
illt:

1:

.J0

.

f

f:)

r





The Temperature of China

APPENDIX

COCHING CHU

John Lee Pao-kun Chang

NATIONAL RESEARCH INSTITUTE OF METEOROLOGY

ACADEMIA SINICA

S0024638





The Temperature of China

APPENDIX

Cocking Chu

John Lee Pao kun Chang

NATIONAL RESEARCH INSTITUTE OF METEOROLOGY

ACADEMIA SINICA





/

palm

N

m

m

—

^

'
- -/i

-

III



s

ii^



CONTENTS

Description of the Charts

Topography of China

Isothermal Charts

LIST OF CHARTS

CHART

1. Topography of China

2. Sea-level Isotherms, Year

3. Sea-level Isotherms, January

4. Sea-level Isotherms, February

5. Sea-level Isotherms, March

6. Sea-level Isotherms, April

7. Sea-level Isotherms, May

8. Sea-level Isotherms, June

9. Sea-level Isotherms, July

10. Sea-level Isotherms, August

11. Sea-level Isotherms, September

12. Sea-level Isotherms, October

13. Sea-level Isotherms, November

14. Sea-level Isotherms, December

15. Actual Temperature, Year

16. Actual Temperature, January

17. Actual Temperature, February

18. Actual Temperature, March

19. Actual Temperature, April

20. Actual Temperature, May

21. Actual Temperature, June

22. Actual Temperature, July

23. Actual Temperature, August

24. Actual Temperature, September

25. Actual Temperature, October

26. Actual Temperature, Novembei'

27. Actual Temperature, December

28. Mean Annual Range of Temperature

29. Mean Annual Maximum Temperature

30. Mean Annual Minimum Temperature



mm



ISOTHERMAL CHARTS





^
Gherzi

, ,
;

,1^

(1J (2)

H. Gauthier, E. Gherzi, Gauthier 1918

Gauthier

, Gauthier \s\ ,
J. Harm , , ,

, , ,

JT

;

2

• g 4^: S

•

'

J. Harm , ,
, fJl

, , fc{

>^ ,
iM Braak Klima von Hinterindien unci Insu-

inde T. Okada Climate of Japan



2^ , Klima der Union

der Sozialistischen Sowjet-Republiken, Teil I Die Lufttemperatur, Lieferung 3

Ciimatological Atlas of India
•

(

I :,
(5), Bartholomew,

, mm _±_

,
, 1| g^^J^

,( ,
Harm 0.4°C/100 (3^ 0.5°C/100

^ _¥

( 4_M , ,,
H :

, ,
, ,

pcj , ,
2!^ m , ,

S ili 'V- 1^,

1:,^

^ , ^& ,



3

( III ;&
^u^i

, 1^/^

11) ,

M,±m ^
, , iLi

, mm
,

, ,
, W^ ,

i^^r

• m ^1-:^ ,

, ,

^
il£ , fj^S ,, dl% m ,
/

fi

S , 1^' S



4

m 1^0, ,
j^ii^

g

^ —±
of(- M

_

g£

Ol

§Hi 2.1°C,

ii.2°c, m
(

,

,
27°c -Mm g

,
,^ ,

, ,
, , ^ jj^ ,

n ; 2

g M



5

, m 1| U, o.8°c

, III ^1 looo -nm

, ^ , % %

fe^, , m •

1^0 g5^ ^' ,
^

-

27 .6°C, 17.8°C

:

, '^
, fn] mjt ,

; 1 ,
,

a 2.6°C g 1.2°C

S S w;.

1?

,
, 1^ ^

E : m^;- ,
i: , _:& ^1 V.fiollj_^f_%

U, tl S ,
W KM^ iJi ,

S , , III



6

113 W

0.1(jeC

,
is ,,

, , , :&

,
ill ilLi

mg ,,

, & ^; ,
m M mm ^ ^ ,
'M , , 111$

, _ J^

)

rg, ^
M r 1| ± , ,

^ '



7

U, S°C' , !^' .
. raju

H

1^ ,
, ^

-

(1) H. Gauthier, La Temperature en Chine, 1918, Shanghai.

(2) E. Gherzi, Atlas Thermometrique de la Chine, 1934 Shanghai.

(3) J. Hann, Handbuch der Klimatologie, 4te Aufl. S. 45 1932.

(4) Hann-Siiring, Lehrbuch der Meteorologie, 4te Aufl., S. 136 1926.

(5) J. G. Bartholomew and A. J. Herberts on, Atlas of Meteorology, 1899.

(6) J. Hann, Handbuch der Klimatologie, 4te Aufl., S. 235, 1926.

(7) 9^^^4^1^^^5^&^5^1&

(8) ,

(9) 8 )

( 10) ^ihMj¥^^^^M£3A3.B^f^M^

(11) K. Tsukuda, On the Surface Temperature of the Neighbouring Seas of Japan.

Kobe, Mem. Imp. Mar. Obs. Vol. VI No. 3 p. 245.

(12) m '

(13) R. D. Ward C. F. Brooks, The Climate of North America, Handbuch der

Klimatologie, Bd. II. Teil J, p. J 93 1936.

(14 Si^iL^JJi ,
5





DESCRIPTION OF THE CHARTS

The drawing- of isothermal charts requires well distributed records as well as records

of long duration. These two requirements cannot be fulfilled in China. Some stations have

records extending to many years, strictly speaking these stations cannot be used simultane-

ously with others which have very short temperature records. For the sake of homogeneity

the records used in drawing- present charts are those extending from 1.931 to 1935, for within

this period the records are more numerous and reliable.

Father H. Gauthier(" was the first man who made an extensive study into this subject.

His book appeared in 1918, and contains available data up till that time. Recently Father

E. Gherzi published his "Atlas Thermometrique de la Chine"") which is purported to com-

plement Gauthier's work. Gherzi employed more stations and records of longer duration than

Gauthier in his study of temperature of China, but he, like Gauthier, did not seem to use

the temperature records of a definite homogeneous period in constructing the isothermal

charts, which according to J. Harm, should be an essential factor in making temperature of

different places comparable (3)

.

In making isothermals for the present work we used the data of only 105 stations

which cover the same period 1931-1935, believing that the shortness of period is amply com-

pensated by the homogeneity of the series. Wherever possible the data have been reduced

to the mean of term hours, i.e. 6& and 21**. Besides the mean monthly and mean annual

charts of sea level temperature, the present work also contains mean annual and mean

monthly actual isothermal charts, one chart of mean annual range, one of mean annual

maxima and one of mean annual minima.

In reducing the mean monthly and mean annual to sea level, a uniform lapse rate of

0.5°C per 100 meters is assumed. Even though aeroplane ascents made in Nanking and

kite ascents made in Peiping all indicate that the average condition of free atmosphere

calls for a vertical temperature gradient of 0.6°C rather than 0.5°C per 100 meters for

spring, summer and autumn months, this latter lapse rate was employed for all the charts

simply because it has become an international usage.

According to J. Hann, ordinary isothermal charts not reducing to sea level have

neither scientific nor practical value . This is especially so in a region where altitude

changes greatly in a short distance. Still, from the geographical point of view isothermal

charts of actual temperature represent the real condition and serve many purposes such as

the subdivision of climatological and agricultural regions. For this reason they have been

retained in the present work.

The temperature records of Indo-China, Siam and the Philippine Islands used in

these charts are taken from Braak's "Klima von Hinterindien und Insulinde" and those of



10 THE TEMPERATURE OF CHINA

Formosa, Korea and Ryukyu Archipelagoes are fruin T. Okada's "Climate of Japan.

Futhermore, we have also consulted "Klima der Union der Sozialistischeii Sowjet-Repub-

liken" and "Climatological Atlas of India." It is to be noted that these data do not cover

the same interval of time 1931-1935.

(A) Description of Sea Level Isothermal Charts

Mean Annual Isothermal Chart

With Pacific Ocean on its eastern border and with Mongolian and Tibetan plateaux

on its west, and stretching- from tropic of Cancer in the south to well toward latitude 50°N

in the north, it is apparent that China should show a considerable range of temperature.

The most noticeable feature in the mean annual chart is the swinging of isotherms equator-

ward as they approach the Pacific sea-board. A glance at the world isothermal charts, such

as Bartholomew's (5), will convince us that such systematic deflections exist over all the con-

tinents as isotherms pass from the land to the ocean, but the deflections are more marked

over the eastern coast of N. America and Eurasia. The result of this deflection is to make

the eastern part of China proper abnormally cool.

There are three other points worth mentioning-, namely : (1) the temperature of

Yunnan plateau is exceptionally high; (2) temperature of open sea is higher than the

temperature of the adjoining coast land, which in its turn is higher than that of the coastal

islands, that is to say the coastal waters are abnormally cold, it is colder than both the

coastal land and open sea, this is especially true along- the southern coast of Shantung ex-

tending- to the north of the province Kiangsu and in the Strait of Formosa; and (3) the

isothermal lines of Shantung conform to the general shape of the peninsula. A word of

explanation may be necessary for each of these features.

(1) It is well recognized that on a high plateau temperature decreases with height

much slower than on a. plain or on a mountain. J. Harm pointed out that the lapse rate on a

plateau comes nearer to 0.4C per 100 meters rather than 0.5C per 100 meters (e). Besides,

the province of Yunnan is located to the south of Tibet plateau, sheltered from the severe

northerly current, the temperature is accordingly high.

(2) The temperature of the open sea is higher than the temperature of adjoining-

land owing to the fact that the open sea temperature is influenced by the Kuro Shio warm
current which increases the sea temperature directly, and the air temperature indirectly.

The coastal islands, on the other hand, are just on the way of cold Chinese coastal current")

,

chilled by it, and therefore has a temperature below that of the continent. The low

temperature in the south of Shantung- peninsula and the north of province Kiangsu is due

to two causes : (a) in the winter half year when the northerly winds blow across the east point

of Shantung peninsula, then they, under a favcrable condition, due to the dynamical effect,

develop into a vortex in the Yellow Sea(8). Even though the prevailing wind direction at

Tsingtao, Tungtai and Siichow may be southerly, southeasterly or easterly, but as the source

of these winds is from a northerly direction, they are cold winds and reduce the temperature
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of that region in winter; (b) from April to August there develops a cold center in the

Yellow Sea (see the isothermal charts from April to August), the cool ocean water affects

the temperature of coastal land nearby, and therefore the summer' temperature of this region

is also ow. The temperature of islands along the coast, especially those in the Strait of

Formosa, is abnormally low, because these isfands are directly subjected to the influence of

the Chinese coastal current, which is propagated by the northerly winds from a higher

latitude through the Strait of Formosa, and hence has a low temperature. (9) The northerly

winds prevail in the Strait for the greater part of the year, from September to May, and

the wind force here is stronger than other parts of China.

(3) The isotherms of Shantung peninsula are parallel with the coast lines, and this is

caused by the distribution of land and sea.(io) In summer the cooling effect of ocean is very

pronounced, a difference of 6° to 7° in the mean monthly existed between stations along the

coast and those inland. In Korea the isothermal lines also tend to conform to the coast

lines especially in summer months. (") The ex reme low water temperature in Yellow Sea

in summer is probably due to the swelling up of ocean water from below, its influence is so

extraordinary that it is discernible even in the mean annual isothermal chart.

Isothermal Charts of the Winter Months

In the winter three months, December, January and February, China is entirely

under the influence of the Siberian or Mongolian high pressure, and Outer Mongolia and the

three Eastern Provinces have very low temperature due to strong outgoing radiation under

a clear sky. On account of its favored position as stated above the plateau of Yunnan has

the highest temperature in our country in winter. For obvious reasons the temperature of

open sea in Pacific Ocean is higher than the land, but the temperature in the Strait of

Formosa is low as compared with the neighbouring land stations on both sides, the reason

for this anomaly has been given in the foregoing paragraph. The isotherms in the Yellow

Sea bent northward as they entered sea from land owing to the tempering effect of water.

Generally speaking, the isotherms run from NW to SE, on reaching- the lake basins of Central

China they bent back towards NE forming- open loops, they follow closely the familiar tracks

of cold waves (12). January has the lowest temperature of the year and the horizontal

temperature gradient from Lungkiang in the north to Hongkong in the south is roughly l'.4°C

per 1° of latitude comparable with the temperature gradient of the eastern coast of the

U. S. A. in the same month . In the month of February the temperature of the land

begins to rise slightly and this is sufficient to cause the isotherms of Shantung province to

run parallel to the coast lines. -

Isothermal Charts of the Spring Months

Owing to the rapid rise of the land temperature, temperature gradient from north to

south of the three spring months gradually decreases. The general trend of the isotherms

assumes the same shape as that of the winter season, i.e. the isotherms run from NW
towards SE and then turn back towards NE. On account of rapid increase of temperature

in the desert regions of Mongolia the low temperature region shifts to northern Manchuria.
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The isotherms of Shantung peninsula conform more closely to the sea coast, which is caused

by the rapid rise of the land temperature. In the month of April the land temperature

becomes much higher than that of the sea, and the Yellow Sea appears to be a cold region

in comparison with the surrounding land. This kind of temperature distribution explains

why the summer monsoon first starts in the rHeighbourhood of the Gulf of Pechihli . The

isotherms make long loops in the Strait of Formosa during spring, which shows that the

Chinese coastal current is much colder than the land during these months. Yunnan plateau

still remains to be the warmest part of the whole country.

Isothermal Charts of the Summer Months

Due to the intensive incoming radiation in summer which results in the excessive

heating of the continent, the isotherms of the coastal regions assume the general shape of

the coast line in the summer months. Even in interior the isotherms tend to run parallel

with the coast line, forming' concentric semicircles, with the hottest part at the center. The

influence of the coastal cold water current on the temperature of the Strait of Formosa

persists till June, but in the months of July and August the influence gradually fades away.

The Yellow Sea becomes the coldest spot on the charts. In actual temperature, Central

China is the hottest region on the July chart and the mean monthly temperature of Kiukiang,

Hankow and Changsha is as high as 30°C. On sea level isothermal charts Tsinghai and

Sikang- hypothetically takes the lead away from Kunming plateau and becomes the seat of

excessive heating in summer months.

Isothermal Charts of the Autumn Months

Autumn season is the transitionary period between winter and summer monsoons.

As the cold Siberian air masses gradually push southward the horizontal temperature

gradient increases and the isotherms of Shantung peninsula again take on the winter shape,

i.e. they are more or less parallel to the latitude. The temperature distribution of the

November chart resembles already very much that of the winter months. The temperature

gradient between coast land and interior is much more gentle in autumn than in spring.

Thus the difference of temperature between Kaolan (Lang-chow) and Tsingtao, located

practically on the same latitude, is 2.1C in October and ll'.2°C in April both in favor of

the inland city. Kunming plateau, though becomes once more the warmest portion of the

country, has a lower temperature than in the spring months.

(B) Description of Actual Isothermal Charts

Mean Annual Isothermal Chart

There is little difference between the actual temperature and the sea level temperature

charts in the coastal regions as well as on the Yangtze and Yellow River Delta, but in the

southwestern plateau and other regions of elevation the actual temperature charts are much

more complex than the sea level temperature charts, and the complexity of the actual
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temperature charts increases as the number of stations increases. On the mean annual

isothermal chart for actual temperature, the coldest region is located near Urga and the

warmest region is along the South China coast with a difference, of 27°C. Owing to their

great height Kunming- and Kweiyang have rather low mean annual temperature. The Red

Basin, on the contrary, being rather low and protected against cold wave invasion by high

mountains on the north, and submitted to foehn effect from the south, has comparatively

high mean annual temperature. The isothermal lines of Shantung peninsula still retain

the general shape of the peninsula. The temperature in the southern part of Shantung

peninsula and the northern part of province of Kiangsu and that on the islands in the Strait

of Formosa is still lower than the surrounding districts as shown in the sea level chart.

Isothermal Charts of the Winter Months

The general trend of the actual isotherms of the winter months is similar to that of

sea level isotherms. The main difference is that while the isotherms of the sea level tempera-

ture are more or less inclined from NW to SE, the isotherms of actual temperature, however,

run from west to east, roughly parallel with the latitude. The effect of the cold coastal current

is still prominent in the Strait of Formosa. The December chart shows that the orographical

influences of Yunnan-Kweichow table-land and the Red Basin on the temperature are quite

prominent. As winter advances the influence of topography becomes less apparent. In

January Kunming- is only 0.8°C colder than Turnabout, an island station situated on the

same latitude but 1900 meters lower in altitude. A cold center begins to form over Kwei-

yang- and its neighborhood in January, owing to the high cloudiness and frequent mist pre-

vailing- in this district. While further south the Kunming' plateau, though located one

thousand meters higher, enjoys plenty of sunshine throughout the winter and early spring",

and hence has a much milder weather. The influence of land form of Shantung peninsula

on its isotherms begins to show itself on the February chart. January is the coldest month

of the year and the horizontal temperature gradient from south to north is about 1.6°C per

1° of latitude. When one travels from Outer Mongolia to the Hainan Island one has to

experience every variety of climate from the arctic rigor of Mongolia to the balmy sunshine

of the South Sea. In January Urga has a mean temperature of -27.6°C, while Lamko on

the Hainan Island registers at 17.8°C.

Isothermal Charts of the Spring Months

On account of the rapid rise of the temperature of the land and the influence of the

different land forms the isotherms of the spring- months show irregularity, and their dis-

tribution differs more and more from the corresponding sea level temperature as the

temperature rises. The coldest spot seems still to be located near Urga, South China coast

still forms the warmest region in this country. The influence of the Chinese coastal current

on the temperature of the Strait of Formosa is clearly shown on the chart. But on the

April and May charts a cold region in the Yellow Sea begins to appear and this region
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affects the temperature of its surroundings. The influence of land form of the Shantung

peninsula on its isotherms is clearly shown in these charts as in the sea level spring charts.

As summer is approaching the temperature of Central China and the great northern plain

rises more rapidly than the temperature of the hilly regions of western China and the low-

lands along the coast, consequently the isotherms assume a wedge shape with the narrow

end pointing northward. Rainy season begins on Kunming plateau and as spring advances,

temperature in Kunming tends to rise only slowly, thus in March Kunming is warmer than

Kweiyang by 2.6°C, but by May the latter city is warmer by 1.2°C.

Isothermal Charts of the Summer Months

The isothermal charts of these months differ radically from the sea level isothermal

charts for the same months. On the latter charts temperature increases from coast to

inland, while on the former charts, with the exception of the immediate coast, where the sea

breeze has a moderating' effect, and lowers the temperature somewhat, the degree of warmth

decreases from coastland inward, in the inverse proportion to the increase of altitude.

Mongolia in the north and Tibet plateau in the west seem to be the regions of comparatively

low temperature. In actual temperature charts a cool center appears in the Yellow Sea.

The June chart shows two hot belts, one in South China and one in North China. The hot

belt in North China includes Honan, western Shantung, northern Hopeh and eastern

Shensi. The July and August charts exhibit similar features as the June chart but the hot

belt in South China advances northwards to Central China, and the effect of coastal current

in Formosa Strait is not obvious in July and August. Western Shantung is still compara-

tively warmer than the east, but the temperature contrast between western and eastern

Shantung is rather small in the month of August. From April to July the temperature

gradient between western and eastern Shantung peninsula is steep and this is caused by the

existence of a cold center in the Yellow Sea- and a warm sector in Honan province. In con-

trast to the steep temperature gradient existing between Manchuria in the north to South

Sea in the south during winter, the rate of change of temperature from north to south in

summer is very gentle. It amounts to only 0.16°C per degree of latitude in July.

Isothermal Charts of the Autumn Months

Autumn is the transitionary period between summer and winter, the only feature

worth mentioning- in these charts is the flattening out of the wedge shaped isotherms on

the Shantung peninsula into more or less parallel lines with the latitude. These three charts

differ very little from the sea level charts for the same season, save for the fact that the

topo^aphical effect of Yunnan-Kweichow plateau is much more in evidence in the actual

temperature charts. Along the coast spring is much cooler than autumn, but on Yunnan-

Kweichow plateau as well as in Northwest China, autumn is the much colder of the two.

The November chart is very similar to the winter charts and may be included with the

winter months.
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Mean Annual Range of Temperature

The mean annual range of temperature in China increases with the latitude and

away from the coast. The mean annual range of more than 40°C occurs in northern

Mongolia and Manchuria, while in the south it decreases to 10°C in Hainan Island. The

range along- the sea coast is also small, but in the great northern plain and western Shan-

tung it is big. On the Shantung peninsula, range increases from east to west rather sharp-

ly. Temperature range is bigger in Central China than that of West China and provinces

along the sea coast, the reason lies in the fact that the range of temperature of mountains

and sea is usually smaller than that of plains area.

Mean Annual Maximum Temperature

The highest mean annual maximum temperature in China should occur in Gobi

Desert, but unfortunately there is no reliable data to go upon so that we cannot guess at the

exact figure. It is reasonable to believe that it is more than 40°C, a figure higher than that

to be obtained in Indo-China and Siam. West China is mountainous and the maximum

temperature cannot be very high. The mean annual maximum temperature of western

Shantung, Honan, southeastern Hopei and eastern Shensi is more than 40°C, and is the

highest figure in China proper. Owing to the enclosed position of Chungking it also has a

big value. The mean annual maximum temperature decreases from inland toward the coast.

The smallest value occurs in the neighborhood of Yellow Sea and this causes the gradient of

maximum temperature between western and eastern Shantung to be the steepest in China.

Mean Annual Minimum Temperature

The lowest mean annual minimum temperature occurs in Outer Mongolia and northern

Manchuria, it seems that Mongolia is the coldest spot in the country in winter, mean annual

minimum temperature there goes below - 40°C. The mean annual minimum temperature of

8°C occurs in Hainan Island. The Red Basin in Szechwan has a comparatively high value

and this is because it is protected against cold waves invasion by high mountains in the

north, and submitted to foehn effect from the south, hence the lines of equal mean annual

minimum temperature protrude from south into the Red Basin like a tongue. Yellow Sea

and the Gulf of Pechihli are comparatively warm and have high minimum temperatures.

The value of minimum temperature is closely related to the cold wave invasion, and those

regions frequently visited by cold waves, such as Southeastern and Central China, have

usually a low value.
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SEA-LEVEL ISOTHERMS: DECEMBER (^C)
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ACTUAL TEMPERATURE: YEAR ("C)
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ACTUAL TEMPERATURE: JANUARY
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ACTUAL TEMPERATURE: JANUARY ("C)
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ACTUAL TEMPERATURE: MARCH ('"C)

CHART 18

W S » <»if ttA+aRa+ til

5

H tti tt m ta

-6 125°

^4

6

i-





ACTUAL TEMPERATURE: APRIL (C)
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ACTUAL TEMPERATURE: MAY (C)
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ACTUAL TEMPERATURE: JUNE (°C)
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ACTUAL TEMPERATURE: JULY ('C)
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ACTUAL TEMPERATURE: AUGUST
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ACTUAL TEMPERATURE: SEPTEMBER (C)
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ACTUAL TEMPERATURE: OCTOBER (X)
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ACTUAL TEMPERATURE: DECEMBER C'C)





MEAN ANNUAL RANGE OF TEMPERATURE ( C)
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MEAN ANNUAL MAXIMUM TEMPERATURE (C)
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MEAN ANNUAL MINIMUM TEMPERATURE (C)
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The Temperature of China
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