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SOME CLIMATOLOGICAL FEATURES OF ATMOSPHERIC DIFFUSION
CLASSES AT NANJING

Zhang Shifeng, Zhao Ming, Wang Yanchang*

\Y

~ This paper first modified the two methods
which use routine meteorological data in deter-
mining the atmospheric diffusion classes to
suit the application of our country. On this
basis, we conducted statistical analysis of the
one-year data in the Nanjing area to obtain
some elementary climatological features of
atmospheric diffusion classes at Nanjing, and
compared the results of the above two classifi-
cation methods.

3

I. PREFACE

The climatology of air pollution has gained more and
more attention in air polluvtion problems. Environmental
protection and planning ‘and design of cities and industrial
areas require the understanding and estimation of long-term
atmospheric diffusion capability in these areas, and the
possible pollution situations caused by it. Due to the lack
of long-term pollution monitoring and special meteorological
observation data, it has become quite necessary to analyze the
relations between atmospheric pollution and routine meteorolo-
gical data which have been accumulated throughout the years.
Routine meteorological data commonly used are wind direction
rose, small wind frequency and sustaining time, distribution of
temperature inversion, etc. In order to analyze the overall
air pollution climatological features of a certain area and
further to estimate the long-term average concentration of that

%

Comrades Shi Rongxian, Zhang Xiuzhen, Wang Fengzi and Mo
Zeyuan who graduated from the Department of Meteorology of
Nanjing University in 1978 participated in the calculation work.




R
B
oo
d I?§
*;‘ area, climatological analysis of atmospheric diffusion classes
}ﬂg (dtermined by routine meteorological data) must be conducted !},
i This analysis can also give a total assessment of the capability
:£: of atmospheric diffusion and find out the features of its
Iﬁ' changes with respect to time, thereby providing information for
“ﬁﬁ emission control and pollution forecast. The method of estimating
o pollution concentration through the determination of atmos-
5&% pheric diffusion classes uséng routine meteorological data was
%&' first proposed by Pasquill[ ]. Shortly afterward, Gifford[3]
kﬂa modified this method to give the diffusion coefficient values
. with respect to short distance change under different diffusion
ﬁjﬁ classes. But the P-G method is unrefined in determining radiation
x%§ classes, and later a method using specific altitude angle of
ij the sun and cloud conditions was developed. We called the two
%di. models (41151 method A and method B, respectively. The two
’22 methods are essentially the same, only different in details.
%:? In rec;nt years, our country had £ d timati f
A ' y had performed estimation o
- local air pollution concentration using the above method, and,
uﬁiﬁ in general, the results were fair. The method does not require
igﬁé special meteorological observation and is simple to use, there-
‘i:w fore it has valuable practical use.
;o:;:t';
) This paper made some modifications to the aforementioned
;*i two methods, which use altitude of sun, cloud conditions and
3§P wind speed to determine diffusion classes, to suit the applica-
A tion of our country. On this basis, we conducted statistical
z; analysis of the one-year continuous data in the Nanjing area
:?V to obtain some elementary climatological features of atmospheric
3p " diffusion classes at Nanjing and compared the results of the
ﬁ;; above two classification methods.
R
- ) II. DETERMINATION OF ATMOSPHERIC DIFFUSION CLASSES
R
?1:. The A and B methods were originally designed for use in
gm western countries. For example. wind velocity is expressed in
11;:?‘; 2
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miles/hr; altitude of cloud in feet, etc. It is quite incon-
venient for us to use these units in setting the classes. 1In
addition, we express wind velocity in the unit of meters/sec and
round it off to integer. Thus, when converting units, the wind
velocity range (miles/hr) corresponding to a certain wind veloc-
ity (meters/sec) may include wind velocities which correspond

to two classes in the original standard, and therefore make it
difficult to set the class. Moreover, there are numerous ambig-
uous and incomplete places in the original classification standard.
Therefore, we made some modifications based on the original

/3]

classification standard[4 to convert units of meteorological
data into units used in our country and also clearly set and
adjusted class borderlines which were vague. The classification
standards after modification for methods A and B are shown in
Tables 1 and 2, respectively. Considering the fact that the
method for estimating pollution concentration using diffusion
classification is a rough approximation and that our modificatio-s
were not drastic, the original value for the diffusion parameter
corresponding to each diffusion class was used. Of course,
further investigations are needed to determine whether the
modificaitons we made are appropriate. Hereinafter, the modi-

fied methods A and B are simply called methods A and B.

When several kinds of clouds appear simultaneously, the
heights of clouds in Tables 1B and 2A that represent those of
the largest amount of clouds should be selected. Of course,
reasonable selection also needs to be made for cases of a single
kind of cloud.

Table 1A. Method A after modification - I is determined

by 8
(a)
KRR | 00 Tesan 15770545 | 3570 <600 60+ 0
NE T 1 , 2 PO
(b) ey | 3 4
Key: (a) Altitude angle 6 of the sun; (b) Sun

incidence class 1.




M Table 1B. Method A after modification - RadiatiIon
4 classcs § are determined by I.
: { ) (b)
Al -
% (c) | ® i e o ox|amaHOO s i (£)
:: <5 it & (n) S=! “s 1 (g)
) : : e
o " 6.7.8.5. S000&H Sel biaes =
I\ d . = e et . e . - .
:‘ (d) 200~ H _5666—>=1-1
R K ———— e el
oo H=2000 . S=]e2-{-
y G e | s Selo1
" = R . ;
$ H<2600 S=0
U
X “ <s T & & (b} $=-2 :
(e) 5.6.7.8.9 f & (h) S=-1
W) , . R SR ' .-
[ X Toie 10 20000 U | S= -1
P LEL Hszooo | s=o
) '
«
. Key: (a) Total amount of cloud; (b) Altitude of clouds
@ H(meter); (c) Time; (d) Day:; (e) Night; (f) Comments;
" (g) If s<1, then set.S=1; (h) Any.
i Table 1C. Method A after modification - Diffusion classes

are determined by S and ground wind velocity
V (meters/sec) .
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Table 2A. Method B after modification - the determination
of radiation classes (night is defined as

when & =0°)
(a) = i (b)i~ (c) & % & & fuov
. -, e) Vs ] . : ;
(dy | & o ik e LSt 1 635 20 L 0Ses 65
o ' . _
0.1,2.3 (£) {7 e R S | T2+
4.5 (¥~ -1 0 -1 ' -2 + 3
235000 L -1 0 -1 2 -3
G o808 - 2000 (H3900 i -1, 0 0 -1 .1 -
. <209 |0 1o . 0 0 +1
- 2000 -1 0 q [N + 1
lid..c ~— — "-- - _
L2000 m 0 o " w

Key: (a) Cloud conditions; (b) Night; (c) Altitude
angle & of the sun; (d) Total amount of cloud;
(e) Altitude of cloud H(meters); (£f) Any.

Table 2B. Method B after modification - Diffusion classes
are_@etermined by R and ground wind velocity V.

e —— - . . - — e .. —

\“.‘r x -3 + 2 + 1 0 -1 .<ni
(ay =~ "™ R o
e A oa-n B o,k F ]

2 -1 B ¢ D c Fo

3.4 b g-c ' « b D P

546 ¢ Cc-D D D D D !

i

D 1

- 1]

i B c '5)

D i i)
Key: (a) meters/sec.

III. PROCESSING OF DATA

The Nanjing Grand field weather station conducted 24

meteorological observations daily (one every hour). The quality
of cloud observation was also quite high. We employed its data
for a one-year period from December 1, 1976 to November 30, 1977.
There were only 46 hours of data missing, giving 8714 hours of
usable data. For an annual data, this was quite complete.

5
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% X The diffusinn class for every hour in the aforementioned

ﬁ\' one-year data was sequentially determined using the classification
iv' standards of Tables 1 and 2. And then statistical analysis was

;% conducted for the diffusion classes.

%} The height of the sun used in the classification process

X2 can be calculated from the following formula:

i:,: $ing = sinPeing » CHFCOFCOUNT

‘22 where @ is the geographical latitude, & is the sun's equatorial
. latitude and T is the loca time angle. Calculations were ‘
. conducted graphically. In the so-called Nabakov[sl graph,

> § curves between # and 7" were made and & could be determined

:\ﬁ using the T values at each time instant immediately from the

i:ﬂ predrawn curves. Since T is a local time time angle and the

i:t meteorological data are based oh Beijing time, a time difference
:ﬁ of 5 minutes should be considered for the Nanjing area.

-;: ;

7’-?. IV. CLIMATOLOGICAL FEATURES OF DIFFUSION CLASSES

»
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(1) Frequency distribution and annual changes of diffusion

.”L" .

classes.

e

Table 3 is the annual and monthly frequency distributions of

various atmospheric diffusion classes at Nanjing analyzed by

’
i% using method A. Class 4 (neutral) is the most with 53.1%; the
?Eﬁ sum of class 1, 2 and 3 (unstable types) is the least with 17.5%;
E& the sum of class 5, 6 and 7 of the stable types is second with
‘ 29.3%. Most of the unstable types belong to class 3 (weak
X unstable). Class 1 of the strong unstable type is extremely
‘E rare with only 0.8%. The percentages of class 5, 6 and 7 in the
2 stable type are about the same. Since the neutral situation ex-
- ceeds half of the total number, it can be said that the capability
Eﬁi of atmospheric diffusion at Nanjing is, on the average, medium.
ﬁ’ This corresponds well to the geographical latitude and the clima-

tological conditions of Nanjing. Its annual distribution of

atmospheric diffusion classes is very similar to that of the
6
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American city of Oakland[7].

Table 3. Frequency (%) of various Jdiffusion classes
under method A.
(b) ”‘” (c)+ i i glfl)fi (e)ts & w e
By . ) (£)
1 a—3 I 1 S 8 A
(a)m p
0l dasizazans sl lga 110 9.0 205 81
11 0 2. N3 84,2 lsoazn T.e2ng T
2l 0.3 .8 15,0 221 3,7 Lo,; 18,7 11,9 41,1 £33
30 0.3 1.3 6.7 E.7  65.6 !7,3 T3 6.921.7 Ta
b 4] 0.0 2.6i1.0 15.0 €17 1401 BT T.200.3  Tow
5 il 2.2 L.8 1.6 166 63,5 6,0 6,4 4.7 18,0 T
¢ /i 2.8 TL2 1140 211 34,0 19T 11,0 5.9 286 TUO
= ) 1.1 2.5 16.0 22,6 33.0 | 9.7 12,4 2.4 20,5 744
afl . 0.4 3.5 9.812.7 38.7 |9.6 9.6 85275 i
| ‘0.6 5.3 21.4 1802 53,9 ,T,413,8 6,827.9 720
10] Y11 S.415.6 2004 2905 11,913,2 13,1 46,2 T12
111 CULE bes 12.C 23.4 0 30.6 - 8,1 12,8 20,1 05,0 720
12100 4.Z 114 156 45.4 kmll5ﬁl;ﬁim3) T
Key: (a) Time; (b) Class; (¢) Unstable; (d) Neutral;
(e) Stable; (f) Number of observations.

From Table 3 it can be seen that the change from month to
month of each diffusion class is quite large, especially for class
1.7 it could differ several folds. This is because class 1.7
requires extreme meteorolgical conditionhs, and these conditions
could differ much every month. Figure 1 shows the frequency
distribution of seasonal atmospheric diffusion classes for
spring (March, April, May), summer (June, July, August), fall
and winter (December,

(September, October, November) January,

February) .
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Fig. 1. Frequency distributions of seasonal

atmospheric diffusion classes at Nanjing -

Key: (a)Spring; (b)Summer; (c) Fall; (d) Winter.

From Table 3 and Fig.l, we can observe that stable classes

appear the most in November and the fall, not the winter when the
altitude of the sun is lower and day time shorter. Similarly,
the unstable classes also appear the most in November and the
fall, not June and summer when the height of the sun is higher
and day time longer. The following reason might have caused
this phenomenon. Although day light is shorter in winter and
longer in summer, the least amount of clouds appears in the fall
and in November, causing the highest and lowest radiation situa-
tions to occur more in the fall, and wind velocity in November
and the fall is also smaller, thus making unstable and stable
classes to occur easier. Yet the fact that more clouds appear
in summer and wind velocity is greater in winter inhibits
unstab’ ~ and stable classes to occur, hence creating the afore-
mentioned seasonal distribution. As to the neutral conditions,
they occur in March and spring the most, which match the results
derived from common climatological consideration (e.g.medium
day light, largest wind velocity in the entire year). Percen-
tages of stable and unstable classes are high in the fall, thus

causing the neutral classes to occur the least.

It can be observed from the above analyses that the seasonal
changes in the capability of diffusion at a certain location
must be considered along with the climatological and meteorological
features of that location. The above climatological features
8
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of wind and cloud conditions at Nanjing are consistent with the
results obtained throughout the years[8], and are thus represen-

tative.

Table 4 is the frequency distributions of each diffusion
class obtained from method B, and they are similar to those of
Table 3. There is one special point and that is that the fre-
quency for neutral class (D class) is higher than that obtained
from method A. This is true for every month. This matches
Portelli's conclusion[g] indicating that the Pasquill classifi-

cation method often exaggerates the neutral class.

Table 4. Frequency (%) of various diffusion classes
under method B

term B o 8y e
MO L T s (f)
(a) TN A B X D I F ha W
) 0.8 4,5 T.012,1  Cl.2 | 154 11.4 26.8 8751
1)) 0.2 2,5 3,3 6,0 T0.4 | 153 8,4 23.7 o7
2] 0.6 5.8 B3 147 476 | 21,5 1o.2 237.7 653
3/ 0.2 1.7 3.1 5.1 7T6.° 8.4 9,8 18,2 724
4]] V0.3 3,5 6,712,5 71,5 9,2 8,8-18,1 32
S 1.6 4.6 6.7 129 714 9.9 5.8 15.7 Tai
¢/l 1.5 5.8 8.915.2 63.3 | 15.3 5.3 20.6 720
- Ji 0.3 5.0 10,8 16,1 62,9 f 17,2 3,9 21,1 714
8 )l 0.3 Z.¢ I 95 €69 ¢ 4.7 9.6 23.7 Ta
9/ 0.3 <. .21 6108 175 9.2 267 720
10/ - 0.9 .y &,6148 476 21,4 16,2 37.6 42
114] 0.8 €,311,0 18,1 29,1 16,1 26.8 42.9 20
121 0.1 4,1 2,910,1 £3,2 " 18,3 18,4 26,7 T4

Key: (a) Time; (b) Unstable; (c) Class; (d) Neutral;
(e) Stable; (f) Number of observations.

(2) Daily changes of diffusion classes

Figure 2 shows the daily frequency changes of atmospheric
diffusion classes at Nanjing. The numbers on the curves indicate
classes using method A. I represents the sum of class 1, 2 and

9
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a\ 3. S represents the sum of class 5, 6 and 7. Only D class,

[N,

e I' (sum of A, B and C classes) and S' (sum of E and F classes)
A are drawn using the P-G method.
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!

§ . . : . .

g Figure 2 shows that unstable conditions only occur in the
N . I

! day time (6:00-18:00 hours), stable conditions only between
A8 dusk and morning (16:00-8:00 hours) and neutral conditions at
‘g any time of the day. These are consistent with the daily changes
9 AJ
;‘b in meteorological conditions. The daily changes in the fre- ]
kL quency of neutral conditions are small with the largest frequency
4hY occurring at 17:00 hours and the smallest at 4:00 hours. The
035 largest frequency for unstable conditions occurs between 12:00-
X’
ﬁg 13:00 hours and the samllest between 17:00-18:00 hours. The
4‘ ) * )

4 largest frequency for stable conditions occurs at 4:00 hours
ms and three-four hours later, i.e.after sunrise, it rapidly drops
ﬂh to the smallest. Both daily changes of the unstable and stable

4 -

%ﬁ types are quite large.
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a0 (a) ﬁz:mlftiili_Lllll]] TTATTT T
o n . o\
B w0 '
% i "’ ) P
o I e R e T R Yttat St RETEE

. f;jw;\ﬁ 7/ ~ ~ f;:i~‘§
B ) w :-\—’/\f ‘\\/ ‘;\ //'\.V'_/.‘;\ .‘ 44/ /-"/)C_ﬁ
: ‘ - (U I \ R -
fgbs N e -

e Y A .
Y i

< i Y A ‘ -

o N \
o S L A N U

. — ) \ \ =1

. - i \ 3
Y N | Vo =
o [ i | --
= [ /) \ -

) \ R

'-":u - -

‘ .'l

[ g |

R S 0 S S UL DN N A ST S N O

- P2 4 e s 0 R 4 o3 > on o« (b)

;*“ Fig.2 Daily changes in frequency of atmospheric diffusion
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gl classes at Nanjing (1976, 12 - 1977, 11)

W Key: (a) Frequency: (b) Time.
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(3) Relations between diffusion classes and wind direction

In addition to conditions of the pollution source, it is
usually necessary to know the diffusion classes and the combined
probability distribution density of -wind direction and wind
velocity in order to obtain the air pollution climatological
concentration of a certain place under given conditions. Due to
limitation in time and data, we did not obtain statistical three-
dimensional distribution density. As a preliminary effort, we
only obtained combined frequency distribution of wind direction.
See Table 5 for results (only results of method A are listed).

Table 5. Diffusion classes and combined frequency
distribution of wind direction using method A

AR e - -
“€% G !
{4 o) 1 2 3 4 | 3 6 bt X
(a) i : ‘
N v s 0 oss paessliozes |z |7 ] oo
NNE Ej s | 7 ; 31 lmﬁgﬂw zﬁE_\E?S—i" " xo'
NE ] o1 | 73| 689 84 —] 53.5 ! 2 | ear
ub&r_-‘-'{‘ s 1 19 | 6o —i_gg_jguhfI{' l 8.5 | 26 \,.Eii_
e --ﬁ{_g R _|-_"EL- —]."516,5 [-“g;>4 ] 69.5 R
ESE | 4 || ses 765 | a2s |1 801
SE Dol i‘ 38 | 98 ¢ 290 f 80.5  55.5 19 | 582
SSI: | T Hg 61 106.5 4&57%38 16 | 292
$ 3 | 2 o iéé;si s | . a3
SSW s 1 9 o | e |m EEZEENI 171
sw 11 b oe2 1|t AT a8 |
wsw 11 17 50 [ 159.5 ] 39 REIRTR N B 208 )
w b3z s ; ;;3 | 2257 225 ) 8 2
WNW ] o3 | 7 ‘i 30 86.5 | 8.5 | s | R | 15 i
Nw o A T R T - O S T T I T Y |
NNW ' ¢ | o Dolsls 13 13.5 6 | 219
| ¢ L 1 S T T U [~ SRS UL T
i oz B 396 1106 | 16293 | 7313 1039 TRe | 87l !

Key: (a) Wind direction; (b) Class.
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: } It can be observed in the table that, although various
. Al
23* diffusion classes can almost occur under any wind direction, the
e changes in the frequency distribution based on wind direction for
}ﬁ every class are great. The difference between the largest and
AT . . .
‘:}: smallest frequency distribution can be greater than one order
xﬁf of magnitude. The more distinctive one among them is that the
" highest frequency occurs under class 4 and NE wind and the lowest
L N
‘TQ under SSW wind. Another special point is that, except for class
§ "r.
:1¢: 4 and 6, the frequency of every class, under calm wind (C), is
:ﬁﬁ‘ high. Part of the reason is that the frequency under calm wind
o in the Nanjing area is inherently high, about 19.4%; another
;f} reason is that the diffusion classes on both ends, especially
) .
wig class 7, can only occur under very small wind speed (including
By
Gtals calm wind); therefore, the occurrence frequency of class 7
if under calm wind reaches as high as 74.6%.
a8
Ll
3
2 It can also be observed from the table that, under different
bl <, . , .
:?, wind direction, class 4 has the highest frequency:; and, under
. calm wind, class 7 has the highest frequency.
'&),\
B
gy
:«&‘; V. COMPARISON OF THE TWO CLASSIFICATION METHODS
O\
7 In order to further compare the results of the two classification
;;5 methods, we analyzed the corresponding statistical class relations
RSt
vjff between the two. As shown in Table 6, each row represents the
k .\_1. N .
N frequency of each method A class corresponding to different
- method B classes,and each column represents the frequency of
_g each method B class corresponding to different method A classes.
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' When class 1-6 of method A is compared to class A-F of

method B, respectively, 71% of the total number correspons
perfectly for the entire year. 27.7% differs by one class be-
tween the two methods; 1.3% by two classes; and less than 0.1%
by three classes. Thus, the results of the two classification
methods are, in general, consistent. It can be observed in the
table that, although the majority of class A corresponds to
class 1, the majority of class 1 corresponds to class B. More-

over, class E does not correspond primarily with class 5 but

i&“ with class 6. Class F, in fact, corresponds to class 7.

l" )

kh‘ For neutral conditions, 98.8% of class 4 corresponds to

"5 class D. Situations where class 4 corresponds to two classes

5 from D class (i.e. class 4 corresponds to class B) are extremely
3'% rare. However, the percentage of cases where class D corresponds
%‘ to class 4 is less than 86% with about 1% corresponding to un-
h . stable, stable or strong stable classes. Thus in the corres-

,:? pondence relations between the two, class D under method B is

3&% more scattered than class 4 under method A.

::::". . . . . . .
Ry Considering these situations and the results obtained earlier,

" we believe that method A is the better one between the two
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classification methods. Of course, which one is really better

will have to be determined eventually by diffusion tests and
pollution concentration data.

VI. CONCLUSIONS

More than half of the lower atmospheric diffusion classes
(diffusion capability) in an entire year at Nanjing belong to
neutral situations (class 4 or class D). The total diffusion
capability can be considered as medium. Both unstable and stable
situations occur the most in the fall (especially in November)
and the least in spring; for neutral situations, they occur
the most in spring and the least in the fall. These seasonal
changes are determined by the climatological conditions of the
Nanjing area. The unstable situations always occur in the day
time and stable ones always between the period from dusk to morning;
neutral situations can occur at any time with less daily changes.
Occurrence frequency of each diffusion class changes greatly as
wind direction changes. For both unstable and stable situations,
the frequencies under calm wind are extremely high, therefore,
the atmospheric diffusion and air pollution under calm wind
situation at Nanjing are worth paying attention to. The com-
parison of the two classification methods indicates that method
A is better.

Due to the limitation in data, our results are just preliminary.

Data collected over a longer period of time are required to con-
duct further study. We made modifications to the original classi-
fication methods and their accuracy requires verification by
diffusion data. Since the two original methods A and B were for
flat under side and the fact that the Nanjing area includes both
flat and rough under side, their accuracy still requires further
verification for the implementation at rough areas in and around
Nanjing. But in general, the results of this paper gave a general
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t- ' picture of what the climatological features of atmospheric
R diffusion are at Nanjing.
.l
‘.‘~ .
o If the source data are available, some of the results pro-
.’. . 1] . 1] k3
:; posed by this paper can be used to determine preliminarily
LIS . .
w {then with more complementary calculations) and forecast the
ol climatological concentration of air pollution of a certain area.
h\ Meanwhile, some of the climatological features of atmospheric
b
‘?3 diffusion at Nanjing can also be referenced to develop future -
¥ . . . .o
) potential air pollution forecast, emission control from pro-
% duction facilities and pollution prevention.
e
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