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Abstract: Haze-to-fog transformation during a long lasting, low visibility episode was examined using the 
observations from a comprehensive field campaign conducted in Nanjing, China during 4-9 December 2013. 
In this episode, haze was transformed into fog and the fog lasted for dozens of hours. The impacts of 
meteorological factors such as wind, temperature (T) and relative humidity (RH) on haze, transition and fog 
during this episode were investigated. Results revealed significant differences between haze and fog days, 
due to their different formation mechanisms. Comparison was made for boundary-layer conditions during 
hazy days, haze-to-fog days and  foggy days. Distributions of wind speed and wind direction as well as 
synoptic weather conditions around Nanjing had determinative impacts on the occurrences and 
characteristics of haze and fog. Weakened southerly wind in southern Nanjing resulted in high concentration 
of pollutants, and haze events occurred frequently during the study period. The wind speed was less than 1 
m s-1 in the haze event, which resulted in a stable atmospheric condition and weak dispersion of the 
pollutants. The height of the temperature inversion was about 400 m during the period. The inversion 
intensity was weak and the temperature-difference was 4°C km-1 or less in haze, while the inversion was 
stronger, and temperature-difference was about 6°C km-1, approaching the inversion layer intensity in the 
fog event. Haze event is strongly influenced by ambient RH. RH values increased, which resulted in haze 
days evidently increased, suggesting that an increasing fraction of haze events be caused by hygroscopic 
growth of aerosols, rather than simply by high aerosol loading. When RH was above 90%, haze aerosols 
started to be transformed from haze to fog. This study calls for more efforts to control emissions to prevent 
haze events in the region. 
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1  INTRODUCTION  

Low visibility caused by fog or severe haze can 
be a heavy burden for air transport and road traffic. 
Pollutant particle concentrations during haze or fog 
events can be several times, or even a dozen times, 
higher than those during normal weathers, and 
pollutant particles in the air threaten the health of 
humans and other living things in many regions in the 
world (Jacqueline et al. [1]; Poschl [2]). Due to fast 
development in China in recent years, China's 
regional haze in urban areas has increased 
significantly, while there is a decreasing trend of 
foggy days in China (Tie et al.[3]; Fu et al.[4]). The 
Yangtze River Delta (YRD) has suffered from severe 

pollutions caused by high concentrations of aerosol 
particles resulted from emissions from fossil fuel and 
biomass burning, transportation and other combustion 
sources (Chen et al.[5]). Concentrations of aerosol 
particles greatly exceeded the recently revised 
ambient air quality standard of China for PM2.5 and 
were at least 10 times those measured in eastern US. 
The main cause of haze is atmospheric aerosol 
particles, and fog could decrease PM2.5 and PM10 near 
the ground (Fan et al.[6]). Aerosols in the environment 
are decided by particle size, shape and chemical 
composition (Okada et al.[7]). Atmospheric fine 
particulates play a major role in air pollution (He et 
al.[8]). 

The formation of haze is closely linked to 
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meteorological and atmospheric conditions (Lai and 
Sequeira[9]; Li et al.[10]). Atmospheric haze is mainly 
gathered in the boundary layer, so wind, temperature 
and humidity below 850 hPa are the most important 
factors. When there is an inversion layer in the lower 
troposphere, the atmosphere is in a stable state, which 
would limit vertical dispersion of pollutants (Pilie et 
al.[11]; Roach et al.[12]). Annual variation of haze days 
is mainly related to aerosol pollution condition and to 
changes of surrounding environment. Calm condition 
in winter is optimal for haze to occur. High-pressure 
system is the main synoptic system in which haze can 
occur (Wang et al.[13]). The main reason is that 
atmospheric stratification is stable and the inversion 
layer is much thicker in winter; as a result, pollutants 
are much easier to gather. In contrast, in weather 
systems of cyclone and easterly belt, haze days occur 
rarely. 

Six Chinese megacities suffered from 
continuously decreasing visibility in the past 30 years 
(Chang et al.[14]). The visibility trend could be 
attributed to the increase in sulfur dioxide emission or 
aerosol concentration; however, no causality could be 
established so far. Many in-situ measurements have 
already been carried out to study haze and fog under 
different relative humidity (RH). Results showed that 
low visibility events under low RH condition were 
mostly induced by heavy aerosol loading, while those 
under high RH condition were due to the influence of 
aerosol hygroscopic growth becoming stronger, which 
could lead to low visibility events even under 
moderate aerosol pollutants. An important source of 
aerosol particles is local emission (Chan and Yao[15]). 
Some authors analyzed the highest level of 
atmospheric environment pollutants in winter resulted 
from vehicle exhaust and coal/coke emissions, and 
concluded equally important contributions of local 
emission and regional transport in North China, under 
the meteorological conditions of low temperature, low 
RH, weak radiation, and low boundary-layer height 
(Chen et al.[16]; Chen et al.[17]; Dai et al.[18]). 

Existing results about the effect of haze aerosols 
on fog are not consistent. Some studies showed that 
the increase of haze aerosols could strengthen fog 
formation and development (Jia and Guo[19]), and 
others showed that the radiation effect induced by 
haze aerosols could lead to reduction of fog 
occurrence in frequency (Gautam et al.[20]). In recent 
years, fog and haze events occurred frequently in the 
YRD region of China; however, the transition of haze 
to fog is not well understood. In this study, we 
analyzed haze-to-fog transformation during a long 
lasting, low visibility episode in Nanjing and 
characteristics of boundary layer using in-situ 
measurements of macro- and micro-physics on 
haze-to-fog days in winter 2013. The goal of this 
study is to analyze haze-to-fog transformation 

mechanism in order to provide more scientific 
evidence for identification and prediction of haze and 
fog events. The paper is organized as follows. Section 
2 describes the in-situ fog and haze measurements, 
introducing the observation period, site and data. In 
section 3.1, general information on haze to fog events 
is described. Sections 3.2 to 3.4 address the 
meteorological elements of wind, temperature and RH 
in one haze-to-fog event. Aerosols and cloud 
concentration number (CCN) concentration during 
haze-to-fog transition are analyzed in section 3.5. 
Summary and conclusion are given in section 4. 

2  DATA AND METHODS 

2.1  Data and site information 

The YRD had been undergoing rapid 
development during the last three decades. Nanjing is 
a megacity in the YRD with high population density 
and a well-developed economy. Urbanization has 
brought great stress to local environment and 
haze-related disasters happened frequently. The field 
study focusing on physics characteristics in fog and 
haze was carried out in Dec. 2013. The sampling site 
was located at (118.7°E, 32.2°N; 22 m above the sea 
level) in NUIST (Nanjing University of Information 
and Science Technology), which is north of the 
Yangtze River and surrounded by various pollution 
sources, such as petrochemical factories, a steel plant, 
a thermal power station, a nitrogenous fertilizer plant, 
and highways (Lu et al.[21]). 

2.2  Instruments 

The measurements collected during the field 
experiment include visibility, boundary-layer profiles 
and CCN number concentration, among others. 
Visibility and real-time weather were automatically 
measured and recorded every 30s with a VPF-730 
Automated Present Weather Observing System (Biral, 
Bristol, UK). The instrument has an optical 
transmitter, a forward scatter receiver and a 
back-scatter receiver, which record fog density, 
precipitation identity, rain rate, and snowfall rate. The 
visual range of the instrument is from 10 m to 75km. 
The relative error of the instrument is ±10% for 
visibility less than 16km, and ±20% for visibility 
between 16 and 30km. 

Detection of boundary layer was done using 
TP/WVP-3000 microwave radiometer (Radiometrics, 
USA), which detects temperature and liquid 
water-vapor profiles from the earth's surface to 10km. 
It has five oxygen channels and seven water-vapor 
channel. TP/WVP-3000 recorded data every minute. 
Brightness temperature range is 0-400K. Surface 
temperature detection and relative humidity precisions 
are 2%. 
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The ability of Model 3321 Aerodynamic Particle 
Sizer Spectrometer (APS) to make accurate 
mass-weighted size distribution measurementwas 
evaluated. Sampling frequency was 1 min, and 
measurement particle scales were 0.37-20μm. As a 
result, the APS 3321 system detected particles that 
were less than 0.3μm in aerodynamic diameter using 
the lowest size bin. 

A continuous-flow dual CCN counter (CCN-200) 

manufactured by Droplet Measuremetn Technologies 
(DMT, USA) was utilized to measure CCN 
concentrations at different supersaturation values 
(Roberts and Nenes[22]; Lance et al.[23]). Five 
supersaturation values (nominally 0.1, 0.2, 0.4, 0.8, 
and 1.0%) made up a cycle of half an hour, taking 10 
min for 0.1% and 5 min for the other supersaturation 
values. Cloud room total airflow rate was 500 cm3 

min-1, ratio of best sheath flow and sampling airflow 
rate was 10:1, sampling frequency was 1 Hz, and 
measurement particle scales were 0.75-10.00 μm (Li 
et al.[24]). 

Surface meteorological conditions and synoptic 
weather data were obtained from the China 
Meteorological Administration’s comprehensive 
observation network. Water-vapor divergence was 
obtained using the Final Analysis Data (FNL) from 
the National Centers for Environmental Prediction 
(NCEP) of the US. 

3  RESULTS 

3.1  General information on haze to fog 
transformation 

Atmospheric conditions may be classified into 

three regimes according to visibility: clear sky, fog 
and haze. Classification is usually done based on 
absolute values of visibility range (Tardif and 
Rasmussen[25]). Clear-shy regime is defined arbitrarily 
for visibility better than 5 000 m, in contrast to hazy 
and foggy conditions when visibility can reach 
dramatically lower values. The international definition 
of fog is an observed horizontal visibility below 1 km 
in the presence of suspended water droplets and/or ice 
crystals (National Oceanic and Atmospheric 
Administration, 1995). Haze regime occurs as a 
transition between clear-sky and fog regimes, and 
visibility is highly variable in haze regime. Haze 
regime is defined as visibility lower than 5 000 m 
until fog occurs (Elias et al.[26]). Haze transition phase 
is defined by the start of an aerosol activation process. 
Computation for haze is done for visibility lower than 
2 000 m, as droplets appear at visibility between 1 400 
and 2 000 m. The visibility values of 400 and 880 m 
characterize the transition phase between fog and haze 
regimes, which is consistent with the 500-1 000 m 
visibility interval corrected. In our study, we use RH 
and visibility (Vis) to define fog and haze (Fig. 1): it 
is fog if Vis <1 km and RH≥90%; it is haze, if Vis<5 
km and RH<80%; it is the transition phase, if Vis<1 
km and 80%<RH<90%; and it is clear-sky regime if 
visibility value is better than 5 000 m. The haze-to-fog 
transition during our survey can be roughly divided 
into four stages (Table 1): haze stage (2340 LST 
(LST=UTC+8h) 3 December to 1047 LST 4 
December), haze-to-fog stage (2321 LST 4 December 
to 1026 LST 5 December), fog stage I (2344 LST 5 
December to 0820 LST 6 December), and fog stage II 
(2125 LST 6 December to 0932 LST 9 December).

 
Figure 1. Temporal variations of (a) visibility , (b) RH and (c)temperature. Black line is RH=90%, and gray line is RH=80%.
 

3.2  Impact of surface wind on haze-to-fog 
transformation 

Wind speed and boundary-layer stratification 
provide the weather background for haze or fog 
events. At surface, the weak pressure system 
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controlled most areas of central and eastern China, 
and the dominant flows were from the southwest and 
west, with wind speed less than 3 m s-1, which could 
result in a haze-fog episode (Yang et al.[27]). Early 
studied formation and evolution mechanisms of haze 
events in Beijing and found the primary reasons were 
stable anti-cyclonic circulation at surface, lowering of 
planetary boundary-layer height (Deng et al.[28]). 
Wang et al found that the cold air belonged to the 
horizontal through turning to longitudinal style, the 
ground was controlled by the pre-high anticyclone 
and the ground front zone had been pressed to the 
Jiangnan region[14]. Zhang et al showed that the East 
Asian winter monsoon was weak in January 2013, an 
abnormally high pressure center occurred at 42.5°N, 
120.0°E，and the cold air of post through was difficult 
to invade eastern China as a result [29]. Fig. 2 is the 
weather pattern over eastern China from 0800 LST 4 

December to 0932 LST 9 December 2013. At high 
altitude, a trough in the north moved eastward on 3 
December, and moved away from Jiangsu Province at 
2000 LST 4 December. On 5 December, the East 
Asian major trough moved eastward, while the 
mid-latitude geopotential height field appeared to be 
zonally oriented. Until 2000 LST 8 December, an 
upper-layer trough combined with the mid-lower layer 
cold air shear moved eastward, bringing cold air 
southward near the surface, which impacted the 
weather in Nanjing. According to the surface 
observation, the northwesterly prevailed in Nanjing 
on 3 December, since the city was in front of a weak 
high-pressure system that was centered in North 
China. On 4 December, the weak cold air moved 
southward and caused pressure gradient to decrease. 
Nanjing was under the control of homogeneous 
pressure, and the wind speed was reduced. Severe 
cold air intruded southward since the night of 8 
December, which caused pressure gradient to increase, 
and wind speed increased to 6-8 m s-1. The visibility 
obviously improved at 1700 LST 9 December, and the 
large-scale haze-to-fog episode came to an end. 

Wind direction can influence the transport of 
pollutants, while wind speed greatly influences 
atmospheric dispersion capability. Low wind speed in 
the horizontal direction implies that the atmosphere is 
rather stable, and that the dispersion of local 
emissions is limited. Air-mass transport can bring in 
pollutants or clean air from distant, influencing local 
concentrations of particles. 

 
 

 
 

 
Figure 2. Average synoptic weather during the haze-to-fog 
process of 4-9 December 2013. (a) Surface wind field; (b) 
geopotential height field at 850 hPa; (c) geopotential height 
field at 500 hPa. 
 

Figure 3 shows the wind speed was less than 1 m 
s-1 in the haze event, which helped to maintain the 
stable boundary layer near the surface. Surface 
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roughness also influences wind speed. Cities with 
densely distributed tall buildings have high surface 
roughness, which slows down near-surface wind. Low 
wind speed indicates that dispersion had been 
weakened over the observation region. In Fig. 3, in 
the northwest to southwest by west (NW-WSW) the 
wind speed (WS) was high before haze transformed to 
fog, and the concentration of aerosol and CCN 
showed a relatively high level. According to 
HYSPLIT back trajectories and fire hot spots for the 
haze-fog periods during the observation. Zhang 
Xiangzhi, the deputy director of Testing center of 
Department of Environmental Protection, said “The 
concentrations of potassium ion and black carbon in 
the air were increased. These two compositions were 
0.5 times higher than normal. This is caused by straw 
burning! These kinds of particles mainly came from 
the north of Jiangsu province.” The winds from these 
directions brought in pollutants from straw 
combustion; so, we could conclude the polluted air 
masses from western areas contributed to the 

accumulation of particles in Nanjing (Fig.4). When 
the wind speed slowed down, the haze began to 
transform into fog. Local emission accompanied by 
regional transport from west was responsible for the 
particles in haze-to-fog transition. Fig. 5a shows the 
spatial distribution of surface wind direction during 
the haze event. The site was controlled by the 
northeasterly wind, which transported the pollutants 
from the north to the site, while the southwest part of 
the observation site was dominated by wind from the 
northwest in the haze event. An inverse relationship 
between concentration and wind speed suggests the 
predominance of local sources, because strong wind 
sent pollutants out of the study area whereas weak 
wind allowed pollutants to accumulate over time. 
Apart from local emission, regional transport was 
reported as an important cause for particle 
concentration in the atmospheric environment (Peter 
et al.[30]). The weak northerly wind led to the 
accumulation of aerosols and their precursors around 
the site (Xu et al.[31]; Gao et al.[32]).

 
Table 1. Starting time, ending time, duration, means and standard deviations (in parenthesis) of key properties under different 
weather conditions in 2013. 

Regime Time period Time 
duration

Average 
Temp. (℃) 

Average 
RH(%)

Average 
Vis (km)

Accumulatio
n particle 
number 

concentration 
(cm-3) 

Coarse 
particle 
number 

concentration 
(cm-3) 

 Starting time Ending time       

Haze 2013/12/3 
23:40 

2013/12/4 
10:47 11h 5.6 

(2.0) 
73.9 
(4.9) 

0.7 
(0.1) 

348.2-15489.
2 534.4-4634.1

6.6 84.5 0.5 Haze to 
fog 

2013/12/4 
23:21 

2013/12/5 
10:26 11h 

(1.8) (5.1) (0.2) 
274.6-21528.

9 
459.4-85238.

7 

5.833 91.9 0.7 
Fog I 2013/12/5 

23:44 
2013/12/6 

8:20 9h 
(0.5) (5.4) (0.1) 

225.7-11186.
6 125.9-1314.7

5.879 94.3 0.3 
Fog II 2013/12/7 

17:10 
2013/12/9 

9:32 33h 
(1.6) (6.9) (0.2) 

270.7-152459
.8 

153.4-94142.
3 

 
Fog formation requires a favorable weather 

condition, say a saturated water-vapor environment. 
During the haze-to-fog transition, surface wind speed 
was low, the same as in the haze event, which is 
conducive to accumulation of particulate matters and 
their interaction with water vapor. Low surface-wind 
speed also provided the condition for the 
transformation. For wind direction, Fig. 5b shows the 
surface wind all came from the south and converged 
at the site, which transported warm and humid air to 
the site. There was a convergence line near 118°E. To 
the west of the convergence line, the near-surface 
wind was dominated by the southwesterly; to the east 
to the convergence line, the near-surface wind was the 
southeasterly. The southeasterly and southwesterly are 
the most typical carriers for water vapor to reach 
Nanjing. Accumulation of water vapor in the 

convergence zone helped fog formation in this area. 
Wind speed in the fog event was greater than that 

in haze and haze-to-fog transition. When fog was in 
development and mature stages, microphysical 
processes such as condensation and evaporation 
developed well. When the air became saturated, small 
perturbations could cause other physical quantities 
(e.g., water vapor, turbulence, or temperature) to make 
corresponding adjustments to achieve a new 
equilibrium state. In this balanced state, turbulence 
could develop; so, variability of wind speed would be 
larger than in the haze event. 

Figure 5c shows the wind field in the first fog 
event. This fog lasted nine hours. To the north of the 
site, the near-surface wind was the northeasterly; to 
the south of the site, the wind was dominated by the 
northwesterly. Low-pressure rear airflow increased 
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convergence, so water vapor condensed and formed 
fog. The second fog event lasted 60 hours, but not 
continuously. It was dominated by the southerly wind 
(Fig. 5d). Near the observation site, there was the 

convergence zone, and the southeasterly wind brought 
warm and humid air, which provided moisture for the 
fog to persist.

 

 
Figure 3. Temporal variations of wind speed and wind direction. 

 

 
Figure 4. Back trajectory to Nanjing 72h and fire hot spots on YRD during 1-15 December 2013, the interval between two points is 
12h, and the star point is Nanjing. 
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Figure 5. Vapor flux divergence (g/(hPa·cm2·s)) and wind field (m/s) on the ground: (a) 0000 LST 4 December 2013, (b) 0000 LST 
5 December 2013, (c) 0000 LST 6 December 2013, and (d) 0000 LST 8 December 2013. The star is the observation site.

3.3  Impact of temperature on haze-to-fog 
transformation 

There was an inversion layer near the surface 
before the formation of fog (Niu et al.[33]), and the fog 
formed in the inversion layer. After the formation of 
the fog, the inversion layer gradually moved to the top 
of the fog. In the development stage of the fog, 
temperature decreased at the moist adiabatic lapse rate. 
A temperature inversion is a stable stratification and 
will accumulate moisture and energy in the inversion 
layer; so, temperature inversion provides a condition 
for changing size and chemical reaction of particles. 

Figure 6 shows the profiles of temperature during 
the haze-to-fog transformation. The highest surface 
temperature appeared during the haze event, followed 
by that in the haze-to-fog transition, and the lowest 
surface temperature was in the fog event. Low 
temperature is generally favorable for moisture 
condensation, because it will make more particles 
hygroscopic for activation and growth. The 
haze-to-fog transition happened basically in the 
inversion layer. The height of the temperature 
inversion was about 400 m. When there was a 
temperature inversion in haze, the inversion intensity 
was weak and the temperature-difference was 4°C/km 
or less. In the haze event the temperature was higher 
than that during the transition and the fog days at 

surface ， there was less water vapor, aerosol 
condensation was weak, release latent heat was small. 

In the haze-to-fog transition, the intensity of the 
inversion was stronger, and temperature-difference 
was about 6°C km-1, approaching the inversion layer 
intensity in the fog event. During the haze-to-fog 
transition, the thickness of the inversion layer 
increased, the boundary layer was stable and the water 
vapor accumulated at night. 

Fog developed in the inversion layer. The 
intensity of inversion was also the maximum in the 
fog event, though the temperature inversion 
disappeared sometimes in the fog event. This suggests 
that fog event could occur in unstable temperature 
stratification. The two fog events were slightly 
different. In the first fog event, since there was the 
northerly wind, an isothermal layer began to appear 
between 100 and 200 m, and then fog extended to the 
ground at this location. In the second fog event, 
water-vapor transport from the south was one of the 
important factors for transition from haze to fog. 
Temperature at the inversion layer top was 
significantly higher in the fog event than in the haze 
event; this was due to the fact that the fog in the 
development stage released latent heat, inverse 
radiation hindered longwave radiative cooling near 
the surface, and warm advection was also an 
important reason for the inversion at the fog top.



 
Figure 6. Temperature profiles during the haze-to-fog transformation process.

3.4  Impact of RH on haze-to-fog transformation 

Ambient RH can influence haze or fog formation, 
development and dissipation by affecting hygroscopic 
growth of atmospheric aerosols. Under the same 
particle concentration, the higher the RH is, the lower 
the visibility becomes. During the haze event, the 
main features were accumulation of aerosols, low RH 
near the surface and low wind speed. Mixture and 
transition of particles and water vapor usually happen 
under higher humidity than haze event. When the air 
was saturated, haze aerosols could be activated to 
form CCN, and the aerosol particles that were 
continuously accumulated could mix and coexist with 
fog droplets, thereby promoting an explosive 
development of fog event. 

Figure 6 shows the water-vapor divergence in the 
ground layer. During the haze event, the site was in a 
region of water-vapor divergence (negative center), 
suggesting that moisture converged in Nanjing area. 
Particles began hygroscopic growth; but due to high 
concentration of hygroscopic particles and weak 
water-vapor divergence, particles could not grow into 
fog droplets. However, this could serve as preparation 
period of fog, namely, continued moisture 
convergence and water-vapor transport could turn 
haze into fog. Lack of moisture, haze would remain as 
haze; with cold air coming down, haze would 
dissipate. 

During the haze-to-fog transition, although there 
was no obvious moisture convergence near the 
observation site, the dominant wind direction south of 
the site would bring warm and humid air from the 
south, increasing air humidity. Hygroscopic growth 
continued, and the haze could transform into fog. 
Another possible reason was that air pollution had 
become more complex over the years, and secondary 

aerosol hygroscopic was stronger and more inclined to 
moisture absorption and growth leading to reduced 
visibility. This means a higher fraction of haze events 
was caused by hygroscopic growth of aerosols. The 
reduction in primary aerosol emission further 
amplified this effect, and RH also had obvious and 
important effect on the scale, size and number of air 
pollutants. 

3.5  Haze aerosol characteristics and activation 
ratio during the haze-to-fog transformation 

Table 1 shows the minimum values of 
accumulation particle number concentration were 
smaller than coarse-particle number concentration in 
non-fog days, and vice versa. The maximum values of 
accumulation particle number concentration were all 
larger than coarse-particle number concentration, 
except during the transition from haze to fog. The 
coagulation of haze aerosols happened at size below 
0.5μm (Husar and Holloway[34]); in particular, the 
reduction of aerosol particles less than 0.2μm during 
the transition from haze to fog was caused primarily 
by coagulation (Jacqueline[1]). In the haze-to-fog 
transition during which air was saturated, some 
aerosols in accumulation mode could be activated as 
CCN and converted to fog droplets through 
condensation growth. Table 2 shows that temporal 
variations of aerosol number concentration, 
accumulation number concentration, coarse-particle 
number concentration, and CCN concentration. Nccn 
(CCN number concentration) value depended strongly 
on weather systems during the measurement period. 
High Nccn values were observed during periods of 
heavy aerosol pollution. Nccn was found to be as high 
as 38198.4 cm-3 at 0.99% supersaturation. Normally, 
Nccn was about 5929.1 and 9967.9 cm-3 at 
supersaturation of 0.198% and 0.397%, respectively, 
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and more than 30000.0 cm-3 at surpersaturation above 
0.5%. Under different weathers, CCN concentrations 
were different. On the haze-to-fog days, the CCN 

concentration was the highest, followed by that on the 
fog days.

 
Table 2. Statistics of CCN Number Concentration. The Nccn (cm-3) at five supersaturations are presented. The minimum, maximum, 
mean value and the corresponding standard deviation are presented. The last line is the number of samples. 

SS 0.198% 0.397% 0.596% 0.79% 0.99% 
Min 1.6 153.8 4 692.3 5 173.5 5 304.1 
Max 11 770.4 25 546 33 797.4 36 533.3 38 198.4 
Mean 5 929.1 9 967.9 11 387.6 12 187.6 12 262.8 
Std 1 958.9 3 953.1 4 703.2 5 104.4 5 133.4 
N 431 502 503 501 415 

 
In an attempt to analyze activation of aerosols to 

CCN and the conversion of CCN to fog droplets, the 
ratios of activation based on the observed number 
concentration of aerosols and CCN (Ncn (aerosol 
number concentration) and Nccn) are calculated. The 
ratio for aerosol activation to CCN is denoted by 
activation ratio: 

Activation ratio= Nccn/Ncn×100%,   (1) 
Figure 7 shows the activation ratios at 

supersaturation of 0.596%, 0.79% and 0.99%. 
Aerosols with size less than 15μm were too small to 
activate under the three surpersaturation values, while 
particles of 35μm had the activation ratio of 0.9 at all 
three supersaturation values. Most particles of 25μm 
were activated, because small soluble fraction was 
unable to be activated. The activation ratio strongly 
depends on particle size: the activation ratio increases 
with increasing diameter. When RH was above 90%, 
haze aerosols started to be transformed from haze to 
fog. The release of latent heat produced high number 
concentration of haze particles intensified Brownian 

coagulation and caused the size of aerosols to shift 
from smaller size to larger one, and provided 
appropriate sizes of aerosols, which can be effectively 
activated to CCN. Under strong cooling and high 
humid conditions, the explosive activation of CCN 
enhanced the mixture and development of haze to fog. 

Figure 8 shows the temporal variation of aerosol 
size distribution during transition. Corresponding with 
the temporal variation of relative humidity in Fig. 1, 
we could seen the spectrum of aerosol during 00:00 to 
09:00 on December 6. Relative humidity was high, 
and maintained a long time, aerosol particles 
hygroscopic growth, large particle number 
concentration gradually increased, until 08:00 in the 
morning, aerosol particle number concentration could 
reach 13.95 cm-3 μm-1 when aerosol particle diameter 
was greater than 0.5μm. The spectral of aerosol 
particles moved to the large particles step by step. 
This showed that the relative humidity had significant 
effect to aerosol hygroscopic in the process of 
condensation.

 

 
Figure 7. Average activation curves of ambient aerosols. 
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Figure 8. The temporal variation of aerosol size distribution during transition.

4 CONCLUDING REMARKS 

An unusual haze-to-fog transition occurred during 
4-9 December 2013. The low visibility (<1 km) lasted 
five days, which was captured by a field campaign. 
The measurements included visibility, common 
meteorological variables, particle number 
concentration, and planetary boundary-layer structure. 
This paper focused on the major properties of the 
haze-to-fog transition, and the relationship between 
haze and fog. 

Our conclusions are as follows: 
(1) At high altitude, the East Asian trough moved 

eastward and was controlled by mid-latitude 
geo-potential height field that appeared zonally over 
the YRD region. An upper-layer trough and the 
mid-lower layer cold air shear moved eastward, 
causing cold air to intrude southward near the surface. 
According to the surface observations, Nanjing was in 
front of a weak high-pressure system that was 
centered in North China and was controlled by 
homogeneous pressure; as a result, the wind speed 
was reduced. This weather system led to a lower 
surface wind speed and stably stratified atmosphere. 

(2) Wind speed was less than 1 m s-1 in the haze 
event, and the site was under the northerly wind, 
which transported pollutants from the north to the site. 
During the haze-to-fog transition, the surface wind all 
came from the south and converged at the observation 
site, which transported warm and humid air to the site. 
The variability of wind speed during the fog event 
was larger than that during the haze event. 
Low-pressure rear airflow increased convergence of 
water vapor. 

(3) The highest surface temperature appeared in 

the haze event, followed by that in the haze-to-fog 
transition, and the lowest surface 
temperature appeared in the fog event. In the haze 
event, the inversion intensity was weak. In the fog 
event, the inversion intensity was the strongest, but 
the temperature inversion disappeared sometimes 
during the fog event. This suggests that fog event can 
occur under unstable temperature stratification. The 
temperature of the inversion layer top was 
significantly higher in the fog event than in the haze 
event. The development of fog may be explained by 
surface radiation cooling and associated latent-heat 
release. 

(4) The minimum values of accumulation particle 
number concentration were smaller than 
coarse-particle number concentration in non-fog days, 
and vice versa. The maximum values of accumulation 
particle number concentration were all larger than 
coarse-particle number concentration except in the 
transition from haze to fog. Nccn depended strongly 
on weather system during the measurement period. 
When RH was above 90%, haze aerosols started to be 
transformed from haze to fog. The release of latent 
heat caused the size of aerosols to shift from smaller 
size to larger one, and provided appropriate size 
aerosols that can be effectively activated to CCN. 
Under strong cooling and high humidity conditions, 
the explosive activation of CCN enhanced the mixture 
of particles and water vapor, and developed of haze 
and fog. 
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