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Upper Air Soundings over Nanking
By A. Lu

The upper air soundings by means of aeroplanes over
Napking were started in July 1932 by the National Re-
search Institute of Meteorology. Until 1935, the total num-
ber of the soundings was 75. The instrument employed
in the geroplane flight was a Flugmeteorograph of R.
Fuess make. All the records were published by the Insti-
tute in Bulletin of the Upper Air Current Vol. 4,5 & 6.
Because of the scarcity of the data, we can only compute
the mean values of winter (Qct.-Mar.) and summer (Apr.-
Sept.) half yezrs. In the winter half year, the observa-
tions were 41 in number, while that in summer half year
amounted to 34 only. Most of the soundings were taken
in afternoons during the winter, so that the lowest layer

was much affected by convection. 'The height reached
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seldom exceeded 5000gdm. Above 4000gdm. the total
number of observations decreased abruptly, It is no use,
therefore, to compute aud discuss the mean values over
that height,

Temperature Nanking is located on the east coast of
Eurssia, the most massive continent in the world. It pos-
sesses an extremely continental climate, bitterly cold in
winter, and terribly hot in summer. The annua] ranges of
terr peratvre decrease from surface upward. But as maost
of the soundings of the winter were taken in afterncons,
the surface temperature in winter was comparatively high,
and the annual temperature range is greatest at 1000gdm.
and not at the surface. Above that height, the diurnal
variation of the temperature seemly disappears, the an-
nual range diminishes with height rapidly, until 2500gdm.
is reached. From 2500gdm. to 4000gdm., the range re-
mains nearly constant (table 4). The max. and min. tem=
peratures at every 1000gdm. are tabulated in table S.

The annual average of the lapse rate from surface to
4000gdm. at Nanking is 0.62°A/ 100gdm. With the excep-
tion of the lapse rate below 1000gdm,, it is greater in
summer than in winter. At the height of 2000gdm. the
lapse rate is the smallest throughout the whole year.
From here, it increases hoth upward and downward (sec
table 6),

In this paper, the temperature inversions are discussed

in more detail under three headings, namely, the radia.
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tional, the 'subsiding, and the frontal inversicns, Five exam.-

ples are'given in table 7,8,9,10 and 11,
Pressure: The seasonal‘changes of pressure, as observed

on the surface, i. e.-high in winter ‘and low” in “summer,
are limited to the layer beJow' 2000gdm. only. This is
clearly shown in the ranges of the pressure between win-
ter and summer half year given inftable 12, The annual
range is 14 mb, at the surface, but at 1000gdm., it decre-
ases to only half of that amount. When 2000gdm. is rea-
ched, the pressure remains almost constant, Over that
height, the pressure change is reversed, that is, pressure
is higher in summer than in winter, The difference increases
with height, It is interesting to note that the winter
Siberian High and the summer Continental Low systems,
which control all the weather changes in E. Asia, are
very shz;llow, This may explain why the winter and the
summer monsoons seldom exceed a height of 2km. as
shown by the movement of the clouds and the pilot bal-
loon observations taken at Nanking and elsewhere.

The correlation coefficients between the temperatures
and the pressures (which were computed by T.H. Hsueh)
at every 500gdm. are shown in table 13. The values are
greater in summer than in winter, except that at 3000gdm.
They are negative below the height of 1500gdm. in sum-
mer and 2000gdm. in winter; at or above these height,
all the ccefficients become positive. The negative values

decrease with the height, but positive ones increase, both
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of them changes very rapidly.

As the atmospheric density varies directly with the air
pressure znd inversely with temperature and moisture
content, it is evident that the densily is much greater in
winter thsn in summer. But the rate of change decreases
as the height increases. The annual average of air density
at 4000gdm. is only about iwo third of that at the surface.
(table 14,),

Humidity: The humidity, whether relative, absolute, or
specific, decreases with height. The rate of diminishing
is most irregular in the case of relative humidity. All of
them are much greater in summer than in winter, espe-
cially in the lower layers, This may explain why while
the precipitation is much scantier in winter half year,
even though cyclones are more numerous then. (table
15-17.),

Equivalent, Potential and Eqnivalent Potential Tempera-

tures: The equivalent temperature is directiy propor-
tional to the air temperaiure and the moistiure content. It
is, therefore, much higher in summer than in winter and
steadily decreases with height. The ranges between sum-
mer and winter amount to 35°A below 1000gdm., but the
value is reduced to 20°A or even Jess over 3000gdm.

In general, the potential temperature increases with height
If it becomes negative in any layer, that means the
lapse rate is exceeding the dry adiabatic, the layer is in

a state of absolute instability. In the winter half year,
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below 500gdm. the potential temperature decreases with
height but above that height it increases rapidly upward.
This is probably due to the subsidence of the Ps or NPs
air mass which is domfna’ting in that season. In the sum-
mer half year, though the potential temperature increases
with height from surface to 4000gdm., the rate of increase
is much smaller than that in winter. The difference
of potentia] temperature between summer and winter ex-
ceeds 1:5°A below 2000gdm., above that height, it becomes
smaller and smaller,

The equivalent potential temperature decreases with alt-
itude below 1000gdm, in winter, but increases abruptly
above that height. In summer, it decreases from surface
to 4000gdm., all the layers are in the state of conditional
or convective instability. Naturally the weather is much
less settled than that in winter, Thunderstorms or passing
showers occur frequently. (table 18,19 & 20.).
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Table 1. Number of Observations

(Monthly Distribution)

304
B Time(Hr) 6—8 8— 0 19—12 12—14 14—16 16— 18 Total
H {3 Month
1 1 1 2 4
2 1 1 2 3 7
3 1 1 3 5
4 2 1 3
5 2 4 [
1 2 2 2 6
7 5 1 1 7
8 1 2 1 4
9 2 3 1 2 8
10 4 2 3 9
1 2 10 12
12 4 4
Total 8 20 4 4 33 6 15

LR ARFEAZILBREES—  BEMZ AR BEART i
FFRBURHWE o FAKE  EEREREMUUSE o BARFRA



W O oz W % 7

BB Sk B ABASE(HARS A RESE (AN,
A) o BBy » BTG » SRIEATUETY » B45
O o XF 4B REEHE » LB+ —K » RBP4 =1
Ko—H2 » FAHENERE » 3E1250 LA AEE T
K2 TR 0 KBTS + HBHRHS o
WoR  REHNAH
Table 2. Namber of Observations

{Seasonal Distribution)

B
BTime(Hr,) 6—8 8~10 10—12 12—14 14-16 16—18 Total
FESeason
&Winter 8 ¢ P 1 41
B Summer 8 12 8 6 34
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Table 3. Number of Observations (According to Height)
& Height 0 500 1000 1500 2000 2500 3000 3500 4009 4500 5000 5500
% Season
{# B Temperature
%A Winter 41 41 40 39 39 3B 3IT 3B 21 12 3
¥ Summer 434 3 34 M 34 34 3 26 10 5 1
# 3 Total 75 15 14 73 73 72 71 64 53 22 8B 1

A MR Pressure
A Winter 41 41 40 39 39 38 37 33 38 12 3

FSummer 34 34 34 34 34 34 34 31 26 10 5 1
W%Total 75 75 74 T3 73 72 M 64 54 22 8 1
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& M Humidity
£ Wintel 39 39 37 31 37T 35 35 21 26 1t 2
FSummer 33 32 32 32 31 31 31 28 24 9 5 |
@%Total 72 T1 69 69 68 67 66 59 SO W 7 |
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Table 4. Temperature (*A)
WHEHeight U 500 1000 500 2000 2500 3000 3500 4090
% Winter 286,1 281,2 277,4 274,6 270,1 271,4 269,01 265,5 263.0
¥ Summer 00,0 297,01 293.6 289,9 287.2 283,5 280.7 277,8 274.1
#BERange 13,9 15,9 16,2 15,3 4,1 12,0 1(,6 12,3 11,1
SEIgYear  293,1 289,2 285, 282,3 280,2 277,5 274,9 271.7 268.6

VRS Z 28 A B2 5 BAG I B RTE 3 sk 2 o 54,
HEPBRRBRSREZEANENRT » PHEREZEZH o
WHE  BERRERE(CA)
Table 5, Max,& Min, Temperatures(®A)
W B Height 0 1090 2000 3000 4040
Max. Min, Max. Min. Max, Min. MaX. Min, Max, Min,
£Winter 297.9 273,6 290,5 264,2 283,9 259,7 279,5 257.,4 273,2 255,0
¥ Summer 309,2 282,2 306,2 272,7 371,0 265,9 296,0 264.9 288.0 263,2
WAERRRRSE SR o W  SBIPIE R o
R SR I e T VR D 9 v P S B T RRAIE o LSRR BT e Assg
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SR ] B S B EEE o AT KM NEP RS v s B i
TEBE o kBB Z  FRARKEERRA FFRALET HERRE
% o BH2E0 4000 ERPYZIMERWAES 6.2°A/kgdm » £F
£5.8°A/kgdm » 26.5°A /kgdm o LI Efisw » S FHRMER
By XZH3.0°A/kgdm + EEFREBS.4°A/kgdm - J3pE4.2°
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Table 6, Lapse Rate(A/Kgdm)
T BEHeight 500 1000 1500 2000 2500 3000 3500 4000 Mean
4 Winter 9.8 1.6 54 3,0 3.4 46 7,22 5.0 5.8
X Summer S8 7.0 7,4 5,4 T4 5,6 5,8 T4 645
. Year T8 T3 6,5 4,2 5,4 5,2 6,5 6.2 642
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The Sounding of Feb. 21 1933,
B Time: 9 :05---10 ; 30

B BHeight(M.) B EETemperature( °A) BEFHumidity(%)
Hiiig Surface(10) 279 .4 ' 73
500 83,7 60
1000 E
1500 74,7

2000 72,0
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2500 68.2
3000 66.7
3500 64.1
4000 61,5
4500 59.2
5000 57.2
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Table 8. The Temperature Inversion at Pei-Chi-Ko, Dec.23,1935
(Time : 7:06)

HieyPlace EEHeight(m) R ETemperature(°C)
i Temperature Shelter 65 -5.3
$hEZPan-Chi-Ting 37 -6.1
£i3%e5 At the Side of Railway 17 -7.0
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Table 9, The Sounding of Feb 10,1935,
(Time : 13 3 58~-=15: 18)

Height Temp, Humidity ad w Wind Dir. Vel,
(m,) (°C) (%) (°A) (g/kg) ~ (m/s)
0 9,3 50 280,9 3.6 SSE 6,2
560 5.1 49 282.3 2.8 WSW 4.0
1050 0.1 58 2821 2,5 NW 7.4
1560 -2,0 58 285,6 2.2 NW £.0
2600 -3,2 49 2884 1.8 WNW 546
2220 -4,2 45 289,8 1.6 WNW 1.7
2300 -2.8 42 291,8 1,6 WNW 8.3
2530 -2.4 39 295,5 1.7 NwW 11,6
2970 -5.5 37 296,4 1.2 NW 14,8
3370 -8.1 35 298,3 1.0 NW 17,0
3970 -11,5 34 301,0 0,8
4419 ~15,8 38 301,7 0.6
4800  -18.8 42 02,7 0.6
5170 =217 45 303,1 0.5

4% Jerome Namias ZHI% » FUGHM + ik fInH 2 B
R A 6 BRI FR o T S 18 0 DB 2 AR o 25K
R FOUBGEUAIR RSS2 3lh o 2502 0 L3 I B G g o S8 @
B R A A 0 285 F T S T 00 7 T P S 2SR
WeEsHin R TE o SHIR RO RR 2R RS ST K
R FBAEEL AR R IR RGN o FUT i MR A

1. J. Namias: Subsidence within the Atmosphere P. 59
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Table 10, The Sounding of Mar. 16,1936, (Records fiom a Sounding Balloon,)

Height Temperatpre  Humidity 6od W  Wind Dir, Vel,
(m) (°A) (%) (°A) (g/kg) {m]s)
83 286,5 50 286,45 4,9 SSw 2,5
920 281,7 40 290,0 3.1 WwSw 7.0

2220 271,5 44 292.4 1.9 W 3.0
2940 265,7 47 293.9 1.4 w 3,0
3050 265,7 47 2949 1.4 WNW 3.7
3330 263,0 50 295.1 1,2 A-St 3230m,

3510 26245 54 296,6 1,3
3570 265.0 55 200.3 1,7
3860 263,0 60 301,1 1.6
4040 263,3 61 303.3 1,7
4810 260,0 68 308,1 1,5
5480 256,40 70 31143 142

2, B3 REAZFTHAEZATAAZETLE PERREEZ BB
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5970 2519 66 312,9 0,8
6520 248.6 70 315,3 0.7
6870 247,0 66 317.6 0,6
7430 240,6 64 319,0 0.3
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Table 11, The Sounding of Jure 6,1936,

Height Temperature Humidity 6d w Wind Dir. Vel.

(gdm,) (°a) (%) (°A) (g/kg) (m/s)
7 300,0 60 301,0 13,5 SSE 1,7
620 295,0 39 303,2 7.4 ESE 8.0
700 2964 35 304,4 649 ESE 8,0
800 296,1 20 305,0 548 E 7.9
2550 285,7 34 310,0 3.9 E 5,0
3000 279.3 39 306,4 3,2 E 2,3
3300 279,6 37 312,2 2,3 SSE 2,2
3350 278,4 78 314,3 6.6 SSE 2,2
3370 T 279,14 75 315.9 6.8 SSE 2.2
3400 279,3 95 316,2 8,7 SW 3,9
3420 279.6 94 317.4 8,8 SW 3.9
3550 278,7 98 318,0 3.9 WSW 5.5
3600 279,6 100 319,2 9.6 wWsSw 5.5

3640 219.2 100 319,0 9,4 WSW 5,5
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Table 12, Pressur{m)

Height(gdm,) 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Winter 1022.5 963 906 849 793 750 703 659 617 581 546
Summer 1008,5 954 899 846 798 751 706 663 623 590 55§
Range 14,0 9 7 300 =1 -3 -4 -5 -y -9
Year 1015.5 958,5 902,5 847.5 798 750,5 704,5 661 620 586 5505
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Table 13, The Correlation Coefficient between T, and P,
B REHeight 0 500 1030 1500 2000 3000 4000
£ Winter =66 -39 -.18 -.03 .33 .59 .62
¥ Summer -, 88 -.60 -,43 ol5 48 .49 Ay
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Se Gedes: Meteorolgy P. 108,
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6, W. R. Gregg: Aecronauticol Meteorology P.68,
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Table 14, Air Density (kg/m8)
Height 0 500 1000 1500 2000 2500 3000 3500 4000
Winter 1,2412 1,1904 1,1357 1,0754 1,0172 0,9715 0,9092 0, 8653 0,8169
Summer 1.1613 1,1116 1.0601 1,0113 0,9538 0,9207 0,8737 0,8295 0,7908
Year 1,2013 1,1510 1,0879 1,0439% 0,9855 0,9461 90,8915 0,8474 0,8039

BEGTRRARMEA 0.1 kg/m? » EWRTERED A E
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Table 15  Relative Humiditv(2)
Height 0 500 1000 1500 2000 2500 2000 2500 4000
Winter 55 55 St 49 42 41 36 33 34

Summer 62 61 60 60 56 54 51 49 43
Year 59 58 55 55 49 43 44 41 39
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Table 16, Vapor Pressure(mb)
Height 0 5600 1000 1500 2000 2500 3000 3500 4000
Winter 8,3 5,6 4,3 3.4 2,6 2,2 1,6 1,4 0.9
Summer 22,1 18,3 14,6 11.6 9,1 6.9 5,4 4,2 2.8

Year 15,2 11,9 9.5 7,5 5.9 4,6 3,5 2.7 1,9
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Table 17, Specific Humidity(g/kg)
Height 0 500 1000 1500 2000 2500 3000 3500 4000
Winter 5.1 3.6 30 2,5 2,0 1,8 1,4 1.0 09
Summer 12,7 11,9 10,1 8,6 7,1 5.7 4.8 3.9 2.8
Year 8,9 7.8 6,6 5.6 4.6 3.8 30 2,9 1,9
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Table 18, Equivalent Tempeiatur(A)
Height 0 500 1000 1500 2000 2500 3000 3500 4000
Winter 299,40 290,3 285,0 285,9 278,.2 276,0 272,7 268,0 26543
Summer  335,1 327,4 319,6 311,9 305,3 298,1 292,8 287,9 281,2
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Table 19, Potential Temperature(®A)
Height 0 SeQ 1000 1500 2000 2700 3000 3500 4000

Winter 284,2 2841 2853 288,1 2920 294,5 298.0 299.0 302,2
Summer  300,0 301,5 302,0 04,0 307,0 307,8 310,9 312,1 314,2
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Teble 20, Equivalent Potential Tempeiature(A)
Height 0 500 1000 1500 2000 2500 3000 3500 4C00

Winter 29646 293,8 293,7 294.7 298,0 299,9 302,1 302,0 304.8
Summer  334,0 331,8 32945 327.4 326,2 324,0 324,0 324,0 3221
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