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1. INTRODUCTION

1.1 The Executive Council at its thirty-ninth session
approved the regional comparison of national standard
pyrheliometers of RA Il and RA V.

1.2 Considering the importance of Recommendations 10, 11,
and 14 of CIMO-IX, which were approved by the EC-XXXVIII, the
Japan Meteorological Agency (JMA) agreed, at the request of
WMO, to host the First WMO Regional Pyrheliometer Comparison
of RA Il and RA V. The Comparison was carried out from 23
January to 4 February 1989 at the Regional Radiation Center
Tokyo (Tsukuba).

1.3 The International Organizing Committee for the
Comparison held its first session at the Regional Radiation
Center Tokyo and the JMA Headquarters from 31 October to 2
November 1988. The list of participants is given in Appendix
A. The Committee prepared the detailed procedures for the
Comparison and visited the Comparison site in Tsukuba.

1.4 The WMO Secretariat distributed in March 1988 the
notification on the Comparison and in August 1988 the
invitation to the Comparison. In November 1988, the
Secretariat sent the final report of the first session of the
International Organizing Committee for the Comparison to
Members who had indicated their intention to participate in
the Comparison.

1.5 The International Organizing Committee held its second
session at the Comparison site of the Regional  Radiation
Center Tokyo (Tsukuba) from 2 to 4 February 1989. The 1list
of participants 1is attached in Appendix A. The Committee
analyzed and approved the final results of the Comparison
including the UWRR reduction factors and new calibration
factors of the instruments participated in the Comparison.

1.6 Members of the second session of the Committee,




including the Project Leader and the representatives of: WRC
Davos, RRC Melbourne, RRC Tokyo, and the Secretariats of WMO
and JMA, met in Tokyo (JMA Headquarters) between 4 and 7
February 1989. They discussed and improved on the draft
final report of the Comparison.

2. PARTICIPATION

2.1 Ten Members of RA Il and RA V, and the WRC Davos
participated with 23 experts in the Comparison. The list of
participants is given in Appendix B.

2.2 Seventeen pyrheliometers (9 Angstrom pyrheliometers, 6
absolute radiometers, including one of the World Standard
Group, and 2 thermoelectric pyrheliometers), and eight
pyranometers participated in the Comparison. The 1list of
instruments is attached in Appendix C.

3. DATA ACQUISITION AND EVALUATION

3.1 The Comparison was carried out 70 km north of Tokyo at
an elevation of 560 m above sea level, half way up to the Mt.
Tsukuba on the roof of the Tsukubasan Keisei Hotel. This
location provided good comparison conditions.

3.2 The pyrheliometers and pyranometers were mounted on
iron benches which were fixed on the hotel roof. The control
units of the pyrheliometers were protected from the sun and
wind. Some movable wind shields were used in order to
enlarge the wind-protected area on the roof.

3.3 AC power (220V/50Hz and 100V/50Hz) was available oOn
the benches. Push-button switches (for sending wvalidation
signals to the computer) and terminal boards (for relaying

pyrheliometer output to the data logger) were provided.




3.4 All participants operated their own pyrheliometers
during the period of the Comparison. The JMA staff operated
the pyrheliometer of New Zealand.

3.5 The operation of the radiation measuring instruments
including PMO-6 (Japan), PMO-5 (WRC),and PACRAD (India) was
done manually. Some of the instruments signals were recorded
automatically by a data logger, but all participants Kkept
manual records for control purposes as shown in Appendix D.

3.6 Measured data were evaluated on a daily basis.

3.7 The following meteorological variables were measured.
simultaneously with the comparison series:

(i) Air-temperature;

(ii) Humidity;

(iii) Pressure;

(iv) Wind speed;

(v) Wind direction:

(vi) Atmospheric ozone concentration; and
(vii) Aerosol optical depth.

3.8 The meteorological variables mentioned-above are given
in Appendix | with global/diffuse radiation, solar elevation,
and relative air-mass.

4. PROCEDURES
.1 Tim

The duration of one series of measurement was 18
minutes. This period was divided into 12 intervals of 90
seconds so that 6, 10 or 12 readings were obtained by
individual instruments in one series. The synchronization of
measurements was achieved by voice announcement and buzzer
from the computer system each 90 seconds. Voice




announcements were made at -5, -3 minutes, -1 minute, and -15
seconds. The buzzer sounds were: short pulses -5, -4 and -3
seconds, continuous sound between -2 and 3 seconds indicating
data reading. The timing diagrams are shown in Appendix E.

4.2 Operation of instruments

4.2.1 Angstrom pyrheliometer

Cold-zero-adjustment was made before each series. Series
started with the right aperture closed. Right and left
aperture were closed alternately every 90 seconds. Twelve
observations were thus made during 18 minutes: The first
reading of each series were not used.

4.2.2 PACRAD/H-F absolute radiometer

Zero-adjustment and self-calibration were made before
each series. Zero-point reading was taken first, then the
heater current was turned on, and heater voltage/current and
thermopile output were read. After this calibration, the
heater was turned off and the sensor exposed to the sun. The
thermopile output was read every 90 seconds from then on.
Twelve values were obtained in each series.

4.2.3 PMO absolute radiometer

Series started with a closed reading, then the PMO radi-
ometers alternated between open and closed shutters every 45
seconds in case of the PMO-6 (Japan, working reference), and
every 90 seconds for the PMO-5 (WRC, WSG). Twelve or six
readings were obtained in each series respectively. The
signals from both instruments were acquired automatically,
but their shutters were operated manually.

4.2.4 Thermoelectric pyrheliometer

The thermopile output was read automatically every 90




seconds. Twelve values were obtained in each series.

4.3 The radiation data were evaluated using the equations
shown in Appendix F. For PACRAD 13219 (India), 0.834 W/m2
was added to the right-hand side of Formula A.

4.4 The following readings were made:

(i) Current/voltage, for PMO absolute radiometer;

(ii) Current for Angstrom pyrheliometer;

(iii) Thermoprile voltage for thermoelectric pyrheliometer;

(iv) Self-calibration values (current/voltage) and
thermopile voltage for PACRAD/H-F absolute radiometer.

Data formats for manual records used at the Comparison are
attached as Appendix G.

5. COMPARISON REFERENCE

5.1 As comparison reference, a Regional Standard Group
(RSG) was established. This group consisted of one
instrument of the World Standard Group (PMO-5) and two
Regional Standards (PMO-6, Japan and PACRAD, India). PMO-6
served as the working standard for preliminary data
evaluation. PMO-6 and PACRAD provided 12 reference values and
PMO-5 provided 6 reference values for each series.

5.2 The determination of regional radiometric reference was
made according to the following table:




SEQ#

11
12

STANDARD 1
{(WORKING)

PMO-6(1)
PMO-6(2)
PMO-6(3)

PMO-6(11)
PMO-6(12)

STANDARD 2

PMO-5(1)

PM0O-5(2)

PMO-5(86)

STANDARD 3

PACRAD(1)
PACRAD(2)
PACRAD(3)

PACRAD(11)
PACRAD(12)

REFERENCE

REF (1)
REF (2)
REF (3)

REF(11)
REF(12)

REF(1)= 1/3 x (PMO-6(1)+PMO-5(1)+PACRAD(1))

REF(2)= Cl1 x PMO-6(2);
Cl=1/2 x (REF(1)/PMO-6(1)+REF(3)/PMO-6(3))

REF(3)= 1/3 x (PMO-6(3)+PMO-5(2)+PACRAD(3))

REF(11)=

REF(12)= C6 x PMO-6(12);
C6= REF(11)/PMO-6(11)

1/3 x (PMO-6(11)+PMO-5(6)+PACRAD(11))

5.3 Radiometric references of each measurement are listed
opend H.

6. COMPARISON MEASUREMENTS

6.1

Measurements were taken on 25, 27, 28, 29, 30

January 1989 with a total of 41 series.

6.2

measurements
para.

From the total number of 41
selected using criteria

7.‘

were

7. REFERENCE EVALUATION

series,

and
.13 series
mentioned

in

31

of
in




7.1 A 2 % criterion was applied to the selection of indivi-
dual values.

7.2 A 0.25 % criterion was applied to the mean values of
series to be included in the final evaluation.

7.3 Series selected can be found in Appendix 1.

8. COMPARISON RESULTS

8.1 The WRR reduction factors for all pyrheliometers which
participated in the Comparison were adopted by the second
session of the International Organizing Committee (Tsukuba, 2
- 3 February 1989) and they are listed in Appendix dJ.

9, CALIBRATION OF PYRANOMETERS

9.1 Calibration of the pyranometers was made according to
the WMO publication No.8, WMO GUIDE TO METEOROLOGICAL
INSTRUMENTS AND METHODS OF OBSERVATION, fithth edition, para.
9.4.1.2: "By reference to a standard pyrheliometer and a
shaded pyranometer".

9.2 The <calibrated pyranometer (MS-801, JAPAN) with a
shading disk and pyranometers to be calibrated were exposed
to the sun. Signals were recorded every 90 seconds by the
data logger. The sum of direct and diffuse radiation was
used as the reference (Gref) for the calibration according
to:

Gref =1 x cosZz ¢ D,

where 1 is the direct solar irradiation at normal incidence
determined by the regional reference (see para.5). D is the
diffuse radiation measured by the shaded pyranometer (MS-
801). For each measurement, the calibration factor (K) was




calculated as follows:
K = Gref/Vy

where V 1is the output voltage of the pyranometer to be
calibrated.

9.3 The mean values of K were adopted as the final calibra-
tion factors. They are given in Appendix K.

9.4 It 1is emphasized that calibration was performed at
temperature around 7°C. For non-compensated pyranometers
(CM 5 and MS-801), these values may only be used after tempe-
rature correction.

10. OTHER ACTIVITIES

10.1 During the Comparison, days with atmospheric condition
unsuitable for measurements were utilized for training in
radiation measurements and for lectures on:

(i) Sunphotometers calibration - Dr. T. 1to, Dr.M. Shiobara,
Mr.C. Wehrli, and Mr.Y. Miyake (EKO Co.,Ltd.);

(ii) Solar trajectory and radiation - Mr. T.Yamauchi;
(iii1) Activities of the WRC/PMOD - Mr. C. VWehrli;

(iv) Evolution of pyrheliometry - Mr. C. Wehrli and
Dr. V.A. Klevantsova;

10.2 The participants also visited the Meteorological
Research Institute and Meisei Electric Co., Ltd.

11. ACKNOWLEDGMENTS

The participants expressed their gratitude to the host
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country and to the JMA for smooth organization and good
preparation of the Comparison as well as for providing
excellent facilities and working conditions for the
Comparison. They also expressed their thanks to the Project
Leader and participating staff of the JMA, to WMO, and to the
WRC. Hospitality of the host country was highly appreciated.

12. REMARKS

The final results of the Comparison will be submitted to
the presidents of CIMO, RA II, and RA V for approval, and
they will be included as a recommendation of the next session
of RA Il and RA V.
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List of participants

Appendix A

International Organizing Committee

First session (Tokvo,

31 October - 2 November 1988)

Dehne

K

Y. Sano

H. Shimura
M. Saito

Y. Hirose
Klemm
Nagasaka

Second session

(Chairman)

(Project Leader)

{representing
(representing
(representing

RRC Tokyo)
RRC Tokyo)
RRC Tokyo)

(WMO Secretariat)
(JMA Secretariat)

{Tsukuba,

2 - 3 February 1389)

Sano
Desikan
Novotny
Wehrli
Klevantsova
Shimura
Saito

. Hirose

o e e T e e G o e e e

MEXIPOQUC

= Wn

{Chairman/Project Leader)

(representing
(representing
{representing
(representing
(representing
(representing
(representing

RRC Puna)
RRC Melbourne)
WRC Davos)

WRDC Leningrad)

RRC Tokyo)
RRC Tokyo)
RRC Tokyo)

(WMO Secretariat)
(JMA Secretariat)

Germany,
Fed. Rep. of
Japan

Japan

Japan

Japan

Japan

India
Australia
Switzerland
USSR

Japan

Japan

Japan

In addition, the following experts also participated in the

second session:

Lin Yiqiu

Lu Wenhua
Cheuk-ming Tam
T. Ito

M. Shiobara
Chan Ah Kee

Ibrahim Mat Tahir

Lee Bu-yong

- 12 -

China

China
Hong-Kong
Japan

Japan
Malaysia
Malaysia

Rep. of Korea
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LList of participants
First WMO Regional Pyrheliometer
Comparison of RA 11 and RA V

Tokyo (Tsukuba), Japan, 23 January - 4 February 1989

Mr. P.M.V. Novotny

Senior Physicist, Bureau of Meteorology
G.P.O. Box 1289 K, Melbourne, VIC 3001
Australia

Ms. Lin Yiqiu

The Academy of Meteorological Science
State Meteorological Administration
Baishiqiaolu No.46, Western Suburb, Beijing
China

Mr. Lu Wenhua

The Academy of Meteorological Science,
State Meteorological Administration
Baishiqiaolu No.46, Western Suburb, Beijing
China

Dr. Cheuk-ming Tam

Instruments Section, Royal Observatory
134A Nathan Road,

Kowloon

Hong Kong

Mr. V. Desikan

Director, Instruments Division,

India Meteorological Department, Pune-411 005
India

Mr. Kamaleddin Alavi Teleghani

Iranian Meteorological Organization

P.0.Box 13185-461, Teheran-Mehrabad-Airport
Iran, Islamic Republic of

Mr. Mehdi Sedaghati

Iranian Meteorological Organization

P.0O.Box 13185-461, Teheran-Mehrabad-Airport
Iran, Islamic Republic of
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Mr. Y. Sano

Director, Observations Division, Observations Department
Japan Meteorological Agency

Otemachi 1-3-4, Chiyoda-ku, Tokyo 100

Japan

Mr. H. Shimura

Regional Radiation Center Tokyo
Japan Meteorological Agency
Nagamine 1-2, Tsukuba, Ibaraki 305
dJapan

Mr. M. Saito

Regional Radiation Center Tokyo
Japan Meteorological Agency
Nagamine 1-2, Tsukuba, Ibaraki 305
dJapan

Mr. Y. Hirose

Regional Radiation Center Tokyo
Japan Meteorological Agency
Nagamine 1-2, Tsukuba, Ibaraki 305

Japan

Mr. Y. Miura

Regional Radiation Center Tokyo
Japan Meteorological Agency
Nagamine 1-2, Tsukuba, Ibaraki 305
Japan

Dr. T. Ito

Observations Division, Observations Department
Japan Meteorological Agency

Otemachi 1-3-4, Chiyoda-ku, Tokyo 100

Japan

Mr. K. Honda

Observations Division, Observations Department
Japan Meteorological Agency

Otemachi 1-3-4, Chiyoda-ku, Tokyo 100

Japan

Mr. K. Onbo

Meteorological Instruments Plant, Observations Department
Japan Meteorological Agency

Nagamine 1-2, Tsukuba, Ibaraki 305

Japan
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Dr. M. Shiobara
Meteorological Research Institute
Nagamine 1-1, Tsukuba, Ibaraki 305

Japan

Mr. T. Ueno
Aerological Observatory
Nagamine 1-2, Tsukuba, Ibaraki 305

Japan

Mr. T. Yamauchi
Meteorological College
Asahicho 7-4-81, Kashiwa, Chiba 277

Japan

Mr. Chan Ah Kee

Malaysian Meteorological Service

Jalan Sultan, 46667 Petaling Jaya, Selangor
Peninsular Malaysia

Malaysia

Mr. Ibrahim Mat Tahir

Malaysian Meteorological Service

Jalan Sultan, 46667 Petaling Jaya, Selangor
Peninsular Malaysia _

Malaysia

(Instrument only)
New Zealand

Mr. Lee Bu-yong

Meteorological Research Institute
Korea Meteorological Service

1 Songweol-dong, Chongno-gu

Seoul 110-101

Republic of Korea

Mr. Christoph Wehrli

WRC-PMOD

Dorfstrasse 33, CH-7260, Davos-Dorf
Switzerland

Dr. V.A. Klevantsova

Voeikov Main Geophysical Observatory
7, Karbysheva, Leningrad 194018

USSR
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SECRETARIAT

Mr. S§. Klemnm

Senior Scientific Officer
WMO Secretariat

CH-1211 Geneva 20
Switzerland

Mr. K. Nagasaka

Head of External Relations Office
Japan Meteorological Agency

Otemachi 1-3-4, Chiyoda-ku, Tokyo 100
Japan

Mr. H. Ohno

External Relations Office

Japan Meteorological Agency

‘Otemachi 1-3-4, Chiyoda-ku, Tokyo 100
Japan
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AUSTRALIA
CHINA

HONG KONG
INDIA
IRAN
JAPAN

MALAYSIA

NEW ZEALAND
REPUBLIC OF KOREA
USSR

WRC DAVQOS

CHINA
HONG KONG
IRAN
JAPAN

MALAYSIA
REPUBLIC OF KOREA

List of Instruments

(a) Pyrhelioneter

INSTRUMENT
A 578

H-F 20284
H-F 19743

A 17864
PACRAD 13219
A 12579

PMO-6 811107
H-F 23738

A 26043

A 26044

NIP 10816E6
NIP 25677E6
A 23628

A 18591.

A 703

A 212

PMO-5

«(b) Pyranometer

INSTRUMENT
PSP 20463F3
CM 5 784530
CM 5 752820
MS-801 F83006
MS-801 F85035
PSP 25918F3
CM 5 881454

SCP 23208
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CALIBRATION FACTOR
IN USE
6237.3 W-m 2-A”2

20030.0 m~2

20030.0 m~ 2

4697 W-m2.7"2
10079 m~2

4344.4 W-m~2-A"2
23.984 W-p-2-v~2
20040 m~ )
4831.1 w-m'g-A—2
4870.2 W-m 2-a"2
127.37 w-m‘2omv‘1
127.21 W-m™2.pv-
4550.5 W-m™2-A"2
4200 Ww-m2-A"2
5954.3 Wem 2-A”2
10535 W-m 2-A"2
31.638 W-m~2-v~2

CALIBRATION EACTQ
IN USE (W-m “-mV ")

95.97

87.22

84.10

139.99

157.58

103.32

88.89

890.47
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Appendix F, p.]

CALCULATION OF DIRECT SOLAR IRRADIANCES

Vith the following notations:
| direct solar irradiance

Vth output of thermopile
Uy or U voltage across heater (Uy) or standard resistor (Ug)
in current through heater
Ry standard resistor
K calibration factor
Ry resistance of heater leads
1. THE C(IRRADIANCES) ABSOLUTE RADIOMETERS OF PACRAD TYPE ARE

CALCULATED ACCORDING TO:

An irradiance measurement consists of the reading of the thermopile
output Vth(irrad.) produced by the irradiated receiver. During the calibration
period the shaded cavity is heated electrically and the voltage Uy across the
heater, the voltage Uy across a standard resistor Ry and the corresponding
thermopile output Vth (cal.) are measured. Further, the null of the thermopile
vth(null) is determined with the detector shaded and with no electrical power.
The irradiance is determined by the following equation:

Vth(irrad) — Vth(null) W { Ug §
® ® ° U — - e I A
Vth(cal) — VthCnull) Ry H Ry Formula

The TMI are calibrated directly by the user, so that only one value is
read which is scaled and zeroed during the calibration period in such a way,
that a 100 mV reading corresponds to 100 mWem™2, hence the irradiance formula is
very simple:

i
=
°

U Formula B

with:

p-
"

10,000Wm-2V-!
- 21 -




Appendix F, p.2

2. ACTIVE ABSOLUTE RADIOMETERS

These radiometers are operated actively, which means that the temper-
ature difference across the thermal resistor is maintained constant by heating
the cavity electrically. During the shutter open period, the electricalpower is
diminished by the amount of radiative power absorbed by the cavity. The inten-
sity is calculated according to the following formulas, depending on how the

electrical power is measured:

=K - [P(closed) - P(ooen)] Formula C
with:
P=Uyein Formula D
P=Uy- 9& Formula E
Rx

Picroser is linearly interpolated for the instant of the open reading from the
closed values before and after the open reading.

3. ANGSTROM PYRHELIOMETERS
The current through the left or right strip of the Angstrom pyrheliom-

eter is measured as voltage drop across a standard resistor. The irradiance is
calculated by the formuta:

Ur(right) « Usz(left)

Rn?

=K o Formula F

As this irradiance is the geometric mean between the irradiances prevailing at
the time of the left and right reading respectively, the ratio to the reference
is calculated using the geometric mean of the corresponding reference irradi-
ances.

~ 22 _




Appendix F, p.3

4, ACTINOMETERS (NORMAL INCIDENCE PYRHELIOMETERS)

The irradiance is directly calculated from the thermopile output. At
the start of a measuring series, a reading of the zero with the detector shaded
is performed. The irradiance amounts to:

| =K « [Vth(open) — Vth(closed)] Formula G

_ 23 -




ABSOLUTE RADIOMETER

DATE :

STARTING TIME
MEMBER COUNTRY :

Appendix G, p.]1

(ACTIVE CAVITY TYPE)

INSTRUMENT No. : CODE : ____
CALIBRATION FACTOR:
X = ONIT:
Rv = UNIT :

TIME  SEQ. No. DATA TIME  SEQ. No. DATA
(MIN.) (MIN.)
-0.75 (1) ZERO ___ 9.75 (15) P (0) S
0.0 (2 PO 10.5  (16) P (C) I
0.75 (3) PO ______ 11.25 (17) PO ________ S
1.5 (@) P©) _ 12.0  (18) PO
2.25 (5) PO 12.75  (19) PO
3.0 (6) PO 13.5  (20) (7 R
.75 (D PO 14.25 (21) PO
4.5 (8 P (©) 15.0  (22) PO
5.25 (9) PO 15.75  (23) PO ____ —
6.0  (10) PO 16.5 (24) P (C) -
6.75 (11) PO 17.25 (25) PO
7.5  (12) PO 18.0  (26) PO
8.25 (13) PO (27) ZERO _ __ —
9.0 (14) PO

I—{ote: Subscript (C) and (0) indicates "CLOSE" and "OPEN" respectively.

Please hand over a copy of this data sheet to us for the data processing.

REMARKS :

_ 24 -




Appendix G, P2

ABSOLUTE RADIOMETER (PACRAD TYPE)

DATE : RUN No. ¢ _____
STARTING TIME
MEMBER COUNTRY :

INSTRUMENT No. : CODE :
CALIBRATION FACTOR:
X = UNIT :
R = UNIT :
Ry = UNIT :
TIME SEQ. No. DATA TIME SEQ. No. DATA
(MIN.) (MIN.)
-1.5 (1) Ven(zero) __ _ 7.5 (7 Ven
0.0 (2) U e 9.0 8) Ven
Ur — 10.5 9) Ven .
Ven(cal) __ 1220 (10) Ven
1.5 (3) Ven ____ 13.5 (11 Ven
3.0 (4) Ven 15.0 (12) Ven
4.5 () Ven 16.5 (13) Ven
6.0 (6) Vew __ 18.0 (14) Ven  _

Please hand over a copy of this data sheet to us for the data processing.

REMARKS : : e
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PYRHELIOMETER

DATE :

RUN No. :

STARTING TIME

MEMBER COUNTRY :

Appendix G, p.3

(ANGSTROM TYPE)

INSTRUMENT No. : CODE : ___
CALIBRATION FACTOR :
K = UNIT —

NORMAL RESISTOR : Rn= UNIT —
TIME  SEQ. No. DATA TIME  SEQ. No. DATA
(MIN.) (MIN.)
0.0 (1) ZERO 10.5 (8) UGe@® ____
1.5 (2) Ur(® ____ 12.0 9) ULy ____
3.0 3) Ge(L) ____ 13.5  (10) G®
4.5 4) U (R) _ _ 15.0 (11) U@ ____
6.0 () U (L) - 16.5 (12)° U:(R) —
7.5 (6) Uz (R) 18.0  (13) U (L) —
9.0 (7) Us (L) (14) ZERO

Note: (R) and (L) indicates "RIGHT HAND STRIP SHADED" and "LEFT HAND STRIP SHADED"

respectively,

Please hand over a copy of this data sheet to us for the data processing.

REMARKS :

_ 26 -




Appendix H

(At
[
A
(At
[A¢
(At
¢l
(A
[
[
[A¢
11
(A

N

¢6°9
S04
iv°8
SE°8
69°L¢
98 L1
9¢°¢t
[ 4
'3 2 4
0Ly
[ A1
¥e°s1
1S AR
[g~W-A]

NOILVIAIQ
QUVYANYLS

16°158
9,°088
11°028
¥6°6¥8
96°888
99°126
EY 0V6
LS*BLE
20° 186
2V 696
¥¥° 056
y1°908
69°89L
[g-w-MA1

NVHHN

1°GE8
¥°198
§°688
9°558
¢ ors
8°LI8
g°cve
9°g88
y6v8
G°668
£°906
T°9€6
8°1v6
9°9E6
9°GL6
§°6L6
0°686
0°8.6
6°EL6
6°0L6
£7896
17086
6°€c8
9°06L
[ 477
1°vss

NOSTYVdWOD dILIWOITIHIAL TYNOIOITY OWM LSHIJL

9°058
£°£s8
£'7s8
£ 158
§°228
g- 918
L ov8
1°058
1°798
2°606
2°¥06
2°0¥6
£°5¥6
6°0¥6
"E°0L6
9°086
0°986
2°8L6
L°ELE
8°696
L°VS6
8°976
8°L18
£°c18
z°esL
9°¥SL

[zg-W-A] EONV IAVYHYUI

6861 NYAVL (VEAMNSL)OXMOL

8°6¥8
§°958
¢ 988
£°vye
L ARAA
L°218
1°¢2P8
9°8498
9°£498
L°L16
6°268
0°0€E6
8°1¥6
¥°6€6
P°6L6
2°186
6°¥86
8°8L6
§°2L6
6°¥96
9°286
8°LV6
1°v28
¥ e8L
¥°E9L
1°08L

A Y4 ANY II V¥

Jd0

§°968
¥ ss8
8°vs8
I°vv8
R 44
L°608
v Lys
8°¥%98
§°8L8
9°v16
2°606
£°VES
9°1¥6
£°0¥6
1°2¢86
¢ 186
£°¥86
[ VA
6°696
£°296
0°0S6
¢°8v6
7 908
y°co8
S°VLL
1°v9L

y°9sg
87268
T°988
8°6¢£8
9°ve8
608
g 9¥8
£°198
€°LL8
9°9¢6
£€°L16
0°9¥6
g°eve
9°ZE6
7086
2°£86
6°6L6
2°6L6
1°2L6
6°686
V°0S6
L°S¥6
0°964
Aok ek ke
6§°09L
L°E9L

SANTVA JONIEIIIE OIULIWOIAVY TYNOISTI J0 AYVHHOS

S¥:00:11
S¥:0E8:0T
§7:00:01
Sy:08:€1
S7:00:€1
LY RE AN
S¥:00:21
S¥:00:11
S¥:0€:0T
S¥:00:0T1
S¥:LY:60
S¥:2e: 11
§¥:65:01

JNIL
ONILUVYIS

"NVI-1E

*Nvr-o0¢

"NVlr-6¢

‘NVL-LZ

q1va

- 27 -



p.1

Appendix T,
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LIST OF

YRR REDUCTION FACTORS AND

NEW CALIBRATION FACTORS RECOMMENDED

FOR PYRHELIOMETERS

Appendix J

INSTRUMENT CAL!gkgTION REDg§$ION Oc¢ N oc/VN - CAnggATION |
FACTOR FACTOR FACTOR
RECOMMENDED -
PMO-5 31.638 Wem2+¥-2 | 0.99946 0.00224 | 77] 0.00026 '
PACRAD 13219 | 10079 w2 0.99955 0.00370 | 155] 0.00030
PHO-6 811107 23.984 Wem2.y-2 1.00051 0.00215| 155] 0.00017
H-F 19743 20030.0 =2 1.00092 0.00476 | 155} 0.00038 |20012 w2
H-F 20294 20030.0 w2 1.00079 0.00427 | 155| 0.00034 | 20014 w2
H-F 23738 20040 w2 1.00235 0.00268 | 131] 0.00023 | 19993 m2
A 212 10535  Wem2-A72 1.00303 0.00447 { 110 | 0.00043
A 578 6237.3 Wem2.A72 1.00062 0.00342 | 130 0.00030
A 703 5954.3 Wem2.A72 1.00159 0.00661 123 0.00060 5845 Wem 2.A"2
A 12579 4344.4 WYem2op72 1.01149 0.00300 | 112| 0.00085 4295 Wem 2eA"2
A 13591 4200  Wem2.A"2 0.99826 0.00311 | 128| 0.00027 4207 Wem2.A2
A 17864 4697  Wem 2+A2 0.99281 0.00208 | 130 0.00026 4731 Wem2+A"2
A 23628 4550.5 Wem 2+A"2 0.93057 0.00245 | 128 0.00022 4594  Wem2.A"2
A 26043 4831.1 Wem2.A72 0.99765 0.00313 | 123 | 0.00028 4843  Wem2eA"2
A 26044 4870.2 Wem2.A°2 0.99430 0.00420 | 123] 0.00038 4838  Wem 2+A"2
NIP 10816E6 127.37 Wem 2 omv-! 0.99812 0.00356 ;| 144} 0.00030 127.6 Wem 2emv!
NIP 25677E6 127.21 Wem2emV-! [ .0.99404 0.00446 | 132 0.00039 128.0 Wem 2emv-!
NOTE: o = STANDARD DEVIATION OF WRR REDUCTION FACTOR
N = NUMBER OF MEASUREMEN

0 ¢ /v N= STANDARD ERROR OF NEAN
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LIST OF

Appendix K

NEW CALIBRATION FACTOR RECOMMENDED

FOR__PYRANOMETERS

INSTRUMENT CAL?EEATION CALngATION Oc¢ o/ VN[ N
FACTOR FACTOR
RECOMMENDED
[Wem2emv-1]

PSP 20463F3 95.97 101.8 0.8 0.07 120
%CM 5 784530 87.22 90.6 0.8 0.07 120
%CM 5 752820 84.10 90.1 0.4 0.04 120
$MS-801 F83006 139.99 142.6 0.7 0.07 120

PSP 25918F3 103.32 104.1 0.6 0.06 120
%CH 5 881454 88.89 91.1 0.4 0.04 120

SCP 23208 890.47 927.8 12.1 1.11 120
NOTE: o¢ = STANDARD DEVIATION

N = NUMBER OF MEASUREMENTS

o c¢/v N= STANDARD ERROR OF MEAN

% The calibration was performed at temperature around 7 °C.

For non-compensated pyranometers (CM 5 and MS-801),

these values may only be used after temperature correction.
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