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a b s t r a c t

This study analyzed daily patterns and dynamics of PM2.5 concentrations in the Kathmandu Valley during
three winters. The PM2.5 data showed a daily repetitive cycle which represents influence of local air flow
and dispersion and accumulation of air pollutants in the valley. Two concentration peaks were observed
in the morning and in the evening periods, and they fell down during the daytime and the nighttime
periods. This indicates local emission sources as major contributors in the valley. The more pronounced
morning peak compared to the evening peak showed that the upslope wind in the morning helped to move
the polluted inversion layer downward, subsequently adding to freshly emitted pollutants and causing a
ynamics
athmandu Valley

nversion
M2.5

sharp pollutant concentration rise in the morning. Katabatic wind and rise of temperature in the basin
during the day helped the pollutant upflow and dilution, resulting in a sharp PM2.5 concentration decline.
Through the afternoon, the decrease in air temperature followed by decrease in wind speed caused to
lower PM2.5 peaks in the evening. Also, higher morning peaks of PM2.5 concentrations compared to the
evening indicated pollution from the previous day is added to the fresh emission. The valley had increased
PM from the beginning of October which continued till the first week of February. The increase in PM

ion y

2.5

peak fit the logistic equat

. Introduction

PM2.5, particulate matter less than 2.5 �m in an aerodynamic
iameter, is generally referred to as fine particles and has been

mplicated in human health problems. The accumulation of PM2.5
n any location is mainly affected by the existing sources, mete-
rological conditions and geological conditions. High mountains
urrounding valleys create topographic complexity and thus the
ariety of physicogeographic characteristics in the basin can induce
ocal circulations, such as anabatic/katabatic flows [1], valley winds
2] and cold pool formation in the basin [3]. Such local circula-
ions may change meteorology within a very short distance and
lso change atmospheric dispersion patterns and pollution levels
n a small basins or valleys. To understand the influence of sur-

ounding mountains, several studies have been carried out in valley
ities throughout the world [4–10]. These show that the accumu-
ation and dispersion of pollutants in each valley are influenced by
complex and time-varying interplay of local and regional winds
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∗∗ Corresponding author. Tel.: +82 52 259 2864; fax: +82 52 259 2629.

E-mail addresses: Rupak.Aryal@eng.uts.edu.au (R.K. Aryal), bklee@ulsan.ac.kr
B.-K. Lee).
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2.5

= [k/(1 + exp (p − qx)] + a sin(bx) where k, p, q, a, and b are constants.
© 2009 Published by Elsevier B.V.

with temporal and spatial emission patterns. In developed coun-
tries many complex numerical simulations have been carried out
in valleys. However, many developing countries are still struggling
to gain a clear understanding of pollutant dynamics even at a basic
level.

Over the last three decades the population of the Kathmandu
Valley has increased greatly along with urbanization, and thus
the valley has suffered from major air quality problems. Sharma
[11] reported a high concentration of SO2 (202 �g/cm3) and NO2
(126 �g/cm3) in the valley. Similarly, Sapkota and Dhaubadel [12]
recorded an Angstrom coefficient greater than 0.2 in the Kath-
mandu Valley and categorized it as a heavily polluted area. Ramana
et al. [13] reported aerosol optical depth 0.34 in winter 2003, which
is a typical for the polluted areas.

The aim of this research is to help to understand the diurnal
dynamics of PM2.5 in the Kathmandu Valley based on the recorded
pollutant and meteorological data.

2. Methods
2.1. Study area

The oval shaped tectonic basin of the Kathmandu Valley is
located in the middle section of the Himalayan range and is

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:Rupak.Aryal@eng.uts.edu.au
mailto:bklee@ulsan.ac.kr
dx.doi.org/10.1016/j.jhazmat.2009.02.086
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Fig. 1. 3-D topographic view of Kathmandu Valley (ad

urrounded by tier upon tier of green mountains. The Kathmandu
alley experiences four distinct seasons: pre-monsoon, monsoon,
ost-monsoon and winter. The central part of the valley is flat at
n elevation of 1300 m above sea level. The valley is completely
urrounded by rather steep rising mountains and hills ranging
rom 500 m to 3000 m above the valley floor [13]. The valley has
wo narrow river gorges in the southwest and northwest edges
nd low lying hills on the southeast edge separate the Kathmandu
alley from the neighboring Banepa Valley (shown in Fig. 1).
inds usually enter into the valley through the southwest or

orthwest gorges and exit through the southeast hills. As the valley
s surrounded by high hills and mountains, horizontal dilution
f the air emissions from the valley area is restricted or limited
specially with low temperature and calm winds. The air pollutants
ecome trapped and accumulate in the valley without dilution by
ertical dispersion [12].

.2. Data collection

In order to analyze seasonal trends of PM2.5 concentrations,
aily PM2.5 measurements were conducted during four seasons

n a whole year 2006–2007 at a highly urbanized residential area
URA), Thamel, located at the heart of the Kathmandu Valley,
ith latitude and longitude 27◦42′21′′ N and 85◦19′20′′ E, situated

bove 1314 m from the sea level (Fig. 1). Also, daily average of
M2.5 concentrations based on every 6 h measurement during three
inters (October–February) in years 2003–2004, 2004–2005, and

006–2007 were obtained at the URA, Thamel. For analysis of a sort
f diurnal cycle patterns of PM2.5 concentrations during the winter
eriods, daily measurement data of PM2.5 concentrations were cat-
gorized as four groups such as morning (06:00–12:00), afternoon
12:00–18:00), evening (18:00–24:00), and night (00:00–06). The
M2.5 concentrations were measured using a low volume air sam-
lers (Model 85-02, Instrumatic Denmark) and PM2.5 air-monitors.
he PM2.5-monitors, which fulfilled all requirements of EN12341,

ere custom designed specifically for use in the Kathmandu Air
uality Monitoring Program. The designed PM2.5 monitors used a

eference inlet according to the European Directive 1999/30/EG.
he sampler was adjusted from 760 Torr (sea level) to 645 Torr
Kathmandu Valley) for mass flow meter (MFM) adjustment before
from Ref. [14]) and PM2.5 monitoring stations (right).

sampling. The data set collected contained some missing days. GF/F
Whatman Microfibre QMA filters were used for daily PM2.5 sample
collection. The sampling filters were kept in desiccators for 48 h at
laboratory temperature (22 ◦C) to minimize the effect of moisture
on filters before and after taking air samples. The flow meter was
regularly calibrated by means of the ABB flow meter every 3 months
and ABB flow meter was calibrated by Ritter Wet Gas Meter every
year. The gravimetric analysis was carried out using a five-digit
microbalance (Mettler, Toledo AX105DR with a range of 0–110 g,
readable down to 0.01 mg, repeatability of 0.03 mg and linearity of
0.2 mg) to measure the collected PM2.5. Meteorological data (tem-
perature, wind speed, wind direction, humidity, cloud coverage,
and precipitation) were collected from the Tribhuvan International
Airport (TIA) which is located 3 km away from the sampling site.

2.3. Meteorological characteristics

Fig. 2 shows the average diurnal temperature and wind
speed profiles in the Kathmandu Valley during winter (December
2006–February 2007). The diurnal temperature and wind profiles
were very similar from day to day and allowed generalization of
the results. The diurnal temperature profile shows that the tem-
perature sharply rises during the day and reaches its peak value at
around 14:00 LST. Temperature drops slowly after 14:00 LST and
reaches the lowest value in the morning at 5:00 LST. Similarly, sur-
face wind in the valley is calm from 18:00 LST to 10:00 LST. The wind
speed also increases throughout the daytime period and peaks at
around 14:00–15:00 LST. The wind speed is strongly correlated with
temperature.

Owing to temperature and wind features, the Kathmandu Valley
experiences a strongly stable and stratified cold air pond at night
during winter (December–February). According to Regmi et al. [14]
and Pandey [15] the cool air pond is about 400–600 m deep with
long-calm conditions during the night and early morning hours,
and thus the air in the valley stagnates and creates a tempera-

ture inversion. The inversion extends almost down to the ground,
suggesting that vertical mixing is strongly suppressed at the eleva-
tion where pollution emission takes place. However, the air in the
valley is mixed during the day after breaking the temperature inver-
sion or with time progress of day. The afternoon increase in wind
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ig. 2. Average wind speed and temperature profile of Kathmandu Valley in winter
December 2006 to February 2007).

peed causes an intrusion of local flows from outside of the valley. A
ODAR measurement study conducted by Regmi et al. [14] reported
igh wind speeds at the lower layer below 200 m. Ramana et al. [13]
eported that the mixing height for dilution of local air in the valley
as 300–600 m above the ground level. Thus local air flows gen-

rated in the valley during the afternoon hours may contribute to
ilution of pollutants in the valley.

. Results and discussion

.1. PM2.5 levels in the valley

Kathmandu Valley experiences four distinct seasons pre-
onsoon, monsoon, post-monsoon and winter. Fig. 3 shows the

aily average PM2.5 levels in the valley in a whole year 2006–2007.
M2.5 data shows two distinct features: (1) almost similar with
ess fluctuation during the pre-monsoon and monsoon, and (2) a
teep rise from the post-monsoon to the winter resulting in peak

alues at late winter. Seasonal average values and standard devi-
tion of PM2.5 in year 2006–2007 were as follows: 69 ± 37 �g/m3

n the pre-monsoon period; 30 ± 12 �g/m3 in the monsoon period;
3 ± 22 �g/m3 in the post-monsoon period; and 90 ± 24 �g/m3 in

ig. 3. Daily average PM2.5 in a year 2006–2007 at Thamel center of Kathmandu
alley.
Materials 168 (2009) 732–738

winter. The minimum levels were observed during the summer
monsoon (June–September) and the maximum ones were iden-
tified during the winter (December–February). The high and low
trends indicate a strong seasonal influence of the PM2.5 values. From
the beginning of post-monsoon period (October), the PM2.5 con-
centrations in the valley increases linearly with time and reaches
to peak values in late winter (first week of February). Also, the air
temperature in the valley slowly drops from the post-monsoon and
reaches the lowest in the late winter. The increased energy con-
sumption by decreasing the air temperature in the valley leads
to more emissions of air pollutants, such as PM2.5, NOx and SOx,
which could be formation sources of secondary particulate matter.
Low air temperature, combined with calm winds during winter,
reduces the ambient ventilation which could be a cause of con-
tinuous increase in PM2.5 concentrations in the valley air during
winter. The air temperature increases with starting a summer sea-
son, resulting in lower energy uses and thus lower air emissions.
The increase in average air temperature during summer periods
generates upward movement of the air in the valley, resulting in an
increase of the ambient ventilation in the valley. Furthermore, large
amounts of PM2.5 components are removed by rainout and washout
mechanisms along with rainfall activities during monsoon periods
and are diluted by the increased ambient ventilation during sum-
mer. Currently, Nepal does not have ambient standards or guideline
values of PM2.5. When compared to the WHO guidelines (25 �g/m3

based on 24 h, 10 �g/m3 based on annual average) and the USA stan-
dard (35 �g/m3 based on 24 h, 15 �g/m3 based on annual average),
Kathmandu Valley air shows very high PM2.5 pollution throughout
the year. Regmi and Kitada [15] reported a large number of patients
suffering from particulate matter exposure during winter in the val-
ley. Our survey at three hospitals in year 2007 showed increase of
25–30% of outpatients relating to respiratory diseases or symptoms
which might be associated with greatly increased concentrations of
fine particles such as PM2.5.

3.2. Morning and evening peaks

Fig. 4 shows PM2.5 measurement results at Thamel (RA) in
December 2006. Features of the diurnal cycle are (i) repetitive cycle
each day, (ii) two distinct morning and evening peaks, and (iii)
higher morning peak concentration than the evening. The atmo-
spheric conditions do not vary much from day to day in the valley.
The valley is not greatly influenced by air masses entering from out-
side the valley. Thus the diurnal cycles may be associated with local
air emissions, such as traffic emissions, physicochemical processes
along with local traffic emissions, meteorological conditions and/or
air circulation patterns in the valley. The interest of this study was
whether the morning and evening peaks are due to the local emis-
sions or some other factors. It is known that traffic is the major
source of PM2.5 in the valley [16]. The traffic activity during the
nighttime is negligible in the valley. The traffic activity starts from
the early morning (around 5:00 LST) and continues till night (22:00
LST). If we assume that the pollutant peaks are mainly due to traffic
activities and the traffic emissions in morning rush hours are similar
to those in evening rush hours, then the morning peak values would
be similar to the evening ones. Also, the evening peaks are expected
slightly higher than the morning peaks. It is because the evening
peaks may show the accumulation effects of air pollutants, such
as fine particles, generated from increased anthropogenic activities
during the day time periods. Similar concentration patterns (lower
in the morning and higher in the evening) in diurnal cycle for vari-

ous types of pollutants have been observed elsewhere [16–21] and
their peak observations were highly correlated to rush hour traffic
emissions. However, the observed data showed that the morning
peak concentrations in the Kathmandu valley were much higher
than the evening ones. One of the main reasons for these facts
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Fig. 4. Diurnal cycle of PM2.5 at Thamel (RA) in wint

ould be the difference in the ambient temperature and wind
peed between morning and evening peak periods. From Fig. 2, it
an be seen that the ambient temperature (about 5 ◦C) and wind
peed (almost zero) at the time of morning peaks of 6:00 LST are
uch lower than those at the time of evening peaks of around 18:00

ST (about 15 ◦C and 3 m/s). The lowered ambient temperature and
ery weak winds with almost zero wind speed during the morn-
ng peak periods could decrease the ambient ventilation, resulting
n the increased morning peaks of PM2.5 as compared the evening
nes.

Recently, Regmi et al. [14] reported the local flow patterns of the
ear surface winds in Kathmandu Valley at three different times
5:45 LST, 11:45 LST, 17:45 LST) of late wintertime. The entire val-
ey remains calm during the morning hours and a relatively strong
ownslope wind prevails in the surrounding mountains. During
his period the southwesterly wind, which comes from the nar-
ow Bagmati River gorge, penetrates the valley. In the afternoon
ours the southwesterly wind disappears and a northwesterly wind
trengthens. In the late afternoon the Kathmandu Valley experi-

nces a strong westerly wind, which reduces peak concentrations
f PM2.5 in the valley from the beginning of the evening periods.

There are several studies which deal with similar patterns of
eaks of several types of pollutants, such as PM2.5, PM10, ozone,

Fig. 5. Early morning wind pattern in Kathmandu Valley (lef
06) with morning and evening weekend peaks ( ).

carbon monoxide, NOx, and SOx in valley. Many investigators have
proposed several mechanisms for air circulation in valleys Accord-
ing to Garcia et al. [22], surface warming in the morning due to
sunlight causes the warm air to rise and chip away at the inversion
layer. The resulting mixing layer grows and finally breaks through
the upper-most inversion layer. Other proposals made by Atkinson
[2] and Prevot et al. [17] are the warming of side-walls of the moun-
tains in the morning resulting in an uplift of the air from the valley
bottom. The vacant space created by the uplift of basin air along
the side-wall of hills is replaced by air coming up the river valley. A
similar explanation was given by Whiteman [23] who proposed the
replacement of air masses that moved upward by subsidence over
the valley center rather than generating a strong replacement by the
river valley. For each case the air circulation mechanism depends
on the size of the valley and its topography. To explain the effects
of the size and topography of the valley, this study considered the
downward movement of polluted air over the valley as possibly
due to air subsidence resulting from the upslope wind circulation
over the hills and mountains in the morning. The authors also con-

sidered the subsidence effects caused by katabatic winds resulting
from thermal effects in the basin during the afternoon, followed by
local wind flows which are mainly responsible for governing the
pollutant dynamics in the valley.

t) and sketch in vertical west-east cross section (right).
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.3. Morning dynamics of PM2.5

Fig. 5 shows the early morning wind patterns (left) and the
ostulated morning dynamics of PM2.5 concentration in the valley
right). The black shaded layer in Fig. 5 represents a stagnant area of
ir pollutants, which can be seen from the surrounding hills of the
alley with the naked eye. In the morning, winds blow up from the
asin to the surrounding hills due to heat from the early sunshine
n the surrounding hills making the air layer warmer. The uplift of
ir in the hills results in winds blowing from the bottom of the basin
p the hill slopes, shown as in Fig. 5. The surrounding hills have an

ncreased temperature up to 5 ◦C compared to the valley basin in
he morning during winter [14]. The temperature difference in the

orning creates the pressure difference between the basin and top
f the hill resulting uplift of basin wind to the hills creating void
pace at the basin. This void space would be filled with the wind
oming through the river gorge from the southwest, shown as in
ig. 5. Fig. 6 shows formation and disappearance of the morning
og observed from the southwest side hill of the valley at different
imes in the morning period of winter. The morning fog during early

orning hours in winter is common in the valley. The morning fog
n the southwest edge slowly disappeared as time passes while it
emained at the other parts of the valley. This supports the hypothe-
is that air mass from the southwest intrudes into the valley during
he late morning period. The uplifted air mass over the valley gets
ooled. Then the cold air mass over the valley could have downward
ovement to the basin, shown as in Fig. 5. As the colder air mass
oves downward, it can carry downward the pollutants in the stag-

ant air over the valley. The PM2.5 or fine particles remaining in the
old mass (black ‘ ’ mark shown in Fig. 5) are added into local par-
icle emissions generated in the valley during the morning period.
hus, the PM2.5 peak in the morning is not only due to the morning
ush hour emission, but also due to the addition of PM2.5 produced
rom the previous day and then transported over the valley.

This kind of air circulation or movement is supported by the
eekend (Saturday) diurnal concentration of PM2.5. Fig. 4 shows

he weekend peaks of PM2.5 concentrations in the valley. On the
eekends, the morning peak concentration was higher, however,

he evening peak concentration was much lower as compared to
espective weekday peaks (Table 1). As Sunday is a working day in
epal, weekend peaks refer to morning and evening concentrations
n Saturday only. The valley has additional traffic activities, which
sually happen to every city all over the world, during Friday after-
oon and nighttime periods as compared normal weekdays. The
igher weekend (Saturday) morning peak concentration of PM2.5 is
ossibly due to the addition of the PM2.5, resulted from increased
raffic activities of the previous day, to the normal fresh emissions
n the weekend (Saturday) morning. The lower evening peak on the

eekend could be correlated to the reduced traffic activity during
aytime and nighttime periods on Saturday.

.4. Late afternoon dynamics of PM2.5

Fig. 7 shows the late afternoon wind pattern (left) and postu-
ated late afternoon dynamics of PM2.5 concentration in the valley.
s the basin gets warmed along with approaching and passing noon,

he southwesterly wind slowly ceases and a westerly wind starts to
ppear. As the daytime progresses, the inversion layer starts to be
roken up and air mixing reaches a maximum around 14:00–16:00
ST. The strong westerly wind helps to dilute and/or remove some
f the pollutants that reach the mixing height by carrying them

owards Sanga Hill, and thus the pollutants could move to the
anepa Valley over Sanga Hill. The Fraud number calculated by
itada and Regmi [24] showed that there is a hydraulic jump of air
lmost at the middle of the valley during the late afternoon, giving
ise to pollutant dispersion around the valley. The hydraulic jump
Fig. 6. Winter morning fog observed from the Southwest hill (Sanga Hill) of the
Kathmandu Valley in February of 2007.

helps to move upward the surface air with the pollutants to the
mixing height, reaching up to 600 m above the ground as reported
by Raman et al. [13]. Furthermore, Pandey [14] reported that the air
pollutants could reach up to 600 m above the valley floor or even
higher during the afternoon. The proposed hypothesis is also sup-
ported by the afternoon westerly wind (Fig. 7) that flows east to

west [14]. The strong westerly wind helps to dilute and/or remove
some of the pollutants that reach the mixing height by carrying
them towards Sanga Hill, and thus, in this manner the pollutants
could move to the Banepa Valley over Sanga Hill. The hydraulic jump
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Table 1
A comparison of average and standard deviation of PM2.5 concentrations on weekdays and weekends of winter (December 2006 to February 2007) in Kathmandu Valley.

Time of day PM2.5 concentration (Avg. ± SD), �g/m3 Avg. conc. ratio of weekday/weekend

Weekdays (n = 66) Weekend (n = 10)

Morning (06:00 LST) 201 ± 52 232 ± 50 0.87
Afternoon (12:00 LST) 108 ± 45 158 ± 32 0.68
Evening (18:00 LST) 175 ± 50 146 ± 17 1.20
Night (00:00 LST) 94 ± 24 81 ± 22 1.16

Avg: average; SD: standard deviation; conc: concentration; weekdays: Sunday through Friday; Weekend: Saturday; n: number of days for measurement.
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Fig. 7. Late afternoon wind pattern in Kathmandu Valle

an help to remove the pollutants in the valley through the exit to
he nearby Banepa Valley where the PM concentration increases in
he evening by 10–20 �g/m3. These combined removal mechanisms
f the fine particles during the afternoon periods in the Kathmandu
alley resulted in much lower afternoon PM2.5 values in weekdays

han morning and evening peak values shown in Table 1. Much of
he pollutions that do not reach the mixing height remain in the
tmosphere. By the evening, the temperature and wind speed drop
lowly. These drops cause some of the suspended PM2.5 in the upper
ayer of the troposphere to subside to the surface and combine with
reshly emitted PM2.5 or fine particles resulting in evening peaks.
owever, the dilution and removal of some PM2.5 generated during

he day causes the evening PM2.5 peak concentration to be lower
han the morning.

.5. Accumulation effects

Fig. 8 shows the daily average PM2.5 from 1 October 2006 to
arch 2007 (post-monsoon to winter). The first week of October

ad similar PM2.5 values extending for several days, indicating a
alanced condition of addition and removal of PM2.5 in the valley.
verage PM2.5 concentrations during the first five working days
n the first week of October 2006 showed maximum values of
7 ± 6 �g/m3 in the morning and minimum values of 18 ± 4 �g/m3

t night. The difference between the maximum and the minimum
alues was 69 �g/m3. Thus the author assumed that the average

ig. 8. Concentration variation of PM2.5 from 1 October 2006 to 4 March 2007.
t) and sketch in vertical west-east cross section (right).

daily load of PM2.5 concentrations would be 69 �g/m3 in the val-
ley. From the second week of October, the PM2.5 values start to
rise sharply and remain high until the beginning of February. The
continuous rise of PM2.5 concentration has been assumed by the
contribution of increased pollutant concentration from day to day,
lasting through the winter. This is caused by stagnant wind and tem-
perature inversion in the valley that consists of stronger subsidence
and radiation inversions during the wintertime than other seasons.
Thus, the pollutants are accumulated in the valley. As spring arrives,
the wind speed and air temperature increase and the PM2.5 concen-
trations sharply decrease. This sharp decrease of fine particles can
be seen from around 125 days (from the second week of Febru-
ary in Fig. 8) after started to get cold period. In the beginning of
February PM2.5 reached the highest value of 140–145 �g/m3 and
the average value of PM2.5 in the cold period (October–February)
was 78 ± 4 �g/m3. These values of PM2.5 are much higher than
the ambient air quality standards or guidelines (35 �g/m3: USA,
25 �g/m3: Australia, EU and WHO based on the 24-h mean). Coinci-
dently, there was more significant increase in patients with diseases
associated with a high concentration of fine particulates or PM2.5
in the valley during winter compared other seasons [14]. As men-
tioned above, our survey during winter at three hospitals in the
years 2006–2007 showed increase of 25–30% of outpatients related
to respiratory diseases or symptoms.

The cumulative behavior of PM2.5 was simulated using a logistic
curve y = [k/(1 + exp (p − qx)] + a sin(bx) where y is days, x is PM2.5
concentration and k, p, q, a, and b are constants. The first part of the
equation, [k/(1 + exp (p − qx)], represents the daily average PM2.5
growth and the second part of equation, a sin(bx), describes the
diurnal variation. The constant ‘k’ represents the mean PM2.5 value
for the first week in February. For simplicity in modeling from the
limited availability of the data, we assumed that i) maximum peak
occurs at the 12:00 LST and the minimum occurs at 24:00 LST and
(ii) everyday a fixed amount of PM2.5 is added in the valley during
the cold periods in the simulation. The equation was applied to
the remaining data for 2003–2004 and 2004–2005 for validation.
The equation in these years fit well. Table 2 provides the constant

values used for regression in the two winter periods. The coefficient
of determination (R2) given in the table represents the fitness of the
equation to the measured data. The high R2 value for 3 years of data
shows that the model explains the accumulation mechanism well
during the cold season. The model shows that PM2.5 accumulation
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Table 2
Constant values for logistic curves (y = [k/(1 + exp (p − qx)] + a sin(bx)).

Winter year Parameters

k p q a b R2

1
1
3

i
r
d
b
b

4

K
c

•

•

•

•

•

•

•

R

[

[

[

[

[

[

[

[

[

/10/2006 to 7/2/2007 120 0.03 1.54 35 2� 0.80
/11/2004 to 7/2/2005 180 0.03 1.92 35 2� 0.78
0/11/2003 to 7/2/2004 130 0.03 1.53 35 2� 0.76

n the valley during the winter season is alarming and the way to
educe this poses a great challenge. According to the model that was
eveloped, it is essential to curb almost half of the PM2.5 from the
eginning of winter to reduce the maximum PM2.5 concentration
y half during winter or cold period.

. Conclusions

Based on the diurnal PM2.5 measurements conducted in the
athmandu Valley and the subsequent analysis, the following con-
lusions can be drawn:

Similar peak patterns of PM2.5 concentrations were observed in
winter, indicating the repetitive cycle in the valley.
Morning and evening peaks were observed every day with higher
values in the morning than those in the evening.
The peak values of wind speed and temperature profile in the
mid-afternoon helped to reduce the afternoon concentration of
PM2.5.
Downward movement of polluted air over the valley, possibly due
to subsidence resulting from anabatic winds during the morning
hours, could be the major cause of the pronounced morning peak
concentrations.
Intrusion of wind into the valley and air mixing during the day,
followed by westerly wind, sweeps air pollution out to the east-
ern Banepa Valley resulting in the decrease in the evening peak
concentrations as compared morning ones.
The continuous increase of PM2.5 concentration during winter
indicated a daily accumulation, which may increase the con-
centration level of the next morning due to subsidence of the
pollutant layer in the valley.
The growth of PM2.5 in winter in Kathmandu Valley can be
explained by using the logistic growth model [y = [k/(1 + exp
(p − qx)] + a sin(bx)] where y is days, x is PM2.5 concentration and
k, p, q, a, and b are constants.
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