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Introduction

In diffusion problems arising in our circumstances, influence of
the earth’s surface is most essential. In almost all observations,
vertical concentration profiles have not been observed or observed
only at a few positions, so there have been scarcely any results suita-
ble to examine theoretical results, in what extent they can express
that influence. '

Results of observations, concerning vertical profiles of sedimentated
numbers of conidio spores dispersed from paddy rices infected by
rice blast in a paddy field, have been reported.” These data are
adequate to the detailed examinations of the theoretical conclusions of
the vertical diffusion. They are the results of captured number of
spores on samplers, so they are not the results of concentration
themselves. However, the captured number can be regarded propor-
tional to the concentration at least in the first approximation, so in
this paper, the vertical diffusion is considered by using these data,
even though the capturing efficiency of the samplers is unknown.

Some theoretical considerations were made in that report, but
the theory was inadequate to apply to small scale experiments as
such ones, and comparison with the observed data was mnot through-
going. So in this paper, the data are analysed more accurately as
the results of the diffusion from a two-dimensional source.

General description of experiments

According to that report, the samplers were set at the heights of
10, 40, 70, 100, 130, 160, 250 and 490 cm from the ground at the cen-
ter of a paddy field whose area was 18mx25.3m. Among the data,
those obtained by horizontal slide glasses, on which solution of gly-
celine and gelatine mixture was rubbed, are analysed. Sampling
time was 24 hours, from 0900 till 0900 in the next morning.
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As for meteorological observations, wind speed at the height of
2m and air temperature and humidity at the heights of 1.0 and
4.5 m were measured. : ‘ ;

Total number of runs was 35, but in some runs the sedimentated
number of the spores was insufficient for quantitative treatment, so
16 runs among them were adopted for this analysis. The results are
shown in Table 1, in which thick line shows the height of grass
level. Assuming that the height of the grass level is z=0, the num-
bers (N) of spores for each run are plotted against the height (z)
from the grass level in Fig. 1. '

Table 1. Number of sedimentated spores.

Height of
measuring 10 40 70 100 130 160 250 490
post (cm) *
Height from
top-level of 30 60 90 120 210 450
grass (cm)
10 88 63 40 6 7 16 5 0
11 18 130 77 35 13 16 | - 12 0
12 152 111 13 26 32 10 7 1
13 43 44 36 79 28 23 11 2
15 324 252 | 172 76 52 34 11 7
16 759 446 105 53 58 27 14 | 5
Date | 47 504 | 312 | 296 | 146 78 67 21 19
18 169 457 248 95 63 | 38 15 5
19 574 393 185 74 39 23 12 4
21 805 464 210 118 42 36 39 13
22 1325 599 360 269 45 85 22 15
23 1361 695 305 228 235 89 31 19

Height from
top-level of 30 60 90 180 420
grass (cm)

21 526 331 108 45 27 28 20 0
28 567 - 474 203 141 | 38 30 17

Date 29 587 225 86 65 35 18 11 2
30 193 541 307 131 100 72 22 15

Theoretical consideration

We take the origin at the center of the rectangular source, z-axis
leeward, z-axis vertically upward and y-axis perpendicularly to them
(Fig. 2).

The number of spores dC’ at the position (x,0,0) scattered from
the band shaped continuous source, which is in parallel with y-axis
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Fig. 1. Number of spores versus height from the top level of grass.
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Fig. 2. Scheme of source for theoretical consideration.
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and at the position of p~¢-+de, is derived from the author’s for-
mula :>%

;0@ e-.f-%(—xz-fﬁ
where |
o) — él’/'—¢2 3 4da 2__2_‘%&____ ERPRY 7
Biw—g)=b|f [£22) 4 (2402 20| (o g T BT 30} @)
o= au, b=pu 3),

@ is source strength (number/m®/day), » is mean wind speed, o
and b are diffusion constants for horizontal and vertical direction
respectively, and o is the capturing'efﬁciency of the sampler, which
is left unknown.

The total concentration from the source is given by

C:Sx dcr— ©Q S ¢ T G (4).
¢ U J-t By(z—9)

Putting *—¢=1, eq. 4 becomes

Q)Q T+ e_ﬁ 5
Cw S By(2) )

and
B,(2) = R{~ 7T+ (3a)’ — 3a} " (6).

As the result of physical consideration, 2 is generally regarded
as large compared with 3«, except that z is close to zero, so

By()=p4 (7)-
Therefore,
c—¥ S“' ¢ 0 ).
u  Jo B
Putting ¢ =-22, we obtain
c—_9 \ 4y
U ey ¢
Q)Q k4 CI)Q l
L -5 e = 1 B o (9)
where
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and

| ag=—E(-o (10)
£ ¢r :

is the exponential integral.
In the present observation =0, so

p=—— | (12).
Bl \
Determination of parameters from observed data

The results given in Fig. 1 show z-dependence of the number
of spores at a given leeward position. From eq. 9, we obtain

log,,C=log,[—E,(—uz)]+log,, Z:Q

Putting p=—E,(—¢), and plotting a curve log,p against log,&, we
obtain Fig. 3. We put this curve on the graph given in Fig. 1 and
translate it in parallel with both axes to fit the marks of observed
data in Fig. 1. Then, if the value of C corresponding to p=1 be C,
we obtain

0.1

001

000457 3 | 10

Fig. 3. Graph of p versus &.
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_q |
— g (12),

and if the value of z corresponding to £=1 be z, we obtain

1

1 1
Z,=1, o= _ 13).
Mz M 4l 2 (13)
In this case 2l is 21.6m which is the mean of the lengths of both
sides of the field, so we obtain f=2,/10.8 and wQ=Cuz,/10.8.

Comparison with observation

The results of fitting of the p-curve are shown in full lines in
Fig. 1. As these curves agree fairly well to the arrangement of the
marks, the above theoretical results may be regarded adequate. The
determined values of g and @ are shown in Table 2, together with
the wind speed and air temperature averaged by the day.

The author has adopted a quantity

Table 2. Values of 8, w@ and .

Data u T'50 Ta50~T'100 ¢ 8 wQ
10 0.9 26. 6 +0.1 0.189 0.17 3.8
11 0.7 24. 0 +0.2 0. 624 0.15 5.3
12 1.1 — S S 0.18 7.5
13 0.9 S S S 0.18 9.1
15 0.9 25. 6 +0.5 0. 941 0.11 15.6
16 1.5 27.1 +0.1 0. 068 0.19 21.1
17 1.3 24.7 0 0 0.19 45.4
18 0.9 24.8 —0.1 —0.189 0.19 16.1
19 1.1 25.4 +0.3 0. 379 0.15 18.5
21 0.9 27. 8 0 0 0.23 22.9
22 1.1 26.4 —1.4 —0.177 0.22 50. 8
23 1.1 27.6 +0.2 0. 252 0.16 48.3
27 1.1 29.1 +0.3 0. 379 0.16 7.4
28 1.1 28.4 +0.3 0. 379 0.21 10.9
29 1.3 29.3 +0.1 0. 091 0.17 9.7
30 0.9 28.5 +0.1 0.189 0:17 18.4

. oT 174 2
¢ 9T _ ( % 1o z)
dlog 2 / PR

as a stability parameter, where T is the air temperature, V, is the
shearing velocity, £ is the Karman’s constant and z, is the roughness
parameter. In the present observations, the wind speéd was observed
only at the height of 2 m and air temperature was observed only at two
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Fig. 4. Curve of B versus (.

heights, so accurate values of ¢ were not calculated. Therefore, the
values of ¢ in Table 2 are approximate ones. The curve of g versus
{ is shown in Fig, 4, and this shows that g has a definite relation
with <. '

Comparison with another formula

The author’s formula has been derived in order to be adapted to
observed vertical profiles of concentration. This formula turns to be
the same to that which is wusually used, for example, Sutton’s
formula, when the source and the posts of observation are sufficiently
high above the ground. However, when the source and the posts of
observation are close to the ground, especially when the source is on
the ground, the vertical concentration profile becomes proportional to
exp(—2z?/B) according to the Sutton’s formula,” but it becomes propor-
tional to exp (—=z/B) according to the author’s formula. In several
papers, comparisons of these two kinds of formulae with observed
data have been reported and it has been verified that the author’s
formula is more adequate than the another,”®” but the present data
are the most adequate ones to verify immediately the theoretical
conclusions. ‘

The formula of the concentration derived from the Sutton’s for-
mula is given by

= ' I S
C— 20Q Sx e Wd _ 200Q S“‘ e 2t
1

UTC,C,

d 14).
(x—&)*" UTC,C, T (14)

0 772—n

Putting a=2%/c,’ and p=a/7* ", the above formula becomes
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o 2wQ_M_1T1(_}_ T e mwdp (15).
unC,C, 2—m /) __o__
(z+02~7

The integral in eq. 15 can be expressed by the incomplete I'-function

vof the 2nd kind: '

T, )= Sme_p,o""ldp (16),
A
where V<0.. The correspondence between v and » is shown in Table 3.

Table 3. Corresponderice between #z and v.

n 0 0.5 1 1.5

v 0.5 0. 333 0 —1

Therefore, when # lies between 0<n<l1, i.e. v lies between 0.5>v>0,
eq. 15 can be expressed explicitly by

c—_ 20Q 1 a,‘z_’i?’lf’(l— 1 e )
UTC,C, 2—MN 2—m (x+1)*"

200 1

- aﬁ"ll’(l—— LI z) (19),
unc,c, 2—mn 2—m o
where o=c(x+1)*"
When n=1, v becomes 0, so eq. 15 can be expressed by
o220 52 5)]
UTC,C, (x+1)
. .
AR
ure,C, o,

where E, is the exponential integral which has been introduced in
eq. 10, and o,=¢ (z+1). |

When n>1 (2>mn), v becomes negative, the integral (eq. 15) con-
verges only when a/(x+10)*"" is not zero.

If we plot logm(Sme"Pp‘E—lep) =log,, P against log, 4, we obtain Fig.
x _

5, and it may be called P-curve for convenience. Just as described
above for the p-curve, this P-curve is put on marks in Fig. 1 in
order to be examined the degree of agreement with the theoretical
results. '

Among the P-curves, those for the values n=0.333 or n=0.5 which
are within the range of values usually adopted, have considerably
different shape compared with the observed curve, and that for n=1
which corresponds rather rare case as the Sutton’s parameter, shows
some resemblance, even so, the degree of resemblance may not be
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Fig. 5. Graph of p versus A

s-o good ; those for n>1, the shape differs more considerably.
So the Sutton’s formula is not adequate for the vertical profile
when the influence of the earth’s surface is effective.

Consideration about source intensity

Estimated values of w@ are already shown in Table 2. These
values have not any relations to wind speed or air temperature,
but if we plot these values against the date of the run, we obtain
Fig. 6. This curve increases exponentially at first, after show-
ing final steep increase, it suddenly decreases, then it repeats the
same procedure. This characteristic might be explained pathologi-
cally, but in this paper, it should be left untouched. However, as
these values which are calculated indirectly show clear regularities,
the present theoretical consideration may be regarded as appropriate.
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Fig. 6. Curve of «wQ versus date of observation.

Conclusion

Using the data which are suitable to the examinations of the
theoretical results for vertical diffusion, it is verified that the author’s
formula is more adequate than the Sutton’s one, namely that the
vertical profile varies as z' rather than 2%

The experiments were rather preliminary ones and successive
experiments are also going to be carried out this year. The data
which will be obtained in those experiments will contribute much
more informations for the vertical diffusion.

The author wishes to express his cordial thanks to the members
who have carried out the experiments for their good will allowing
the author to treat the data, and especially to Dr. E. Inoue, National
Institute of Agricultural Sciences, for his suggestions to analyse the
data.
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