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1. INTRODUCTION

Global solar radiation is the amount of direct and scattered
solar energy that reaches the surface of the earth. An analysis
of the daily measurements of global solar radiation and sunshine

duration for the period 1958 - 1962 can be found in Sham (1964).

In recent years, the accurate determination of heating and
cooling loads in buildings, and the design and evaluation of solar
energy systems have become increasingly important. Solar
radiation data are required for such calculations and have thus
become increasingly useful to engineers. This report presents the
results of an analysis of daily global solar radiation data for
the period 1958 - 1983. Hourly solar radiation data which became
available since December 1978 were also used. The variation of
global solar radiation with the amount of cloud cover and sunshine

was examined.



2. MEASUREMENTS OF GLOBAL SOLAR RADIATION AND
SUNSHINE DURATION

(a) Global solar radiation

From 1 June to 31 December 1958, daily measurements of global
solar radiation were made at the Royal Observatory using a
bimetallic actinograph, British Meteorological Office Pattern Mark
III. The actinograph was moved to King's Park Meteorological
Office in January 1959, It was damaged during the passage of
Typhoon Wanda in August 1962 and was replaced in December 1963.
From January 1970 to November 1978, readings were taken from a
thermo-electric pyranometer made by Lintronic Ltd. together with
an integrating counter. Since then, the bimetallic actinograph
has been used as a standby unit. From December 1978 onwards, a
thermo~-electric pyranometer manufactured by Kipp and Zonen
together with an integrating counter has been employed to obtain

both the daily and hourly global solar radiation measurements.

Details of instrument calibration and correction, estimation
of missing data for days on which the instrument(s) in use at the
time was unserviceable, can be found in the Royal Observatory

"Meteorological Results, Part I, Surface Observations".

Solar radiation data are expressed in MJ m_2. Hourly values

are based on the local standard time, centred on the hour.



(b) Duration of sunshine

Since 1885, duration of sunshine was measured with a
Campbell-Stokes recorder installed on the roof of the Royal
Observatory 1883 Building. Another Campbell-Stokes recorder was
installed on the roof of the existing radiosonde operation room at
King's Park Meteorological Office in July 1957. Recording at the
Royal Observatory continued until the end of 1960 when high-rise
buildings in its vicinity made the recording no longer
practicable. Starting from 1961, sunshine duration was obtained
from the recorder at King's Park Meteorological Office. 1In 1968,
owing to the installation of a radiosonde aerial system at King's
Park which cut off some of the sunshine, the recorder was moved to
the roof of the satellite workshop at King's Park Meteorological

Office.

Based on apparent solar time, sunshine duration is expressed
in fractions of an hour over a 60-minute interval centred on the

hour.



3. DATA ANALYSIS
(a) Analysis of global solar radiation data

The daily global solar radiation data for the period 1958~
1983 inclusive were analysed. The radiation data were classified

2day'-l. The percentage and cumulative

into intervals of 2 MJ m
frequency distribution are presented in Table 1l(a) and 1(b)

respectively.

The percentage frequency distribution shows a maximum in the
interval 14-18 MJm 2. This is slightly less than that given by
Sham (1964) for the period 1958 - 1962. From the distribution of
the percentage frequency, one can easily infer that relatively
strong insolation occasions are most frequent in July while weak

insolation occasions occur in February.

The daily average shows a maximum in July and a minimum in

February (Table 2).

The diurnal variation of global solar radiation for January
to June and July to December are shown in Fig. 1l(a) and Fig 1 (b)
respectively. Throughout the year, the daily maximum occurs at
around 1300H. Maximum and minimum diurnal variation occur in July

and February respectively.



(b) Correlation of global solar radiation with the
cloud amount in different height ranges

With the availability of hourly global solar radiation data
since December 1978, correlation of the amount of global solar
radiation with the cloud amount in different height ranges was
made. This analysis made use of the hourly global solar radiation
measured at King's Park and the cloud cover observed at the Royal
Observatory. Though there may be slight discrepancy in the cloud
amount observed at the two sites, this discrepancy is expected to
be small in view of the close proximity of the two stations

(around 1 km).

Since low clouds generally absorb more radiation than high
clouds (WMO 1981 pp. 133-134), the total amount of clouds below a
certain height was correlated with the global solar radiation
measured. Height increments of 2 000 ft and 5 000 ft intervals
were used for cloud heights below 10 000 ft and between 10 000 ft
and 25 000 ft respectively. The variation of correlation
coefficients with cloud heights for some chosen time and months is
presented in Fig. 2. The correlation increases with height up to
15 000 ft. Beyond this height, the correlation remains steady for
cloud base heights up to 25 000 ft. However, in general, the
correlation decreases when the total cloud amount, with high
clouds included, was used. This indicates that -as the high clouds
absorb less radiation, a different regression relation exists

between the cloud amount and the radiation.



The global solar radiation was fitted guadratically against
the amount of cloud below 25 000 ft, which encompasses all low and
medium clouds. In cases where there is some overlapping of low
and medium clouds resulting in their sum being greater than the
total cloud amount, the total cloud amount was used. The

regression coefficients of the equation

_ 2
G—AO+A1N+A2N

where N is the number of oktas of cloud cover, are given in Table
3. The correlation coefficient is highest around noon, with
values generally greater than 0.80. On the other hand, the

correlation may be as low as 0.60 at 0800H and 0.22 at 1800H.

The regression equations were used to predict the global
solar radiation on some selected months in 1984. The percentage
deviations from the measured value are given in Table 4. These
values give the likely errors in estimating global solar radiation

from low and medium cloud cover.



(c) Relationship between global solar radiation and sunshine

Statistics of mean monthly sunshine are presented in Table 2.
On average, sunshine duration is longest in July and shortest in
March. The percentage of possible sunshine was obtained by
dividing the mean daily hours of sunshine by the maximum possible
duration extracted from Smithsonian Meteorological Tables (1963).

From July to December, the percentage exceeds 50%.

The regression equation relating the monthly sunshine
duration with the global solar radiation given by Sham (1964) for

the period 1958-1964, using 44 data points, was
Q/QA = 0.220 + 0.575 S/SO

where QA is the total radiation that would be received if the
atmosphere were perfectly transparent and So the maximum possible
duration of sunshine. ‘The QA and So values for each month were

adopted from Angot (Brunt 1963) and Smithsonian Meteorological Tables.

As more data are now available, the same procedure was
repeated on a monthly basis for the period 1958-1983. Regression
results and correlation coefficients are presented in Table 5.
Note that in the calculation, QA was replaced by Qo' the daily
extraterrestrial radiation on a horizontal surface. Qo was
obtained by linear interpolating the values given in 5°-1atitude
intervals in WMO (1981). From table 5, it can be seen that the
correlation coefficient varies with the time of the year, from 0.9

in February to just 0.51 in July.



4. CONCLUSION

Analysis of daily global solar radiation for the period 1958
- 1983 and of hourly global solar radiation for the period 1979 -

1983 was carried out and results are presented in this report.

An attempt was made to correlate cloud amounts with measured
global solar radiation. The dependence of global solar radiation
on clouds with bases within different height ranges was
investigated. The highest correlation was obtained with clouds of
base heights below 25 000 ft. and the correlation was found to

vary according to the time of the day.

Correlation was also made between global solar radiation andg
amount of sunshine on a monthly basis. The correlation

coefficient ranges from 0.51 in July to 0.90 in February.



5. FUTURE WORK

Global solar radiation is composed of two parts: direct
and diffuse radiation. The design of solar systems and air-
conditioning loads in buildings often requires the estimation of
direct and diffuse radiation on vertical and inclined surfaces.
This necessitates the separation of global solar radiation into
the two respective components by measuring either the diffuse or
direct solar radiation. However, the necessary instruments are
lacking at the Royal Observatory at present. So until a
reasonably long period of such measurement is available, it is
deemed necessary to compare the global solar radiation in Hong
Kong with that of a neighbouring station, e.g. Macau, where either
direct or diffuse radiation is measured. The comparison should be
made with a view to transferring the data obtained from that

station for use in Hong Kong.
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PERCENTAGE FREQUENCY DISTRIBUTION OF DATLY GLOBAL SOLAR RADIATION
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— 0 OO O NSCNWRO Y DD = -
faed . . . . . . . - . . . . . . .
< s o OO0t = NSO — O <
- - —
) N ARV eA SO = OO OO
Q0 » . . . . . . . . . . - . . . . .
e MOS0 NN P~ O CTCOCOO OO
— O] e
> T O St OO N O WOt — O OO0
o . . . . - 0 . * . . . - . . . . .
=z O M D P~ 0O NN OOOOO O
— —
o L T T e Y
o WM S OO OON 0 e ©OOOCO
— e e ]
o O DTN O O TTO OO TN OO
Q', - . » . . . . - . . . . . . . . -+ .
w2 TN IO O RO AN O OO
e B
> TFTOODOCOCOULMETDDHANAAT O OO
(= N O el A1 OO OO
— e - -
— PR LM TCTO TN O NO O O
et . . . . . . . . . . . . . . . . . .
e Crr MO MU LTORXD NS~ ONOO
— e
= O A DO S D O YO M S O W
= T
~ e O VOO OXNNO ™ ~O O
e
ol M A O et A MO O WMWY e o=
il L T S T
= =S NS0T NN e-O O
—
St MU RO T M OO~ NN O O
=] O X TR TT RO NN T OOOCO
—
o~ OSSN O WS MO R T C] e €10 O —
f3+] T S R T T S SO
= AO OO A~V OO0 Q
— et —
= NN OO TN ORI OO0
D D T
£ NO TN~ OM™OUN ~COODC
— —i
= =T O F o OSSO TO OO OO
I S T T .
o) OO AT MO OCOOODODOOOTO
—t — et e
—
t
>t
<
<
=] o O N OO o O Ci=r O
e lE O <O QO e o k= )OI [saNasMasliag!
= L A T A T T S S S T SR
] > O NP OXOoONNTT OO O Gl =
= = — et e e OO0 2 LT

11




0°00tL 0°00T1 07001 0°'001 0°001 0°001 0°00T1 07001 0001 07001 07001 0°00T 9¢ >
0°001 0°00T 6°66 07001 0°001 07001 G766 9°66 0°001 6°66 0°001 0°001 ve .
0°001 07001 6°66 07001 0°00T F'66 6°86 £ 66 6°66 6°66 0°001 0°00T ct
07001 07001 6°66 6°66 ¢ 66 6°96 S°Lé 6°L6 ¢°66 L 66 07001 07001 ot
0°001 07001 6°66 ¢°66 L°G6 8°06 1°v6 8°v6 £ 86 G766 07001 07001 8¢ >
0°001 0°00T S°86 L 66 9°L8 8 LL 8°L8 £°68 8°¢€6 b 86 1766 07001 9¢
0°001 6°66 9°¢6 £°L8 L 8L 8°99 ¢°08 1°18 0°68 ¢°96 G°86 9°66 ¥¢ >
0°001 G L6 0°G8 V' LL 8°LY 0 A 0" 1L £ L 8°¢8 0°T6 1°¢6 L 86 PR

¢ 86 L 16 L el 9°%9 6°9G 6°Gb 1°¢9 8°¢9 L 9L b8 S°LS t'v6 0¢ °
6°¢€6 L 6L 6° 89 0°t§ 6" vb 0°LE 9°1G 8°CS VL9 8°9L ¢"08 9°G68 8T »
£°08 6°LS 9° Gy I ARA ¢ttt G 8¢ 13§ 7 tvb 9°94 6°L9 8°69 £ L 91 >

¢ 66 6° 8¢ 9°G¢ 0Pt G G¢C 6°1¢ 8°¢¢ GG T°LY 9°89 1°09 L84 1A
A8 0°0¢t 0°6¢ 6°9¢ 0°1¢ L LT 1°L¢C ¢ 8¢ 8°6¢ ¢ 19 1°¢G v 9% ¢t >
1°¢¢ G C¢ /A A §°0¢ 0 LT [/ARA 0°61 1°1¢ G 1¢ L €Y ¢ 9% € LE ot >
0°%<¢ 9°LT 'Ll ¢Sl 0°'11 9°6 t el 0Vl £ ¢ L gE (/AN RY 6°LC g8

¢ 91 ¢'¢l v ¢ €701 V' 9 0°9 8°9 g8°8 L'ST G ¢¢ S°LC 6°LT 9
£°6 L8 L8 VL 17203 ¢ ¢ LT A 8°9 8°¢1 P LT AR’} /AN
AR -G £°q 6°F 1 870 1°1¢ €1 €1 £t (AR L1 ¢

[-AeP, WL

RET(| AON 120 dag pny 1np unp Ael ady Jey qad uep Y3 uon

NOILYIAVY AYTOS TYdOTID ATIVA 40 dTAYL ADNINOIYA IOVINIDYAd JALLYINWAD (4) T ITYL

12



*O°Y¥ Qe J9A00 PpnOIO

13

S A <9 <9 99 99 SL tL 9L 9L 1L 64 jo obeijuadiad uesy
6716 6°6G 0769 8°¢S ¢ 1§ TARA® g6t 9°8t 0°1¢t 8°4¢ 9°1¢t (V0 4% juaniad (1)
8°01 1°11 L' 11 £¢l 6°¢l poel G t1 el 9°¢l 0°¢1 /AN Rt 601 |21qtssod uotyean(g
9°4 ¢'9 6°9 G°9 9°9 0L £°G 1°G 6°¢ T°¢ 9°¢ 8°F ueauw autysung
VAT ¥9° 8¢ 1¢°1¢ 3 ANEY £ 8¢ 8G°6¢ G6°6¢ 16°6¢ 6L L¢ 6 ¥t tL6C 8L°GC %0 Amz\wzv
6t°1 ATRRY) 9670 8V °0 8v°0 £6°0 ¥¢°0 Fe 0 LO°1 ¢t 0 tb°0 19°0 unuwtuT juorjeiped
66°1¢ 8¥'¥¢ TL LT £e°0¢ Gy 1¢ LL€E £9°G¢ 06°P¢ LO ¢t be 0t £9°9¢ LY " ¥¢ unurxeu Jeyos
th ¢l 90" %1 8¢ 9T 0C LY T¢ 81 88761 e Lt Fo Lt £t vl 96" 11 6V 11 ¢1°¢ ueaul {eqo1d

Ja( AON 120 dag bny 1np unp APK ady aey qo4 uep Y IUoK

43A0D ANOTD ANV NOLLVIAYY ¥YTOS TYdoTo 'INIHSNAS ATIVA A0 SDOILSILVLS ATHINOW ¢ dTHVL



pYy-0- €22°0- 9Ly 0- (4 20 ' At 185°0- 089°0- 8£8°0- 689°0- 618°0- 818°0— €LL°0- 816°0~ N._
000°0 000°0 000°0 900°0- 010°0~ €20°0- €10°0- T110°0- 010°0- s00°0~ L00°0~ v00°0- .H<
z00°0- £00°0 910°0- 120°0 1€0°0 sT1°0 €£20°0 ve0°0 120°0 $00°0 920°0 810°0 o< HO081
87070 610°0 110 £€¥Z°0 19¢<°06 §99°0 Z9L°0 rs°o v0s°0 S¥eE°o ovZ°0 90T1°0 Y
98L°0- 9LL°0~- 88L°0~ rZL°0- 969°0~ eSL°0-~- S8L 0- ?8L°0~- Sv¥8°0- STB°0- 9¥8°0- TvL°0~- NL
800°0~ 900°0- 600°0~ £10°0- sT0°0- 9¢0°0- y£0°0- ST0°0~- €20°0- 020°0- 20°0- v10°0- a<
610°0 £00°0 100°0- L00°0 £60°0 9c1°0 £r1°0 £80°0 ¥s0°0 6S0°0 £80°0 8¥0°0 c< HOOLT
8EYV'O 8vv°0 $69°0 L8670 612°1 TLe°t 91¢e°1 6€2°1 96T1°1 €L6°0 £€98°0 T1€9°0 Y
86L°0— £v8°0—- £€98°0~ 6¥L°0- T1L°0- yi8°0- LLLT0- 6€L°0~ 808°0- 6£8°0- £€98°0~ 8SL 0~ NL
810°0- 810°0- 810°0~ 0£0°0~ €£0°0~ 0S0°0- Tv0°0- 0v0°0- yv0°0- LED O~ LED"O~ Lz 0- H4
Sv0°0 620°0 90070~ 8L0°0 L80°0 812°0 6£1°0 pS1°0 Lo [4 A Q) ov1°0 v01°0 o< HOO09T
L90°1 1sT1°1 08Y°1 S€9°1 £00°2 916°1 ste-z v6L"T oLL 1 0291 L0S°1 6SC°1 v
80870~ 1€8°0-~ ¥98°0- 008°0- €08°0- 808°0- LT8°0~ 09L°0~ SZR 0O~ 880~ 06L°0~ 08L°0~ NL
1€06°0- L20°0~ 020°0- ve0t0- €S0°0- £€50°0- £S0°0- £€90°0- €50°0- LY0"0~- 190°0- 6€0°0— ~<
101°0 SY0°0 £50°0~ LY0°0 S61°0 0LT 0 691°0 68Z°0 061°0 091°0 voe 0 8¥1°0 o< HOO0ST
€29°1 s8L 1 £€61°C [ 3 ¥ 4 L8Y°T LLs-z 9¢9°2 y9Z°¢ 6ve"C 6S87°C 898°1 L9L°1 ¥
LEBTO- 8E£8°0— 29870~ €LLO- T1€L°0~ v6L°0~ 018°0~— 68L°0~ 81870~ 88L°0~ S6L°0- 118°0- NL
0€0°0~ 8€0°0— 0€£0°0~ ye0° 0~ 190°0- 990°0- 090°0~ 95070~ L9070~ ¥S0°0-— yL0 0~ LYo 0- H<
0L0°0 66070 620°0- 200°0- 8€Z°0 0920 L12°0 6L1°0 98770 S81°0 18¢°0 687°0 o< HOOV¥VT
yeoz Z81°C L£L69°C £€06°C 80L°T veL-ez 008°¢ 868°C 86S°C 0192 vLette v60°¢C A4
078°0-~ G68°0- 698°0- LSL0- LLL O~ L8L 0~ 1SL°0~ ZSL°0-~ 968°0~ ove-o- 618°0- v6L°0- NL
8£0°0- LY0 0~ €£0°0~ 050°0- £€50°0- 190°0- 190°0- 7S0°0- €90°0- 6S0°0- £€90°0- cvo 0- ~¢
2Z1°0 0ET0 110°0- vctco Ltot-o 6LT°0 €22°0 ov1°0 6€T°0 62770 SLT°0 Zvi°o o< BOOET
681°C 66€°C 1€6°C 916°C 0LT ¢ LYO'E 068°C 160°€ 9¢6°C vo9-¢ ¥8¢€°C 6s2°C ¥
228°0- 0S80~ 7S8°0- 12L°0- 0LL 0- VLL 0- LTL 0~ 8LL°0- £€6L°0~ v08°0— 988°0- 91870~ NL
€€0°0- 9€0°0~- 9¢0°0- 8%0°0~ Lv0 0~ 690°0- p¥0°0- vs0°0- 090°0- ¥90°0- Yv0°0- 6€£0°0— Hd
z260°0 19070 0710°0 0Z1°0 SL0°0 0LZ0 060°0 6ET°0 Loz o0 96Z°0 801°0 sZ1°0 o< HOO0CT
T11°¢ G8¢€°¢C 688°C £18°2C 811°¢ Lz L00°¢E 860°¢ 098°¢C svez yiv-ec 92172 v
S08°0- Iv8°0- 6¥8° 0~ SL9°0- 08L°0- €8L°0- ySL° 0~ 818°0- 108°0- vy18°0- 6Z8°0- €80~ Ng
vZo0°0- £€0°0~ ¥20°0- 1£0°0— 290°0- 1s0°0- $S0°0- sv0"0- 6S0°0- LY0°0- 0s0°0- 0v0°0- H<
€€0°0 $90°0 ¢S0°0- ¥€0°0 9vZ°0 6b1°0 viz:o €60°0- £€E€T°0 681°0 LTZ°0 Z91°0 o< HOOTT
628°1 0012 ¥85°2Z LLS°C 60V°2 S65°C €Ly ez 96L°2 | 2% A4 0L6°1 ZeL°t STLT A4
s08°0- iv8°0- S78°0- 699°0- 8T7L°0- LSL0- 8LL°0~ 008°0- S6L°0- T€EL° 0~ L6L°0~ 8€8°0- NL
810°0- ¥20°0- L20°0- LT0°0~ 9%v0°0- 6€0°0- LT0°0- 1%0°0- 2070~ 8v0°0- 9¢€0°0- 920°0- H<
Lz0°0 6£0°0 £€Z0°0 Ly0°0 9L1°0 T11°0 900°0 8ET1°0 6ST°0 66C°0 z91°0 160°0 oV¥ E0OOOT
01e°1 66S°T 6L6°T L6l 1e€8°1 160°C 652°¢C L60°C L9L°1 16670 424N 981°1 A4
LBL°O0- ST8°0- S08°0- LL9° 0~ ZT1L°0~- S69°0- TL9°0~- 86L°0~ 61L70- 80L°0~ 608°0- 66L°0- N._
800°0- ST10°0- €10°0- £€20°0- 0€0°0- 0€0°0- £20°0- ¥2co0°0- ¢e0°0- 120°0- 810°0— vy10°0- H<
£00°0 9700 T110°0~- Zs0°0 £2Z1°0 €01°0 LS0°0 £50°0 6ST°0 £60°0 180°0 £€50°0 oY H0060
LLS0 9%6°0 £8C°1 yse't L1271 0Le’T 6Z9°1 S06°1 ve0°T L6L"0 619°0 996°0 A4
929°0— 98970 - 8eL 0~ 929°0- 6¥9°0- €L9°0- ¥89°0- 09470~ 96L°0- 6€L°0~ 0EL O~ 109°0- NL
¢00°0- 900°0- £00°0- 20070~ 120°0~- L1070~ 81070~ ¢10°0~ ¥10°0- 900°0~ S00°0~ €00°0- Hd
S00°0 22070 PEO" 0~ 150°0- 60T°0 1L0°0 vL0°0 y10°0 9v0°0 910°0 vZ0°0 110°0 oV H0080
8¢1°0 6970 ¥9S°0 SELTO 9vS°0 189°0 1SsL°0 8e8°0 109°0 L0E"0 6Z1°0 980°0 Y
oaq AON 200 dag bny ne unp Aen ady Fe-3A] gad uep yjuow
4 1

= 9 NOIlLVND3 Jao

SIN3IDIJd430D NOILIVTIYIOD

dNY NOISS3¥OdY € 3T8VL

14



ABLE 4 PERCENTAGE DEVIATION OF CALCULATED GLOBAL SOLAR RADIATION
FROM MEASURED VALUES USING REGRESSION EQUATION IN TABLE 3

2

Month Jan Apr Jul
J900H 23.2 25.1 32.4

Hourlv 1200H 17,02 30.6 23.6
15004 1.1 33.2 24.2

Daily 14.2 16.5 16.5

15
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Fig 1la.

Hong Kong
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(January - June).

Diurnal variation of global solar radiation of
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Fig 1b.

Hong Kong

Diurnal variation of global solar radiation of
(July - December).
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Fig 2. Variation of correlation coefficient with the

maximum height of cloud base at some chosen
hours and months.
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