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Abstract: Dew is a part of the water cycle of ecosystems and is a source of water and humidity. The
climate characteristics of the frost-free period in Northeast China are suitable for dew condensation,
and dew is an important factor of water balance in this area. Northeast China is among the most
significant warming areas in China, with an obvious “warm and dry” climate trend, which may affect
dew condensation. To determine the dew amounts in different ecosystems in Northeast China and
the influence of climate change on these amounts, dew condensation in farmland (corn), wetland
(Carex lasiocarpa) and urban ecosystems (Syringa oblata Lindl.) was monitored during the growing
period (May to October) from 2005 to 2021. The results showed that the annual average number of
dew days was 132.8 in a wetland in Fujin, 122.9 in a farmland in Lishu and 118.1 in an urban area in
Changchun. The daily dew intensity in the three ecosystems was lowest in May and highest in July
and August. The average daily dew intensity was higher in the wetland (0.125 ± 0.069 mm) than the
farmland (0.061 ± 0.026 mm) and urban area (0.028 ± 0.009 mm). The annual dew amount was also
highest in the wetland (44.09 ± 7.51 mm) compared to the farmland (34.46 ± 3.54 mm) and much
higher than that in the urban ecosystem (25.32 ± 3.29 mm). The annual dew in the farmland, wetland
and urban ecosystems accounted for 7.92 ± 2.76%, 14.98 ± 5.93% and 6.71 ± 2.66% of the rainfall
in the same period, respectively. The results indicated that dew was an important source of water
and that wetlands had greater dew deposition than farmlands and urban areas. Considering the
climate data during the dew condensation period from 1957 to 2021, the annual dew amount showed
a decreasing trend of −0.40 mm/10a (p < 0.05) in Changchun. However, under the joint influence of
relative humidity (RH) and wind speed (V), the impact of climate change on dew condensation was
not obvious. This study further clarified the impact of climate change on the near-surface water cycle.

Keywords: dew formation; climate change; wetland; farmland; urban; meteorological factors

1. Introduction

With the current shortage of water resources, an increasing number of researchers
have paid attention to dew, which frequently condenses in various ecosystems [1,2]. Dew is
an important water source for animals, plants, and microorganisms [3,4]. It can be absorbed
through leaves, which can supplement the water and nutrient elements such as N, K and
P that are necessary to prolong leaf life [5,6]. Dew can also maintain the water balance
of leaves [7] and increase photosynthesis [8]. Whether in desert [9,10], farmland [11,12],
grassland [13], island [14], or urban areas [15], dew is a stable water resource. The amount
of dew condensation is considerable; even in the urban area of hyper-arid Abu Dhabi, the
average daily dew amount is 0.016 mm [16]. Lekouch et al. collected dew on the roofs
of Morocco and found that dew can provide 18.85 mm of drinking water for households
each year [17]. The average dew amount during the summer half-year was 17.2 mm, which
accounted for 50% of the annual rainfall in the Taklimakan Desert forest ecosystem, and
the total dew amount was higher than the annual rainfall during one-fifth of the year from
1960 to 2010 [18]. In Kenya, farmers irrigated mango seedlings with dew water [19], and
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dew is a good alternative source of water for alleviating agricultural drought in arid and
semiarid regions in Iran [20] and China [21,22]. Therefore, it is important to quantify the
dew amount.

At present, it is common to use the subtraction method to measure the dew amount,
that is, by calculating the difference in the monitored weight before and after dew con-
densation. There are several types of monitors for different types of underlying surface
characteristics, namely, microlysimeters [23], cloth plates [24], woodsticks [25], PVC con-
tainers [9,10], steel sheets [15,17], and plastic sheets [26]. This method is more accurate in
monitoring the dew amount, but the subtraction method requires manpower to weigh the
monitor at the beginning and end of dew condensation. This leads to the lack of long-term
monitoring of dew amounts of more than 10 years.

Climate change is an indisputable fact, and the warming trend is significantly altering
various environmental variables, especially the water cycle, in many countries across the
world [27]. Many studies on climate change in Northeast China have focused on surface
temperature, precipitation, wind speed, evaporation, and other factors [28,29]. In the past
60 years, the temperature increase rate in China was 0.25–0.30 ◦C/10a [30,31], and Northeast
China is among the regions with the most significant temperature increase. The near-surface
temperature increased by 0.35 ◦C/10a in Northeast China during 1961–2010 [28,32]. Studies
have shown that the temperature in Northeast China will continue to have a “warm and
dry trend” until the late 21st century due to the impact of increased human emissions [31].
With the condensation of water vapor on underlying surfaces, dew formation is affected by
local meteorological factors. Climate change may significantly affect dew formation, which
is sensitive to variations in relative humidity (RH) and temperature.

Northeast China is among the regions with the largest area of wetlands, and it is also
an important commodity grain base. The ecosystem types in Northeast China are diverse,
with mainly farmland, wetland and urban ecosystems. The climate characteristics of this
region in the frost-free period are suitable for dew condensation, and dew is among the
most important factors in determining the water balance. The variation trend of the dew
amount is likely to affect the hydrological cycle and the quantity and availability of fresh
water. Dew formation is significantly affected by the underlying surface type, and the
dew amount of different ecosystems varies greatly. However, systematic and long-term
monitoring studies on dew amounts in different ecosystems in Northeast China have not
been carried out. The objective of this study is to distinguish and identify the dew amount
in different ecosystems (farmland, urban and wetland) in Northeast China by long-term
(2005–2021) monitoring of dew, to analyze the related main meteorological factors affecting
dew condensation, and to estimate the impact of climate change on dew condensation in
Northeast China.

2. Materials and Methods
2.1. Study Area

Sampling plots were set up in Lishu, Fujin and Changchun (Figure 1). Lishu, as a
representative farmland ecosystem, is located in the northeast Songnen Plain, which is
considered the world’s “Golden Corn Belt” with annual corn (Zea mays) cultivation. As
a wetland ecosystem, Fujin is located in the hinterland of the Sanjiang Plain, the largest
marsh plain area in China. The dominant plant species is Carex lasiocarpa, which has
perennial ponding, and the water depth is approximately 10–25 cm. Changchun, the capital
of Jilin Province, is located in the geographic center of Northeast China. Syringa oblata
Lindl., a shrub commonly used in urban greening in northeast China, was selected as the
representative plant in Changchun. The three sampling plots are all in a subhumid area
and have a temperate continental monsoon climate with four distinct seasons (Table 1). The
weather in summer and autumn is characterized by high humidity and low wind speed,
which is suitable for dew condensation at night. The experiment was synchronously carried
out at three sampling plots during the plant growth period from 2005 to 2021, and dew
condensation on different types of underlying surfaces was observed daily. The monitoring
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period of the farmland ecosystem was from May 11 to October 31 of each year, while that
of the wetland (Fujin) and urban (Changchun) ecosystems was from May 1 to October 31
of each year.

Figure 1. Distribution of sampling plots in Northeast China.

Table 1. The climate characteristics and underlying surfaces in each sampling plot.

Sampling Plots Ecosystem Underlying Surface Annual Average
Temperature (◦C)

Annual Average Rainfall
(mm)

Lishu (43◦24′ N, 124◦18′ E) farmland corn (Zea mays) 5.8 577
Fujin (47◦35′ N, 133◦30′ E) wetland Carex lasiocarpa 3.6 540

Changchun (44◦05′ N, 125◦20′ E) urban Syringa oblata Lindl. 4.8 550

2.2. Dew Monitoring

An observation shelf was set up at each sampling point, the height of which could
be adjusted according to plant height. Polished poplar woodsticks with dimensions of
18 cm × 3.5 cm × 3.5 cm (length × width × height) were used as dew condensers. The
poplar woodsticks were accurately weighed with an electronic balance (accuracy within
0.001 g). Half an hour after sunset, three woodsticks were placed in the plant canopy. The
woodsticks were weighed again half an hour before sunrise. The actual dew per unit area
for each plot was computed as the average of the three woodsticks. The leaf area index
(LAI) was measured using a LAI-2000 Plant Canopy Analyzer (LAI-2200C, LI-COR Co.
Ltd., Lincoln, NE, USA) over a 10-day interval. As it is difficult to distinguish between
dew condensation and rainfall, if a precipitation event had occurred after sunset or before
sunrise, the dew was recorded as zero.

The daily dew intensity in each sampling plot was calculated with the following
formula:

I = (Wr −Ws) × 10/S (1)

The total dew amount was calculated with the following formula:

DF =
Dd

∑
n=1

2× LAI × I, (2)

I is the daily dew intensity (mm), which is the ability of dew to condense per unit area.
Ws is the weight of the woodstick after sunset (g), Wr is the weight of the woodstick before
sunrise (g), S is the surface area (cm2) of the woodstick, 10 is the conversion factor, DF is the
dew amount in a particular period (month or year) (mm), Dd is the number of dew days in
a particular period (month or year) (days), 2 is a coefficient to account for both sides of the
leaf, and LAI is the leaf area index (cm2/cm2).
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2.3. Meteorological Factors

The meteorological factors, including relative humidity (RH, %), air temperature
(Ta, ◦C), dew point temperature (Td, ◦C), wind speed (V) at 1.0 m near the surface (m/s),
and rainfall (mm), were measured at hourly intervals during the dew condensation time
from 2005 to 2021 by a MILOS 520 automatic weather station (VAISALA Co. Ltd., Helsinki,
Finland) at each plot. The cloud cover data in Lishu, Changchun and Fujin were provided
by https://rp5.ru/ (accessed on 31 January 2023). The historical climate data of Changchun
were all from the Changchun Meteorological Bureau, including the RH (%), Ta (◦C), Td
(◦C), V at 1.0 m near the surface (m/s), cloud cover during dew condensation time, and
rainfall (mm) from May to October during 1957–1964 and 1973–2004.

2.4. Data Analysis and Model Selection

The normal distribution test and significant differences analysis of the experimental
data were analyzed by SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). To further explore
the impact of climate change on dew condensation, the monitored dew intensity from 2005
to 2019 (n = 1764) was used in this study to build a model, and the monitored dew intensity
from 2020 to 2021 (n = 242) was used to verify the model. It should be noted that due to
the maturity of the dew condenser subtraction method, the dew intensity calculated by
this method (Equation (1)) is regarded as the real value; meanwhile, the value calculated
by the model is the simulated value. In this study, meteorological factors were considered
the independent variables and the dew intensity was considered the dependent variable.
The multiple linear stepwise regression method was selected to build a simulation model.
The reason that a multiple linear stepwise regression model was selected was to avoid the
possibility of collinearity between the dependent variable and independent variables. In
addition, the dependent variable was normally distributed, and the residual between the
simulated value and the measured value showed a normal distribution. The values of each
dependent variable were independent, which was suitable for the use of a multiple linear
stepwise regression model.

3. Results and Discussion
3.1. Dew Days and Intensity

The annual average number of dew days in Fujin, Lishu and Changchun were 132.8,
122.9 and 118.1 days, which accounted for 72.2%, 72.7% and 64.2% of the growing season,
respectively (Table 2). The absence of dew days in the study area was due to the occurrence
of precipitation events at night, and it could be seen that nighttime condensation of water
vapor is a common meteorological phenomenon in Northeast China. The highest number
of dew days were all in September and October in the wetland, farmland and urban
ecosystems, which was due to the frequent precipitation from June to August during the
same period of rain-heat in the study area. The annual number of dew days in our study
area was similar to those in a Gansu farmland (135 days) [21] and in the Tengger Desert
(128 days) [10]. Northeast China has four distinct seasons, and the low temperature and
high wind speed in winter and spring make these seasons unsuitable for dew condensation.
The annual number of dew days were lower than those in Kenya (265 days) [33] and the
Mu Us Desert (166) [34], in which the climate is suitable for dew condensation throughout
the year.

https://rp5.ru/
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Table 2. The monthly and yearly characteristic values of dew days and daily dew intensity in Lishu,
Fujin and Changchun from 2015 to 2021.

Lishu (Farmland) Fujin (Wetland) Changchun (Urban)

Dew
Days

(Days)
Dew Intensity (mm)

Dew
Days

(Days)
Dew Intensity (mm)

Dew
Days

(Days)
Dew Intensity (mm)

Mean Mean ± SD Max Min Mean Mean ± SD Max Min Mean Mean ± SD Max Min

May 14.7 0.033 ± 0.020 0.104 0.001 20.9 0.065 ± 0.049 0.248 0.001 20.1 0.018 ± 0.009 0.043 0.001
June 19 0.051 ± 0.022 0.113 0.004 20.6 0.104 ± 0.05 0.256 0.001 16.1 0.026 ± 0.008 0.042 0.004
July 20.5 0.072 ± 0.020 0.123 0.007 21.1 0.170 ± 0.05 0.306 0.032 18.4 0.032 ± 0.006 0.043 0.006

August 19.5 0.080 ± 0.021 0.132 0.029 21.5 0.183 ± 0.049 0.314 0.049 18.0 0.033 ± 0.006 0.046 0.005
September 22.8 0.069 ± 0.022 0.130 0.006 22.2 0.154 ± 0.06 0.315 0.010 21.2 0.031 ± 0.007 0.052 0.007
October 26.4 0.055 ± 0.022 0.130 0.010 26.5 0.081 ± 0.051 0.306 0.005 24.2 0.026 ± 0.008 0.045 0.005

Year 122.9 0.061 ± 0.026 0.132 0.001 132.8 0.125 ± 0.069 0.315 0.001 118.1 0.028 ± 0.009 0.052 0.001

The daily average dew intensity was 0.125 ± 0.069 mm, with the highest accumu-
lation of 0.315 mm in Fujin, which was higher than that in Lishu (0.061 ± 0.026 mm)
and Changchun (0.028 ± 0.009 mm) (Table 2). The factors that affect dew formation are
complicated, as dew is influenced mainly by regional factors (altitude, slope, aspect, etc.),
meteorological factors (RH, wind speed, temperature, etc.), and underlying surfaces (plants,
bare soil, hardened ground, etc.) [35]. The three monitoring sites were all located in the
Northeast Plain of China and had a temperate continental monsoon climate. The different
local meteorological factors were essential factors that dominated the difference in dew
intensity. As shown in Table 3, correlation analysis between the dew intensity and nocturnal
meteorological data showed that the dew intensity in Lishu was positively correlated with
RH, dew point temperature (Td), and air temperature (Ta) (n = 2091, p < 0.01) and negatively
correlated with wind speed (V) and cloud cover (n = 2091, p < 0.01). The dew intensity
in Fujin was positively correlated with RH, Td, and Ta (n = 2256, p < 0.01) and negatively
correlated with V (n = 2256, p < 0.01). The dew intensity in Changchun was positively
correlated with RH and Td (n = 2006, p < 0.01) and negatively correlated with V (n = 2006,
p < 0.01). In Fujin, Lishu and Changchun, RH and V were the most important factors
affecting dew condensation. The maximum dew intensity occurred in July and August in
all three studied ecosystems (Table 2). Abundant rainfall in July and August enriched the
atmosphere with moisture, and the higher dew intensity could be explained by the higher
RH. The Td increased accordingly with RH. Wetlands are characterized by higher RH [25],
the average RH (75.41%) of Fujin was significantly higher than that of Lishu (70.75%) and
Changchun (61.55%) during the experimental period, and the dew intensity was higher
in the wetland than in the farmland and urban areas (p < 0.01). Dew rarely forms during
calm nights with wind speeds near 0 m/s, and breezy conditions are more favorable for
the formation of dew. Light winds are conducive to heat emission, and the near-surface
temperature quickly reaches Td. However, a high wind speed limits dew accumulation.
Tuure et al. found that wind speeds under 2.4 m/s were good for dew formation [36].
Zhuang and Zhao also reported that wind speeds under 4.27 m/s were conducive to dew
formation [9]. In this study, the dew formation threshold of RH was 42%, 47% and 45% in
Lishu, Fujin and Changchun, respectively. The maximum wind speeds during dew nights
were 5.0 m/s, 5.6 m/s and 6.0 m/s in Lishu, Fujin and Changchun, respectively.

Table 3. Correlation coefficients between the dew intensity and meteorological factors in Lishu, Fujin
and Changchun.

Ta RH V Cloud Cover Td

Lishu 0.800 ** 0.813 ** −0.476 ** −0.101 ** 0.453 **
Fujin 0.382 ** 0.916 ** −0.490 ** 0.019 0.617 **

Changchun 0.005 0.945 ** −0.620 ** −0.012 0.694 **

Notes: ** Correlation is significant at the 0.01 level (2 tailed).

The meteorological factors that determined the dew amount were found to be RH,
Td, V, cloud cover, Ta, net radiation, soil heat flux, etc. In this study, the meteorological
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factors related to our study area were selected for comparison with other reported sites. As
shown in Table 4, the factors affecting dew condensation vary from place to place, while
RH appears to be the main factor influencing dew condensation. Dew condensation is
closely related to water vapor in the atmosphere, and dew intensity is positively related to
RH nearly everywhere. Dew intensity is negatively correlated with wind speed in most
areas, while dew intensity is not related to wind speed in some places. For example, in
Kenya, the wind speed was low and mainly concentrated in the threshold range of dew
formation. Dew is insensitive to changes in wind speed [37]. In some dry desert areas, wind
can effectively supply water vapor to the near surface and increase the dew amount. This
leads to dew being positively correlated with wind speed [18]. Dew intensity increased
with increasing Ta in places where rain and heat occurred in the same period. In some
arid regions, such as the Gurbantunggut Desert, rain is rare [38]. The temperature is low
at night, and water vapor is prone to condense when the temperature difference between
day and night is large, so the dew intensity is negatively correlated with Ta. In general,
cloudy weather does not promote the easy loss of surface heat and is unfavorable to dew
formation. However, low cloud cover is always accompanied by blustery weather in some
areas, such as Fujin and Changchun. Cloud cover was not an important factor affecting
dew formation in these areas.

Table 4. Meteorological factors affecting dew intensity at reported sites.

References Study Sites Ta (◦C) RH (%) Td (◦C) V (m/s) Cloud Cover

[36] Kenya NA + NA × NA
[38] Gurban tunggut Desert, China − + NA − −
[13] Jalisco, Mexico + NA NA × NA
[11] Shaanxi, China × + NA × NA
[21] Gansu, China × + NA − NA
[22] Taihu, China NA + NA − NA
[6] Jilin, China NA + NA − NA
[9] Badain Jaran Desert, China + + × − NA

[26] Madagascar, Germany − + + − NA
[39] − − + NA − −
[18] Taklimakan Desert, Chian + NA NA + NA
[14] Zadar, Croatia NA + NA − −
[15] Guangzhou, China × + NA × NA
[37] Ajaccio, France NA + NA − −

This study
Changchun, China + + + − ×

Lishu, China + + + − −
Fujin, China × + + − ×

Notes: “NA” stands for not mentioned; “+” stands for positive correlation; “−” stands for negative correlation;
“×” stands for uncorrelated.

As shown in Figure 2, the daily dew intensity in most areas can reach 0.1–0.2 mm,
with the exception of Mizhi (0.75 mm), Gucheng (0.75 mm), and Momoge (0.27 mm)
in China. The dew intensity in urban ecosystems was concentrated between 0.022 mm
(Guangzhou, China) and 0.13 mm (Pozan, Poland), which was slightly lower than that
in other ecosystems. As a result of the population density, intense transportation activity
and surface hardening in urban areas, the temperature was higher in those areas than
in suburban and rural areas. Akinbode et al. found that the urban heat island intensity
(UHI) spanned between 0.5 and 2.5 ◦C in southwest Nigeria [40]. Urban heat island effects
and atmospheric pollution in urban environments lead to less dew formation [15,16,24,41].
The dew intensity of urban ecosystems in China is significantly lower than that in Mirleft,
Morocco (0.11 mm), Paris, France (0.055 mm), and Vancouver, Canada (0.07 mm). This is
mainly due to the higher population density and degree of surface hardening in Chinese
cities. It exacerbated the urban heat island effect.
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Figure 2. Daily dew intensity (mm) at other reported sites. 1. [42] (Poznan, Poland); 2. [43] (Mir-
left, Morocco); 3. [15] (Paris, France); 4. [41] (Vancouver, Canada); 5. [24] (Guangzhou, China);
6. [42] (Wielkopolski National Park, Poland); 7. [44] (Wrocław, Poland); 8. [11] (Gaoling, China);
9. [45] (Mizhi, China); 10. [12] (Luancheng, China); 11. [46] (Gucheng, China); 12. [9] (Badain Jaran
Desert, China); 13. [37] (Gurban Tunggut Desert, China); 14. [10] (Tengger Desert, China); 15. [47]
(Polynesia, France); 16. [48] (Zadar, Croatia); 17. [6] (Momoge, China); 18. [13] (Jalisco, Mexico);
19. [18] (Taklimakan Desert, China); 20. [49] (Mu Us, China); 21. [50] (Hopq, China); 22. [21] (Gurban
tunggut Desert, China); 23. [51] (Gaolan, China); 24. [52] (Tabernas, Spain); 25. [33] (Maktau, Kenya);
26. This study (Lishu); 27. This study (Changchun); 28. This study (Fujin).

3.2. Dew Amount

The annual dew amount ranged from 29.09 to 42.17 mm, with a mean of 34.46± 3.54 mm,
in Lishu from 2005 to 2021. The annual dew amount in Fujin was higher than that in
Lishu and ranged between 33.99 and 56.89 mm, with a mean of 44.09 ± 7.51 mm. Dew
contributed 17.69 to 33.27 mm (mean of 25.32 ± 3.29 mm) to the annual water amount
in Changchun. The annual dew amount in Lishu, Fujin and Changchun accounted for
7.92 ± 2.76%, 14.98 ± 5.93% and 6.71± 2.66% of the rainfall in the same period, respectively.
Dew is an important water input and can not be ignored. The maximum monthly dew
amount occurred in September in Lishu and in August in Fujin and Changchun (Figure 3).
The dew amount is closely related to the daily dew intensity, and LAI is also an important
factor affecting the dew amount (Equation (2)). Using Lishu as an example, the dew
intensity was highest in August (0.080 ± 0.021 mm) (Table 2), while the LAI of maize
reached a maximum in September (3.97 ± 0.19 cm2/cm2). In terms of values, the LAI was
two orders of magnitude higher than the dew intensity. Therefore, the variation trend of
the monthly dew amount was basically consistent with that of the LAI (Figure 3).

The annual dew amount was obviously affected by the climate type. The three
monitoring sites were all located in subhumid areas, and the annual dew amount was
greater than that in arid areas such as Kenya (18.9–25.3 mm) [36], the Gurban Tunggut
Desert (12.21 mm) [37], the Badian Jaran Desert (16.1 mm) [9], and the Tengger Desert
(15.3 mm) [10]. For the same ecosystem type, climate is also an important factor affecting the
annual dew amount. Using farmland ecosystems as an example, the annual dew amount
in our study was 34.46 ± 3.54 mm in Lishu, which was higher than those in the farmland
located in the plateau monsoon transition zone in Gansu (25.9 mm) [21], the arid artificial
oasis cropland in Zhangye (9.9 mm) [12], and the semiarid loess in Shaanxi (32.8 mm) [11].
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Figure 3. The monthly dew amount, rainfall and LAI in Lishu, Fujin and Changchun in the growing
seasons from 2005 to 2021.

3.3. Effect of Climate Change on Dew Amount

In this section, we use Changchun as an example. Human activities, especially urban-
ization and industrialization, have had an important impact on climate change. In the past
65 years, the meteorological factors during the dew condensation period in Changchun
have changed significantly, and the area is mainly experiencing warming and drying cli-
mate change processes (Figure 4). Since the 1990s, with increased urban development,
vegetation surfaces have been replaced by asphalt and other hardened underlying surfaces.
Motor vehicles and industrial production in cities emit large amounts of greenhouse gases,
which also play an important role in temperature increases [27,53]. Figure 4a shows that
the average temperature during the dew condensation period in Changchun fluctuated
but increased gradually at a rate of 0.27 ◦C/10a (p < 0.01). The nocturnal temperature
rise in the growing season was lower than the average temperature rise of 0.35 ◦C/10a in
Northeast China in the past 50 years [28,32]. The interannual variation trend of rainfall
showed a nonsignificant but increasing trend overall, and the rainfall tendency rate was
15 mm/10a (p > 0.05) (Figure 4d). The period of 1995–2015 experienced less rainfall, and the
2016–2021 period experienced more concentrated rainfall. The increasing trend of rainfall
was not significant, but the temperature gradually increased, leading to a decreasing trend
of RH, with a rate of −0.58%/10a (p < 0.05) (Figure 4b), especially during 1999–2009. The
average wind speed near the surface showed an overall downward trend, with a rate
of −0.16 m/(s·10a) (p < 0.01) (Figure 4c). The nocturnal average wind speed showed a
climatic jump from strong to weak around 1983, and the average wind speed significantly
weakened after 1984. The change in wind speed in the study area was negatively correlated
with the change in air temperature. The wind speed was stronger in the cold period than in
the warm period.
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Figure 4. Accumulative departure of meteorological factors ((a) Temperature; (b) RH%; (c) wind
speed; (d) rainfall) and dew amount (e) during the dew condensation period in Changchun from
1957 to 2021.

To explore the effect of climate change on dew condensation, 1764 sets of dew intensity
monitoring data from 2005 to 2019 were selected to build a stepwise multiple linear regres-
sion model (Formula (3)), and 242 sets of dew intensity monitoring data from 2020 and
2021 were used to verify the model. The process of model establishment and verification
are shown in the Appendices A and B. Dew formation was largely dependent on nocturnal
RH and V.

I = (6 + 0.429RH − 2V) × 10−3 (R2 = 0.928) (3)

According to continuous observations from 2005 to 2021, the variation trend of the
LAI in each growth stage of Syringa in Changchun was not significant. Assuming that
the LAI of Syringa in Changchun from May to October remained unchanged, the change
rate of the annual dew amount simulated by the model (Equation (3)) was −0.40 mm/10a
(p < 0.05) (Figure 4e). With the decrease in nocturnal RH, the dew amount showed a
downward trend, while dew condensation was negatively correlated with the V (Table 3).
With climate change, the wind speed in Northeast China showed a downward trend, which
made nighttime water vapor condensation easier. This trend was well reflected by the
temporal variation series and the linear fitting line of the accumulative departure of the
dew amount. Using 2017 as an example, the RH was the lowest (anomaly: −11.84%) and
the wind speed was the highest (anomaly: 1.02 m/s) from 1957 to 2021. The annual dew
amount in 2017 decreased significantly to only 17.69 mm (anomaly: −8.48 mm). This
dew decline phenomenon was also reported in other areas due to climate change. During
1966–2005, the annual RH increased by 0.28–1.3%/10a, while the annual Td increased
by 0.15–0.29 ◦C/10a in the coastal area of Iran, showing an obvious trend of warming
and drying [54]. Atashi et al. found that the dew intensity during 2001–2014 was lower
than the overall mean during the past 40 years as a result of climate change in Iran [20].
Tomaszkiewicz et al. forecasted trends under future climatic scenarios and showed a 27%
decline in the dew amount during the critical summer months in 2080 in the Mediterranean
region [55]. Compared with other parts of the world, climate change has a weak impact
on the annual dew amount in Changchun. This is because the climate characteristics in
Changchun are suitable for dew condensation. Although the warming and drying trend is
obvious, the wind speed shows a declining trend, which is conducive to dew condensation.
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4. Conclusions

The average number of dew days in Lishu, Fujin and Changchun were 122.9, 132.8
and 118.1, respectively, during the plant growth period (May–October) in Northeast China
from 2005 to 2021. The highest daily dew intensity was in Fujin and ranged from 0.001
to 0.315 mm, with an average of 0.125 ± 0.069 mm. The average daily dew intensities
in Lishu and Changchun were 0.061 ± 0.026 mm and 0.028 ± 0.009 mm, respectively.
Dew most frequently condensed in September and October, and the daily dew intensity
was highest in July and August. The average annual dew amounts on corn (Zea mays)
(Lishu), Carex lasiocarpa (Fujin) and Syringa (Changchun) areas were 34.46 ± 3.54 mm,
44.09 ± 7.51 mm, and 25.32 ± 3.29 mm, respectively, and accounted for 7.92 ± 2.76%,
14.98 ± 5.93% and 6.71 ± 2.66% of the rainfall in the same period. Dew was an important
input of water resources in the farmland, wetland and urban ecosystems. RH and V
were the main factors influencing dew formation. In the past 64 years (1957–2021) in
Northeast China, the trend rates of the average temperature, RH and V at 1 m from the
surface during the dew condensation period were 0.27 ◦C/10a (p < 0.01), −0.58%/10a
(p < 0.05), and −0.16 m/(s·10a) (p < 0.01), respectively. The overall trend was “warm and
dry”, and the wind speed declined. With the decrease in the nocturnal RH in the study
area, the dew amount showed a downward trend, while the dew intensity was negatively
correlated with the wind speed. With climate change, the wind speed in Northeast China
also showed a downward trend, which more easily condensed the water vapor at night.
Considering the RH and wind speed, the change rate of the annual dew amount was
−0.40 mm/10a (p < 0.05) in Changchun, and the decreasing trend was not obvious. Due to
the lack of historical meteorological data in other regions, a model to evaluate the impact of
climate change on dew in China cannot be constructed. Moreover, dew is easily absorbed
by plants. The effect of dew on plant growth and its ecological significance in various
ecosystems need further study.
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Appendix A. Model Establishment

As shown in Table A1, the number of meteorological factors included in Model 1 to
Model 4 gradually increased, and the correlation coefficient (R) between dew intensity
and meteorological factors increased from Model 1 to Model 4. The better the fit of the
regression equation, the closer the coefficient of determination (R2) to 1. Model 1 contained
only the RH variable, and the R2 was 0.850, which explained 85.0% of the dependent
variable (dew intensity) value. Models 2 and 3 contained the variables of RH, V, and Td,
which explained 92.8% of the dependent variable value. Model 4 contained variables of
RH, V, Td and Ta, which explained 93.7% of the dependent variable changes. Therefore,
Models 2, 3 and 4 showed a better prediction ability for dew intensity in urban areas.
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Table A1. Model Summary e.

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.922 a 0.850 0.850 0.004
2 0.963 b 0.928 0.928 0.002
3 0.963 c 0.928 0.928 0.002
4 0.968 d 0.937 0.937 0.002

Notes:. a Predictors: (Constant), RH. b Predictors: (Constant), RH, V. c Predictors: (Constant), RH, V, Td.
d

Predictors: (Constant), RH, V, Td, Ta. e Dependent Variable: dew intensity.

Table A2 shows the coefficients of each model in the process of regression calculation.
The p values of each coefficient in Models 1–4 were all less than 0.01, which is statistically
significant. However, in Model 4, the tolerance of RH, Td, and Ta was 0.060, 0.021 and 0.037,
respectively. These values were close to 0. Meanwhile, the variance inflation factor (VIF)
values of RH, Td, and Ta were 16.686, 47.349 and 27.089, respectively. These values were
considered high. This shows the possibility of collinearity between the factors. Compared
with Models 2 and 3, Model 2 had fewer variables and a lower possibility of collinearity.
In conclusion, Model 2 was chosen, and the best equation to predict the dew intensity in
urban areas is as Equation (3).

Table A2. Coefficients a.

Model
Unstandardized Coefficients Standardized

Coefficients t Sig. Collinearity Statistics

B Std. Error Beta Tolerance VIF

1
(Constant) −0.003 0.000 −9.334 0.000

RH 4.943 × 10−4 0.000 0.922 99.782 0.000 1.000 1.000

2
(Constant) 0.006 0.000 20.541 0.000

RH 4.294 × 10−4 0.000 0.801 114.888 0.000 0.842 1.187
V −0.002 0.000 −0.305 −43.739 0.000 0.842 1.187

3

(Constant) 0.007 0.000 19.132 0.000
RH 4.226 × 10−4 0.000 0.788 83.202 0.000 0.455 2.195
V −0.002 0.000 −0.308 −43.181 0.000 0.804 1.244
Td 1.843 × 10−4 0.000 0.017 1.988 0.002 0.533 1.875

4

(Constant) 0.023 0.001 20.854 0.000
RH 2.311 × 10−4 0.000 0.431 17.613 0.000 0.060 16.686
V −0.002 0.000 −0.295 −43.898 0.000 0.792 1.262
Td 0.001 0.000 0.650 15.769 0.000 0.021 47.349
T −6.352 × 10−4 0.000 −0.488 −15.660 0.000 0.037 27.089

Note: a Dependent variable: dew intensity.

Appendix B. Model Verification

Appendix B.1. P–P Plots

The most intuitive and simplest way to verify a model is to normalize the P–P plots
of the regression standardized residual (P–P plots), which is used to determine whether
the distribution of a variable is consistent with a specified distribution. In assessing how
the residual (curve) of the observed data is distributed around an assumed line (normal
distribution), if the two distributions are essentially the same, the points in the P–P plots
should be plotted on a 45◦ line. As shown in Figure A1, the points in the P–P plots basically
surrounded both sides of the diagonal, indicating that the residual error of the simulated
data of this model was normally distributed.
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Figure A1. Normal P–P plots of the regression standardized residual.

Appendix B.2. Simulated and Measured Values

A total of 242 sets of data from 2020 and 2021 were used to verify the relationship
between the simulated values and measured values. The simulated and measured values of
the daily dew intensity are shown in Figure A2. The values of the simulated and measured
values were basically consistent. To further verify the relationship between the simulated
and measured values of the model, an independent-samples test was conducted (Table A3).
There was no significant difference between the mean values of the two groups (n = 242,
p > 0.05), indicating that the simulated values and the measured values came from the same
sample population. It can be concluded that the model can well express the relationship
between the meteorological factors and dew intensity.

Figure A2. Relationship between measured and simulated dew intensity in 2020 and 2021.

Table A3. Independent-Samples Test.

Levene’s Test for
Equality of Variances t-Test for Equality of Means

F Sig. t df Sig. (2 Tailed) Mean
Difference

Std. Error
Difference

95% Confidence Interval
of the Difference

Lower Upper

Equal variances
assumed 0.140 0.708 0.464 482 0.643 0.0001 0.001 −0.001 0.002

Equal variances not
assumed 0.464 481.534 0.643 0.0001 0.001 −0.001 0.002
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