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ABSTRACT 

The wor k o f th e Meteorologica l Servic e t o se t u p a  networ k o f station s t o collec t 
radiation dat a i s described . Dat a o n th e radiatio n characteristic s o f Cypru s ar e 
presented. 

THE ACTIVITIES AND CONTRIBUTIO N O F THE.METEOROLOGICA L 
SERVICE IN THE SECTOR O F RENEWABL E ENERGIE S 

The Meteorologica l Servic e o f th e Ministr y o f Agricultur e an d Natura l Resource s 
is activel y involve d i n nationa l programme s o n th e developmen t o f sola r an d win d 
energy. It s mai n responsibilit y i s t o secur e th e collectio n o f th e relevan t 
meteorological dat a an d th e processin g o f thes e dat a fo r variou s application s an d 
studies. 

The Servic e play s a n importan t par t i n th e selectio n o f suitabl e instrument s an d 
their prope r installation , operatio n an d maintenance , includin g calibratio n o f 
radiation instruments . 

At th e beginnin g o f 198 5 th e Meteorologica l Servic e wa s collectin g radiatio n 
data a t seve n locations , sunshin e duratio n dat a a t 1 2 location s an d win d dat a a t 
17 locations . Furthe r improvement s i n thi s networ k o f station s ar e unde r 
consideration. 

The dat a collecte d a t thes e station s ar e processe d an d publishe d regularl y an d 
statistical summarie s prepared . 

THE RADIATION CENTR E 

Early i n 198 4 a  ke y prerequisit e fo r th e collectio n o f reliabl e sola r radiatio n dat a 
had bee n fulfilled . A  radiation centr e wa s establishe d nea r Nicosia . I t include s 
the necessar y instrumentatio n fo r establishin g nationa l standard s fo r calibratio n 
purposes. 

There ar e thre e pyranometer s fo r globa l an d diffus e irradiatio n o n a  horizonta l 
surface an d globa l irradiatio n o n a n incline d surface , on e ne t radiomete r fo r 
radiation balanc e o n a  horizonta l surfac e an d on e sunshin e recorder . Th e 
reference instrument s ar e a  pyranomete r an d a  ne t radiometer . 

The variou s radiatio n component s ar e measure d hourly . Othe r meteorologica l 
parameters ar e measure d a t th e sit e o f th e centre . Robitzsc h bimetalli c 
actinographs ar e operate d a t si x location s recordin g dail y globa l irradiatio n o n a 
horizontal surface . 

In 198 4 a  schedul e fo r th e testin g an d calibratio n o f th e radiatio n instrument s 
was introduced . Radiatio n equipmen t i s a t th e radiatio n centr e an d instrument s 
at th e outstation s ar e teste d an d calibrate d onc e a  yea r agains t th e standar d 
instruments a t th e radiatio n centre . Th e calibratio n perio d fo r eac h instrumen t 
is a t leas t tw o weeks . 
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The existin g networ k o f radiatio n station s i s considered satisfactor y fo r th e basi c 
needs. However , fo r specia l application s an d studie s additiona l dat a ar e 
required. 

PROCESSING O F THE RADIATION DAT A 

The radiatio n component s measure d a t th e radiatio n centr e ar e integrate d an d 
printed o n a n hourl y basis . Th e hourl y value s ar e entere d int o specia l form s an d 
the dail y total s an d th e hourl y mean s ar e extracte d manually . Sunshin e duratio n 
records ar e analyse d o n a n hourl y basis . 

Planimetric computatio n o f dat a fro m th e bimetalli c actinograph s i s don e 
manually. Th e relevan t dat a ar e fe d int o a n electroni c compute r fo r th e 
calculation o f th e dail y total s an d means . 

RESULTS AND OTHE R RELEVAN T CALCULATION S 

Existing radiatio n dat a an d othe r relevan t parameter s ar e summarise d i n Tabl e 1 . 
Calculated parameter s wer e produce d usin g th e guid e line s provide d durin g th e 
training worksho p hel d i n Seychelles i n 1983 . 

Clear day s 

Using a n Angstro m Compensatio n Pyrheliomete r th e hourl y value s o f direc t 
irradiance a t norma l incidenc e i n Nicosi a wer e measure d o n carefull y selecte d 
clear day s i n eac h month . Subsequentl y th e hourl y value s o f direc t irradiatio n o n 
a horizonta l surfac e an d o n surface s incline d 35 ° an d 50 ° t o th e horizonta l an d a 
vertical surfac e facin g th e Equato r wer e calculated . 

The dail y diffus e irradiatio n o n a  horizonta l surfac e wa s foun d fro m th e know n 
values o f th e globa l an d direc t irradiation . Usin g isotropi c approximatio n fo r th e 
diffuse irradiatio n th e dail y total s o f th e diffus e an d globa l irradiatio n wer e 
calculated fo r th e abov e mentione d incline d surfaces . Thei r ratio s wer e 
calculated i n relatio n t o thos e o n a  horizonta l surface . 

Using measure d value s o f direc t irradianc e a t norma l incidenc e o n clea r day s an d 
the algorith m relatin g thes e value s t o th e extraterrestria l irradianc e a t norma l 
incidence, th e Link e turbidit y facto r wa s calculated . Th e arithmeti c mea n o f 
the calculate d hourl y Link e turbidit y facto r varie s fro m 2. 7 i n Januar y (mid -
winter) t o 4. 0 i n July (mid-summer) . 

The globa l irradiatio n o n a  horizonta l surfac e o n clea r day s varie s fro m 3. 2 
KW.H/m2 (11. 5 MJ/m 2) i n Decembe r t o 7. 9 KW.H/m 2 (28. 6 MJ/m 2) i n June . 

The diffus e irradiatio n o n a  horizonta l surfac e o n clea r day s varie s fro m 13 % of 
the globa l i n Jun e t o 21 % of th e globa l i n December . 

The rati o o f th e globa l irradatio n o n horizonta l surfac e o n clea r day s t o th e 
irradiation a t th e to p o f th e atmospher e i s abou t 0.70 , definin g i n thi s wa y th e 
value o f th e su m o f th e regressio n constant s a  an d b  in th e Angstro m formul a fo r 
this se t o f data . 

The calculate d amount s o f globa l irradiatio n fallin g o n variou s incline d surface s 
facing th e Equato r (usin g isotropi c approximatio n fo r th e diffus e irradiatio n an d 
not takin g int o accoun t th e groun d reflecte d radiation ) showe d tha t fo r Cyprus , 
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at latitud e 35°N , th e optimu m til t angle , i n th e sens e tha t a  surfac e receive s th e 
maximum possibl e globa l irradiation , varie d fro m nearl y zer o degree s i n Jun e an d 
July t o 55 ° i n December . 

For th e col d perio d o f th e yea r a n inclinatio n o f 50 ° t o th e horizonta l i s th e bes t 
angle fo r fixin g flat  plat e sola r collectors , whic h ar e widel y use d i n Cypru s fo r 
water heating . O n clea r day s i n Decembe r th e amoun t o f th e globa l irradiatio n 
on a  surfac e incline d 50 ° t o th e horizonta l an d facin g sout h i s nearl y 6  KW.H/m 2 

(21 MJ/m 2) an d correspond s t o 184 % o f th e globa l o n a  horizonta l surface . I n 
June th e correspondin g valu e i s 69%. 

A vertica l surfac e facin g th e Equato r receive s globa l irradiatio n whic h varie s 
from abou t 162 % of tha t receive d o n a  horizonta l surfac e i n winte r t o abou t 17 % 
of tha t receive d o n a  horizonta l surfac e i n summer . 

For vertica l surfac e facin g th e Pol e th e correspondin g value s ar e abou t 10 % i n 
winter an d 15 % i n summe r an d fo r vertica l surface s facin g Eas t o r Wes t thes e 
are abou t 52 % in winte r an d 42 % in summer . 

Overcast day s 

The amoun t o f overcas t sk y diffus e irradiatio n o n a  horizonta l surfac e wa s 
calculated a t abou t 0. 7 KW.H/m 2 (2. 5 MJ/m 2) i n mid-winte r t o 1. 6 KW.H/m 2) i n 
mid-summer. Thi s account s fo r 14 % o f th e irradiatio n a t th e to p o f th e 
atmosphere. Th e valu e o f 0.1 4 correspond s t o th e regressio n constan t a  i n th e 
Angstrom formula . 

From thi s valu e an d fro m wha t ha s bee n mentione d abou t th e su m o f th e 
constants a  an d b  i t i s conclude d tha t th e regressio n constant s i n th e Angstro m 
formula fo r thi s se t o f dat a ar e a  =  0.14 an d b  = 0.56 . 

Average weathe r condition s 

In th e plai n area s o f Cypru s th e mea n dail y sunshin e duratio n varie s fro m abou t 
5.5 hour s i n mid-winte r t o 12. 5 hour s i n mid-summe r o r 55 % t o 85 % o f th e 
astronomical da y length , respectively . 

With thes e climati c condition s th e mea n dail y globa l irradiatio n o n a  horizonta l 
surface varie s fro m abou t 2. 2 KW.H/m 2 (7. 9 MJ/m 2) i n mid-winte r t o 7. 2 
KW.H/m2 (25. 9 MJ/m 2) i n mid-summer . 

On hig h groun d th e correspondin g value s fo r sunshin e duratio n ar e abou t 4  hour s 
and 1 1 hours , respectivel y an d fo r globa l irradiatio n 1. 8 KW.H/m 2 (6. 5 MJ/m 2) 
and 6. 4 KW.H/m 2 (23. 0 MJ/m 2), respectively . 

Measurements carrie d ou t durin g 198 4 a t th e radiatio n centr e i n Nicosi a gav e th e 
following results . Globa l irradiatio n varie d fro m 2. 1 KW.H/m 2 (7. 5 MJ/m 2) i n 
November t o 7. 4 KW.H/m 2 (26/ 6 MJ/m 2) i n June . Diffus e irradiatio n wa s a s lo w 
as 13 % o f th e globa l i n Septembe r an d a s hig h a s 46 % o f th e globa l i n Marc h 
when haz y condition s prevailed . Globa l irradiatio n b y a  pyranomete r incline d a t 
50° t o th e horizonta l an d facin g th e Equato r varie d fro m 77 % of th e globa l o n a 
horizontal surfac e i n Jun e t o 186 % o f th e globa l o n a  horizonta l surfac e i n 
December. Radiatio n balanc e o n a  horizonta l surfac e measure d wit h a  ne t 
radiometer varie d fro m 1. 4 KW.H/m 2 (5. 0 MJ/m 2) i n mid-winte r t o 4. 0 KW.H/m 2 

(14.4 MJ/m 2) i n mid-summer . Th e radiatio n balanc e wa s abou t 60 % of th e globa l 
irradiation o n a  horizonta l surface . 
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The regressio n analysi s o f th e radiatio n dat a collecte d a t a  coasta l statio n a t a n 
elevation o f 45 m i n th e perio d Ma y 198 2 t o Apri l 198 3 gav e th e followin g value s 
for th e regressio n constant s i n th e Angstro m formula : 

a=0.16, b=0.56 , a+b=0.72 , corr . =  0.96 6 

The analysi s o f dat a collecte d durin g 198 4 gav e th e followin g results . Fo r th e 
radiation centre , a n inlan d statio n i n th e centra l plai n a t a n elevatio n o f 155m : 

a=0.19, b=0.49 , a+b=0.68 , corr . =  0.88 3 

For a n inlan d statio n o n the mountain s a t a n elevatio n o f 640m : 

a=0.15, b=0.55 , a+b=0.70, corr . =  0.98 5 

For anothe r inlan d statio n i n th e mountain s a t a n elevatio n o f 1380m : 

a=0.10, b=0.67 , a+b=0.77 , corr . =  0.97 8 

APPLICATIONS AN D FUTURE ACTIVITIE S 

Solar radiatio n dat a an d othe r relevan t informatio n ar e extensivel y use d i n 
developing fla t plat e sola r collector s whic h ar e widel y use d i n Cypru s fo r wate r 
heating fo r domesti c purposes , fo r pre-heating/heatin g o f wate r fo r boiler s i n 
hotels an d fo r heatin g th e wate r i n swimmin g pools . Passiv e architectur e i s 
another secto r i n whic h informatio n o n sola r radiatio n ar e applied . Radiatio n 
data ar e als o applie d i n th e method s fo r estimatio n o f th e wate r requirement s o f 
crops. 

Future activitie s includ e th e improvemen t o f th e networ k o f radiatio n station s 
and th e systemati c developmen t o f radiatio n statistic s includin g radiatio n o n 
inclined surfaces . Th e Meteorologica l Servic e wil l participat e i n a  governmen t 
project o n renewabl e energy/energ y conservation . 

CONCLUSIONS 

The radiatio n centr e ha s no w bee n establishe d an d th e calibratio n o f th e 
radiation instrument s ar e carrie d ou t regularly . Throug h measurement s a t th e 
centre itsel f an d a  basi c networ k o f radiatio n station s routin e dat a ar e mad e 
available o n sola r radiatio n i n Cypru s o n a  dail y an d monthl y basis . 
Achievements hav e bee n satisfactor y an d provid e th e basi s fo r th e furthe r 
development an d improvemen t o f radiatio n statistic s fo r Cyprus . 



- 13 3 -

TABLE 1  - Sola r radiatio n data fo r Cypru s (based on data fo r 1984 ) 

Parameter 

On clea r day s 
Global 
Diffuse/Global 
Global/Extraterrestrial 
Global (Incl . 50° , S)/Globa l 
Linke Turbidit y Facto r 

On overcas t day s 
Diffuse (calculated ) 

Diffuse/Extraterrestrial 

Average weathe r 
Global 
Sunshine Duratio n 

Regression analysi s 

Mid-Winter 

11.5 
21% 

0.70 
1.84 
2.7 

2.5 

0.14 

7.9 
5.5 h r 

MJ/m2 

MJ/M2 

MJ/m2 

(55%) 

Mid-summer 

28.6 
13% 
0.70 
0.69 
4.0 

5.8 

0.14 

25.9 
12.5 h r 

MJ/m2 

MJ/m2 

MJ/m2 

(85%) 

Station 

Akhelia-Western coas t 
Nicosia-Inland, plai n 
Saittas-Inland, mount . 
Prodhromos-Inland, moun t 

Elevation 
(m) 

45 
155 
640 

. 138 0 

a 

0.16 
0.19 
0.15 
0.10 

b 

0.56 
0.49 
0.55 
0.67 

a+b 

0.72 
0.68 
0.70 
0.77 

Corr. 

0.966 
0.883 
0.985 
0.978 


	Recent Developments in the Acquisition and Processing of Solar Radiation Data in Cyprus. Results and Future Activities



