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Abstract. An empirical algorithm is developed for calculat-
ing bulk dry deposition velocity (Vd) of fine (PM2.5 – par-
ticles having a diameter of≤ 2.5 µm), coarse (PM2.5−10 –
particles having a diameter of 2.5–10 µm), and giant (PM10+
– particles having a diameter of > 10 µm) atmospheric parti-
cles. The algorithm is developed from an empirical fit ofVd
data calculated using the size-resolvedVd scheme of Zhang
et al. (2001) with assumed lognormal size distributions of
PM2.5, PM2.5−10 and PM10+. In the new algorithm, the sur-
face deposition velocity (Vds) is parameterized as a simple
linear function of friction velocity (u∗) for PM2.5 and as a
polynomial function ofu∗ for both PM2.5−10 and PM10+
over all the 26 land use categories (LUCs). An adjustment
factor as an exponential function ofu∗ and leaf area index
(LAI) is also applied toVds of PM2.5−10 and PM10+ over
9 of the 26 LUCs that have variable LAI. Constant gravita-
tional settling velocities are provided for PM2.5, PM2.5−10
and PM10+. Aerodynamic resistance between a reference
height and the surface can be calculated using available an-
alytical formulas from the literature. The bulkVd of PM2.5,
PM2.5−10 and PM10+ at the reference height can then be cal-
culated by combining the gravitational settling velocity, aero-
dynamic resistance and the parameterizedVds. Vd values cal-
culated using the new algorithm are within±20 % of those
using the original size-resolved scheme for fine, coarse and
giant particles. Uncertainties inVd values from the new al-
gorithm due to the pre-assumed size distributions are on the
order of 20 % for fine particles and on the order of a fac-
tor of 2.0 for coarse and giant particles. The new algorithm
provides an alternative approach for calculatingVd of bulk
aerosol particles.Vd of any particulate species can be simply
estimated using this scheme as long as the mass fractions in
fine, coarse and giant particles are known or can be assumed.

1 Introduction

The parameter known as dry deposition velocity (Vd) has
been commonly used in chemical transport models as well as
in monitoring networks to associate a chemical species’ mass
flux density to the surface with its ambient concentration
(i.e., a species’ flux is a product of itsVd and its ambient con-
centration). Knowledge ofVd for atmospheric particles can
be found in previous review papers (Sehmel, 1980; Nichol-
son, 1988; Sievering, 1989; Ruijgrok et al., 1995; Gallagher
et al., 1997; Zufall and Davidson, 1998; Zhang and Vet,
2006; Petroff et al., 2008; Pryor et al., 2008; Fowler et al.,
2009; Nemitz, 2012).Vd for atmospheric particles strongly
depends on particle size, among other factors. In most air
quality and climate studies where both particle number and
mass concentrations need to be considered, a size-resolved
particle dry deposition scheme (e.g., Sehmel and Hodgson,
1980; Giorgi., 1986; Zhang et al., 2001; Nho-Kim et al.,
2004; Feng, 2008; Petroff and Zhang, 2010; Kouznetsov and
Sofiev, 2012) is needed. However, in many environmental as-
sessments the dry deposition flux of a pollutant or a group of
pollutants of interest to various ecosystems is the only con-
cern. In this case, a simple empirical formula ofVd – or the
so-called bulkVd algorithm – combined with monitored air
mass concentrations is sufficient.

Several size-resolvedVd schemes are available in the lit-
erature that can be applied to any particle species and over
any different surfaces (Zhang and Vet, 2006). However, no
“universal”Vd scheme is available for bulk aerosol particles,
which are monitored in various atmospheric deposition net-
works. Wesely et al. (1985) derived an empirical bulkVd for-
mula for sulfate particles using sulfate flux data over grass-
land, and this formula was later widely applied to sulfate
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as well as to many other fine particle species over various
surface types. Other empirical formulas were also developed
at later times for various particle species and/or size ranges.
For example, Ruijgrok et al. (1997) generated a bulkVd for-
mula for water-soluble inorganic ions, which include species
of both fine and coarse particles, using flux data over for-
est canopies, and Laumaud et al. (1994) and Gallagher et
al. (2002) derived formulas for submicron particles. None
of these bulkVd formulas can be considered as universally
applicable (e.g., to any particle species or over any different
surfaces).

The present study aims to fill this gap by developing a bulk
Vd algorithm taking the size-resolvedVd scheme of Zhang et
al. (2001) as the benchmark. The reasons for choosing the
scheme of Zhang et al. (2001) as the benchmark are that
(1) it is a widely used scheme in the community, (2) it can
be applied to any surface types, and (3) it seems to predict
reasonableVd for most particle size ranges and over most
surface types. The scheme might overpredictVd of small
particles (e.g., < 0.1 µm) over smooth surfaces (Petroff and
Zhang, 2010). However, small particles have very low mass
fractions and thus small contributions to the bulkVd. Fol-
lowing the findings of Zhang et al. (2012), the new algorithm
should be developed for calculatingVd of PM2.5, PM2.5−10
and PM10+, instead of for specific particle species, and be
applicable to various natural surfaces. The new algorithm is
expected to produce similarVd values to the original size-
resolved scheme, but is much easier to implement at atmo-
spheric deposition monitoring networks.

2 Methodology

Particle dry deposition velocity can be calculated according
to (Slinn, 1982; Zhang et al., 2001; Gallagher et al., 2002)

Vd = Vg +
1

Ra+ Rs
, (1)

whereVg is the gravitational settling velocity,Ra is the aero-
dynamic resistance above the canopy, andRs is the surface
resistance. Note that the inverse ofRs is also referred to
as surface deposition velocity (Vds) (Gallagher et al., 2002;
Petroff and Zhang, 2010). Equation (1) applies to both bulk
and size-segregatedVd. Theoretically, a bulkVd should be
obtained by integrating size-segregatedVd according to par-
ticle size distribution. Considering thatRa does not change
with particle size and simple analytical formulas are avail-
able in the literature for calculatingRa, an alternative ap-
proach would be to first obtain a bulkVds and a bulkVg; the
bulk Vd can then be obtained from using Eq. (1). Parameter-
izing a bulkVds and a bulkVg would be much simpler than
parameterizing a bulkVd due to the avoidance ofRa (and thus
the parameters characterizing the planetary boundary layer).
Note that althoughVg depends strongly on particle size, it
only changes slightly with particle density and ambient tem-
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Fig. 1. Bulk Vds(PM2.5) as a function ofu∗ for five group LUCs.
Solid lines represent regression equations, and circles represent data
points.

perature; a constant value can thus be used for a fixed particle
size or size distribution.

The size-resolved particle dry deposition scheme of Zhang
et al. (2001) was used to deriveVds values for any particle
size. The size-segregatedVds was then integrated to obtain
bulk Vds for PM2.5, PM2.5−10 and PM10+ assuming a lognor-
mal size distribution for each of the three size ranges. The ge-
ometric mass median diameter (dm) and geometric standard
deviation (σ ) were chosen as 0.4 µm and 2.2, respectively, for
PM2.5; 4.5 µm and 1.6 for PM2.5−10; and 20 µm and 1.6 for
PM10+. Regression equations were then generated using the
bulk Vds data.

The original version of Zhang et al. (2001) used 15 land
use categories (LUCs) and was later extended to 26 LUCs,
consistent with those used in Zhang et al. (2003) (see Sup-
porting Information of Zhang et al., 2012). The 26 LUCs
were also used in the present study, although they were put
into different groups (Sect. 3.1) or categories (Sects. 3.2 and
3.3) for easy presentation. According to Zhang et al. (2001),
Vds was calculated as

Vds = ε0u∗(EB + EIM + EIN)R1, (2)

whereε0 is an empirical constant (taken as 3.0),u∗ is fric-
tion velocity, EB,EIM ,EIN are collection efficiency from
Brownian diffusion, impaction and interception, respectively,
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Fig. 2. A comparison ofVd(PM2.5) between the new and the origi-
nal scheme for the 26 LUCs. Solid lines represent regression equa-
tions, and circles represent data points.

andR1 is the correction factor representing the fraction of
particles that stick to the surface (taken as 1.0 in this study,
which means no particle rebound is considered).Vds only de-
pends onu∗ and LUC-specific parameters. Thus, the bulkVds
can be parameterized as a function ofu∗ for each LUC with
the possibility of including additional LUC-specific parame-
ters (e.g., leaf area index – LAI, which changes with time of
the year for some LUCs).

Vg depends strongly on particle size, only slightly on par-
ticle density and meteorological conditions, but not on LUC.
Thus, a constantVg can be used for a fixed particle size dis-
tribution. Vg was also calculated using the same lognormal
size distributions mentioned above, and values of 3.7× 10−5,
1.8× 10−3 and 3.4× 10−2 m s−1 were obtained for PM2.5,
PM2.5−10 and PM10+, respectively, when choosing a particle
density of 2.0 g cm−3 and a temperature of 15◦C. Vg could
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Fig. 3. Bulk Vds(PM2.5−10) as a function ofu∗. Solid lines repre-
sent regression equations, and circles represent data points.

vary by 10–20 % if temperature increased or decreased by
20◦C. Vg is not discussed in Sect. 3, and onlyVds was de-
scribed. Note that a particle density of 2.0 g cm−3 was used
throughout the study.

3 Development and validation of the new algorithm

3.1 PM2.5

The bulkVds for PM2.5 as a function ofu∗ was generated for
all the 26 LUCs (figure not provided). Regression analysis
suggested thatVds (m s−1) for PM2.5 can be parameterized
as a simple linear function ofu∗ (m s−1) over all the LUCs:

Vds = a1u∗, (3)

wherea1 is the LUC-dependent empirical constant. If LUCs
with similar a1 values are grouped together, the original 26
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Fig. 4. (a) Bulk Vds(PM2.5−10) vs. LAI under a fixed u∗

(1.0 m s−1) for LUC 6, and(b) k (defined in Eq. 6) vs.u∗ for LUC
6.

LUCs can be regrouped into five groups (Fig. 1 and Table 1).
a1 ranged from 0.0034 to 0.0069 for the five groups. Note
that in the figuresVds is in cm s−1 for easy plotting;a1 val-
ues shown in the figures were divided by 100 when apply-
ing to Eq. (3). These values are similar to (although slightly
larger than) those found in previous studies that focused on
dry deposition of fine particles (see Table 1 of Gallagher et
al., 2002, for a summary of earlier studies).

The bulkVd for PM2.5 can then be calculated as

Vd(PM2.5) = Vg(PM2.5) +
1

Ra+ 1/(a1u∗)
. (4)

Note that Vg(PM2.5) is on the order of 10−5 m s−1 (see
Sect. 2), much smaller than the second term (e.g., 10−4 to
10−3 m s−1) in Eq. (4) under typicalu∗ values, and thus
can be omitted for simplicity if preferred. Apparently, the
main difference between the new (Eq. 4) and the original
scheme (Eq. 1) is the different averaging procedure of size-
segregated deposition velocity (Vds vs.Vd).

Table 1.The original land use categories (LUCs) and their regroup-
ing for the new algorithm for Vds(PM2.5). Empirical constanta1
for use in Eq. (4) is provided.

Original LUC definition New
LUC no. group no.

01 water 5
02 ice 2
03 inland lake 5
04 evergreen needleleaf trees 2
05 evergreen broadleaf trees 2
06 deciduous needleleaf trees 2
07 deciduous broadleaf trees 2
08 tropical broadleaf trees 1
09 drought deciduous trees 2
10 evergreen broadleaf shrub 3
11 deciduous shrubs 3
12 thorn shrubs 4
13 short grass and forbs 4
14 long grass 3
15 crops 4
16 rice 4
17 sugar 4
18 maize 3
19 cotton 4
20 irrigated crops 4
21 urban 2
22 tundra 2
23 swamp 4
24 desert 2
25 mixed wood forests 2
26 transitional forest 2

New Original LUC no. a1 in Eq. (4)
group

1 08 3.4× 10−3

2 02, 04, 05, 06, 07, 09, 21, 22, 24, 25, 26 4.3× 10−3

3 10, 11, 14, 18 4.8× 10−3

4 12, 13, 15, 16, 17, 19, 20, 23 5.4×10−3

5 01, 03 6.9×10−3

A comparison ofVd(PM2.5) between the new (Eq. 4) and
the original scheme (Eq. 1) was performed usinga1 values
generated from Fig. 1. In this comparison,Vd(PM2.5) from
the original scheme was obtained from integrating the size-
segregatedVd (notVds) using the same lognormal size distri-
bution mentioned above.Ra andu∗ were the same in the two
schemes and were generated by varying day of the year (for
covering different LAI values), wind speed (2–12 m s−1),
and temperature differences between the reference height and
the surface (for covering stable, neutral and unstable turbu-
lent conditions). As shown in Fig. 2, the two schemes basi-
cally produced the same results over all the rough surfaces.
It is worth pointing out thatRa is generally much smaller
than surface resistance (the inverse ofVds) over rough sur-
face, so the different averaging procedures from the above
two schemes caused little differences in their finalVd values.
For smooth surfaces (LUCs 1, 2, 3, 22 and 24),Vd(PM2.5)

produced from the new algorithm was a few percent (6–8 %)
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Fig. 5.Same as in Fig. 2 except forVd(PM2.5−10).

smaller than that from the original scheme, but this was
thought to be acceptable considering that the original scheme
likely overpredictedVd for small particles over smooth sur-
faces (Petroff and Zhang, 2010). The slight differences in the
results between the smoother and the rougher surfaces were
caused by the differentRa values over these surfaces because
Ra was much larger over smoother surfaces (due to smaller
roughness lengths) under the same wind speed conditions.

3.2 PM2.5−10

The bulkVds for PM2.5−10 as a function ofu∗ was also gener-
ated for all the 26 LUCs (Fig. 3). It was found that, for a fixed
u∗ value, only oneVds value was generated for some LUCs,
but multiple values were obtained for the other LUCs. The
former case was for LUCs with a constant LAI (including
0 value) (i.e., LUCs 1–5, 8–10, 12–13, 20, 23–24) or with
an LAI varying in a narrow range (i.e., LUCs 21–22, 25–

26) (referred to category 1 below) while the latter case was
for LUCs with variable LAI (i.e., LUCs 6–7, 11, 14–19) (re-
ferred to category 2 below). Daily variations of LAI for each
LUC can be found in Zhang et al. (2003). Regression analy-
sis shows high coefficient of determination (withR2 > 0.82)
betweenVds andu∗ if a polynomial function (power of 3) for
all the LUCs is used.

Based on regression equations shown in Fig. 3,Vds can
be simply parameterized as a function ofu∗ for category 1
LUCs:

Vds(PM2.5−10) = b1u∗ + b2u
2
∗ + b3u

3
∗, (5)

whereb1, b2 andb3 are the LUC-dependent empirical con-
stants and are listed in Table 2a. Note that in Fig. 3,Vds is in
cm s−1 for easy plotting;b1, b2 andb3 values shown in the
figures were divided by 100 when applying to Eq. (5).

Equation (5) also fits well to category 2 LUCs if the LAI
value does not change. Taking LUC 6 as an example, the top
curve representsVds under maximum LAI (LAImax) condi-
tion and the bottom curve for minimum LAI condition. For
a fixed u∗, an exponential increase inVds was found with
increasing LAI (Fig. 4a). Thus, Eq. (5) was first used to pa-
rameterizeVds for maximum LAI for each category 2 LUC.
An adjustment factor as an exponential function of LAI was
then added to Eq. (5) for different LAI conditions. The new
equation becomes

Vds(PM2.5−10) = (b1u∗ + b2u
2
∗ + b3u

3
∗)e

k( LAI
LAI max

−1)
. (6)

The parameterk in the above equation was found to change
with u∗. Thus,k values were generated as a function ofu∗

using the data shown in Fig. 3.k values for LUC 6 were
shown in Fig. 4b as an example. Coincidentlyk can also be
fitted into a polynomial function ofu∗:

k = c1u∗ + c2u
2
∗ + c3u

3
∗, (7)

wherec1, c2 andc3 are the LUC-dependent empirical con-
stants.b1, b2, b3, c1, c2 and c3 for Category 2 LUCs are
shown in Table 2b. The final equation forVds becomes

Vds(PM2.5−10) = (8)

(b1u∗ + b2u
2
∗ + b3u

3
∗)e

(c1u∗+c2u
2
∗+c3u

3
∗)(

LAI
LAI max

−1)
.

The bulkVd for PM2.5−10 can then be calculated as

Vd(PM2.5−10) = Vg(PM2.5−10) +
1

Ra+ 1/Vds(PM2.5−10)
. (9)

A comparison ofVds(PM2.5−10) from using Eqs. (5) and (8)
and from the original scheme is conducted with assumed
u∗ (figure not provided).Vds(PM2.5−10) values calculated
using the newly developed equations agree very well with
those using the original scheme with differences of∼ 10 %
or less over all the LUCs. No systematic difference was
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3734 L. Zhang and Z. He: Technical Note: An empirical algorithm estimating dry deposition velocity

Friction velocity (m s-1) Friction velocity (m s-1)

V d
s(t

es
t)/

V d
s

(o
rig

in
al

)

(a) PM2.5 (b) PM2.5-10
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Table 2a.Empirical constants (in scientific format) for use in Eqs. (5) and (10) for Category 1 LUCs.

LUC Vds(PM2.5−10) Vds(PM10+)

b1 b2 b2 d1 d2 d3

01: water
2.6× 10−1

−1.3× 100 3.0× 100
−8.7× 10−1

−5.5× 100 9.9× 101
03: inland lake

02: ice
3.9× 10−1

−3.3× 100 8.8× 100
−7.3× 100 4.6× 101 9.4× 10122: tundra

24: desert

04: evergreen needleleaf trees−1.6× 10−1 1.5× 100 7.8× 10−1
−9.8× 10−1 7.1× 101

−9.5× 100

05: evergreen broadleaf trees
1.6× 10−2 3.4× 10−1 4.5× 10−1

−2.2× 100 3.9× 101
−6.7× 10025: mixed wood forests

26: transitional forest

08: tropical broadleaf trees −5.3× 10−2 6.6× 10−1 6.7× 10−1
−1.7× 100 5.2× 101

−1.2× 101

09: drought deciduous trees 6.7× 10−2 3.2× 10−2 1.2× 10−1
−1.3× 100 1.3× 101 5.3× 10−1

10: evergreen broadleaf shrub 5.6× 10−2 1.6× 10−1 2.8× 10−1
−2.2× 100 2.7× 101

−2.7× 100

12: thorn shrubs
7.5× 10−2 1.2× 10−1 2.4× 10−1

−2.1× 100 2.4× 101
−1.8× 10013: short grass and forbs

20: irrigated crops

21: urban 7.1× 10−2 7.0× 10−3 5.7× 10−2
−7.2× 10−1 6.4× 100 1.4× 100

23: swamp 9.9× 10−2
−1.3× 10−2 4.6× 10−2

−9.8× 10−2 2.1× 100 3.3× 100

identified when considering all the LUCs together. Note
that Vg(PM2.5−10) was on a similar order of magnitude to
Vds(PM2.5−10) under lowu∗ values but was much smaller
thanVds(PM2.5−10) under highu∗ values.

A comparison ofVd(PM2.5−10) between the new algo-
rithm (Eq. 9) and the original scheme (Eq. 1) is shown in
Fig. 5, using the same input parameters (day of the year, wind
speed, and temperature) as was used for PM2.5. The differ-
ences inVd(PM2.5−10) between the new and the old scheme
were within 10 % over all the LUCs except LUCs 2, 15, 22
and 24 for which the differences were up to 20 %. Consid-
ering the large uncertainties in any existing dry deposition

schemes, the differences of 20 % or smaller were considered
acceptable.

3.3 PM10+

The procedure generatingVds formulas for PM10+ was sim-
ilar to that of PM2.5−10. Here, only the final equations are
given:

Vds(PM10+) = d1u∗ + d2u
2
∗ + d3u

3
∗, (10)

Atmos. Chem. Phys., 14, 3729–3737, 2014 www.atmos-chem-phys.net/14/3729/2014/
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Table 2b.Empirical constants for use in Eqs. (8) and (11) for Category 2 LUCs.

Vds(PM2.5−10) Vds(PM10+)

LUC b1 b2 b3 c1 c2 c3 d1 d2 d3 f1 f2 f3

06: deciduous −1.2× 10−1 1.2× 100 7.1× 10−1 4.8× 100
−5.1× 100 1.8× 100

−1.6× 100 6.6× 101
−1.7× 101 7.7× 100

−1.5× 101 7.8× 100

needleleaf trees

07: deciduous 1.6× 10−2 3.4× 10−1 4.5× 10−1 1.8× 100
−2.0× 10−1

−5.3× 10−1
−2.2× 100 3.9× 101

−6.7× 100 6.2× 100
−1.2× 101 6.1× 100

broadleaf trees

11: deciduous 5.6× 10−2 1.6× 10−1 2.8× 10−1 7.4× 10−1 1.7× 100
−1.4× 100

−2.2× 100 2.7× 101
−2.7× 100 7.7× 100

−1.4× 101 7.4× 100

shrubs

14: long grass −7.9× 10−2 1.0× 100 6.6× 10−1 5.1× 100
−4.2× 100 9.9× 10−1

−2.0× 100 6.3× 101
−1.6× 101 1.1× 101

−2.0× 101 1.1× 101

15: crops −6.0× 10−2 1.0× 100 6.5× 10−1 3.4× 100
−2.4× 100 3.4× 10−1

−2.0× 100 6.2× 101
−1.5× 101 7.9× 100

−1.5× 101 8.0× 100

16: rice −6.0× 10−2 1.0× 100 6.5× 10−1 3.2× 100
−2.1× 100 2.3× 10−1

−2.0× 100 6.2× 101
−1.5× 101 7.7× 100

−1.5× 101 7.8× 100

17: sugar 7.5× 10−2 1.2× 10−1 2.4× 10−1 3.6× 10−1 1.6× 100
−1.1× 100

−2.1× 100 2.4× 101
−1.8× 100 6.5× 100

−1.2× 101 6.3× 100

18: maize 5.6× 10−2 1.6× 10−1 2.8× 10−1 6.6× 10−1 1.4× 100
−1.1× 100

−2.2× 100 2.7× 101
−2.6× 100 6.5× 100

−1.2× 101 6.3× 100

19: cotton 7.5× 10−2 1.2× 10−1 2.4× 10−1 3.6× 10−1 1.6× 100
−1.1× 100

−2.1× 100 2.4× 101
−1.8× 100 6.5× 100

−1.2× 101 6.3× 100

Vds(PM10+) = (11)

(d1u∗ + d2u
2
∗ + d3u

3
∗)e

(f1u∗+f2u
2
∗+f3u

3
∗)(

LAI
LAI max

−1)
.

whered1, d2, d3, f1, f2 andf3 are the LUC-dependent em-
pirical constants and are also shown in Table 2a and b. The
bulk Vd for PM10+ can then be calculated as

Vd(PM10+) = Vg(PM10+) +
1

Ra+ 1/Vds(PM10+)
, (12)

Using the same approach as in Sect. 3.2, a comparison of
Vds(PM10+) from using Eqs. (10) and (11) and from the orig-
inal scheme is conducted (figure not provided), and a com-
parison ofVd(PM10+) between the new (Eq. 12) and the orig-
inal scheme (Eq. 1) is also conducted (figure not provided).
Similar to what was found for PM2.5−10, Vds(PM10+) cal-
culated using the newly developed equations agrees within
∼ 10 % of the original scheme over most LUCs and within
∼ 20 % over a few LUCs (22, 24).Vd(PM2.5−10) values from
the new scheme were also within 10–20 % difference over
all the LUCs. Again, such small percentage differences were
considered acceptable in practical applications.

3.4 Uncertainties caused by pre-assumed
size distributions

The new algorithm was developed with the assumption that
the pre-assumed lognormal size distributions are accurate.
The two parameters,dm andσ , used for the pre-assumed log-
normal size distributions were based on measurements found
in the literature and were thought to best represent the size
distributions of mostly concerned particulate species (Zhang
et al., 2008). To investigate how sensitive the new algorithm
is to the choice ofdm andσ , sensitivity tests were conducted
using reasonable ranges of values of these two parameters.

For PM2.5 (Fig. 6a), if σ does not change, but the size-
distribution profile shifts to smaller sizes (red color),Vds in-
creases by 20–30 %; and if it shifts to the larger sizes (blue

color), Vds decreases by < 20 %. This can be explained by
the size-dependentVds (i.e., increases with the decreasing
size for submicron and ultrafine particles). If the mode of the
size distribution does not change, but the width of the profile
increases or decreases (green or black color),Vds decreases
or increases by∼ 10 %. Again, this can be explained by the
size-dependentVds (note theV -shapedVds profile around the
1 µm size in Zhang et al., 2001). Thus, the uncertainties in
the new algorithm caused by the pre-assumed lognormal size
distribution should be on the order of∼ 20 %, which is much
smaller than other known uncertainties.

For PM2.5−10 (Fig. 6b),Vds increases with increasing par-
ticle size. Shifting the size-distribution profile to larger (or
smaller) sizes (blue or read color) increases (or decreases)
Vds by ∼ 50 %. Increasing the width of the profile (green
color) can increaseVds by a factor of 2.0 or slightly larger.
Thus, the uncertainties in the new algorithm caused by the
pre-assumed lognormal size distribution should be on the or-
der of a factor of 2.0 in most cases, which is comparable to
other known uncertainties in most existing schemes. A simi-
lar conclusion is found for PM10+.

4 Conclusions

Monitoring networks have been established around the world
to quantify atmospheric deposition of criteria pollutants to
various ecosystems where the dry deposition component
is estimated as a product of monitored air concentration
and calculatedVd of pollutants of interest. For aerosol
particles, several size-resolvedVd schemes are available in
the literature that can be applied to any particle species and
over any different surfaces, but this is not the case for bulk
aerosol particles, which are monitored in various networks.
To fill this gap, a new algorithm is developed taking a
widely used size-resolvedVd scheme as the benchmark. The
new algorithm produces similarVd values to the original
size-resolved scheme for fine, coarse and giant particles
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with uncertainties on the order of 20 % or less if the actual
particle size distributions are close to the ones assumed in
this study. The new scheme is easier to use than the original
one at monitoring locations where air concentrations are
monitored for quantifying atmospheric dry deposition. If the
mass fractions in fine, coarse and giant particles are known
or can be assumed for a particle species, its bulkVd can
then be obtained by weightingVd(PM2.5), Vd(PM2.5−10)

and Vd(PM10+). The uncertainties inVd from the new
scheme are similar to those from the more sophisticated
size-resolved schemes.

Edited by: J. G. Murphy
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