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COMMUNIST CHINA'S PROGRESS IN
METEOROLOGICAL OBSERVATION TECHNIQUES
AND INSTRUMENTS RESEARCH IN THE PAST DECADE

[This 1s & full transiatlon of an artlcle written by
Ch'! eng Sun~-shu of the Central Meteorologxoal Bureau and
Yien K'al-wel of Peiping University in Ch'i~bsiang Hsueh-
pao (Journal of Netcorology), Peiplng, Vol XXX, No 3, pages
212-217.]

During the past decade, the meteorological workers of
China have made substantial achlevemenis in establishing an
observational network and in developing new observatlonal
‘services and sclentiflc researches., This article attempts
to describe briefly the researches in radlosonde instru=-
ments, micrometeorological instruments, and the quality of
the works dlrectly related to the large observatories,

I, IMPROVEMENT AND STANDARDIZATION
OF OBSERVATLONAL METHODS

In o0ld China, the observatlonal stations were lnsuffle-
clent in number, different in system, and unsystematlic in
the use of instruments and In cbservation. Consequently,
there was a lack of historical data. In 1949 the major
part of Chlina was llberated, To meet the demand for long=-
range natlonal ecconomlc construction, we started planning
and establishing the network of meteorologilcal statlons,

In 1951 all stations of the country carried out their
observations according to the standardized observational
procedures specified in the "Qutline of Meteorologlcal -
Observations and Reports" and in the "outline of High Alti-
tude Wind Measurements and Reports." Thls measure ended the
chaos of the meteorologloal observational system during the
past few decades. L :
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On the basls of learning from the progresslive experilences
of the Soviet Unlon, on 1 January 1954 and 1 September of
the same year, all statlons of the country were required to
conform to the "Ground Surface Sectlon" and the "High Alti-
tude Sectlon" of the "Temporary Meteorologlecal Observation
‘Regulations." Thus all related metsorological observational
techniques were standardized throughout the nation.,

In the past decads, due to the continuously elevated
level of the political consciousness of the meteorological
workers, all systems and regulatlons were strictly observed;
thls resulted in an lmproveiaent in the quality and quantity
of work of most of the observational statlons and also
ralsed thelr work skillls to the proper level.

Assisted by the meteorologlcal organizations, the in=
dustrial departments of China have bullt several plants to
manufacture all the instruments and supplies for ground
surface and high altitude observationzl statlions, so that a
timely supply of all material and instruments can be guar-
anteed, .

IT. CALIBRATION OF MEIEOROLOGICAL INSTRUMENTS

In the past ten years, callbration of 1lnstruments was
well developed, Early in 1952, standard barometers mede
by the Sovliet Unlon were used to callbrate the mercury baro-
meters produced in China,

- Some administration areas provlides standard mercury
barometers for calibration. In 1954 we formalliy commenced
production of meteorcloglcal barometers and hair hygro-
meters and started the callbration of temperature and humi- -
ity. After the production of sondling instruments, we also
established the work of calibration.

In 1955, reglonal callbratlion centers were establlshed
so that thermometers, barcmeters, and hygrometers could be
calibrated periodically. Up to now, ail basle lnstruments
used by observatlonal stations have been callbrated; hence,
. the accuracy of observational data can be guaranteed,




Because of the increase ln the number of meteorological
instrument factorles, the varlety of ltems produced, the
increasing demand from varlous service stations and, at the
same time, for meeting other requirements for the hational
economic construction, the works of meteorological instru-
ment calibration have been extended to every production
plant;, every ltem of product, and every province.

Together with the developument of meteorological instru-
ment calibration services; new c¢allbratlon procedures and
facilltles are continuous*y inereasing, In 1957 the large
anemometer wind tunnel for experimental calibration was
manufactured. :

The capacity of controlling flow veloclty 1s 0,6-38 '
meters per second. In 1957 we bagan to use the compensat-
ing absolute sunshine recorder as the standard to callbrate
the sunshine recorders,

In 1958 we made large experimental instruments which
can simultansously control temperature; humidlty and
pressure, and we also constructed a small wind tunnel for
calibrating wind veloclity. Since progress in the above-
mentioned respects during the past several years reflects
the quantity and quality of observatlonal statlons in
China, it 1s worthwhile to discuss separately the methods of
calibration, facllity, standard and accuraoy.

A, Temperature:

The standard thermometers used are standard copper wire
resistor thermometers. These thermometers are callibrated
according to the followlng procedures:

(1) fixed point comparison;

(2) comparison with the previousiy existing first-grade
standard glass thermometer callbrated by the Bureau
of Standards of France;

(3) comparison with the high accuracy thermometers newly
purchased by various related services, ;
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The above calibration results showed that the thermo~
meters were accurate.

(4) In 1958 thermometers used in various statlons were
sent to the Committee of Measurement of the Soviet
Unlion for calibration. The results were consistent.

The standard thermometers ordinerily used for calibration
in varlous service stations are the 1/10 graduatlion labor=
atory type made of glass and mercurg and manufactured in
Russia. Thermcmeters of "¢ to =58 G are the glass type
made of mercury-thallivm alloy.

Some of them aire made in other countrles. After com=-
- parison with the platinum resistor thermometers mentloned
above and after adding the error corrsction values, the
accuracy of all these calibration thermometers can be
maiantained at x O, 02%c,

During the callbratlon of thermometers, total submer-
gence into the liquild in a2 tub (water was used for temper=-
atures above 0° and alcohol for sub=-zero temperatures was
carried out. The readings were taken several tlmes by two
different individuals to reduce the habitual errors and pro-
bable errors. After repeated experimentation, the maximum
devi atlons between various callbrated pointe did not exceed
- 0,02°,

B. Pressure:

The standard barometers recently used are of the slphon
wercury type. In 1956 two such barometers were brought by
a epeclal staff to the General Geophyslcs Observeaiory of
Leningrad for coumparison with the reglonal standard mercury
barometers of that cbservatory.

In 1956 Dr. Tso-kuan~i-nan [Japanese Scientist], a
Japanese speclalist, brocught two Frotin barometers end a
high precision box barcmeter to Calcutta, Hong Kong, and -
Tokyo for calibration. When visiting Chlna, he broughti -
these same barometers for comparison with our standard baro-
meters. v o




It was found that the deviation between the corrected
values of our standard barometers and the corrected values
of those calibrated with the Soviet barometers was.O, 04mm.
For guaranteeing the accuracy and reliability of the
standard of barometers, we havée beén trying to make standard
baroueters with a still hlgher degrée of accuracy. 2

Ce w1na Veloclty:

. For calibrating and experimenting on anemoumeters, we

coupleted the construction of wind tunnels in 1956. They

are of the wooden, closed, cyclic type and are divided 1nto
e two testing areas: namely, fone for testing wind veloclty °
ranging from 0.3~16 meters per second and one for testing
wind velocity ranging from 0,6~-38 meters per second. The
turblidity is less than 0.2 percent. On the same cross set-
tion of the same testing area,: the variation of velocity is
less than two percent. The accuracy of veloclity control 19
within ‘the £ O, 2-meters-per~second limit, :

Besldes the large wind tunnels mentioned above, we cons
structed some small wind tunnels in 1958, The range of
velocity was from 1 to 28 meters per second. They were
constructed for testlng the general small anemometers.,

D. Radiation Instruments:

In 1957, two compensating radiometers were ordered from
Sweden as standard sets. It was found, by comparison, K
‘that the deviation 1s less than 0,2 percenti The ordlnary
standard instruments used for calibration arée the selected,
direct electric heat radiometers made in the Soviet Union.
Comparisons are made periodically with the compenaatins ;
absolute radiometers to suarantee the accuracy £ meaaure-
ment. . ! , :
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E. Miscellaneous:

{

For guaranteeling better oalibration of temperature,
humidity, and presaune 1nstruments, we installed the 1arge

éh ;
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combined heat, humidity and pressure control. facility in

1958 so that temperature, humidity and pressure of the

experimental ares can be adjugted slmultaneously. Temper-

ature control ranges from -60°C to + 50°C; pressure control

can be as low as 50 mb or less, The temperature of the

gesting area 13 homogeneous° the stablility of accuracy is
1%,

III. DEVELOPMENT OF SMAI, METEOROLOGICAL INSTRUMENTS

The history of the development of small-scale meteoro=
loglical observation 1ls confined to the past two or three
years. Thls type of observatlon did not exlst before
liberation. During the early part of the First Five-Year
Plan, sporadic observations were carrled out, but both
quantitatively and qualitatively they wers far below the
standard of the period after 1958.

Pilot productlon of instruments dld not begin until
even later., For keeping pace wlth the leap forward move-
ment of agriculture and industry, pilot production of in-
struments becomes the lmmediate task. :

The following, few, small instruments discussed in
thls article are already bsling utilized by various services
and have undergone a long period of fleld tests. According
to the experlmental results recently obtained, the adequacy
of thelr capacitles has been proved. Those in pllot pro-
ductlon have shown good results in laboratories, but they
are not clted below unless they have been tested in the
field for a certain length of time.

.Aaw

The thermocouple that 1s used conéiats of columbium and
magnesium filaments. For graduation readings, the circuit

is 111ustrated in Figure 1.




Other features of the instruments are listed as
follows: .

1. The switch 1s connected to all polnts. Simlilar
reslstoras are attached to the loop whlch ls connected to
the ammeter, thereby providing a common test line.

2. The contact‘polnﬁ 1 of the thermocouple (Fisuré 3)

1a first connected to the end 2 of a small metal tube,
which is enclosed in a glass tube 3 .

-

»
\/‘
) 1 I
i
4
s
*»
* N
- *
L7
s D
"
FJL’l

-—_ N A
n
.
*

Figure 2. | Flgure 3.

The zlass tube la closed by means of lnsulatling mate-
rial. The shape of the glass tube 1s similar to that of
the ordinary sling dry snd wet bulb thermometer, and one
end ls larger than the other. Hence 1t can substitute
fer the glass thermometer used in the Assman sling
psyzhrometer, :

3+« The lead-out from the thermocouple on the upper end

- of the glass tube is in the form of a coill; the extericor .
dlameter of the coll 1s in contact with the inner wall of
the glass tube to guarantee that the wire, before reaching
- the contact polint, has a good chance of exchanging heat
vith the glass wall, so that the error generated by the




heat transferred from the metal wire to the contact
point can be eliminated.

The capacitiea of the thermocouple are as follows:

‘l. Wnen making graduation observations, the relsastive
accuracy of the temperature of the dry and wet bulb is
+002C.

2. When reading the absoluts valuea of temperature,
the accuracy 1s simliar to the ordlinary sling dry and

wet thermometera whlch can be maintained wlthin + O. 059,

-3 mhe time lag coefficient of the dry and wet bulb ls
about jO seconds.

Be. Reslstance Thermometer:

mR=mA+Z W

‘The eircuit for megsuring temperature is a non-nqui-
valent bridge as illustrated_in Figure 4 where ¥l is the
resistance thermometer, and Ro 15 a fixed resistog When
the tamperatuge of the resistance thermcmeter 1§ 0%¢,

1 = %2, and %o 1is detsrmined as 1s required. 3 and Ry
are two fixed resistors,gﬂ)designates the microamme}sr,
(v is the voltmeter, £ Is the electricity source; “5 1is
the resistor connected to the ammeter in series, r is
the voltage-regulating resistor. :

‘For facilitating the procedure of comparison or
calibration in the field we take the following steps
L0 guarantee the accuracy of observation‘ :




1, Characteristics of llnear calibration: When Tl = Ra,
the current passing through T2 is %0, the current passing
¢4 1s 1 = O; when 'L £ R2, the current passingégz)is 1.

If the following conditions are satlsfied.

ii S R&R, oy

'Figure 4. &'
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within the interval Yo + 15° and to - 1500, the relatlion .
between the readlng on the reslstance thermometer and the
readlng on the ammeter 1s a linear function. In equation
(2), r 1s the sum of the internal resistance of the ammeter
and the fixed resistor R3,

2, Direct graduation reading of temperature:

When reading the gradvation directly, a referénce heat-
sensitive reslstor 1z used as a substitute for the fixed
resietgr 2, and_the reference reslstor ls maintained
below Y0%C; 1let T1 vary for the calibratﬂong The result
obtained 13 also a linear callibration. If “o changes, the .
line of calilbratlon changes its slope. If the vaflation
of the reference temperature is within the interval ‘o + 10° C,
the relative error does not exceed + 0.019C after the call-
bratlon of its sensitivity.,

Figure 5 1is the circuilt when usedrpractlcally. I is
the switch, II, III, IV are relays, "7 1ia the reference
dry bulb, '8 is the reference wet bulb, When reading the
graduation, relay III and relay IV go upw%rd.r When the
switech 1s connected to the dry bulbs “4, %6, relay II
18 connected to '8, When relay III and relay IV go down~
ward, relay II goes up and we can obtaln the reading of the
temperature of the reference dry bulb; when relay II goes
down, we can obtain the reading of the temperature of the
reference wet bulb., A in the figure 1s located near the
observation point, while the switch and relay II are auto-
‘matically controlled.

3. The construction of the thermometer:

' The . resistor is enclosed in a 3-mm- dlameter glass
tube; the lead~out 1s a columbium or magnesium copper wire,
It 1s wound in the form of a coll within the glass tube
(see section on thermocouples). The dry bulb is painted
white to avoid radlatlon effects,

4, Construction of the cover:

During fleld obhservations, a radliation cover is used to
avoid radiation., The conatruction of the radiation cover
1s illustrated in Flgure 6, 1 18 a l2-cm~ dlameter aluminum
diao with a shining upper surfaoe and dark-painted under -
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surface, 2 is a l-mmf thick plastic plate, 3 is a heat-
sensitive resistor, 4 is a 2-cm- thick white rubber sheet.
The gaps betweenh 1 and 2 and between 2 and 4 are 7.5 um,

5. Capaclties of the instrument:

1, The time =~lag GOefflclent of the wet bulb 1s about
35 seconds, _

11, When wind velocity reacnes three metars per’
‘second, the difference. of the values betwsen the dry bulb
and wet bulb approaches its maximum: When wind velocity 1is
one meter per second, the difference of the values between
the dry bulb and the wet bulb is 0,03°C less than its
maximunm,

111, When the wind veloclty exceeds one meter per '
second, the relative error is less than 0,01°C; but if the
wind veloclity i1s less than one meter per second and if the.
sun 1s strong, illogical results are obtalned,

iv., If the propertles of the heat-sensitive resistor
change, the slope of the calibration line does not vary
and only horizontal displacement occurs. This is the
" reason why, when working in the field, the checking of

one point 1is sufficlent for obtaining a new calibration
ine. v

v. Errors of the dry and wet bulb are less than +
0.19C; but if the wind velocity 1s less than one meter per
-second and the sun elevation is comparatively low, the
error can be as large as o,3°c. This is the common defect
of the radiation covers : C e '
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C. Thermocouple Anemcmeter

Around each of the two contact studs of the columbium
and copper fllament thermocouple an insulatlion-resistance
filament is wound 200 times. If possible, the shapes of
the two colls and the colors are 1dentical. If constant
electric power is fed into one of the coils while the other
coil is without electric current, the anemcmeter has the

following propertiest

(1) It can measure wind velocity within the range of
20 om peér second and 10 meters per second,

(2) Oon the log-scale paper, the variation of wind velo=-
city within a range of 0.2 to 1.5 wmeters per second repre-
sents a straight line; [a variation] within a range of 1.5
to 10 meters per second represents another stralght line.

(3) The effect of radlation cen bo neglected.
(4) It is not affected by a change of temperature.
(5) The inertia coefficient 1s 0.4 second.

(6) It can directly measure the graduation of wind
veloecity; the clrcuit for ordinary graduation thermocouples
can be applied to it.

(7) The absolute value of error of measured wind velo-
city is less than # 2 percent.

(8) The anemometer can be installed on the vacuum tube
seat, so that it is easy to use.

(9) When the ratio between the quantity of vertical
wind velocity and the quantity of horizontal wind velocity
1s less than 1.2 inches; the vertical anemometer can be
used to measure the quantity of horlzontal wind velocity.

D. Statlonary Bslloon Observation

Stationary balloons are uéed‘to measure temperature and
humldity at altitudes lower than 500 meters, The general

sonding instruments are placednin.a 8llk spherical cover 8o

W '




that even in summer when the sun 1s strong, the inatruments
can be used for more than a month, The heat-sensitive
resistor 1s used for the measurementi The non~equivalent
Widge \Mlustpated in Flgure 5 can maintain the accuracy
between % O1°Cs

IV. RESEARCHES IN HIGH ALTITUDE
SONDING INSTRUMENTS

. Since liberation, we have been conducting comparatively
systematlic research in high altitude bbservatory instru-

. ments and in methods of observation. Besldes measurlng
‘wind veloclty at high altitudes, including large-scale
experiments and improvements in wind observation by means
of the double theodolite, single theodolite, radio theo=~
dolite, and radar, a number of researches have also been
carried out in sonding instruments used by various obser=-

vatories, -

The sonding linstruments recently used for experimenté
are of the telegraph slignal type. A telegraph pack 1s
used, Slgnals are sent out with a small motor,

The elementary component for measuring temperature 1is
a double-layer metal plate. At sea level when the wind
" velocity if five meters per second, the time-~lag coeffi-
clent 1s about three aegonds. Thg range of temperature
measured 1s between +40°C and ~90°C.

The elementary component for measuring humidity is a
membrane. The range of measurable relative humidity 1s
between 15 percent and 100 percent.

The elemenﬁary component for measuring pressure is an
empty box. The range for measuring pressure 1ls between
1050 and 10 mb. '

For reducing the radiatlon error and for protecting the
elementary component from direct contact with rain, indoor
and fleld experiments have been carried out in assembling
the elementary components and in the design of the box in
vhleh the components are kept. Improvement have been made.
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Results of laboratory experiments show that the radila-
tion error of the sondling lnstruments 1s very small, re-
actlion of elementary components to temperature and-humid-
ity is rapld, and thé elementary components are well pro-
tected from rain if the rain is of average magnitude.

According to field experiments and in reference to the
records obtalned from other sonding inastruments in the same
period, the results arq similar to those obtained in la-
boratoriles,

Further experimenté should be condusted.- .”

Above l1ls a brief summary of the deve*opment of metedoros
logical instruments in China since the [beginning of]
national construction., From the viewpoint of our estab-
lishing a foundation for the further production of meteoro=-
logical instruments on the basls of no previoua production

~at all, we are successful,

Before the national construction, there was no produce
tion of meteorologlcal instruments. Now we can baslically
solve some problems concerning the largest quantity of ln-
struments used by observatlon statlons and observatories.

Nevertheless our achievement in making meteorological

- lnstruments 1s still behind the requirement for the con-

structlion of soclalism. In future development, the emphasis
should be placed equally on the instruments used by varlous
stations and the instruments for research. Much more work
should be done in developing small climatic instruments,
agricultural meteorological instruments, radio meteorologle
cal instruments, and speclial instruments for scientific re-
searches and inspections in llne with the rapild development
of technology and industry during the socialist construc~
tion of our great Motherland, so that the ever-increasing

requirements and demands during the constructlon of socla=

lism can be met,

Our progress in meteorological instruments shall be

rapld and continuous, We conflidently expect that, in the

near future, our work in meteorological 1nstruments will ,
arrive at a new stage. .
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