and the northern part of Xinjiang, CWP de-
creases by about 5% (10 yr)−1 and 10% (10 yr)−1,
respectively. Research (Wang, 2001; Lu et al., 2004)
has shown that the summer monsoon circulation has
been weakening since the end of 1970s and induced
circulation hardly transports any water vapor west-
ward through mountains near Xinjiang. Insufficient
water vapor and the blocking effect of the mountains
are the possible reasons for the decreasing trends in
northwestern China. As for northeastern China de-
creasing water vapor transport caused by the same
reasons can explain the negative CWP trend in sum-
mer. The weakening summer monsoon circulation also

 

 
      
                       

(a) 
(b) 

Fig. 10. (a) Percentage linear trend [% (10 yr)−1] of
CWP in summer (JJA) (a) [shaded region: value larger
than 20% (10 yr)−1]; (b) Same as (a) except for winter
(DJF) [shaded region: value larger than 60% (10 yr)−1].
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(a) 
(b) 

Fig. 11. (a) Percentage linear trend [% (10 yr)−1] of
CWCI in summer (JJA) [shaded region: value less than
20% (10 yr)−1]; (b) Same as (a) except for winter (DJF)
[shaded region: value less than 40% (10 yr)−1].

caused the drought over North China and flood along
the middle and lower reaches of the Yangtze River after
the 1970s. The relatively large increase trend occurs
in winter. The largest linear trend is located mainly in
northeastern China characterized by a 60% (10 yr)−1.
In southeastern China, CWP increases slightly by less
than 15% (10 yr)−1. The increasing trends of CWP in
winter are consistent with the trends of water vapor
in the distribution pattern (Zhai and Eskridge, 1997)
which is considered to be caused by the rises of tem-
perature in winter.

Figure 11 shows the seasonal trends in percentage
of summer (Fig. 11a) and winter (Fig. 11b). In sum-
mer (Fig. 11a), southeastern China and the north
of Xinjiang show increasing trends of about 10% (10
yr)−1 in CWCI. For southeastern China, increases in
both CWP and CWCI lead to a significant increase
in precipitation. To the north of Xinjiang, CWCI has
an increasing trend whereas the trend of CWP is neg-
ative. According to the observation of precipitation
(Shi, 2003), northwestern China is seeing an increase
in precipitation since the late 20th century. Compar-
ison between the trends of CWP and CWCI in sum-

mer suggests the increasing CWCI is one of the causes
which lead to the precipitation increase. In winter
(Fig. 11b), China holds a decreasing trend in CWCI
in most of the country except parts of Xinjiang. The
largest decreasing trends are found to the east of the
Tibetan Plateau and northeastern China.

5. Summary

(1) The climatic distributions of CWP are found to
be dependent on large-scale circulation, topographical
features and water vapor transport. The transition
of circulation from the westerly flow to the monsoon
circulation exerts significant influence on the seasonal
variations of CWP in China. The Tibetan Plateau
has significant impacts on the formation of the clouds
downstream of the plateau in winter and early spring.
The climatic distributions of CWCI are similar to
those of CWP except in southwestern China, espe-
cially in Sichuan Basin.

(2) Distinct regional differences in seasonal cycle
are found in CWP. In southeastern China, the largest
CWP occurs in March, whereas others have their max-
ima in summer. The seasonal cycles of CWCI in dif-
ferent regions are consistent with the largest CWCI
occurring in July.

(3) CWP increased over China during 1984–2004
and the largest increase is found in winter. To the
east of Tibetan Plateau and the adjacent area, an-
nual mean CWP increase at a rate of more than 0.02
kg m−2 (10 yr)−1 or 32% (10 yr)−1. Because of the
weakening summer monsoon circulation and the block-
ing effect of mountains, CWP in northeastern China
and the northern part of Xinjiang decrease in summer.

(4) The decreasing trends of CWCI dominate most
regions of China. In summer the increasing trends are
found in southeastern China and the northern part of
Xinjiang which are related to the increases in precip-
itation in these two regions. The distinct differences
in long-term trends between CWP and CWCI suggest
that, the variation of CWCI can be partly attributed
to the change of CWP and the other factors, such as
cloud microphysics, and need to be involved in cloud
water cycle researches. This phenomenon also reveals
the complexity of the hydrological cycle relating to
cloud water.
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