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Abstract

Fog is important atmospheric phenomena interns of
air quality. Low visibility as imperative fog factor
may result due to high level of aerosol number
concentration in affirmative meteorological condition
and high relative humidity. This work analysis
micro-physical and optical aerosol properties and
meteorological condition of fog and quasi fog event
to improve understanding of micro-physical process
during fog occurrence and the influence of aerosol on
fog formation.

Based on high decrease on visibility on foggy
days(less than 1km) and quasi fog (between 1km and
2 km), we have compared the temporal evolution of
aerosol parameters (mass and number concentration,
extinction and absorption coefficient) for fog and
near fog event. In addition, the analysis of temporal
series of meteorological parameter (temperature,
humidity, wind speed, wind direction) help us to
better understand the micro-physical process which
are the important reason for formation ,removal or
modification of particle and increase of fine aerosol
number concentration during fog event.

An increase in aerosol micro-physical or optical
properties (mass, accumulation number, extinction
coefficient) shows large variation in visibility. This
variability is much higher in case of fog event
compare to near fog. The chemical analysis used to
find the influence of fog on aerosol type
characteristic specially the aerosol acidity. The
cation-to-anion ratio for explain how accumulation
mode are acidity. There is a good correlation between
the Pm2.5 and visibility during fog event with a
correlation coefficient of R=0.84.

1. Introduction

Fog formation and low surface visibility are
important to be predicted due to their influences on
aviation, transport, navigation and traffic. Low
visibility prediction is not easy due to complexity of
formation processes which depends on physical and
chemical properties of aerosol and meteorological
elements. However using the ground based or remote
sensing measurement and models, many studies
(Baumer et al. 2008; Gultepe et al. 2009; Kokkola
2003; Nowak et al. 2008; Stolaki et al. 2009) have
been acquired to understnd the microphysical and
meteorological process and effect of pollution result
in fog formation, but Operational forecasting of fog
in Environmental centers and for numerical weather
prediction is difficult due to complexity of fog and
limited computing resources available for forecasting.
It is necessary to present aerosol emission, related
pollutant and land surface properties in fog situation
for climate simulation models (Oldenborgh et al.
2010). Zhou et al (2010) have used multivariable
diagnostic(lowest level liquid water content, cloud
top, cloud base, wind speed, relative humidity) fog
prediction method which works better than unique
variable method. The application of this
multivariable approach to a multi model mesoscale
prediction system and performance of ensemble base
forecast was statistically superior to single- value.
They can found occurrence of fog but not intensity of
fog.

Using satellite measurement can help us for fog
prediction, The map of fog and low stratus
distribution over Europe based on Satellite data have
been presented by (Cermak et al. 2009). They have
found general pattern of Meteosat second generation
and 26 year ground base measurement of visual
cloud observation are in good agreement.

Large scale atmospheric circulation influences
micrometeorological conditions of formation of
advection and radiation fog at ground level. Large
scale circulation also indirectly could be a reason for



enhancement of aerosols concentration, advection of
pollutant, height of mixed layer and probabilities of
precipitation in favorable meteorological conditions
and high relative humidity(Oldenborgh et al. 2010).
The radiation fogs are influenced by not only local
pollution but also by long range transport. Radiation
fog is formed when pollutant stagnates in the surface
under the anticyclonic condition with calm wind and
the pollutant can settle around fog droplet (Ogawa et
al. 2004).

Gultepe et al (2009) have been shown that interaction
of microphysical, dynamical, radiative process and
surface conditions influence on life cycle of fog. The
large  variability on RH and visibility

parameterization has been observed. Oldenborgh et al.

(2010) have shown contribution of dynamic of
atmosphere depends on topography and season is
about 40%. The fog duration and intensity depends

on meteorological, regional, geographical parameters.

Wang et al (Wang et al. 2010) based on satellite data
and meteorological parameters have found that
distribution of radiation fog depends on types of
surface underneath. Dunkerke (1998) have compared
a deep and shallow fog observations (surface net
radiation, soil heat flux, Liquid water content,
temperature) by a one dimensional average model for
parameterization of vegetation.

Fog frequency influenced by the airborne pollutant
properties (particulate matter PMX, aerosols, sulfure-
dioxide,.... ) in megacities. An analysis of trends in
fog frequency by Shi et al (2008) shows that the
impact of urbanization on fog is different at various
stages of urban development. The number of annual
fog days in most cities studied has increased since the
1960s but decreased after the mid 1980s in large, old
cities. New cities, on the other hand, are
characterized by still increasing fog frequency.
During the last thirty years, average fog duration
increased and visibility decreased at most urban
stations. Based on observations over Europe 1976-
2006 it has been found a decrease in number of fog
and mist days which is spatially and temporally
related in SO, emissions. The correlation is more at
5km visibility, for dense fog the correlation are
significant (Oldenborgh et al. 2010). In foggy days
Diurnal variation of SO, and NO, have inverse
relation with visibility due to formation of secondary
pollutant sulfate and lesser extent nitrate (Mohan;
Paraya 2009). Kokkola et al (2003) reveal the
oxidation of SO, to sulfate has significant effect on
fog droplet gross when hygroscopic trace gases, for
example HNO3 and NH3 are present. Wen et al
(2010) have analyzed the influence of airborn

pollutant and meteorological parameters on visibility
in Taiwan. They have found high visibility is along
with low level of PM10 less than 150 pgm™ with
clear atmosphere. They have found a method of
prediction of airborne pollutant based on visibility.
The decrease of visibility is associated to increase in
the aerosol number concentration of particle less than
300nm (Baumer et al. 2008). Increase in number
concentration of nucleation and accumulation mode
with decrease in nucleation mode radius and increase
in accumulation radius shows hygroscopic and
coagulation growth of particles (Das et al. 2008).
Elias et al (2009) shows that the accumulation mode
have been contributed to extinction in haze condition
100%, clear sky 50% and fog condition 20% =+10.
During fog condition nucleation mode is decreasing
by collision to droplet. The accumulation and droplet
mode are significant on extinction.

Das et al. (2008) show the relationship between
aerosol optical thickness and visibility during fog
days. They have found that the aerosol optical
thickness increase in fog days compare to the
previous day.

In this study we have chose the period of Paris fog
(Jan, Feb, March 2007) in that the aerosol properties
have been measured during fog and quasi fog events.
Based on definition from AMS (American-
meteorological-society 2000)fog is Water droplets
suspended in the atmosphere in the vicinity the
earth's surface that reduce visibility below 1 km (10-
min averaged visibility remains below 1 km during at
least 30 minutes over a 50-min time window). Mist is
suspension in the air consisting of an aggregate of
microscopic water droplets orwet hygroscopic
particles (of diameter not less than 0.5 mm or 0.02
in.), reducing the visibility at the earth's surface to
not less than 1 km. (not used in this study because it
lacks precise upper boundary in visibility) Near fog
are the events in that 10-min averaged visibility
ranges between 1 and 5 km during at least 30 minutes
over a 50-min time window. In Quasi fog events, the
10-min averaged visibility ranges between 1 and 2
km during at least 30 minutes over a 50-min time
window (Haeffelin et al. 2010).

Our objective is to better wunderstand the
microphysical and dynamical processes which have
the most influence on life cycle of fog. We want to
find a key parameter between microphysical and
meteorological elements for fog prediction. In section
2, we present the instruments which have been used
to measure the visibility and microphysical, optical
and meteorological parameters (number and mass
concentration of aerosol and droplet, aerosol optical



thickness, backscattering  coefficient, pollutant
concentration; PM2.5 and PM10). In section 3, we
will discuss the method which have been used to
understand the process before formation of fog ; in
haze regimes which occur as transition between the
clear-sky and fog regimes, visibility is highly
variable in this regime. Haze regime is defined as
visibility smaller than 5000 m, down until fog
occurrence(Elias et al. 2009). We retrieve visibility
using aerosols optical thickness: AOT and
backscattering coefficient for fog and quasi fog
events when the atmosphere is convective and
considering uncertainties in the retrieval and
assumptions on the mixing of the boundary layer. In
section 4, we present the meteorological condition
during fog and quasi fog events. The section 5, first,
present the analysis which have been acquired to find
the key parameters between meteorological,
microphysical properties of aerosol and pollutants
(accumulation  aerosols  number and  mass
concentration, wind component and PM2.5) for
formation of fog. Second the result of the retrieved
visibility using aerosol optical thickness and
ceilometer backscattering coefficient at lowest level
is presented. In section6, the results are resumed.

2. Instrument

We have used the measurement acquired for the Paris
- Fog experiment (Haeffelin et al. 2010) on the Sirta
observatory (48.7°N, 2.2°E) during winter 2006 and
2007. Simultaneous measurements of dynamic,
thermodynamic, radiative, microphysics of aerosols
and fog properties have been monitored. During
several intensive observational period (IOP)
(Haeffelin et al. 2010) measurements have been
acquired as manual-system . We have focused on
period of Jan to march 2007. The instruments used in
our study are presented in tablel. A complete
description of Paris -Fog and instrument can be
found in Haeffelin et al (2010) and Elias et al (2009).
The degreanne visibilimeter working at height of 4m
provide the ground- level \visibility. For the
measurement  of  scattering  coefficient  the
nephelometer TSI 3563 have been used working at
450, 550, 700nm. The counting of aerosol particles
has been measured by TSI smps in range of 0.01 to
0.50 pm diameter. Palas Welas 2000 particle
spectrometer is sampling the particle number and size
in range between 0.39-42 um (aerosol and droplet).

A modified vaisala ceilometer ct 25k 905 nm was
used to profile aerosol backscatter. The backscattered
radiation caused by particles allows aerosol layers,

haze, and cloud base to be identified. In rain and fog,
the ceilometers is only used to measure cloud base.

Table 1 List of instruments deployed during ParisFog, parameters
that can be retrieved from their measurements, instrument range
(vertical range, spectral range, as relevant) and resolution, and type
of operations (RT: routine operations).

T: temperature, RH: relative humidity, WS: wind speed, WD:Wind
direction, AOT: aerosol optical thickness, Vis : visibility, Pc:
aerosol scattering coefficient , B, Back scatter by [Jeilometers ND:
droplet number, NA: aerosol number,D: Particle diameter, PM
Particle mass concentration, AO: ambient outdoor

Inserument Model Temporal | Parsmeter Uncerminine Sampling

resalution meanyement

Thermometer, 1 mmn I.EH AQ.RT
bumsdsty sensor
Sonsc IETAMETE s W5, WD | AD
SnphameE Cimel 318 | 15min AOT, w; | AoT3% AO,RT
k=440, 670, 870, 1020
am
Misbikimetre Degreanne (DF 320&DF 108 Vis 10-35% AD
3200=) b 400- 750 nn

Niphleomerer TS0 | Temin [ [T PMI0 miet

Particle counter NDand NA ot Y AD

D0 39-42 yum

Particle counter T51- gmps | 10 min A, |25 PM10inlet
D=0.01-0.5 pm

Pasuicle couster Grisnm- 5400 Leman A 0% PMI0 mier
PMID imlet, RT

Ceilomster Vaisa CI5K | Temin P
b= 803 nm
TOEM | FADS

There are two types of measurement stations in lle-de
France region air quality monitoring network
(http://www.airparif.asso.fr), 41station of air quality
monitoring which are situated far from the urban
circulation and near to traffic. They are classified as
traffic, urban, suburban and industrial. The mean
inter station distance are 2km in the urban zone and 6
km in the suburban one. The concentrations of SO2,
NO, NO2, PMX, CO, 03 have continuously been
monitored and data are available on an hourly basis.
In the present study we are using PM2.5 and PM10
data collected by a Tapering Element Oscillation
Microbalance TEOM (Patashnick; Rupprecht 1991)
operated by the regional air quality network.
Comparisons of TEOM to gravimetric measurements
show that routine TEOMSs can underestimate PM10
by up to 35% (Allen; Ress 1997; Van Dingenen et al.
2004). TOEM at SIRTA is not working continuously.
We have used the measurement of VITRY-SUR-
SEINE. The two stations are in different
geographical But there is a good correlation between
the PM2.5 measurement. The simple regression
between data shows that PM2.5(Vitry) =0.98
PM2.5(SIRTA)+3.6 with correlation coefficient
R?=0.87 (Figure.1).
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Figure 1 Relationship of PM2.5 at vitry- sur- sein and Sirta PM2.5

measurement

3. Methodology

You We have analyzed the processes taking place
during fog formation versus non-formation in similar
conditions (quasi-fog), in clean and polluted air
masses. We know the droplet are formed in haze,
causing fog outbreak then based on our main
question in terms of aerosol properties difference
between the pre-fog haze and near fog conditions,
which are close to fog conditions we have used
different method which will be described as
following. The radiation fog are chosen as fog days.
First, We have analyzed the temporal variation of
meteorological parameters and visibility to find out
the difference which makes fog (visibility less than
1km) and quasi fog events when they have the
similar situation. We have analyzed compared the
hourly average of data during these events.

Second, We had analyzed the temporal variation of
AOT and number concentration for the days when
fog and quasi fog occur: implication of accumulation
mode aerosols in visibility, AOT, relation mass-
visibility. This is to check consistency of the data
base as we showed in the paper for visibility and
microphysics. With combination of remote sensing
and ground based measurement we want to study the
relationship of visibility and aerosol properties
during fog and quasi fog events. We have retrieved
the visibility using columnar aerosol optical
thickness to find out how AOT and visibility are in
good correlation. Using available hourly data of AOT
of Aeronet, we have retrieved the visibility by a
simple relationship between AOT (5440, and visibility.
The measured visibility is averaged every 10min and

AOT depends on local situation and is available just
in clear sky. In the Koschmeider equation formula
then visual range can be expressed in term of
extinction coefficient (Dey with unity of km™
(Seinfeld; Pandis 2006).

Vis= 3.912/bgy 1)
And aerosol optical thickness is defined by following
equation in range of 0 to Z,

7= bey dz 2)
Combining Equation 1 and 2 we obtain the simple
relationship between visibility and aerosol optical
thickness as following

Vis=3.912 7/, [3]
We have assumed that the Z;; is mixing layer height
which can is calculated from the ceilometers
measurement when the atmosphere is convective and
considering uncertainties in the retrieval and
assumptions on the mixing of the boundary layer.
We have then determined the altitude of the
boundary layer by using a simple gradient method
applied to the ceilometer profiles acquired during the
day and night at a time resolution of 1 min. Under
the basic assumption that the aerosol mass is well
mixed in the boundary layer and that the relative
humidity has a negligible impact on the extinction
coefficient.
Using the first available level of the ceilometer
signal, S(z) at the lowest available altitude can be
used to infer the mass concentration close to the
ground. We have estimated that the first level that
can be used is at z = 15 m. Secondly using the first
available level of the ceilometer signal, the error in
estimating ground-level visibility is proportional to
the error in the ceilometer backscattered signal in the
first hundred meters. An additional source of error
comes from the impact of the relative humidity on
the aerosol optical properties. This impact can be
modeled (Hénel 1976) when the aerosol type
(hygroscopic factor) and the vertical profile of
relative humidity are known (Raut; Chazette 2008).
Since we have the relative humidity measured at the
ground, we have only applied a correction factor for
the ceilometer signal close to the ground following
Raut and Chazette (2007) with an exponent factor of
0.55. S*(z)) is the corrected signal:

S"(2)=S(2)*(1-RH)*® ®)
Where RH is the relative humidity. The overall

uncertainty is between 20 and 40% (Boyouk et al.
2009).

Vis=3.912 /(S"(z,) *L) ()



Where it is assumed in the first level the attenuation
is negligible. L is a constant value of extinction to
backscatter coefficient at 905 nm.

Fog and quasi fog event are classified based on
observation of visibility and to make comparison
between fog event and quasi fog event we have
averaged data on different time scale of 10 minute,
30 minute, 1 hours. The microphysical properties of
aerosol data as mass and number concentration of
accumulation, ultrafine and fog droplet have been
averaged every 30 minutes. meterological data,
visibility and lowest level of backscatter of
ceilometer and boundary layer height is averaged
over 10 minutes. PM2.5, PM10 and other pollutant
which have been used in our analysis were available
on hourly average (http://www.airparif.asso.fr).

Table 2 Radiation fog and quasi fog event during Jan, Feb,
March 2007 —Paris fog the time is corresponded to the time of
the observation of lowest visibility

Lowest
visibility

FOG Date / Time Fogtype m synoptic
27/01/2007
23:30 RAD 0.07 H
18/2/2007
22:40 RAD 0.07 H
4/3/2007
6:30 RAD 0.15 T
13/03/2007
23:10 RAD 0.1 H

Weather

Quasi -

fog Date/ Time condition
1/6/07 2:10 PCP+LowC 1.92 L
1/29/07 19:20  SKC 1.82 H
2/1/07 2:10 LowC 1.31 H
2/5/07 21:00 LowC 1.99 T
2/7/07 3:30 LowC 0.85 T
2/19/07 20:10 SKC 0.4 H
3/2/07 18:00 PCP+LowC 1.86 H
3/9/07 10:20 PCP+LowC 1.78 L
3/11/07 3:50 SKC 1.41 H
3/27/07 0:20 SKC 1.58 L
3/27/07 23:00 SKC 1.6 T
3/29/07 3:10 SKC 1.12 L

4. Synoptic condition and visibility

The formation, dissipation and evolution of fog are
highly depended on meteorological condition. The
near fog situation has also been influenced by
synoptic condition. Table 2 shows the list of the fog
and quasi fog event which have been analyzed in this
study. Based on the time of observation of the lowest
visibility we have averaged the data on fog and quasi
fog event. We have compared fog and quasi fog
events in different average scale to find the key
elements. The 4 days of radiation fog and 12 days of
quasi fog events have been analyzed. We have
studied the meteorological situation as a permanent
parameter in fog formation during Jan, Feb and
March 2007 for fog and quasi-fog events. The
monthly average of meteorological data and visibility
has been shown on Table. 3.

The visibility (Vis) is ranged between 22 and 28 km
during winter. There is 6 days with daily average of
Vis less than 5k during the period. Two foggy days
27 Jan and 2 Feb and 3 days of quasi fog events are
included. 28 days of whole period has the daily
average of visibility more than 29 km. The average
of lowest visibility at fog days is 270 m and for quasi
fog event is 1450m. We have considerd the time of
the day, the local meteorological influence like
temperature, humidity and wind speed to better
describe the daily evolution of the visibility and the
important keys of fog formations.

The evolution of Relative Humidity (RH)during the 3
months Jan, Feb, March have been studied (are not
shown here). Before 6 Jan there is no high variation
of RH. But the morning of 6 and 7 Jan RH increase
to 95% the morning and decreases in afternoon. The
days before fog and foggy days (1, 5, 7 and 8 Feb) in
the morning the values of RH are larger than 95 %.
We have observed an important variation before 18
and 19 Feb (value between 50% and 90%) during fog
and quasi fog events. Radiation fog, which generally
occurs as ground fog, is caused by the
radiation cooling of Earth’s surface. The average of
temperature for whole period is about 7°C. It s
primarily a night time occurrence but it often begins
to form in late afternoon and may not dissipate
until well after sunrise. Radiation fog is common in
high-pressure system where the wind speed is usually
low (less than 2.5m/s) and clear skies are frequent.
Table.3 shows that we have higher pressure on
January compare to March and February. The
dominant wind in the whole of period is blowing



from south-west with the speed of 3m/s in Jan and
Feb and 2.6 ms™ on March.

Table 3 The monthly average of visibility and meteorology data
during Jan, Feb and March 2007, and average of meteorological
parameter and visibility at thetime of lowest visibility of fog and
quasi fog event Average[min-max]

Date VI5{km) T*C) RH({3%) PihPa) WiH{deg) WS{mys)

Jan 78 [0-88] 6.3 [-6-14] BG675-88] 1002 [387-1017] 220 3801-11.7)

Feb 22 [D07-99] 7.A4[-1217] B4[45-99] 992 [970-1017] 200 3.1[0.1-11.4]
March 23 [007-98) 7.1[-119]  B0[36-99] 998 (976-1022] 227 26(0.1-10.7)
Fog 0.27 [01-09] 4 [27] 96[92-99]  1006[996-1017)  206{96-343] 1.4[0.4-2.4]

Quasi-fog  147[0.4-199) 6 [1-11]  91[81-97] 999 [981-1017]  166{48-337] 1.8[0-4.8]

Mean while the table. 3 shows thel0 minute average
of visibility and meteorological parameters at the
time of observation of lowest visibility for fog and
quasi fog days. Stolaki et al (2009) have studied fog
events which is mainly formed in winter in Greece.
They observed that Formation of fog is around
sunrise or 1 or 2 h before it in Thessaloniki. The
mean duration is about 4h with density of 75%. In
our study, Fog days happened normaly after sunset
between 22 and 24 UTC except 4 March in that fog
happened before sunrise. Lowest visibility in quasi
fog event (12 days) have been observed between 0 to
3UTC, one case at 10 UTC and between18 and 23
UTC after sunset. We have higher temperature in
quasi-fog days compare to fog events whereas the
relative humidity is about 96 and 91 for fog and quasi
fog days respectively.

oL

Figure 2 10 minute average of meteofological parameters of a fog
condition on 27 January 2007; fog formation at 23:50 visibility,
relative humidity, temperature, Wind direction speed and wind

speed

In foggy days dominant wind is from south-west and
for quasi fog event is south-east with the calm wind
of about 1.5 m/s. Figure 2. shows the synoptic —
meteorology and visibility of a fog study on winter of
2007 on 27 January. The fog has been formed at
23:50 UTC. All of the meteorological parameters
have been compared by the variation of the visibility.
The temporal variation of these parameters before
formation of fog can help us to better understand the
impact of meteorology on visibility. The visibility
changes between 100 m and 15km. It can be
observed that the highest value of relative humidity
99% is related to 100 m of visibility. The wind
direction approximately is in NW section whole days
and it changes to SW at 17UTC . The largest value of
visibility is observed at 17 UTC and it changes to
less than 5km (haze before fog) 2hours before
formation of fog.

5. Result and discussion

Aerosol optical and microphysical (mass, number,
aerosol optical thickness, extinction coefficient)
properties have been analyzed during Paris —fog
experiment 2007. Table.4 shows the microphysical
and optical properties of aerosol which have been
averaged based on the time of observation of lowest
visibility. It can be observed that the AOT has the
same average value for fog and quasi fog event at. the
time of lowest visibility. Fog event has higher AOT
between 0.1 and 0.2. The available AOT data on
quasi fog event is 50% and for radiation fog event
100%. The average mass concentration of ultrafine
aerosol particle is higher for fog event. The PM2.5
and PM10 mass are higher in radiation fog compare
to quasi fog event 65 and 83% respectively.
Accumulation mode number during radiation fog
days is ranged between 459 to 2973 cm-3 and their
mass is ranges between 305 and 2271 pgecm-3. As the
droplet are forming before the time of observation of
lowest  visibility then microphysical and
meteorological parameters some hours before the fog
formation are important to be analyzed. Table 5.
shows the average of microphysical parameters 3h,
2h and 1h before observation of minimum visibility.
The hourly average of the parameters has been
presented after the observation of reduction of
visibility 3h before formation of fog or observation
of minimum visibility. 3h before observation of
lowest visibility; first, the level of hourly average of
visibility is decrease about 72% compare to one hour
before fog formation. For quasi fog the visibility of



12 km decreases 3h before observation of lowest
visibility to 10.9 km and to 9.9 km 1 h later which is
about 20%.

Table 4 Average of aerosol microphysics characteristic at the time
of lowest observed visibility, UF : Ultra-Fine mode (r<0.5um) ,
AC : Accumulation mode 0.4<r<2um) , FD : Fog Dropplet

(r>2pm)

Fumber of part. Waii of part. fa”

Mayeant TEE 2123
AOT 0] UF AC I UF AC
[hli M) Py SIRTA

013 a 53 10353 1487 6 El '] 5T
FOG
[CREER [20-66] | [a5-41) | (7280160000 | [459-2073] | [83-194] (7631 [26] [305-2271)

12798 0 b ] 2 a7 T
QUASLFOG
o003 (955) | [(1263) | [0590-2820] | [44-b4d) | [024.0) [ [16-48) foss1) [4.285]

Wind direction during fog days is in WS and it is
approximately blowing from the same direction
during 3h before formation of fog whereas in quasi
fog days the wind changes from S to SW. we have
higher wind speed 3h before observation of lowest
visibility quasi fog days but the wind speed does not
vary a lot.

Table 5 .Average of microphysical parameters before observation
of minimum visibility. The hourly average of the parameters has
been presented after the observation of reduction of visibility from

3h before formation of fog or observation of minimum

visibility.Q-Fog are the quasi fog event.
Vis DIR SPD
(km) (deg) {m/s) N1 N2 N3 M1 M2 M3
3h before Min Vis
a_FoG 120 1774 13 85355 9515.6 1424 301 22 518
FOG 8.1 208.1 12 5706.2 154463 119.5 277 33 941
2h before Min Vis
Q_FOG 1089 2199 18 73334 114368 4275 27 1970
FOG 5.4 202.4 13 24648 143338 5567 30.6 34 2471
1h before Min Vis
Q_FOG 99 210 18 76855 125588 6921 29 6902
FOG 22 222.1 14 1307.0 135625 11476 433 37 7132

N1 (cm-3) aerosol number concentration measured by CPC, for
diameter D < 3 um, N2 (cm-3) ultra fine aerosol number
concentration measured by SMPS (D<0.5 um), N3 (cm-3)
accumulation mode aerosolnumber concentration measured by
WELAS-2000 (0.4<D<2 um), M1 (ug/m3) aerosol mass measured
by TEOM, M2 (ug/m3) ultra fine aerosol mass measured by SMPS
(D<0.5 um), M3 (ug/m3) accumulation mode aerosol mass
measured by WELAS-2000 (0.4<D<2 um)

Number of aerosol measured by CPC is less than
quasi fog days. Ultra fine particle number is
decreasing about 25% in foggy days however their

mass is approximately constant. The accumulation
mass and number has approximately higher value of
89% and 86% 1h before formation of fog compare to
2h former. The variation in mass and number of
accumulation mode in fog and quasi fog events has
upward trends which is one of the most important
keys in fog formation beside meteorological
parameters.

5.1 Microphysiccal and optical properties of

aerosol(Mass, number)

5.1.1 Particle mass concentration PM2.5, PM10

and other pollutants

The role of aerosol in fog formation not only depends
on their optical properties and their size distribution
of diurnal cycle of particle mass concentration on
reduction of visibility and fog formation.
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Figure 3 diurnal cycle of the PM2.5 mass concentration for foggy
days, 27 Jan, 18Feb, 3 and 13 March

Figure3. shows the diurnal cycle of PM2.5 for foggy
days. It can be observed that after sunset the level of
PM2.5 have a high increase and is not just due to
urban circulation. It can be also related to increase of
humidity after sunset but the increase of humidity is
not the single reason because the level of AOT in the
foggy days has been high. As we are interested in the
key parameters for formation of fog compare to quasi
fog event that have approximately the same level of
relative humidity, it seems the level of pollution can
be one of the main parameter after the aerosol
number concentration.
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Figure 4 Diurnal cycle of PM2.5 and PM10 for fog and quasi fog

In figure 4 we have compared the diurnal cycle of
PM2.5and PM10. The level of PM2.5 in fog days is
42% and higher compared to quasi fog event. The
percentage changes from 20 to 98% after 17 UTC in
the evening. No2 concentration varies between 40 to
20 % during 19 and 23 UTC. We have observed the
same trend of diurnal cycle of PM2.5 and PM10
which start to have upward trend from 20 to 55
pg/m-3 and 33 to 60 respectively between 17 UTC
and 23 UTC. Increase of PM2.5 and PM10 is related
to decrease of boundary layer height during foggy
days. The calculated boundary layer height shows the
quasi fog days have higher boundary layer height
compare to fog days about 25% between 17 UTC and
22 UTC is obvious reason of increasing of PM2.5
and PM10. Figure 5 shows the relationship between
the hourly average of visibility and PM2.5 and PM10
between 17 UTC (time of highest observed visibility)
and 23UTC. The good correlation coefficients of R2
of 0.79 and 0.73 have been observed respectively
during fog events. Wen et al (2010) have found the
visibility versus PM10 as exponential curves which
enable the range of the range of visibility to be
predicted from measured PM10 concentration. The
removal and production of aerosols have been
evaluated in fog. The fog top has important role in
entrainment due to the mixing as a process which
provides reactant to fog layer.
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Figure 5 Relationship between the PM2.5 and PM10 and visibility
between 17 UTC and 23 UTC on fog events

Fogwater concentration of nitrate and sulfate and
ammonium can increase up to 30%. The fraction of
scavenged aerosol by fog droplet is important for the
fog effect on PM (Lillis et al. 1999). Dall’osto et al
(2009) have shown the formation of the secondary
aerosols during a fog event in London. They have
found change in chemical properties in droplet mode.
Particle which are rich on nitrate and organic carbon
(200-300 nm) have been formed during fog events.
Nitrate and sulfate can be removed from the air by
fog formation depends on the presence of gas phase
and oxidants. The level of sulfate and nitrate differs
on fog and quasi fog events.

5.1.2 Aerosol accumulation mode

To understand the influence of aerosol microphysical
parameters on visibility we have compared the
aerosols accumulation number and visibility for the
time before a fog formation and near fog. It is clear
that before fog formation we have abrupt reduction
of visibility which is normally between 3 to 1 hours
before fog formation. We have found the good
correlation between augmentation of accumulation
number and reduction of visibility for the interval of
visibility on near fog (1km <Vis< 5km)(Table 4).
Figure 6 shows the relationship between the visibility
and accumulation number concentration during haze
condition before fog formation in fog event and quasi
fog event. We have chosen the visibility between
1km and 5km.
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Figure 6 Correlation between accumulation number and visibility
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The simple regression coefficient of 0.86 shows the
important roles of activated mode. Figure 6 shows
the relationship between accumulation mass
concentration and visibility. It can be observed that
the correlation coefficient between visibility and
mass R is decreased to 0.76. It can be conclude that
aerosol activated number mode concentration are
more related to visibility reduction.
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Figure 7 Correlation between accumulation mass and visibility for

the near fog definition range of visibility between 1 and 5 km

5.1.1 Aerosol backscattering vertical profile and

boundary layer

Figure 8 shows the structure of low level boundary
layer on 27 Jan 2007 which was similar to profile of
aerosol backscatter on 18 February (not shown) after
18 UTC until the formation of fog at 23:50 and 22:40
respectively. These cases have different vertical
structure from 4 and 13 of mars. In all case before
formation of fog the backscatter signal of ceilometers
increased which is corresponded to aerosol
concentration. On 27 Jan and 18 Feb we had the
dense fog in that 30 minutes before the fog formation
the layers gradually lowers at 22:40 and 23:50 the
fog makes ground contact. As the surface visibility
suddenly lower to a minimum which continues for
the duration of the fog.
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Figure 8 Ceilometer image of the radiation fog days 27 Jan

The Ceilometer plots shows the formation of fog and
after some hours depends on dissipation process the
fog lifts to an elevated layer for example on 19 Feb
after 9 UTC (which have not been shown here) and it
can be seen from the level of visibility. Surface level
of relative humidity also showed a decrease in
relative humidity. The ceilometers shows the
presence of fog in all cases except 13 of March
which have been observed a very thin layer of fog.

Hourly average of diurnal cycle of boundary layer
height calculated using gradient method for fog and
quasi fog events using backscatter signal of
ceilometer. After sunrise the boundary layer height is
increasing to have its maximum at 16 UTC late. We
have observed the mixing in the boundary layer as a
function of the day. We can define the period when
the turbulence occurs by looking at the wind
reinforcement and the temperature decrease and



relative humidity increase. The impact of the relative
humidity on PM2.5 is observed for fog days and
quasi fog days. We show that using additional
information on the structure of the boundary layer
detected by ceilometer, first we can understand better
the variation of PM2.5 and PM10 in end of the day,
secondly we can improve the correlation between
aerosol optical thickness and ground-level visibility.

5.2 Retrieved visibility from Aeronet aerosol
opticl thickness and backscatter signal of
ceilometer

First, we compared the temporal evolution of AOT of
foggy days and the day after and before. The AOT
measured by aeronet are not available for all of the
fog and quasi fog events. The AOT in foggy and the
day after of fog between 17 and 20 February has
been compared in that period 18 is the day with a
dense fog and 19 is a quasi fog event. The day before
the fog days has lower value of AOT 4 0f 0.098 and
it change to 0.17 on 18 February. On 19 and 20 the
value of AOT continuously is increasing because of
long range transport. There is no available prove for
the relative influence of regional transport on fog
radiation. The value of AOT is about 73% higher in
18 Feb compared to 17 Feb. Secondly we have
retrieved the Visibility using

the Koschemier method which is explained on the
Section 3. It can be observed considering the constant
value of Z=1km is not enough good for best
estimation of visibility( Figure 10) because during
the winter, the boundary layer height is most of the
time less than 1km.We have used the boundary layer
height which is obtained by backscatter signal of
Ceilometer to find the best estimation of visibility.
h=1km 1 measured vis
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Figure 9. Retrieval of the visibility using AOT —Aeronet

The retrieved visibilities are in good agreement of
calculated visibility. Figure shows the regression
coefficient of R= 0.8(Figure 10).

The ceilometers —TSI is able to detect cloud layers
and fog may be the base altitude could be obscure
due to ground based fog. We have applied a relative
humidity correction factor on the low level
ceilometer signal. The regression coefficient is about
R? =0.62(Figure 10).
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