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INTRODUCTION 

Seven meetings were held with users of solar data who represent a 

broad sample of individuals active in solar energy in California. The 

primary purpose of these meetings was to obtain advice regarding the form 

and content of the solar data manual(s) and regarding a questionnaire for 

polling a wide sample of individuals. A secondary purpose of these meetings 

was to enable LBL personnel to establish closer contact with the solar 

energy community in California. This contact facilitated later cooperation 

in the tasks of data collection and management. 

The meetings are summarized below and a list of the meeting participants 

1S presented in Table A-I. 

MEETING #1, 10 MAY 1976, LAWRENCE BERKELEY LABORATORY, BERKELEY 

1. Direct insolation--for computations for tilted surfaces, concentrating 

collectors, and analysis of central power stations. 

2. Distributions of 1, 2, 3 cloudy days. 

3. Correlations of solar radiation vs. temperature and solar radiation 

vs. cloudiness. 

4. Hourly solar data averaged over days of the month or season. 

(This gives an idea what a typical day is like.) 

5. Generalized graph showing the sensitivity of radiation received 

on a surface to slight eastward and westward tilts. 

6. Insolation values for cloudless days. 

7. Number of hours of daylight. 

8. Sun charts (giving location of the sun as a function of time). 

Suggested Nonsolar Data 

1. Frequency distributions of daytime temperature, nighttime temperature, 

and wind speed. 

2. Ground temperature. 

3. Albedo of various types of terrain. 
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Table A-I. Conferences with solar data users (1976). 

Date 

10 May 

19 May 

24 May 

Location Attendees/Affiliation -----------------------------------------

LBL 

U. C. Davis 

Aerospace Corporation, 

El Segundo 

Bruce Wilcox, Berkeley Solar Group 

Marshal Merriam, U. C. Berkeley 

Dale Sartor, Interactive Resources 

Richard Storek, Architect 

Max Blanchet, PG&E 

Bob Heaton, Solar Consultant 

Rick Nelson, Accurex Corp. 

Tom Simonson, Engineer 

Zulfikar Cumali, Consultants 

Computation Bureau 

Tom Brumleve, Sandia Livermore Lah. 

James Lerner, State Energy Commission 

Mike Wahlig, LBL 

Don Grether, LBL 

Marlo Martin, LBL 

Paul Berdahl, LBL 

William Rains, Agronomy Department (U.C.D.) 

Robert Loomis, Agronomy Department (U.C.D.) 

Jerry Hatfield, Land, Air, Water 

Resources Department (U.C.D.) 

Paul Berdahl, LBL 

Marlo Martin, LBL 

Howard Webb, Aerospace Corporation 

Stan Leonard, Aerospace Corporation 

Mason Watson, Aerospace Corporation 

Keith Cretcher, Aerospace Corporation 

Walt Melton, Aerospace Corporation 

Jim Rogan, McDonnell-Douglass 
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Table A-I. Continued. 
-------.~-----------

Date 

24 May 

25 May 

25 May 

26 May 

26 May 

Location 

Aerospace Corporation, 

EI Segundo 

California Polytechnic 

State University, 

San Luis Obispo 

General Atomic Co., 

San Diego 

San Diego Gas & 

Electric Company 

Naval Undersea Center, 

San Diego 

Attendees/Affiliation 

Bob French, Jet Propulsion Laboratory 

MacGregor Reid, Jet Propulson Laboratory 

Martin Berdahl, Jet Propulson Laboratory 

Nick Patapoff, Souther California Edison 

James LEi.rner, State Energy Commission 

Marlo Martin, LBL 

Paul Berdahl, LBL 

Thomas Lukes, Food Industries 

Ed Carnegie, Argicultural Engr. Dept. 

(C.P.S.U.) 

Paul Berdahl, LBL 

Marlo Martin, LBL 

John Russell, General Atomic 

John Schuster, General Atomic 

Paul Berdahl, LBL 

Marlo Martin, LBL 

Alan Stewart, SDG&E 

Robert Resley, SDGE&E 

Paul Berdahl, LBL 

Marlo Martin, LBL 

Howard Wilcox, Naval Undersea Center 

Paul Berdahl, LBL 

Marlo Martin, LBL 
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4. Sky "temperature." 

5. Probability of freezing. 

Remarks 

The data manual should contain explanations of how the data presented 

are derived from raw data. Serious users should have a~cess to the raw 

data so they can develop their own statistical distributions. All the 

data, including that contained in the data manual, should be available 

on computer tape or punched cards, l.n a standard format. (M. Wahlig pointed 

out that the state has not decided whether or not this should be done.) 

There was some discussion about using models to estimate the amount 

of direct radiation. T. Brumleve pointed out that Sandia is funding 

Aerospace Corp. to develop models for estimating the direct component. 

The question of preparing contour maps of microclimates was discussed. 

Professor Merriam pointed out that if the uncertainty in the values plotted 

becomes greater than the contour interval, the maps would be nearly meaningless. 

The group agreed that distribution of the manual by a commercial publisher 

would be very helpful in obtaining wide readership. Further discussion 

touched on the number and type of manuals to ~e produced and their size 

and price. No definite conclusions were reached, except that these Issues 

should be raised in the data format questionnaires. B. Wilcox made the 

interesting point that some of the present methods for using data to size 

systems are used simply because there is not much data. As better data 

become available, different methods may be developed. 

MEETING #2, 19 MAY 1976, UNIVERSITY OF CALIFORNIA, DAVIS 

1. Direct and diffuse radiation data for use with Liu and Jordan's 

estimation technique for radiation received on inclined surfaces. 

Surfaces facing north are not unimportant. 
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2. Incoming and outgoing infrared radiation. These data would be 

useful since the water loss of plants is sensitive to infrared 

radiation. An alternative would be data on the net radiation 

exchange with a standard surface (e.g., moist grass, dense foliage, 

etc.). 

3. Ultraviolet radiation data. This would be useful because of the 

biological effects of uv radiation. 

Suggested Nonsolar Data 

1. Detailed information on temperature, such as standard daily profiles. 

Remarks 

In general, the participants at this meeting were interested in solar 

and other weather data as input for their researcQ related to plant growtQ. 

As a consequence of the research nature of their work, extremely detailed 

information was desired. 

For weather data which were tabulated, it was felt that 30-year means 

and standard deviations should be presented. Statistical distributions 

could supplement the data on averages. 

From a strictly practical point of view, solar data are of marginal 

value to agronomists. However, for research purposes--e.g., models of 

plant growth--these data are of considerable interest. 

MEETING #3, 24 MAY 1976, THE AEROSPACE CORPORATION, EL SEGUNDO 

In this meeting, the types of solar and weather data which might be 

displayed in a manual were regarded as self-evident by a majority of the 

participants. For this reason, after examination of the draft solar data 

manual formats, attention was concentrated on how the data should be processed, 

displayed, and marketed. 

Even relatively sophisticated data users, who generally require hourly 

data on computer tapes, have a need for general purpose information such 

as might appear in a solar data manual. 
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Methods for determining and ensuring data quality were discussed. 

LBL's proposed visits to sites where data are being taken were regarded 

as a useful check. The number of years of the data record is regarded 

as a measure of the quality of the long-term averages obtained from the 

data. It was pointed out that, in general, the data errors are not of 

the random type, but are systematic--too high or low all year long. 

The display of contour maps and the related problem of interpolation 

were discussed. One concern was that contour maps could not be detailed 

enough to display the various microclimate effects present in California, 

even if the necessary data were known. Another concern was that the user 

of the contour maps might attempt to interpolate across mountain ranges 

or near bodies of water where interpolation is unwarranted. The idea of 

dividing California into climatic zones--within which it might be possible 

to interpolate--was suggested and discussed. the use of climatic zones 

appeared to be of considerable potential value, particularly if it would 

be possible to exclude some mountaneous regions of low popUlation density. 

The problem of presenting suitable data in a useful format for future 

users who may not be technically sophisticated was addressed. In this 

case if may not be possible to determine data needs by querying users. 

It was suggested that individuals in research and development may have 

to make the relevant decisions. It was pointed out that for some future 

applications, which are presently known, there is no one who can make 

appropriate recommendations. 

Several participants expressed the opinion that it .would be inappropriate 

to publish specialized data manuals aimed at exotic applications. Handbooks 

or manuals are thus considered a good idea only if the potential user group 

numbers in the hundred or thousands. 

MEETING #4, 25 MAY 1976, CALIFORNIA POLYTECHNIC STATE UNIVERSITY, 

SAN LUIS OBISPO 

Suggested Data 

1. Solar radiation received on a horizontal surface. 

2. Wet- and dry-bulb temperatures for solar drying of fruits and 

vegetables. Measurements of the dew point (yielding the absolute 
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humidity) are potentially more useful than measurements of the 

wet-bulb temperature (yielding relative humidity); absolute humidity 

shows a smaller variation during the course of the day. 

3. In general it is desirable to have measured values of solar and 

other meteorological variables more frequently than daily, but 

hourly data are not required. Distributions or typical daily 

profiles should suffice. 

Remarks 

The participants emphasized that meaningful data regarding wind speed 

and direction can be very difficult to obtain if the wind fluctuates strongly. 

Does one tabulate average values, peak values, or something else? 

The participants stated that they had a preference for climate zones 

as a means to summarize climatic differences, rather than having the data 

presented on contour maps. 

Professor Carnegie discussed the economics of solar fruit and vegetable 

drying in California, pointing out that the long drying season offers a 

favorable chance to amortize the necessarily large capital investment. 

Most of the large drying organizations presently operating in the state 

face restrictions on the amount of natural gas (the present fuel) they can 

obtain. Solar heating appears economically competitive to the alternatives 

to natural gas. 

MEETING #5, 25 MAY 1976, GENERAL ATOMIC COMPANY, SAN DIEGO 

1. Detailed information on clear-day solar radiation, especially 

the direct-beam component. The actual solar data, expressed as 

a fraction of the various clear-day values, should also be presented. 

This approach is particularly advantageous for climates with many 

clear days. 

2. String statistics for succeSS1ve days with low insolation. 
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Remarks 

It would be useful to have one page in the solar data manual(s) that 

contained important constants, such as the solar constant and conversion 

factors, and order-of-magnitude numbers, such as mean yearly totals of 

solar radiation. 

A conceptual design was described for General Atomic's fixed-mirror 

movable-focus solar conversion system. 

MEETING #6, 26 MAY 1976, SAN DIEGO GAS AND ELECTRIC COMPANY, SAN DIEGO 

In general the participants preferred data displayed in a format similar 

to that used in the climatological atlases. Climatic summaries, with suitable 

emphasis on microclimates, were also requested. 

The opinion was expressed that wind speed data was of marginal value. 

It is the opinion of the San Diego Gas and Electric engineers that 

the coastal areas of San Diego receive about 20% less sun than the interior 

areas. Measurements that are presently under way should allow a more 

quantitative statement to be made. 

MEETING #7, 26 MAY 1976, NAVAL UNDERSEA LABORATORY, SAN DIEGO 

Dr. Wilcox is the originator and proponent of the concept of large­

scale ocean farming of kelp, using floating platforms in the open ocean. 

He expressed the opinion that development of this concept has not yet pro­

gressed to the point where solar data are needed. Only extremely rough 

estimates are required. 
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SOLAR DATA USER QUESTIONNAIRE AND SAMPLE FORMATS 





17 

Name of Repondent 
--------------------~~---------------------

Company or Institution ----------------------------------------
Address 

Telephone 

=====~===;~~=================================================================== 

(1) My interest in solar radiation data stems from my activities as a(n) ... 

(CHECK MORE THAN ONE IF APPROPRIATE) 

[] agricultural engineer 
[] agronomist 
[] architect 
[] banker 
[] builder 
[] consultant 
[] developer 
[] employee of a government regulatory agency 
[] engineer 
[] equipment manufacturer 
[] owner of a solar building 
[] planner 
[] research worker 
[] other (pl'ease specify) _________________ _ 

(2) I would use solar radiation data primarily for .•. 

(CHECK MORE THAN ONE IF APPROPRIATE) 

[] designing residential space-heating systems 
[] designing industrial or commercial space-heating systems 
[] designing domestic water heating systems 
[] designing industrial or commercial process heat systems 
[] designing solar air conditioning systems 
[] designing passive solar heating and cooling systems 
[] designing agricultural drying or dehydrating systems 
[] predicting crop growth and/or maturity 
[] siting solar electric power plants 
[] designing solar electric power plants 
[] predicting impact of solar technology on utility companies 
[] investigating photovoltaic conversion processes 
[] developing biomass conversion techniques 
[] other uses (research projects, etc .•. please specify) 
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PLEASE RESPOND TO QUESTIONS 3 and 4 ONLY IF YOU REQUIRE SOME OF THE FOLLOWING 
TYPES OF DATA AT SHORTER INTERVALS THAN MONTHLY. IF MONTHLY AVERAGE DATA IS 
SUFFICIENT FOR YOUR PURPOSES LEAVE THE BOXES BLANK AND CONTINUE WITH QUESTION (5). 

(3) I require the following types of insolation ::r: t.:1 
0 Pl 

data more frequently than on a monthly c t-'. 
Ii I-' Other basis: I-' '< average '< (please specify) 

- Total insolation 
\II. oJ< ....... 

on a horizontal surface [ ] 
- Total insolation on a vertical surface 

facing south 
- Total insolation on inclined surfaces 

(please specify angles: ) 
- Direct beam component of insolation [ ] ] 
- Diffuse component of insolation [ ] ] 
- Spectral composition of insolation [ ] [ ) 
- Turbidity [ ] [ ] 
- Sunshine hours (or minutes) [ ] [ ] 
- Other insolation data 

(specify type and frequency) 

N 
+--

t.:1 Z 
Pl t-'. ::r 
'< ()Q 0 
rt ::r c 
t-'. rt Ii 
S rt 
to t-'. .~ ::r: s 

0 :> to (i) 
C .q Ii 
Ii to ~ Pl 
I-' Ii ()Q 

(4) I require the following types of weather data '< Pl to to 
()Q Ii 

more frequently than on a monthly average basis: to Pl 
()Q 
to 

Temperature (dry bulb) [ ] ] [ [ ] 
- Temperature (wet bulb) [ ] ] [ ] [ ] 
- Dew point (absolute humidity) [ ] ] [ ] [ ] 
- Relative humidity [ ] [ ] [ ] [ ] 
- Wind speed [ ] [ ] [ J [ ] 
- Wind direction [ ] [ ] [ ] [ ] 
- Cloud cover [ ] [ ] [ ] [ ] 
- Other weather data [ ] [ ] [ ] [ ] 

(specify type and frequency) 
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z c::: §= Z 
III (Jl 0 

(5) Please check the appropriate boxes to indicate 
(') III ::s 
III HI III 0 

the desirability of including the following 
(Jl c:: (') '0 
(Jl ..... III .... 
III (Jl ::s types of averaged monthly insolation data in a 11 (Jl .... 
'< III 0 

Solar Data Manual. 11 ::s 
'< 

- Total insolation on a horizontal surface [ ] [ ] [ ] [ ] 
- Total insolation on a vertical surface facing south [ ] [ ] [ ] [ ] 
- Direct beam component of insolation [ ] [ ] [ ] [ ] 
- Diffuse component of insolation [ ] [ ] [ ] [ ] 
- Spectral composition of insolation [ ] [ ] [ ] [ ] 
- Turbidity [ ] [ ] [ ] [ ] 
- Hours of sunshine [ ] [ ] [ ] [ ] 
- Sun charts showing elevations and azimuths of [ ] [ ] [ ] [ ] 

the sun each month 

(6) Techniques are available for approximately 
converting measured monthly horizontal 
insolation·data to the amount of total radiation 

Z c::: ~ z 
received by a sloped surface. Please indicate III (Jl 0 

(') III ::s 
the nature of this type of data that you require III HI III 0 

(Jl c:: (') '0 
in your work. (Jl ..... III .... 

III (Jl ::s 
11 (Jl 0 
'< III ::s 

A) Slopes facing SOUTH only: 11 
'< 

- 15°, 30°, 45°,60°, 75°, 90° slopes [ ] [ ] [ ] [ ] 
- 30°, 60°, 90° slopes [ ] [ ] [ ] [ ] 

slope latitude angle [ ] [ ] [ ] [ ] 
- slope = latitude + 15° [ ] [ ] [ ] [ ] 
- slope = latitude - 10° [ ] [ ] [ ] [ ] 
- other required south facing slope angles [ ] [ ] [ ] [ ] 

(please specify) 

~ Z 
Z c::: ::s 0 
III (Jl III 
(') III (') 0 
III HI III '0 
(Jl c:: (Jl .... 

B) Slopes facing in other comJ2ass directions: (Jl ..... (Jl ::s 
III III .... 
11 11 0 

-Which directions are most important? '< '< ::s 

North [ ] [ ] [ ] [. ] 
East [ ] [ ] [ ] [ ] 
West [ ] [ ] [ ] [ ] 
Other (please specify) [ ] [ ] [ ] [ ] 

-The following slopes should be included for 
the compass directions of major importance. 

_ 15 0, 30 0, 45 0, 60 0, 75°, 90° slopes [ ] [ ] [ ] [ ] 
_ 30°, 60°, 90°, slopes [ ] [ ] [ ] [ ] 
- Other required slope angles for surfaces 

[ ] [ ] [ ] [ ] not facing SOUTH 
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(7) Selected average monthly weather data may be c::: c::: z 
included along with solar radiation data. Please z CIl :=' 0 

ro ro :=' 

check the appropriate boxes to indicate the n Hl ro 0 ro c n '0 
CIl I-' ro 1-'-

desirability of including each type of weather CIl CIl :=' 
III CIl 1-'-

data in the Solar Data Manuals. Ii III 0 
"-< Ii :=' 

"-< 
- Dry bulb temperature 

- 24 hour [ ] [ ] [ ] [ 
- daytime [ ] [ ] [ ] [ ] 
- nighttime [ ] [ ] [ ] [ ] 

- min/max temperatures [ ] [ ] [ ] [ ] 

- Wet bulb temperature 

- 24 hour [ ] [ ] [ ] [ ] 
- daytime [ ] [ ] [ ] [ ] 
- nighttime [ ] [ ] [ ] [ ] 

Typical daily temperature profiles [ ] [ ] ( ] [ ] 

- Absolute humidity profiles [ ] [ ] [ [ ] 

- Relative humidity profiles [ ] [ ] [ ] [ ] 

- Dew point 

- daytime [ ] ( ] [ ] [ ] 
- nighttime [ ] [ ] [ ] [ ] 

- Probability of freezing temperature [ ] [ ] [ ] ( ] 

- Heating degree days (65°F base) [ ] [ ] [ ] ] 

Cooling degree days (75 of base) [ ] [ ] [ ] 

Sky temperature 

- daytime [ ] [ ] [ ] [ ] 
- nighttime [ ] [ ] [ ] [ ] 

Ground temperature [ ] [ ] [ ] [ ] 

Cloud cover information 

- daytime [ ] [ ] 
- nighttime [ ] [ ] 

- Rainfall [ ] [ ] 

- Wind speed 

- daytime [ ] [ ] [ ] [ ] 
- nighttime [ ] [ ] [ ] [ ] 

- Wind Direction distribution [ [ ] [ ] 

Other weather data required (please specify) [ ] 
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c:::: 
::l 
::l Z 

Z c:::: en 0 en CJl n 
n en en 0 en Hl CJl '0 
CJl ~ CJl 1-'. 

(8) Which units should be used in presenting solar CJl f-' III ::l 
III t-I f-I •. 

insolation data? t-I '< 0 
'< ::l 

-Btu/sqft [ ] [ ] [ ] [ ] 
-Lang1eys ca1/crn2 [ ] [ J [ J [ J 
-Ki1owatt-hours/m2 [ ] [ ] r ] [ , L 
~Jou1es/m2 [ ) [ ] [ ] [ J 
-Other: (please specify) [ ] [ J [ ] [ ] 

z ~ Z en c:::: ::l 0 (9) Two types of monthly graphical representations n CJl en 
en en n 0 

are presented for solar insolation data in CJl Hl en '0 
CJl ~ CJl 1-'. 

format C. Please indicate the desirability of III f-' CJl ::l 
t-I III 1-'. 

presenting such data in these formats. '< t-I 0 
'< ::l 

-Bar graph (graph I, format C) [ ] [ ] [ ] 

-Line graph (graph II, format C) [ ] ] [ ] [ ] 

-Should high/low limits be included on the graphs? [ ] [ ] [ ] [ ] 

(10) Different types of statistical information 
can be provided as illustrated by graphs III 
to V of format C. If you have need for a 
specific type of statistical distribution 
(Le., daily insolation frequency, wind 
speed, wind direction, etc.) please specify: 

(11) There are a limited number ~ c:::: 
(about 40) of solar en c:::: ::l Z 

n C.1 ::l 0 
insolation measuring stations in California en r.> en 

CJl Hl n 0 
for which records are available. Would you CJl ~ en '0 

III f-' CJl 1-'. 
prefer to have a data manual showing: t-I CJl ::l 

'< III 1-'. 
t-I 0 

actual monthly values measured at these '< ::l 
-The 

[ ] [ ] [ ] stations on a year-by-year basis 

-The average monthly values (averaged over [ ] as many years as data is available) 

-Average monthly values for all major cities [ ] [ ] [ ] [ ] and population areas (interpolated by us) 

-Average monthly values interpolated by us and [ ] [ ] [ ] plotted continously Ci. e., as contour maps) 

-Xf average monthly values are to be presented [ [ ] [ ] [ ] 
should minimum and maximum values be furnished 
in order to illustrate deviations jn the data? 
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z c:: c:: z 
(\) en ::s 0 n (\) ::s 
(\) 1-1) (\) 0 

of representing 
en ~ n "d 

(12) Please indicate the desirability en f-' (\) f-J. 
III en ::s 

solar radiation data by means of the following Ii en f-J. 
'<: III 0 

formats: Ii ::s 
'<: 

- Tabular format A [ ] [ ] [ ] [ ] 

- Tabular format B [ ] [ ] [ ] [ ] 

- Contour map format D [ ] [ ] [ ] [ ] 

(13) What size should an adequate Solar Data Manual be? 

" [ SO pages or less 
[ ] 100 pages 
[ ] 250 pages 
[ ] 500 pages 
[ ] 1000 pages or more 
[ ] No preference 

(14) What should be the price range for a Solar Data Manual of this type? 

[ ] Free 
[ ] $1 - $5 
[ ] $5 - $20 
[ ] $20 - $50 
[ ] More than $50 
[ ] No preference 

(IS) Do you wish to be contacted again for your comments 
when we are prepared to send out the next modifications 
of the Data Manual Formats? YES [ ], NO [ ] 

(16) Please list the names of any acquaintances who you feel have 
an active interest in applications of solar energy and to whom we 
should send copies of this sample data format and questionaire. 

NAME ADDRESS 
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DESCRIPTION OF THE ATTACHED FORMATS 

Two basic tabular formats are presented on the following pages: 

FORMAT A-

FORMAT B-

Selected insolation and weather data are combined and 

presented on a monthly basis for each of a number of 

California cities. 

A list of California cities is presented with a single 

type of insolation or weather data. Any number of such 

pages can be included so that the same amount of data 

can be tabulated as with FORMAT A. 

A graphical format is also presented in which insolation and/or weather 

data are shown on a monthly basis. 

FORMAT C- Each page of the data manual would be devoted to a sel­

ected California city. A number of graphs of the type 

indicated (this is intended only as a possible sampling) 

could be included on each page • 

. A contour map format is presented. 

FORMAT D- A number of contour maps would be prepared. Each such 

map would show the contours for selected insolation and/or 

weather data throughout the state. In some cases it will 

be necessary to present twelve contour maps (one for each 

month of the year) for given types of data. 
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TABULAR FORMAT A 

COMBINED INSOLATION AND WEATHER DATA 

Location: ANTIOCH Lat 38° 04' Long 121° 49' Elev.25' 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV OEC 

Mean daily total insolation 180 260 
on a horizontal surface 
[langleys/day] 

minimax total insolation 
~ ~ voluBs [langleys/day] 320 

Mean daily direct beam 2.3 3.1 
:nsolation [kWh/m 2 . day] 

min/max direct beam 
insolation values I~ .3.&-
[kWh/m2 . day] 2.9 3.8 

Mean daily total insolation 
on sloped surfaces facing 
south [Iangleys/day] 

20° slope 205 
40° slope 246 
60° slope 252 
90° slope (verticle surface) 165 

Mean daytime temperature of 48 I 50 
r'e] [8.9] [10.1] 

min/max daytime temperatures 

..E- 30 
°FtF ---58 62 

[oere] l!.1- [:2:l-
14.4] 16.7] 

Mean nighttime temperatures 
of 36 40 

[oe] [3.2] [4.4] 

min/max nighttime temperatures 

3Q-. 25 
°FtF 51 661 [oere] [-31- [~~ 

10.6] 18.9]1 

Mean daytime wind speed 
I 
I miles/hour 8 6 

[meters/sec] [3.8] [2.9] I 
Mean nightt'r.,c ·Nind speed 

I 1 , 
miles/hour 3 4.5 

[meters/sec] [ 1.4] [2.1] 
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TABULAR FORMAT B 

MEAN DAILY INSOLATION ON A HORIZONTAL SURFACE. 

(Direct + diffuse radiation) 

Mean daily integrated intensities are tabulated for each month 
of the year in units of langleys = 1 cal/cm2 • 

City JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Antioch 

Arcata 

Auburn 

* Bakersfield 

Barstow 

** Davis 

Yosemite 

Yreka 

Yuba City 

** 
* 

More than S years of insolation data recorded at this location. 

Fewer than 5 years of insolation data recorded at this locat:i.on. 

[no asterisk] interpolated values. No insolation data recorded. 
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TABULAR FORMAT B 

MEAN DAILY INSOLATION ON A TILTED SURFACE 

[Angle of tilt = Latitude + 10°] 

Mean daily integrated intensities are tabulated for each month 
of the year in units of Btu!(hr-sqft). 

Ci ty JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Antioch 

Arcata· 

Auburn 

Bakersfield 

Barstow 

Yosemite 

Yreka 

Yuba City 



City: ANTIOCH 
Lat: 38

0
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Long: 121 0 49' 
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Appendix C 
EVALUATION OF THE SOLAR DATA USER QUESTIONNAIRE 
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INTRODUCTION 

The solar data user questionnaire, which is reproduced in Appendix B, 

was sent to 300 potential solar data users throughout California. Fifteen 

detailed questions were posed regarding the desired content and format 

of data to be presented in the solar da'ta manuals. Completed questionnaires 

were received from 152 individuals, which is a remarkably good response 

considering the detailed nature of the questions asked. 

PURPOSE OF THE QUESTIONNAIRE 

Questionnaire responses have been analyzed and used as an aid in 

determining: (a) the number of different solar data manuals to be prepared; 

(b) the content of each; (c) the formats most suitable for presenting various 

types of data; and (d) the userls view of data needs, to be used in a broader 

sense as one of the inputs in defining a future solar resource program 

for the state. The questionnaire is only one of several types of input 

to be weighed in making these decisions. Other inputs are: (a) direct 

user contacts; (b) inherent limitations on the available data; (c) analysis 

of accuracy required for different applications; and (d) our own experience 

with solar energy data requirements. 

GENERAL SUMMARY OF QUESTIONNAIRE RESULTS 

The immediate importance of the questionnaire results is related to 

the number, content, and formats of the solar data manuals. In the longer. 

term, the results must be interpreted in terms of data needs for formu­

lating a future solar data resource program for the state. With these 

considerations in mind, the responses to each question are interpreted 

below. 

Questions 1. and 2. These are information items used to identify the 

occupation of each respondent and the applications for which the data would 

be used. 
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Qu~tion~~~. These were only to be answered by users who needed 

data at shorter than monthly time intervals: hourly, daily, daytime, or 

nighttime. Of all users responding to question 3, 21% requested daily 

horizontal insolation data, 10% requested daily direct-beam data, and 13% 

requested daily measurements of sunshine hours. None of the remaining 

choices for solar data was requested by more than 9% of the respondents. 

Requests for hourly solar data were made as follows: 27% wanted horizontal 

insolation data, 26% wanted direct beam data, 18% wanted diffuse insolation 

data, 13% requested insolation data on inclined surfaces, and 10% requested 

data on sunshine hours. None of the remaining choices for hourly solar 

data was requested by more than 9% of the respondents. 

Question 4 polled users on their need for weather data on an hourly 

or daily basis. Daily values were requested by few respondents (none of 

the items was chosen by more than 7% of the sampling). On the other hand, 

daytime and nighttime values for dry-bulb temperature were requested by 

13% of the respondents, and 12% requested daytime cloud cover data. None 

of the remaining data selections presented as daytime and nighttime values 

was requested by more than 9% of the respondents. 

Hourly weather data were requested by a greater fraction of the 

respondents than were daily data. Hourly dry-bulb temperature readings 

were requested by 33% of the sampling, wet-bulb temperature by 23%, wind 

speed by 21%, hourly cloud cover by 16%, and wind direction, relative 

humidity, and dew point data were requested by slightly more than 10%. In 

short, all the hourly weather data choices were requested by a significant 

fraction of the polled sample. 

Questions 5 and 7. These are the critical two questions that treat 

the contents of the solar data manuals. The responses to these questions 

have been studied in the greatest detail and are evaluated separately in 

the following sections in terms of user occupation and application categories. 

Question 6. This question included 13 detailed items querying the 

desirability of solar radiation data at various tilt angles and facing 

different azimuthal directions. Although many individuals responded to 

this question, the responses were so spread out among the various angle 

choices offered that no obvious conclusions could be reached on specific 
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items. However, the overall response was sufficient to indicate that some 

types of tilted data should be included, even if the relative desirability 

of the alternatives could not be distinguished from this questionnaire. 

Question 8. The responses to this question demonstrated an overwhelming 

desire for the use of English units (Btu/ sq ft). However, the issue of 

units involves'policy decisions by DOE and the California Energy Commission; 

both English and metric units will be included in the data manuals. 

Question 9. The responses here clearly indicated that line graphs 

are preferred over bar graphs, and that high/low limits should be included. 

Question 10. This question asked if any specific types of statistical 

distributions were desired. Most requests were for data on frequency distri:.. 

bution of daily total insolation on a horizontal surface and frequency 

distributions for strings of consecutive cloudy days. One or two requests 

were made for each of the following items: statistical distribution of 

instantaneous insolation; cloud frequency and duration statistics; dew-point 

temperature statistics; detailed wind-speed and velocity statistics; and 

probability of high winds, dust storms, and rain/hail storms. 

Question 11. There was almost uniform agreement that the data published 

should be the ~ag~ monthly insolation values, with minimum/maximum limits 

rather than the actual year-by-year data. Much interest was expressed 

in some type of interpolation method for providing solar data at locations 

other than those at which the data are taken. Respondents preferred that 

specific values be given for these locations rather than just contour plots. 

This is consistent with the decision to present the data by climate zone. 

Question 12. There was almost unanimous preference for the presentation 

of the data in tabular format A, which corresponds to listing all the various 

solar and meteorological parameters together for a single location. This 

is very similar to the climate-zone type of presentation and provides support 

for the adoption of that approach. 
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Question 1~. Approximately 42% of the respondents expressed no 

preference for the size of a solar data manual; 14% felt a manual should 

be less than 50 pages in length; 23% favored a manual between 50 and 100 

pages; and 16% favored 100 to 250 pages. 

QU~_J;:i.o.n 14. The preferred pricing of a solar data manual was expressed 

as follows: 11% felt such a manual should be free; 34% favored a price 

between $1 and $5; and 34% preferred a cost between $5 and $20. Two percent 

even favored having the manual cost more than $50! 

Question 15. This question asked if the respondent was interested 

In being consulted again for further input to the solar data manual formats. 

More than 85% of the respondents were agreeable to thi.s, which is another 

indication of the hi.gh level of interest in obtaining reliable solar data. 

CONCLUSIONS 

The conclusions arrived at from the evaluation of the questionnaire 

are as follows: 

1. There is a significant need for virtually every type of data that 

was included in the questionnaire. Therefore, an attempt should 

be made to provide all the data types listed in Table C-4. 

2. Only a single solar data manual can be justified at this time. 

It should contain all of the data types in Table C-4 for. which data 

are presently available. 

3. If possible, the data manual should include calculated solar radiation 

data for til ted surfaces. Since no specific angles were preferred, 

the tabulation should be complete enough that any user-se'lected 

angle would be bounded by tabulated ones, allowing a l:i.near 

interpolation by eye without appreciable error. 

4. There is a need for hourly solar radiati.on data and weather data, 

which should be taken into account in future data planning for. 

California. 
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5. English units (Btu/sq ft) are preferred, overwhelmingly. 

6. The preferred formats for average monthly data presentation are 

consistent with the climate-zone approach. 

DETAILED ANALYSIS OF THE QUESTIONNAIRE 

Methodology 

The simplest form of analysis ~s a listing of the total number of 

responses given by each question. It is felt that this is inadequate ~n 

the present case since no attempt was made to obtain responses from a pro­

portional sampling of the var~ous user occupations. It would have been 

very difficult to decide on a meaningful set of factors for proportionally 

weighting the responses from builders, consultants, agronomists, and others. 

Therefore, it was decided to correlate the responses to specific questions 

with the occupation of the user and the range of applications of interest. 

User/Application Matrices 

A user/application matrix is constructed in which each element, Nij, 

represents the total number of respondents classified under the i th user 

occupation and the jth application type. Figure C-1 is the user/application 

matrix constructed for the 152 responses to the Solar Data User Questionnaire. 

Such a matrix is not "orthogonal" since respondents were encouraged to 

check more than one category of activity where applicable. (Therefore, 

the sum over a row or a column of the matrix thus does not equal the number 

of respondents.) This matrix merely furnishes a "profile" correlating the 

types of user occupations with the types of applications. A weighted user! 

application matrix is constructed for each questi6n, as will be described 

below. 

Question Matrices 

Each question having qualitative responses is analyzed using a similar 

user/application matrix format. Weight factors are assigned to each of 

the four response choices provided. Two different sets of wei.ght factors 
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Figure C-l. Number of responses to questions 1 and 2 of the Solar Data 

User Questionnaire, by user occupation and application. 

Screened areas indicate Nij ~ 5. 
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are used to determine if the conclusions reflect th~ respondertts' views. 

The following two sets of weight factors have been selected for analyzing 

these questions in order to determine the desirability of including specific 

types of data. 

In the questionnaire, only questions 5,6, 7, 8, 9, 11, and 12 are 

answered using these four response choices. These are the main questions 

concerned with user requests relevant to the data manuals. Each response 

to one of these questions is thus represented by an integer, s, where 

SE{A,:8,C,D}. A user/application matrix is formed in which each element is 

initially set to Mij = O. The appropriate integer, s, is added to each 

element, Mij' of the matrix for which i is one of the user occupation cate­

gories and j is one of the application categories selected by the respondent. 

The summation process is represented for each response to the question. 

Each matrix element is then normalized by dividing Mij by the value for 

Nij obtained earlier. This number is multiplied by the factor 001 A) where 

A is the largest of the weight factors; that is, A = 3 in the example of 

Set f. The resulting number is truncated to an integer equal to or less 

than 9. This integer represents the weighted response to the question 

under consideration and the matrix format permits correlation with user 

occupation and application. 

This weighted response should be evaluated with the total number of 

user/application respondents, Nij, for each user/application pair. In 

this way both the weighted response and the absolute number of responses 

are taken into consideration. Five or more respondents within one user/ 

application category (Nij) are considered to constitute a meaningful sampling. 

Only the elements Mij of the question matrices for which the associated 
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Nij ~ 5 are included in the summations described below. The screened 

areas of the user/application matrix shown in Figure C-1 indicate user/ 

application pairs for which meaningf,ul samplings were obtained according 

to this criterion. 

Application Categories 

The questionnaire identifies 14 user occupations and 14 applications 

of solar radiation data. The 14 applications can be further grouped under 

five general categories: 

A) Heating and Cooling Applications 

a) residential space-heating systems 

b) industrial or commercial space-heating systems 

c) domestic water-heating systems 

d) industrial process heat systems 

e) solar air-conditioning systems 

f) passive solar heating and cooling systems 

B) Agricultural Applications 

g) agricultural drying and dehydrating systems 

h) prediction of crop growth and/or maturity 

C) Solar Electric Applications 

i) siting of solar electric power plants 

j) design of solar electric power plants 

k) predicting solar impact on utility companies 

D) Photovoltaic Conversion 

E) Biomass Conversion 

The user/application matrix in Figure C-1 can be presented in terms of 

these five application categories as shown in Figure C-2. Here the rows 

corresponding to user occupations have been transposed to better illustrate 

the correlations between user occupations and their application interests, 

The numerical values shown in Figure C-1 have been replaced by shading where 

N · • > 5 lJ = . 
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Several points should be noted with regard to this matrix: 

1. The "research" category of users includes individuals interested 

in all types of solar applications. 

2. The users identified as "banker" and "employee of a government 

regulatory agency" did not respond in sufficient numbers to be 

included in the subsequent analysis. 

3. lIAgronomists" are interested almost exclusively 1n predicting 

crop growth and maturity. 

4. The remainder of the users separate into rather distinct groups 

with regard to application categories (A) through (E). Accordingly, 

these five generalized categories were used for the subsequent 

analysis of the questionnaire results. 

Response Analysis by Application Category 

Each question that can be answered 1n terms of "necessary, useful, 

unnecessary, or no opinion" 1S analyzed by forming the weighted sum of 

responses in each user/application category. The sum for each category 

(A) through (E) is then divided by the number of significant responses, 

which is determined by the number of user/application groups for which 

Nij ~ 5. The numbers of these responses are: A, 53; B, 7; C, 15; D, 3; 

and E, 3. 

The resulting normalized index value g1ves an indication of the relative 

desirability of including various types of data in the solar data manuals 

for each application category. Each question is analyzed in this manner 

and the index values are presented in Table C-l. This tahle can be used 

to determine the types of data needed by the respondents in each application 

category. The weighting factors used here are Set 1. 

One possible objection to such a criterion 1S that a certain type 

of data might be requested by a small number of respondents from each 

application category, but the total number of such requests might he 

significant. Data of this type probably ought to be included in the data 

manuals for each application category. The following section describes 

a second type of analysis designed to overcome this shortcoming. 
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Table C-l. Normalized index values of the desirability of data 

types from the Solar Data User Questionnaire, by 

l' , * 
---~~~~------.-- --~.--.-.. ---.----

Data Type Applicationt 

(Question & Part) .. (A) (B) (C) (D) (E) , - -- -.---------.,...,.-----.-----"""-----.----~--

5 1 6.8 6.7 6.1 9.0 6.0 
2 D,S 1.7 
3 1.2 3.0 5.1 5.7 
4 1.2 0.9 1.1 
5 
6 
7 1.6 0.7 1.7 2.3 7.0 
8 1.3 2.3 2.0 

6 X All the responses to question 6 
are so low that they are not in-
cluded in this table. 

7 1 2.2 2.7 5.1 1.7 7.0 
2 0.9 0.3 
3 0.4 
4 4.5 5.3 4.1 3.3 6.3 
5 0.2 0.7 0.7 
6 0.4 1.4 
7 0.2 1.1 
8 3.4 4.3 4.3 2.0 6.7 
9 0.1 0.7 

10 0.1 0.3 
11 0.1 
12 0.1 
13 2.9 0.7 3.3 
14 5.8 1.7 2.9 5.3 6.3 
15 5.0 1.7 2.9 5.3 6.3 
16 0.7 
17 1.3 1.4 0.3 1.7 
18 1.0 2.1 1.7 3.7 
19 4.0 4.1 5.2 2.0 6.3 
20 0.7 0~3 1.7 
21 1.1 1.6 4.7 
22 7.1 6.6 5.2 4.3 7.7 
23 4.0 3.1 5.5 1.7 6.0 
24 1.1 1.4 0.5 
25 

continued 
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Data Type 

8 

9 

11 

12 

1 
2 
3 
4 
5 

1 
2 
3 

1 
2 
3 
4 
5 

1 
2 
3 
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6.6 

0.3 
1.5 

6.5 
4.2 
0.5 
2.6 

5.1 
0.6 
0.5 

* Weighting factors used are Set 1. 

tA 1" . pp lcatlon categorles are: 

A, heating and cooling; 

B, agricultural; 

C, solar electric; 

D, photovoltaic conversion; and 

E, biomass conversion. 

Applicationt 

4.1 
0.9 

1.6 
1.4 

6.1 
2.6 
3.1 
2.9 

3.4 
0.7 
1.6 

2.5 

1.0 

1.1 

6.7 
0.3 

1.7 

3.6 

5.7 

1.7 

3.7 

4.7 

5.3 

4.3 

6.0 
1.7 

6.0 

3.3 
1.7 



" 

43 

Weighted Total Response Analysis 

The total number of responses to each question is tabulated by computer 

for each possible choice presented. These values are then multiplied by 

the two sets of weight factors used for evalua~ing the question matrices. 

The results of this procedure are presented graphically in Figure C-3. It 

shoul~ be noted that the scale factor is different for each set of weights, 

but that once this scale factor has been chosen no further adjustments 

are made. 

The advantages of this procedure are as follows. 

1. It permits visual inspection of the range of results obtained 

for each question in order to determine if significant qualitative 

changes result from changing the set of weight factors. 

2. It permits the total response to be evaluated for each question 

in order to complement the response by application category, as 

described above. 

Response Analysis by User Occupation 

A normali~ed index, indicating the relative desirability of including 

various types of data in the solar data manuals, was computed from the 

responses to each question by each user occupation category. The number 

of significant responses (for which Nij ~ 5) used to normalize the index 

for each user occupation category follows. 

(a) agricultural engineer, 6 

(b) architect, 6 

(c) builder, 5 

(d) consultant, 12 

(e) developer, 3 

(f) engineer, 12 

(g) equipment manufacturer, 10 
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(h) owner, 6 

(i) planner, 7 
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Each question is analyzed in this manner and the indices calculated are 

presented in Table C-2. This table, together with Table C-l, which performs 

a similar analysis by application categories, enables data groupings of 

common interest to be ascertained on the basis of user occupation categories. 

Set 1 weighting factors are used in constructing both Tables 1 and 2. 

Tables generated using the Set 2 weighting factors result in slightly 

different numerical entries, but the trends and conclusions are the same. 

ANALYSIS OF QUESTIONS 5 AND 7 

A detailed breakdown of the desirability of including specific types 

of solar and weather data (questions 5 and 7) in one or more solar data 

manuals is presented in the following two sections, first by application 

and then by user occupation. One of the main purposes for such a breakdown 

is to determine whether a need exists for more than one type of data manual, 

and if so, how many and to which user/application groups they should be 

directed. 

Data Requested by Application 

The indices appearing in Table C-l for the five application categories 

(A) through (E) are presented ~n a more tractable form by specifying a 

minimum cutoff level for the index values. All index values that are 

equal to or greater than this cutoff value (selected to be 1.0) are 

interpreted as a positive request to include the type of data addressed 

by the question. A new table (Table e-3) is then constructed in which a 

plus sign denotes such a positive request. The entries are tabulated 1n 

a sequence starting with data that are requested~or only a single 

application. 

Table C-3 shows that the first five data items are r-equested for all 

five application categories, and should be included 1.n any data manuals 

assembled. The next four items are each requested for four out of the 

five applications. Categories (A), (e), and (E) require all of these items, 

and categories (B) and (D) require only two of these items each. It may 
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Table C-2. Normalized index values of the desirability of data types 

from the Solar Data User Questionaire, by user occupat~on.* -
Data Type Occupationt 

(Question & Part) (a) (b) (c) (d) (e) (f) (g) (h) (i) -
5 1 6.2 8.3 4.4 8.3 6.3 7.1 6.5 6.0 6.0 

2 1.0 0.4 7.0 
3 2.7 1.8 1.7 2.8 4.6 3.7 
4 3.7 0.9 3.7 1.7 
5 
6 
7 4.2 6.8 1.0 3.7 2.9 0.6 0.7 
8 0.8 5.0 1.1 5.0 2.6 

6 X All the responses to question 6 are so low that 
they are not included in this table. 

7 1 7.7 5.0 1.0 2.3 2.3 1.2 1.7 4.1 
2 3.7 2.0 0.4 1.5 
3 3.7 
4 7.7 7.0 6.2 5.4 5.7 4.0 1.6 3.7 8.0 
5 3.1 
6 2.0 0.8 3.3 
7 0.4 3.3 
8 6.0 5.5 4.4 0.9 5.7 3.1 3.5 6.8 6.4 
9 1.7 

10 1.0 0.7 
11 0.8 
12 0.8 
13 1.7 1.7 6.6 7.7 1.3 0.5 5.7 3.9 
14 7.0 5.0 7.4 5.3 5.7 4.3 4.6 3.7 5.7 
15 5.5 4.7 6.6 4.7 5.7 4.0 4.6 1.7 5.7 
16 1.7 3.7 
17 4.7 0.8 0.6 0.8 4.6 
18 4.0 1.7 0.8 0.5 4.3 
19 0.8 3.5 6.6 2.3 3.3 6.3 6.4 6.8 6.4 
20 2.4 1.2 2.8 
21 6.3 5.4 0.5 
22 8.2 7.0 7.4 5.5 6.7 6.9 8.1 7.3 7.4 
23 5.7 6.0 7.4 4.3 3.3 3.1 5.6 7.3 6.4 
24 2.7 3.6 1.2 4.5 
25 

continued 
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Table C-2 cont. ---_ .. - :--------...--..---.. _- --------.--.----~. --
Data Type Occupq.tiont 

(Question & Part) (a) (b) (c) (d) (e) (f) (g) (h) (i) 

8 1 7.5 6.8 7.2 5.8 6.7 4.4 3.9 6.7 5.0 
2 
3 0.4 0.7 
4 
5 

9 1 
2 0.6 5.0 0.4 
3 0.8 7.6 0.5 3.7 1.7 0.5 1.7 1.7 

10 1 
2 8.8 5.5 4.8 6.5 1.7 6.9 6.4 8.5 7.3 
3 6.8 4.5 6.2 0.8 6.0 1.7 4.9 5.3 2.0 
4 5.0 0.8 0.7 
5 2.7 3.3 5.2 0.9 6.3 2.1 1.0 5.8 2.4 

12 1 3.0 7.0 6.2 5.3 8.0 4.9 3.9 3.0 0.7 
2 6.0 
3 1.8 5.0 0.5 

r-----: ----... -.------------.--------.---"'-'--.....------.--.. 
Weighting factors used are Set 1. 
to' . ccupat~on categorLes are: 

a, agr.icultural engineer; 

b, architect, 

c, builder; 

d, consultant; 

e, developer, 

f, engineer; 

g, equipment manufacturer; 

h, owner; and 

i, planner. 
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Application Type* Question 
No. Data Item1, (A) (B) (C) (D) (E) 

-~-----------.--------~-----~~--------

(5-1) 

(7-4) 

(7-8) 

(7-19) 

(7-22) 

(7-1) 

(7-14) 

(7-15) 

(7-23) 

(5-3) 

(7-17) 

(5-8) 

(7-13) 

(7-18) 

(5-7) 

(7-24 

(5-4) 

(7-21) 

(5-2) 

(7-20) 

(7-6) 

(7-7) 

to horizontal insolation 

min/max temperature 

daily temperature profiles 

daytime cloud cover 

daytime wind speed 

dry bulb temp. (24 hr. avg.) 

heating degree days 

cooling degree days 

nighttime wind speed 

direct beam insolation 

nighttime sky temperature 

sun charts 

freeze probability 

ground temperature 

sunshine hours 

wind direction distribution 

diffuse insolation 

rainfall 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
o 
+ 
o 
+ 
o 
o 
+ 
+ 

o 
total insolation, vertical surface 0 

nighttime cloud cover 

daytime wet bulb temp. 

nighttime wet bulb temp. 

o 
o 
o 

+ 
+ 

+ 

+ 

+ 

+ 
o 
o 
+ 
+ 
+ 

o 
o 
+ 
o 
+ 
o 
o 
o 
o 
o 
o 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
o 
o 
o 
o 
o 
o 
+ 

o 
o 
o 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
o 
+ 
+ 

o 
+ 
o 
+ 

o 
o 
+ 
o 
o 
o 
+ 

o 
o 
o 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 
o 
+ 
+ 

+ 

+ 

+ 
o 
o 
+ 
o 
+ 
o 
o 

* Items in this table are arranged In order of decreasing desirabi.lity 

based on the demand by different numbers of application types. 

tApplication categories are defined In Table C-l. A plus sign 

signifies that the corresponding index value from Table C-l 1S 1n 

excess of the cutoff value 1.0. 
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then be argued that the basic information to be included in all versions 

of the data manuals should consist of the first nine data items listed 

in Table C-3. 

The remaining six data types are requested for one to three of the 

applications. Since the first n~ne items would presumably be reprinted 

in each of the versions of the data manual, the responses to these last 

six questions will be helpful in determining the number of separate manuals 

to be prepared for different types of solar applications. Direct-beam 

insolation data are requested for applications (B), (C), and (D), whereas 

all the remaining types of data are requested for only one or two applications. 

On the other hand, for category (E), biomass conversion, all the listed 

data are requested except direct-beam radiation. This is significant since 

it means that it would be necessary to produce at least one data manual 

containing all the data specified in Table C-3, with the exception of direct­

beam radiation. Individuals in the other application categories could 

thus satisfy almost all their data requirements by referring to this one 

manual. 

Justification for producing more than one solar data manual thus depends 

on the expense and difficulty of incorporating one additional type of data 

(direct-beam radiation) in a manual designed to otherwise satisfy the 

requirements of application (E). Inclusion of direct-beam radiation would 

amount to the addition of only one or two rows of data for each location 

~n addition to all the other data listed in Table C-3. 

Thus it seems sensible to add this one data type to the manual for 

category (E), producing one data manual that will satisfy all the application 

categories. 

In the following section this question is considered with respect 

to desirability of multiple manuals broken down by the type of user. 

Data Re1uested by User Occ~~~on 

A procedure similar to the one described above for application categories 

has been followed for the analysis by user occupation. In this case an 

index value in Table C-2 above the cutoff value 1.S interpreted as a positive 

request (again taking the cutoff index value to be 1.0) to include that 
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type of data in the manuals. The results of this procedure are presented 

~n Table C-4, which is the analog of Table C-3. 

Table C-4 shows that the first 4 of the 26 data items are requested 

by all nine types of users, and should thus be include~ in all data manuals. 

The next four times are requested by eight types of users, and can thus 

reasonably he included in the basic data to be published in each of the 

possible user-oriented solar data manuals. The 18 remaining data items 

form the basis for deciding whether to publish one or more solar data manuals 

based on user occupation categories. 

A study was made to see if the user occupation categories could be 

grouped in a sensible way leading to two or three solar data manuals with 

different contents. Three types of users (a, c, and i in Table C-4) requested 

8 or 9 of the remaining 18 types of data. Since there was littl.e overlap 

among these requirements, three separate solar data manuals would be r.equired. 

However, none of these three manuals would satisfy the needs of user categories 

(b), (e), or (h). 

It was felt that a difference of one or two data items among groups 

of requested items would not be sufficient to justify separate manuals. 

Also, it was realized at the time of the questionnaire evaluation that 

certain types of data would simply not be available for inclusion in the 

first data manuals--such as ground temperature, daytime sky temperature, 

nighttime sky temperature, diffuse radiation, and nighttime cloud cover. 

Accordingly, each of user categories (b), (e), and (h) could be satisfied 

by adding only one or two types of data to the data manual that satisfies 

category (c). At this point, the modified data manual for ec) woul~ only 

differ by three types of data from the manual for (a), and only one of 

these types of data would be available for the manuals. Therefore, category 

(a) is satisfied by adding the one available type of data to the manual for 

(c). Likewise, this modified manual for (c) then satisfies the requirements 

for user category (i) except for three types of data, only one of which 

1S available. Therefore, this one available data type should also be added 

to the manual for (c). The result is that a single data manual of reasonable 

size should satisfy the requirements of all the user categories ~n Table C-4. 
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Table C-4. Data requested by user category. 

Question User Occupation Categoryt 

No. Data Item)'< 

(5-1) total horizontal insolation 

(7-14) heating degree days 

(7-22) daytime wind speed 

(7-23) nighttime wind speed 

(7-4) min/max temperature 

(7-8) daily temperature profiles 

(7-15) cooling degree days 

(7-19) daytime cloud cover 

(7-1) dry bulb temp (24 hr. avg.) 

(5-3) dir~ct beaul insolation 

(5-7) sunshine hours 

(7-13) freeze probability 

(5-8) sun charts 

(7-24) wind direction 

(5-4) diffuse radiation 

(7-2) dry bulb temp (daytime) 

(7-6) wet bulb temp (daytime) 

(7-17) nighttime sky temperature 

(7-18) ground temperature 

(7-20) nighttime cloud cover 

(7-21) rainfall 

(5-2) total vertical insolation 

(7-3) dry bulb temp (nighttime) 

(7-5) wet bulb temp (24 hr. avg.) 

(7-7) wet bulb temp (nighttime) 

(7-16) daytime sky temperature 

(7-9) absolute humidity profiles 

(7-10) relative humidity profiles 

(a) (b) (c) (d) (e) (f) (g) (h) (i) 

++ + + + + + + + 

+ + + + + + + + + 
+ + + + + + + + + 

+ + + + + + + + + 

+ + + + + + 0 + + 

+ + + 0 + + + + + 
+ + + + + + + 0 + 

o + + + + + + + + 

+" + 0 + 0 + 0 0 + 

+ 0 0 0 0 + + 0 + 

+ 0 + 0 + + 000 

00+ 0 + 0 0++ 

00+ 0 + o 0 o + 

+ 0 + 0 

+ 000 

o 00+ 0 

00+ 0 0 

0++ 0 0 

00+ 0 0 

o 0 

o 0 

o 0 

o + 

+ 0 0 0 0 0 00+ 

+ 0 000 00+ 0 

00+ 000 0 + 0 

+ 0 + 0 0 0 000 

o 0 0 0 + 000 0 

o + 000 000 0 

o 0 0 0 0 0 00+ 

o 0 0 0 0 

o 0 

+ 0 

+ 0 

o 0 

o 
o 

a 
o 

o 
o 
o 

o 00+ 

o 00+ 

o 
o 

o 
o 

o 
o 

o 
o 

* Items in this table are arranged in order of decreasing desirability 
based on the demand by different numbers of user categories. 

toccupation categories are defined in Table C-2. A plus sign signifies 
that the corresponding index value from Table C-l is in excess of the 
cutoff value 1.0. 
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In addition to the formal, tabulated responses to the data questionnaire, 

many notes, letters, and telephone calls were received. Suggestions and 

remarks that were particularly thoughtful or often repeated are recorded 

here. 

Several items of data were requested by from 3 to 20 people. A list 

of these requests follows. 

1. Solar data for inclined surfaces facing southwest and southeast are 

requested, as well as for south-facing surfaces. 

2. Often requested was hourly solar and weather data for "typical" 

days or typical-day profiles. (Although it is cer.tainly generally 

understood what a typical day is, none of the respondents defined 

this term precisely.) 

3. Many respondents requested frequency distributions of daily total 

radiation on a horizontal surface. 

4. "String statistics" for sequences of cloudy (low-isolation) days 

were requested. 

5. Respondents emphasized the need to show high/low limits for the 

data, number of years upon which averages were based, estimates 

of systematic data errors, and so forth: Thus, a substantial 

minority is concerned that they be given sufficient information 

to estimate the reliability of the data. 

6. Even though sky temperature was listed on the questionnaire 

(question 7), several people emphasized that they needed this 

information to estimate radiative cooling effects. 

7. Individuals who indicated that they needed hourly data (on ques t i.ons 

3 and 4) sometimes stated explicitly that the data were required 

only on a typical day. 

Some of the ideas listed by only on or two people were as follows. 

1. Suggestions regarding solar data. 

o Statistical distribution of instantaneous insolation values 

would be useful. 
o For high/low limits on graphs, a confidence level of 2-1/2% 

is typical. 



o 

o 

o 

o 
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If a method 1S used for estimating insolation on an inclined 

surface, it would be useful to give formulas and a sample 

calculation in the data handbook. 

Cloud frequency and duration data were requested. 

Data should be exhibited to show the effects of smog. 

Clear-day values should be tabulated, with the insolation then 

expressed as.a percentage of the clear-day values. 

o Monthly insolation totals for each of 10 consecutive years 

o 

o 

o 

o 

would give an idea of the year-to-year fluctuations. 

Rather than sun charts, the formulae from which they are derived 

could be given. 

Sky brightness data are desired for daylighting applications. 

Mean hourly insolation data for the winter months are particularly 

useful in areas with extreme ground fog conditions. 

It would be useful to develop a graph or nomograph that permits 

the designer to vary both tilt and azimuth angles of an inclined 

surface and read off the daily average insolation. 

2. Suggestions regarding nonsolar weather data. 
o 

o 

o 

Tabulate heating degree-days relative to a base of 550 F rather 

than the usual 650 F. This is relevant if the occupants are 

willing to wear sweaters. This procedure is also relevant 

for very well insulated houses for whicl} the incidental heat 

is a larger fraction of the total heating load than for a 

poorly insolated house. 

Statistical data regarding dew-point temperatures is desired. 

Probability statistics for high winds, dust storms, and rain 

and hail storms are desired. 

o Low-temperature collectors, without glazing, have an efficiency 

which is highly dependent on wind speed. Detailed statistical 

data could be useful. Typical wind-speed profile migl}t be 

sufficient. 

o Evaporation rates might be useful. 
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3. Suggestions for the solar data manuals not directly related to 

solar or other weather data. 
o 

o 

o 

o 

o 

In addition to a printed manual, computer tapes should be available 

with hourly data. 

The price of the manual should be approximately the cost of 

printing it. 

F. T. C. Bartels of Spectrolab commented, "It is my impression 

from my work in this field (photovoltaic production of electricity 

at remote sites) that the more experience a person has, the 

less detailed information he feels is required. I think this 

results primarily from the fact that exper~ence develops an 

appreciation of the limited accuracy of the primary data 

available." 

It would be useful to publish a guide to all the known solar 

data, describing sources and formats. 

Metric units should be preferred to English units because the 

solar energy industry ~s in its infancy and we have a chance 

to avoid a changeover in the future. 
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EFFECTS OF SOLAR DATA ACCURACY 
ON THE PERFORMANCE * 

AND ECONOMICS OF SOLAR ENERGY SYSTEMS 

Paul Berdahl, Marlo Martin 
Donald Grether, and Michael Wahlig 

Lawrence Berkeley Laboratory 
Berkeley, California 94720 

The effects of designing solar systems using inaccurate solar radiation 

data have been examined. The primary effect is that the energy output of 

the solar system, and the corresponding cost of energy, will be proportion-

ally greater or less than expected. The constant of proportionality between 

the fractional solar data error and the fractional output error ranges from 

O.2.to 1.0 for the examples studied. A secondary effect is that the system 

cannot be optimized correctly with inaccurate values of solar input data. 

This effect leads to net increases in the cost of energy produced which 

amount to 2% in the worst case examined. Domestic space and water heating 

and solar thermal electric conversion are used as examples to illustrate 

the effects. 

INTRODUCTION 

The accuracy required for solar radiation data should be determined, 

at least partially, by the consequences resulting from the use of inaccurate 

data. In general, one strives to obtain data which are as accurate as pos-

sible. However, stringent data requirements lead to excessive costs for 
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large numbers of sophisticated data stations. The goal of this paper is 

to delineate and quantify the effects of using inaccurate data; such 

analyses will assist in the formulation of goals for solar data accuracy. 

The primary effect of inaccurate solar radiation data is that the net 

amount of energy to be produced over the lifetime of a system cannot be 

accurately predicted. One might think that uncertainties in net energy 

production would be identical percentage-wise to the uncertainties in the 

solar data, but this is not the case. For example, it will be shown that, 

for domestic heating systems of conventional solar design, the uncertainty 

in energy produced is only half the uncertainty in input solar radiation; 

i.e., ~ 20% errors in input lead to + 10% errors in output. This effect 

is a result of various non-linearities in the system, the most important 

of which is due to energy overflow from storage. 

A secondary effect of using inaccurate solar data is more subtle than 

the primary effect, but leads directly to increased energy costs. This is 

in contrast with the primary effect which leads only to cost uncertainties. 

The secondary effect is a result of designing a solar system for optimal 

operation (minimum cost) using incorrect values of the solar radiation 

data. As a consequence of this "incorrect" design, net energy costs are 

increased by an amount proportional to the square of the error in the solar 

data. 

In this paper dimensionless parameters a and B will be introduced 

to quantify primary and secondary effects, respectively. Specific 

v~lues of these parameters will then be derived for domestic solar heating 

systems and for solar thermal power plants. 
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DERIVATION OF THE SENSITIVITY PARAMETER 

1. General Considerations 

From a systems point of view a solar system is an energy conditioning 

device which accepts input energy in the form of solar radiation and pro-

duces output energy in the form of useful heat, electricity, or some other 

form. Prom this point of view it is desirable to describe the sensitivity 

of output to input on purely general grounds, without reference to the 

specific details of each system. 

Let E represent the annual average usable energy produced by a solar s 

energy system, and let I be the annual average input insolation. The 

insolation I can be the radiation received by a horizontal surface, the 

direct normal radiation, or other relevant solar input. We want to examine 

the response of the system when the input is increased or decreased. We 

can denote the fractional change in the input by the symbol 0: 

o = ~I/I. 

This increment of the annual input should be understood to consist of a 

fixed fractional increase or decrease, independent of time of the day or 

year. 

Next, the sensitivity parameter, a, which relates the change in out-

put energy to the change in input insolation level, can be expressed as: 

~E IE s s 
a - ~I/I 

(1) 

(2) 
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Or, equivalently, combining eqns (1) and (2), one obtains: 

~E 
s E= ao 

s 

The annual output E , compared to the nominal output E for 0 = 0 s s ,0 

may be deduced from eqns (1) and (2): 

E = E (1 + ao). s s,o (3) 

Equation (3) is just a series expansion for E in powers of 0, terminated 
s 

after the first two terms. 

For the purposes of this article, 0 will represent the error in the 

incident solar radiation, and multiplication by the sensitivity parameter 

a will convert this to an error in the calculated value of the system output 

energy. For example, if a = 0.5, and the original solar data used in the 

system design was 20% too high, the situation may be described by a change 

of -20% in the input (0 = -0.2). In this case, eqn (3) shows that 10% 

less energy than anticipated will be produced or, equivalently, that the 

unit cost of solar energy (in this example) will be increased by 10% 

(assuming that the annual operating cost is independent of the amount of 

energy produced). 

Before presenting values of a for different solar systems it is 

worthwhile to make some statements regarding the values which a can 

assume. The efficiency n of the solar system is given by the relation 

E = nI, s 
(4) 

{,.' 
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and hence with eqn (2) the sensitivity a can be written in the form 

~n/n 
a = I + ~I/I 

Thus, to the extent that the efficiency is independent of the input 

power level I, a is equal to unity. If the efficiency decreases with I, 

(5) 

a will be less than unity. This line of reasoning can be pursued a little 

further by writing the overall efficiency as the product of subsystem 

efficiencies, 

n = n n •• on I 2 N 

and substituting in eqn (5): 

N 

a = I + L 
i=l 

~n./n. 
1 1 

~I/I 

This equation permits one, in principle, to compute a as a sum of 

of terms each of which refers primarily to a component subsystem. It will 

prove useful for the analysis of solar thermal electric conversion. 

Another general observation regarding a is the following. Consider, 

(6) 

(7) 

for simplicity, a domestic heating system. If f , the fraction of the load s 

provided by solar energy, is very large (f ~ 1), much of the collected s 

·energy must be discarded. This is particularly true of the incremental 

heat available, if the insolation I is increased. Thus, from eqn (2), a 

is small because ~E is small. More generally, one has 
s 

(8) 
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This limit applies to systems in which unlimited amounts of "surplus" energy 

cannot be stored indefinitely. 

2. Application to Domestic Space and Water Heating (DSWH) 

The method employed to estimate a for DSWH systems was to carry through 

standard design procedures to estimate the solar heat produced by systems of 

conventional solar design. Two California climates were considered (Davis 

and Los Angeles), and two design methods were employed. With each method 

and for each climate, the solar input was varied parametrically from its 

nominal value and a was computed from eqn (2). 

The specific design techniques employed were those developed by 

J. D. Balcomb et al. at Los Alamos (the LASL simplified method [lJ), and 

by c. Barnaby of the Berkeley Solar Group(BSG). The BSG method is based 

upon the "utilizability curve" approach originally discussed by Hottel and 

Whillier [2J and extended by Liu and Jordan [3J. 

Both procedures were used to analyze the performance of solar heating 

systems for a house of 138 m2 (1500 ft 2) floor area and a heating load 

factor of 7.9 kWh per degree-day (Celsius) (15 kBtu per degree-day (Fahrenheit)). 

In the LASL method the collectors are tilted from the horizontal at an angle 

equal to the latitude +10°, whereas in the BSG program a fixed tilt angle of 

45 0 was employed. For the present purposes, these differences are insignificant. 

Figure 1 shows curves of usable solar energy E versus collector area s 

as determined from the LASL method. The dashed curves in Fig,la display the 

values which are obtained when the solar data are varied from nominal values 

by + 20%. Figure 2 gives more detail; it shows the differences ~E . s 
From 
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Plot of usable solar energy E 
s 

as a function of collector area, using 

the LASL simplified design method. Curve 

A represents the actual (nominal) long­

term system behavior. Curve B shows 

the output that would be obtained if the 

solar input were larger than nominal 

by 20% (0 ::;: +0.2). Thus curve B also 

represents the output that would be 

predicted if the solar data were 20% too 

high. Curve C shows the output values 

for 0 ::;: -0.2. 

0.6 
0.4 

0.2 
o 

-0.2 

f- (0) 
~ 

--------

I I _ 

0.2 -
21 

-0.1 

(/) 

LLJ 
o ,::; 10 

80 

60 

40 

Davis (L.ASL.) 20 

20 30 40 50 0 

~ 4~.....,..--.---'r-...,...-.,...., 
c: 
II) 

~ 3 00 
c 
~ 2 60 
II) 40 
:0 
~ 20 

:::l 0 '--~_~-:-'_"""_J.....I 0 

-c en -c: 
II) 

E 
II) 

.~ 
::s 
g 
~ 

XBL 775-1015 

-... 
~ 

-0.4 
-0.6 

- '----
J 

-0.2 -

-
Figure 

output 

2. 

~E s 

The difference in annual 

as a function of collector 

curves are labeled with ..... 
""? 

Q 
o 

en 
W 
<3 

0.6 

0.4 
0.2 

0 

-0.2 
-O~ 

-0.6 

(b) 

0.2 - -- 0.1 - -Q.I ----- -0.2 -
o . 10 20' 30 40 

Collector area (m2 ) 
XBL. 777-1332 

area. The 

corresponding values of 0, the error 

in the incident solar radiation. 



68 

these results it is possible to compute a using eqn (2). The results for a 

are plotted versus the solar heating fraction f in Fig. 3. This plot shows s 

the results for two climates and for both the LASL and BSG computational 

methods. The simplified design methods are based on entirely different 

approaches so it is not surprising that there is considerable scatter in 

the values for a. Also, the methods cannot be expected to be accurate for 

values of frnuch outside of the range of 0.4 to 0.8. Nevertheless, the s 

behavior a + 0 as f + 1 is observed as anticipated by eqn (8). 
s 

Based on the results shown in Figure 3, it is concluded that, for 

domestic space and water heating in the climates studied, the sensitivity 

parameter is given by 

a = 0.5 ~ 0.2, 

for values of f in the range of 0.4 to 0.8. s 

3. Application to Solar Thermal Electric Conversion (STEC) 

Many of the important losses in a solar thermal electric conversion 

power plant are of a particularly simple type: they lead to component 

efficiences which are independent of the operating power level. Examples are 

losses due to tracking and aiming errors, shading of mirrors, shading of the 

receiver(s), and imperfect reflectivities. Each of these losses corresponds 

to an efficiency which is independent of input power and thus cannot contribute 

to a in eqn (7). 

One type of loss which leads to a component efficiency depending on the 

operating power level is turbine efficiency. This efficiency is a function 

of the pressure and temperature of the working fluid, and hence could, 
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Figure 3: The sensitivity parameter ~, plotted as a function of the solar 

heating fraction f , for the Davis and Los Angeles climate regions, s 
using both the Los Alamos (LASL) and Berkeley Solar Group (SSG) 

design methods. 
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depending upon the details of power plant operation, vary with the input solar 

radiation level. On the other hand, the operating strategy of the power plant 

will likely include efforts to keep the turbine efficiency high (and therefore 

fairly constant), and those efforts would mitigate efficiency variations. 

Other losses which depend on the input operating level are the heat 

wasted due to storage overflow (which will be small for a well-designed plant) 

and the receiver thermal losses. The corresponding efficiencies will vary only 

slowly with input power level and will not contribute significantly to eqn (7). 

The conclusion of the foregoing discussion is that, for STEC power plants 

of "conventional" design, the sensitivity parameter is 

0. :::! 1. 

One major proviso should be attached to this result. Since the marginal cost 

of producing power (from thermal energy already collected) is very small,it 

has been assumed that all electricity that the power plant can produce is 

effectively used. In the case of a utility operating an intermediate load 

solar power plant, the effective value of 0. can be much smaller because 

(economic) credit may not be given for energy produced in the absence of 

intermediate load demand. If this "unwanted" energy is not counted in the 

output, values of 0. can fall to the range of 0. :::! 0.2. Figure 4 shows a 

plot of change in effective power produced versus change in input solar 

radiation for a 100 MW intermediate load power plant of the central e 

receiver type, with 6 hours of thermal storage. The Figure is adapted 

from results obtained by the Aerospace Corporation [4], and is constructed 

from those results by using the fact that, for the Aerospace model, frac-

tional changes in the total heliostat area A cause the same changes in output 
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Figure 4: Percent change in effective power produced versus percent change 

in input radiation, for a particular power plant with a = 0.24. 

The upper pound of 106% of nominal output power corresponds to 

the limit at which 100% of the demand for electricity is met. 
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as fractional changes in solar input energy. The slope of this graph gives: 

a
eff 

~ 0.24 

for this power plant which meets 94% of its load (f = 0.94). The small value s 

of a can be regarded as a consequence of the closeness of f to unity 
s 

(cf. eqn (8)). 

CONSEQUENCES OF THE USE OF INACCURATE DATA 

The primary consequence of using inaccurate solar radiation data is 

the actual realization of an output energy level from the solar system that 

is different from that predicted (using inaccurate data) during the system 

design. The values of the sensitivity parameter a described above indicate 

the measure of the difference between expected and actual system output. 

Economically, a can be interpreted as the fractional error in cost of 

energy produced by the solar system, as a result of the use of inaccurate 

solar radiation data. Thus for the DSWH system, the value of a ~ 0.5 

indicates that a 20% error in solar data results in a 10% error in the unit 

cost of the heating energy produced by the solar system. For the STEC 

system, the range of values of a between 0.2 and 1. 0 indicates that a 

20% error in solar data would result in an error between 4% and 20% in the 

unit cost of the solar-generated electricity. 

It should be noted that this· effect is only an "apparent" cost penalty 

(or gain) associated with the solar-produced heat or electricity; i.e., this 

effect results in a difference between the expected and the actually achieved 

system output. This actual achieved system output will be essentially the 

•. J 
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same (see next section) as if the correct solar data had been used to 

design the system. However, this should not be interpreted as meaning 

the effect is unimportant. The perception of the expected system output 

is what is used in the decision-making process, when deciding whether to 

make the economic investment in the solar system. Use of inaccurate solar 

data might therefore produce an incorrect decision resulting in a substan­

tial economic penalty from misapplication of capital. 

There is a secondary consequence of using incorrect solar data. It 

is associated with systems that have been optimized using erroneous input 

solar data, thereby arriving at a non-optimum system design point. Although 

this effect is smaller in magnitude than the primary consequence discussed 

previously, this secondary effect results ina real cost penalty. It will 

be described separately for solar heating systems and solar electric systems 

in the following subsections. 

1. Secondary Effect for Domestic Space and Water Heating (DSWH) 

When a solar heating system is optimized using inaccurate solar data, 

the resulting cost of heating is always equal to or greater than the cost 

obtained if correct solar data had been used. This can be seen by referring 

to Figure 5. The Figure displays curves of annual heating cost vs. solar 

collector area near the minimum in the cost curve. By optimization of the 

solar system is meant selection of the system parameters so as to operate 

at this point of minimum cost. The solar collector area is a usual para­

meter used in the optimization calculation. 

Suppose that a solar system were to be optimized using an erroneously 

high value of solar input data. Then the system would be optimized to 
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I (a) 
I I 
I I 
I 

I I 
. I 

AoAo 

Solar data too low 

Actual long - term 
system behavior 

Solar data too high 

Solar collector area 

Figure 5: Illustration showing the "primary" and "secondary" effects discussed 

in the text. Solar data that is too high leads to a low prediction 

for the annual heating cost shown by (a) at a collector area AI. 
o 

The actual performance of the system is at point (b), and the cost 

shift between these points is the primary effect. If the correct 

solar data had been available, the system would have been designed 

to operate at (c) with collector area A. The annual cost difference 
o 

between (b) and (c) is the secondary effect. 
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point (a) in Figure 5, and a collector area A' would be selected. However, 
o 

after the system were built, it would be observed to operate over a iong 

period of time at'point (b) instead of (a). If the system had been designed 

with knowledge of the correct solar data. it would have operated at point 

(c), the minimum for the true-data curve. The economic penalty associated 

with this effect is the annual difference in heating cost between points 

Jb) and (c). 

Two properties of this effect can·be seen from Pigure 5. Pirst. the 

real cost using erroneous data is always equal to or higher than the re,al 

cost using correct solar data; i. e., the cost penalty is always positive 

(or zero). If the minima of the curves in Figure 5 were all in a vertical 

line, then the cost penalty would be zero. For all other cases, the cost 

penalty is positive. The second property is that the shape of the curves 

in Figure 5 near the optimum operating points is quadratic in nature. Thus 

the cost penalty for the use of inaccurate data is proportional to (A' - A )~ 
o 0 

Since the error in collector area (A' - A ) is caused by the solar data error o 0 

61, these errors can be shown to be proportional to one another. Consequently, 

the design cost penalty is proportional to (61)2, and the annual cost of energy 

C is related to the cost C relevant to "perfect" solar data by the relation 
o 

(9) 

where 0 = 61/1 and 8 = > 0 is a dimensionless number. 

The methods used previously to estimate a for DSHW have also been used to 

estimate 8. Figure 6 shows some of the optimization curves obtained for DSHW 

systems for the Davis and Los Angeles locations. Assumptions used to obtain the 

annual heating cost were: (i)Solar system cost, $1,000 plus $100 per square meter 
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Figure 6: The annual cost of owning and operating a solar heating and hot 

water system plotted as a function of collector area for Davis 

and Los Angeles. Curves are labeled with the appropriate values 

of 0, corresponding to differing values of input solar radiation, 

Assumptions regarding cost parameters are given in the text. These 

results were obtained using the LASL design method. 
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of collector area; Cii) Auxiliary fuel cost, $1.50 per 108 
J ($1.50 per therm; 

and (iii) Payback period of 30 years at 9% interest. Values for B for the 

systems and climates under consideration lead to estimates in the range of 

0.1 to 0.5. Using the large values B = 0.5 and 0 = 0.2 (20% data error), 

one finds from eqn (9) that even in this case the cost penalty is only 2%. 

Thus the solar data need not be known to high precision in order to produce 

an economically reasonable design. 

2. Secondary Effect for Solar Thermal Electric Conversion (STEC) 

The situation for solar thermal electric conversion is slightly different 

because the auxiliary (back-up) system is not part of the plant, but rather 

is part of a network. Furthermore, the demand for energy is not fixed at 

some total annual energy produced. That is, the market share of the power 

plant(s) depends on the unit cost of power, so that this is the quantity that 

should be minimized. 

It should be further noted that the cost of the auxiliary energy is not 

known, so that a procedure directly analogous to that used for DSWH cannot 

be used. Denoting the unit cost of energy by R, one designs for minimum R 

and consequently obtains 

R = R (1 + B 02), (10) o 

for the same fundamental reasons that eqn (9) was obtained. Use of the same 

symbol B as appears in eqn (9) should not lead to confusion since they refer 

to different systems. Furthermore, in both cases B has the same interpre-

tation as a measure of the cost of design error caused by errors in solar 

data. 
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An estimate of 8 has been made using the graph in Figure 4. Since, 

for the Aerospace model, changes in A are equivalent to changes in I, one 

can write for the effective solar electricity produced, 

A A' 2J E = E [1 + a(--A - 1) - b(--A - 1) , s s,o 
o 0 

(11) 

where E and A are nominal values, and the constants a and b are evaluated s,o 0 

graphically as a ~ 0.24, b ~ 0.45. The expression for the annual cost of 

power has the form 

A C = C [1 + c(--A - I)J, (12) s s,o 
o 

assumed linear as a function of heliostat area A. The constant c can be 

determined by using the fact that the minimum in 

R = C IE s s 

occurs at A = A. This requires that c = a = 0.24. o 

Consider now the form that eqns (11) and (12) would have if the solar 

input were changed from its nominal value I to I = I (1 + 0). Equation o 0 

(13) 

(11) can be rewritten with A (1 + 0) replacing A, since a change in area is 

equivalent to a change in I. Equation (12) is unchanged. The resulting 

equations for R display a minimum at a new value of A, corresponding to 

the appropriate change in design. From these results the cost penalty for 

use of solar data in error by the fraction 0 can be obtained, after some 

lengthy but straightforward algebra. Equation (10) is reproduced, with 

R = C IE ,and o s,o s,o 2 
8 = b [1 _ a(l-a)] 

2b (14) 
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Substitution of the values· of a and b listed after eqn (11) yields 

B = 0.3. 

As in the case of DSWH, the obtained value for B indicates that the design 

penalty for inaccurate data is not very large: only about a 1% cost penalty 

for a 20% data error. In different power plant designs or different climates 

B will of course vary. But it would be surprising if it were to become much 

larger than unity. 

SUMMARY 

The secondary effect--the cost penalty incurred by non-optimum design 

resulting from the use of erroneous solar radiation data--is found to be 

relatively small for both domestic solar heating systems and solar thermal 

power plants. The maximum penalty consistent with the foregoing calculations 

is of the order of 2% of the cost of power produced. 

The primary effect has a larger magnitude. For domestic space and 

water heating systems in temperate climates a is approximately 0.5, which 

means that a 20% data error leads to a 10% error in the amount of usable 

energy produced. For solar thermal electric conversion a varies from 0.2 

to 1.0, depending upon t~e ability of the electric network grid to make 

effective use of all the power producible by the solar plant. Thus a 20% 

data error leads to an error in energy output that varies from 4% to 20%, 

depending upon the specific power plant operational circumstances. 

* This appendix has appeared separately as a Lawrence Berkeley Laboratory 

Report, LBL-6354. 
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NOMENCLATURE 

constant equal to 0.24 

total collector or heliostat area 

nominal or optimum collector or heliostat area 

modified optimum collector area 

constant equal to 0.45 

constant equal to 0.24 

total annual cost 

annual cost of solar system 

annual solar energy utilized 

fraction of the load supplied by a solar system 

annual solar input energy (insolation) 

unit cost of energy; e.g., C IE . s s 

sensitivity of output to input 

aeff - effective sensitivity when part of the output energy is not utilized 

B cost penalty coefficient 

o fractional change in I 

Subscripts 

o nominal or optimum value 

i part i of whole system 

s solar 
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INTRODUCTION 

There have been many solar data stations either in California or near 

its borders. Unfortunatelv, only a small fraction of the data currently 

available from these stations is useful for resource analysis. 

Most of the existing solar data originate with pyranometers, which 

measure the total shortwave solar radiation received on a horizontal surface. 

Some pyrlteliometers, which measure the direct component of the radiation, 

have been installed since 1976 and others will certainlv be installed In 

the future. However, in this report, discussion of the existing sets of 

solar data must necessarily be limited to the data originating with pvranometers. 

MOST USEFUL STATIONS 

Twenty-two stations that have collected data with thermopile pyranometers 

for five vears or more are shown in Figure F-l. Five vears is an estimated 

minimum useful period of data recording, considering that many records 

contain gaps and sequences of poor data. Although these 22 stations have 

generally useful records, they are not without prohlems. Some records 

are known to be too high, and others contain major discrepancies. More 

specific information about such problems can he found in Appen~ix H (Data 

Correction Factors). 

A group of stations with data potentially suitable for resource analvsis 

1.S listed in Table F-l, along with some details about station operation. 

Many of these stations have records shorter than five years. The locations 

of these stations are shown in Figures F-2 to F-8. Only stations using 

thermopile pyranometers have been includec'l. Instruments that depend on 

the photoelectric effect (silicon solar cells) have he en excluded hecause 

their spectrally selective sensitivity can lead to unknown errors. Bimetallic 

strip instruments, which depend on differential tltermal expansion, have 

also been excluded, as they tend to display a temperature-dependent sensitivity. 

Of greater significance than the svstematic errors of approximate Iv 20% 

in the records from such instruments is that the operating characteristics 

of the instruments are not well known. The properties of thermopile-type 

pyranometers, although not always favorable, are at least reasonably well 

determined. 
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Figure F-l. 
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Pyranometer 

1. China Lake (Inyokern) 
2. Davis 
3. E1 Centro 
4. Fremont 
5. Fresno 
6. Las Vegas 
7. Los Angeles airport 
B. Los Angeles urban* 
9. Medford 

10. Northridge State Univ. 
11. Redwood City 
12. Reno 
13. Richmond. 
14. Ri verBide 
15. San Francisco 
16. San Jose 
17. San Jose State Univ. 
18. San Rafael 
19. Santa Haria. 
20. Scripps Instit. of Oceanography. 
21. Soda Springs (Elev. 6885 ft) 
22. Yuma 

longer 

.6 

Thermopile-type pyranometer sites yielding more than five 

years of data. 
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DATA STATIONS WITH SIGNIFICANT RECORDS 

All significant data stations that have heen identified in California 

are listed in Table F-2. The listing for each station includes the tvpe 

of instrument used and the reported period during which data have been 

recorded. Stations using all types of instruments are included--not just 

those using pyranometers as was the case in Table F-l. Some of these stations 

no longer exist and the quality of data is often unreliable, especiallY 

1n cases where only a year or two of data have been taken. The recently 

established WEST Associates stations are not included in Table F-2; they 

are listed in Table F-l. 



Table F-l. Solar data stations potentially useful for resource analysis.* 

Station Lat. Long. 

NATIONAL WEATHER SERVICE 

1 
Elev. 

China Lake 35° 41' 117° 37 4 2160 
(Inyokern) 

Davis 38° 32' 121° 45' 60 

E1 Centro 32" 49' 115' 40' 30 

Fresno 36°46' 119°43' 328 

La~ Vegas, 36° 05' 115° 10' 2160 
Nev. 

Los Angeles 33° 56' 118° 23' 105 
(airport) 

Los Angeles 34°03' 118°14' 280 
(urban) 

Medford, Ore. 42° 17' 122° 52' 1560 

Reno, Nev. 39° 30' 119°47' 5290 

Riverside 33° 58' 117° 20' 840E 

Santa Maria 34° 54' 120° 27' 236 

* 

Solar measuring 
instrument 2 

Model 8-48 

Model 50 

Model 2 
since 1974 
or 1975 

Model 2 

Model 50 

Model 10 

Model 10 

All footnotes appear at the end of this table. 

Recording 
technique 

strip chart 

strip chart 

Honeywell Electronik 
strip chart 

Brown Elec tronik 
circular chart 

Brown 
circular chart 

Electronik 
Model 18 

Leeds and Northrup 
Model Speedomax 

Period 
of record 

1948-present 

1942-present 

1963-present 

1928-present 

1960-present 

1951-present 

1951-1974 

1950-1975 

1966-present 

1930-present 

1950-1975 

Data availability 

For all NWS stations, 
daily totals are avail-
able from Nat'l Climatic 
Genter, Asheville, N.G.5 
Some hourly data is avail-
able at Asheville for 
China Lake, Los Angeles 
airport, Medford, 
Riverside, and Santa Maria. 
(Much of this data is 
presently being reprocessed 
by NCG to upgrade its 
quality. ) 

Period(s) for 
which daily totals 
are stored at LBL 

7/52-9/71 

7/52-12/74 

1/63-12/75 

7/52-12/75 

7/52-12/75 

12/51-12/73 

7/52-6/74 

12/51-12/74 

12/65-12/75 

1/52-12/75 

7/52-1/75 

Period (s) useful 
for data manuals 

5/54-2/60, 5/60-5/61, 
1/62-2/63, 10/67-9/71 

12/56-12/74 except for 
several short periods of 
5 months or less. 

1/68-1/69, 10/71-12/75 

1/59-5/68, 10/68-12/75 

7/54-9/56, 7/58-1/62 
5/62-2/68, 8/69-10/71, 
7/72-9/73, 7/74-6/75 

1/51-8/58, 11/58-5/72, 
8/72-3/73, 5/73-12/73 

7/52-4/62, 8/68-12/69, 
6/70-2/71,9/71-12/72 

12/51-6/55, 6/56-9/64, 
5/65-1/70, 3/73-12/74 

12/65-11/69, 1/73-2/74 

1/54-4/61, 3/62-12/63, 
10/68-5/72 

9/53-6/55, 3/56-6/57, 
2/59-11/59, 5/60-12/62, 
11/63-1/75 

Remarks
3 

Weather: W, T 
Station moved 
about 1958. 

Weather: T, W 

To be included in 
new network. 6 
Weather:C,S,T ,W,H 

Present instrument 00 
is temporary. To be ~ 
included in new net-
work. 6 

Weather:C, S, T ,lol,H 

To be included in 
new network. 6, 7 
Weather: C, T, W, H 

Weather :C,S, T ,W ,H 

Weather:C,T,W,H 
Plan to reopen in 
1977 as part of 
new network. 6 

Weather :C,S, T ,W, H 

Weather:C,T,W,H 



Table F-l. Solar data stations potentially useful for resource analysis (cont) * 

Station Lat. Long. 
1 

Elev. 

BAY AREA AIR POLLUTION CONTROL DISTRICT8 

Burlingame Coord ina tes NSL 
for all 
stations9 

Fremont NSL 

Livermore 500E 

Napa NSL 

Pittsburg NSL 

Redwood Ci ty NSL 

Richmond NSL 

San Francisco NSL 

San Jose NSL 

San Rafael NSL 

Vallejo NSL 

* 

Solar measuring 
instrument2 

Model 8-48 

Model 50 until 
1972 
Model 8-48 
thereafter 

Model 50 

Model 50 

Model 50 

Model 50 

Model 50 

Model 50 until 
1972 
Model 8-48 
thereafter 

Model 50 

Model 50 

Model 50 

All footnotes appear at the end of this table. 

Recording 
technique 

All stations use 
Esterline-Angus 
strip chart recorders 

Period 
of record 

1973-1976 

1970-pr-esent 

1971-1973 

1972-1974 

1970-1974 

1964-present 

1970-1975 

1970-present 

1969-pres-ent 

1970-present 

1972-1975 

Data Availability 

Daily totals for all 
BAAPCD stations are 
stored a t the Dis tric t 
headq-uarters in San 
Francisco. Strip charts 
are retained in storage. 

Period (5) for 
whi.ch daily totals 
are stored at LBL 

11/73-5/76 plus a 
few months in 1971-1973 

1/71-8/72, 11/73-3/74, 
7/74-8/76 

3/71-11/73 

3/72-8/74 with 
2 small gaps 

?eriod (5) useful 
for data manuals 

none 

8/70-8/76 

none 

none 

2/70-11/70, 8/71-12/74 2/70-10/70, 1/72-3/74 

2/70-8/76 2/70-3/74, 10/75-8/76 

2/70-3/74 2/70-11/70, 2/71-3/74 

2/70-8/76 1/70-3/72 

2/70-8/76 1/70-3/7 4, 8/75-8/76 

2/70-8/76 2/70-3/74 

3/72-1/75 3/72-3/74 

/ 

Remarks 
3 

May. b"e 
recommissioned 

00 ..... 

2 ins trument changes 



Station Lat. Long. Elev.1 

UNITED STATES GEOLOGICAL SURVEY 

Barrett 32' 41' 116' 40' 615E 
Reservoir 

Cottonwood 33.8° 117.0° 1500E 

Lake Mead, 35' 59' 114' 51' 
Ariz-Nev. 

Lake Mojave, 35' 12' 114' 34' 500E 
Ariz-Nev. 

Lake Skinner 33.5° 117.1° 500E 

Salton Sea 33° 3D' 116' 03' -200E 

San Vicente 32' 55' 116' 55' 650E 
Reservoir 

UNITED STATES BUREAU OF RECLAMATION 

Five Points 36° 22' 120°06' 180E 
(Westside Field 
Sta. ) 

Tr anq uili ty 220E 

* 

Table F-l. 

Solar measuring 
instrument 2 

Model 10 

Model PSP 

Model 10 

Model 10 

Model PSP 

Model 10 

Model 10 

Weather Measure 
R413 
Star pyranometer 

Model 8-48 

All footnotes appear at the end of this table. 

Solar data stations potentially useful for resource analysis 

Recording 
technique 

Model 279 Disc Integrator, 
Weather Measure ET-1200 
recorder (strip chart) 

Model 279 Disc Integrator, 
\.J'eather Measure ET-1200 
recorder (strip chart) 

Period 
of record 

1959-1961 

1952-1953 

1959-1961 

1967-1968 

1957-1959 

1972-present 

1976-present 

Data availability 

Daily totals, USGS 
Professional Paper 272-F 

Same as Lake Skinner 

} 

Daily totals, USGS 
Professional Paper 
272-F (1964) 

I 
P"riod (5) for 
Y:hich daily totals 
are stored at LBL 

11/59-10/61 

S/i"3-7/74 

3/52-9/53 

9/59-2/61 

Daily totals to be published 8/73-7/74 
1976 in USGS Water Supply 
Paper (Jobson et al.) 10 

To be published late 1976 

Daily totals, USGS 
Professional Paper 272-F 

Daily totals 11 

Daily totals
11 

8/67-12/68 

10/57-10/59 

7/73-11/73, 1/74-2/75, 
1176-6/76 

5/76-10/76 

(cont) * 
Period (s) useful 
for data manuals 

11/59-10/61 

8/73, 10/73-7/74 

8/73-7/74 

10/57-10/59 

none 

) 

Remarks 3 

Weather:T,H 

near San Jacinto 

Weather:T,H 

Weather:T,H 

near Winchester 

Weather: T, H 

These records may 
contain intervals 
of data from other 
USBR stations. 

00 
00 
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Station Lat. 

MISCELLANEOUS 12 

Brawley (ARS) 32°57' 

China Lake 35° 39' 

Chico (CSU) 

Fresno (CSU) 36° 49' 

Goldstone 
Tracking Center 

Livermore 
(Lawrence Lab) 

Livermore 
(Sandia Lab) 

Long Beach 
(CSU) 

Monterey 
(U.S. Navy) 

Northridge 
(CSU) 

Point Mugu 
(U.S. Navy) 

33° 46' 

36° 36' 

Long. Elev.
1 

!l5° 33' 140E 

117° 40' 2700 

200E 

119°44' 335 

3500E 

500E 

500E 

!lSo !l' 35 

121° 52' NSL 

1000E 

NSL 

Table F-l. Solar data stations potentially useful for resource analysis (cont).* 

Solar measuring 
instrument2 

Eppley Model? 

Model PSP 
plus Willson 
pyrheliometer 

Model 8-48 

Model 8-48 

SR-75' s 
Eppley pyranom. 
pyrheliome ters 

Model 8-48 

Recording 
technique 

magnetic tape 

strip charts 

Bristol Dynamast.er 
strip chart 

magnetic tape 

Leeds Northrup 
strip chart 

Eppley Model magnetic tape 
NIP pyrheliometer 
Spectrolab 
Model SR75 
pyranometer 

Kahl Sci. Weather .Measure 
Ins-r.rum. Corp. strip chart 
Star pyranometer 
since about 1974. 
(Eppley Model R411 
previously) 

Model SO strip charts 

1960' s: Eppley 
Model 50 

1970's: Moll-Gorczynski 

Model 50 until strip charts 
1972; 
Model 8-48 
thereafter 

Period 
of record 

1967-1969(7) 

1976-present 

1975-present 

1972-present 

1974-present 

1974-present 

1974-present 

1971-present 

1971-present 

1963-1969; 
1971 or 
1972-present 

1966-1972; 
1975-present 

Da ta Availab iIi ty 

Not readily available 

Unreduced char ts 13 

Unreduced charts 14 

2-min. intervals on 
magnetic tape; not 
readily available15 

Hourly totals 16 

Hourly (?) totals 17 

Daily totals 18 

Unreduced charts 19 

Presently records 
instantaneous values 
hourly20 

Some data reduced2 ! 

Period (5) for 
which daily totals 
are stored at LBL 

1/75-9/7<> 

8/74-10/74; 1/75-10/75 

4/72-9/76 
daily means 

"Period (s) useful 
for data manuals Remarks 

3 

Station may be reestablished. 
L.ocated 1-0 miles from El Centro 
NWS station. 

In early 1977 will be moved 
to Barstow for indefinite 
period. Operated by Lawrence 
Berkeley Lab. 

Weather:T,W 

Operated by Jet Propulsion 
Lab. Wea ther data taken. 

Weather:W,T 
Presently installing a pyrneliometer 

Weather:T 
Some gaps in data exist. 

Weather:T,H,W, some C and S. 
Data quality uncertain 

Weather:T,W, Some S 
Instrument poorly mounted. 

Weather.: some S 

Epply data taken irregularly 

All footnotes appear at the end of this table. 

(Xl 
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Station Lat. 

Richmond Field 
Sta. (Univ. Calif .• 
Berkeley) 

Sacramento 
(CSU) 

Long. Elev.
1 

NSL 

50E 

San Jose 
(CSU) 

37°21' 121°54' 100E 

Scripps Instit.3Z
o 

50' llr IS' NSL 
Oceanography, 
LaJolla 

Shafter 35° 32' 119°17' 400E 
(USDA) 

Soda Springs 39° 20' 1200 22' 6885 
Snow Lab. 

(USFS) 

Yuma (Ariz.) 32° 15' 114°24' 200E 
Proving Grounds 

(U.S. Army) 

* 

Table F-l. 

Solar measuring 
instrument 2 

Model 8-48 and 
Model PSP 

Eppley Model 50; 
Model 8-48 
since 9/76 

Eppley pyranometer 

2 Eppley Model 50 

Several Eppleys 

All footnDtes appear at the end of this table. 

v. 

Solar data stations potentially useful for resource analysis (cant) * 

Recording 
technique 

magnetic tape 

strip chart 

strip charts 

presently 
magnetic tape 

1952-present 

Period 
of record 

1976-present 

1963-present 

1928-1950 

1975-present 

1946-present 

Data availability 

Physics Dept. 22 

Hourly and 
daily totals 23 

::>eriod (5) for 
~vhich daily totals 
are 5 tored at LBL 

12/63-10/64; 2/66-
12/67; 9/68-8/76, 
some short gaps 

Only available for 6/29-12/42 
1929-1942. 
Some hourly, 
some daily. 

daily totals 24 

1/75-7/76 

10/46-7/52 last 2 
years intermittent 

1/52-12/76 monthly 
averages 

Period (s) useful 
f.or da ta manuals Remarks 3 

_._._-.. - ._-------------

10/69-2/73, 11/73-7/75 

8/33-12/35, 7/36-12/42 

10/46-12/48, 5/49-9/50 

Some weather data 

Take data only in winter, 
when snow is usually on 
the ground. 

1.0 
o 



Station Lat. Long. 

WEST ASSOCIATES
25 

SOUTHER,.'! CALIFORNIA EDISON 

Barre 23.8
0 !lS.O° 

Barstow + 34.9
0 

!l7.0° 

Blythe+ 33.6
0 

114.6
0 

El Dorado, 35.9
0 

115.0
0 

Nevada 

El Segundo 33. SO !lS.4° 

Huntington 33.7
0 

!lS.O° 
Beach 

Irvine 33.7
0 !l7. SO 

LaFresa 33.S
o 

!lS.3° 

Laguna Bell 34.0
0 

!lS.2° 

Lancaster + 34.7
0 llS.2° 

Mandalay 34.1
0 !l9.2° 

Mira Lorna 34.0
0 

!l7.5° 

Moorpark 34.3
0 

!lS.9° 

Palm Springs + 33.9
0 

!l6.s
o 

Pardee 34. SO !lS.6° 

Ridgecrest + 35.6
0 

!l7.7° 

* 

Table F-l. Solar data stations potentially useful for resource analysis (cont) * 

Elev.
1 

NSL 

2000E 

270E 

NSL 

NSL 

NSL 

NSL 

2s0E 

2400E 

NSL 

700E 

sOOE 

500E 

1000E 

2300E 

Solar measuring 
instrument 2 

All stations have 
Eppley Model 8-4S 
pryanometers. Those 
followed by + 
also have an Epp ley 
Model NIP pyrheliometer. 

Recording 
technique 

All stations 
have Westinghouse 
magnetic tape 
cartridges .. 

Period 
of record 

All stations 
installed 
1975 or 1976. 

Data Availability 

Period(s) for 
which daily totals 
nre stored at LBL 

Period(s) useful 
for data manuals 

All footnotes appear at the end of this table. 

Remarks
3 

1.0 ..... 



Station Lat. Long. 

Rio Hondo 34.1° !lS.O° 

Vestal 35.So !l9.1° 

Vic tarville + 34.5° !l7.3° 

Walnut 34.0° 117.9° 

Yucca 34.1° !l6.5° 
Valley + 

SAN DIEGO GAS AND ELECTRIC 

Alpine 32. SO 116.7° 

Chula Vista 32.6° 117.0° 

Del Mar 33.0° 117.2° 

E1 Cajon 32. SO 116.9° 

Escondido 33.1° 117.1° 

San Diego 32.7° 117.1° 

San Diego 32. SO 117.0° 
State Univ. 26 

Spring Valley 32.7° !l6.9° 

* 

Elev.
1 

500E 

300E 

2700E 

500E 

3200E 

2500E 

NSL 

NSL 

300E 

650E 

NSL 

NSL 

500E 

Table F-l. Solar data stations potentially useful 

Solar measuring 
instrument 2 

All stations have 
a Model 8-48 
pyranometer. 
Escondido also 
has a pyrheliometer. 

Recording 
technique 

All stations are 
being swi tched from 
s trip char ts to 
Westinghouse 
magnetic tape 
cartridges. 

Period 
of record 

All stations 
were ins taIled 
in 1975 or 1976 

Data availability 

All footnotes appear at the end of this table. 

for resource analysis (cont) 

Period (s) for 
which daily totals 
are stored at LBL 

Period (s) useful 
for data manuals 

* 

Remarks
3 

'-0 
N 



Footnotes 

1. Elevations given in feet above sea level. Values followed by the letter E were estimated from contour maps. 
NSL = near sea level (within about 250 ft.) 

2. Eppley Laboratories thermopile instruments: 
Model 10 and Model 50 are "lightbulb" type pyranometers; 10 and 50 refer to the (approximate) number of 
thermopile junctions. 
Model 8-48 is the i1black-and-white'l single-dome pyranometer. 
Model 2 and Model PSP are double-rlome precision spectral pyranometers. 

Spectrolab: 
SR-75 is a double-dome thermopile pyranometer. 

3. Other weather variables measured: 
C cloud cover 
S sunshine hours 
T temperature 
W wind 
H humidity. 

Information in the table concerning weather variables is not necessarily complete for all stations. 
4. The station was moved 4 miles to this location in 1958. 
5. U.S. Dept. of Commerce 

National Oceanic and Atmospheric Admin. 
Environmental Data Service 
National Climatic Center 
Federal Bl<lg. 
Asheville, N.C. 28801 

6. New NWS network will have pyrheliometers and new pyranometers and recording instruments. 
7. A reflecting aluminum dome was installed near the pyranometer in Aug. 1975. 
8. Weather variables for all stations: hourly wind direction and average velocity; daily temperature max. and 

min.; hourly cloud conditions for all or most stations. Some data in 1974-1975 was not analyzed for some stations. 
9. UTM(Universal Transverse Mercator) coordinates for all stations are recorded at the San Francisco Office. 
10. 10-minute intervals on magnetic tape avai~able from Automatic Data Processing Unit, Water Resources Div., 

USGS, Reston, Virginia 22092. 
11. Contact John Williford or Charles McNiesh, U.S. Bureau of Reclamation, Mid Pacific Region, Federal Bldg. 

Room 2215, 1130 0 Street, Fresno, CA 93721. 
12. ARS - Agricultural Research Service, U. S. Dept. Agriculture (USDA) 

USFS - U. S. Forest Service 
USCE - U. S. Army Corps of Engineers 
CSU - California State Univ. 

13. Contact Loren Weakly, Physics Dept., Chico State Univ., Chico, CA. 
14. Contact Don Morgon, Dept. Geography, Fresno State Univ., Fresno, CA. 
15. Contact MacGregor Reid, Jet Propulsion Lab., Calif~ Institute of Technology, Pasadena, CA 91103. 
16. Contact Arnold Clark, Lawrence Livermore Lab., Livermore, CA. 
17. Contact Steve Grey, Division 8342, Sandia Laboratories, Livermore, CA 94550. 
18. Contact John Kimura, Dept. of Geography Climatology Lab., Bldg. LA4, Long Beach State Univ., 

Long Beach, CA. 90840. 
19. Contact Mike McDermott, U.S. Navy Post Graduate School, Code 63, Montery, CA 93940. 
20. Contact Arnold Court, Geography Dept., Northridge State Univ., Northridge, CA. 91130. 
21. Contact Robert deViolini, Geophysics Div., Pacific Missle Test Center, Pt. Mugu, CA. 93042 
22. Contact Mike Shea, Physics Dept., Sacramento State Vniv., Sacramento, CA. 
23. Contact Albert Miller, Dept. Meteorology, San Jose State Univ., San Jose, CA. 
24. Contact James Smith, U. S. Forest Service, Pacific Southwest Forest and Range Experiment Station, 1960 

Addision St., Berkeley, CA. 
25. Latitude and longitude read to nearest O.r frbm maps provided by the utilities. 
26. Data from this independent station is processed by SDG and E. 

~ 
W 



• Pyranometer 

@ Pyranometer plus 
pyrhel iometer 

94 

1. Barre 
2. Barstow 
3. Blythe 
4. E1 Dorado 
5. El Segundo 
6. Huntington Beach 
7. Irvine 
8. La Fresa 
9. Laguna Bell 

10. Lancaster 
11. Mandalay 
12. Mira LOllia 
13. Moorpark 
14. Palm Springs 
15. Pardee 
16. Ridgecrest 
17. Rio Hondo 
18. Vestal 
19. Victnrville 
20. Walnut 
21. Yucca Valley 

·'8 Ii' ~'6 

'5 @IO • 
·'3 9 'I 20 .,. ·,2 

5 •• 
8 7 

Figure F-2. Southern California Edison solar data stations. 



• Pyranometer 

@ pyranometer plus 
pyrhe/lometer 

9.5 

1. I4pine 
2. Chula Vista 
3. Del Mar 
4. El Cajon 
S. Escondido 
6. San Diego downtown 
7. San Diego State ijniv.* 
8. Spring Valley 

* SDG&E processes the data from 
this independent station. 

Figure F-3. San Diego Gas and Electric solar data stations. 
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1. China Lak.e 
2. Davis 
3. El Centro 
4. Fresno 
5. Las Vegas 
6. Los Angeles airport 
7. Los Angeles urban 
8. Medford 
9. Reno 

10. Riverside 

-9 
ll. Ssnta Haria 

- pyronometer 

Figure F-4. National Weather Service old network pyranometer sites. 



@ Pyronometer plus 
pyrheliometer 

97 

1. Frell1lo 
2, Las Vegu 
3. Los Anlleles 
4. Medforll 

Figure F,....5. National Weather Service new network solar data stations. 
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1. Burlingame 
2. Fremont 
3. Livermore 
4. Napa 
5. Pittsburg 
6. Redwood City 
7. Richmond 
8. San Francisco 
9. San Jose 

10. San Rafael 
11. Vallejo 

• Pyranometer 

Figure F-6. Bay Area Pollution Control District pyranometer sites. 



'. 
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• PyrOnQrneter 

1. Barrett Reservoir 
Z. Co t tonwood 
3. l.4ke Head 
4. Lake Mojave 
5. I.ake SUmler 
6. Salton Sea 
7. San Vicente Reservoir 

2 • .5 .6 

.3 

F~g\).re F-7. U. S. Geological S\).rvey pyranometer sites. 
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Table F-2. Li~ting of California's solar data statiQns (continue~). 

Station 

U.S. BUREAU OF RECLAMATION 

Blythe 

Coachella 

Dixon 

Five Points 

Folsom Dam 

Institute of Forest Genetics 

(Placerville) 

Schramm's Ranch 

(s~e Harza Ag. Services) 

Tranquility 

Vacaville 

We 1 ton, Ad zona 

HARZA AGRICULTURAL SERVICES 

Allen Ranch 

(Coalinga) 

Coit Range (near Fresno) 

Metzler Ranch (near Fresno) 

Schramm Ranch (near Fresno) 

U. S. GEOLOGICAL SURVEY 

Barrett Reservoir 

Cottonwood 

El Capi.tan 

Lake Hodges 

Lake Mead 

Instruments* 

B 

B 

B 

T 

B 

B 

T 

B 

B 

B 

B 

B 

B 

T 

T 

T 

T 

T 

Period of Recore! 

(Dates) 

1973-1977 

1972-1976 

1976-1977 

1972-1977 

1974-1977 

1976-1977 

1976-1977 

1.976-1977 

19n-1977 

1975-1.977 

1974-1977 

lC}7o-1977 

1975~1977 

19S<)-19h1 

1.973-197/-1, 

1957-195Q 

](;157-1959 

1952-1953 

* Key to instrlments appears on last page of table. 

Duratjon 

(No. of Years) 

.5 

5 

2 

6 

? 

2 

? 

') 

3 

4 

? 

3 

'3 

1 

2 
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Table F-2. Listing of California's solar data stations (continued). 

Period of Record Duration 

Station Instruments * (Dates) (No. of Years) , 

U.S. GEOLOGICAL SURVEY (cont.) 

Lake Mojave T 1959-1%1 3 

Lake Skinner T 1973~1974 

Lake Wohlford T 1962-1963 2. 

Loveland T 1959-1961 3 

Marina T 1959-1961 3 

Salton Sea T 1968-1969 2. 

San Diego Aqueduct T 1973- 1 974 2. 

Sandy Beach T 1961-1962 2 

San Vicente Reservour T 1957-1959 1 

CALIFORNIA DEPARTMENT OF 

WATER RESOURCES 

Alturas B 1958-1969 12 

Arvin-Frick B 1959-1965 7 

Bakersfield B 1969-1970 2 

Bakers fie Id College B 1976-1977 2 

Brenda B 1962-1963 2-

Buttonwillm.;r B 1965-1966 2 

Covelo B 1966-1969 4 

Cummings Valley B 1965-1971 7 

Finley B 1972 

Gerber B 1973-1977 'i 

Glenburn B 1963-1966 l~ 

Guadalupe B 1961-1%4 L~ 

Kerman 13 1964 

Los Banos B 1959-1%2 4 

Maze Bridge B 1962-1965 I~ 

* Key to instruments appears on last page of table. 
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Table F-2. Listing of California's solar data stations (continued). 

Station 

CALIFORNIA DEPARTMENT 

OF WATER RESOURCES (cont.) 

McArthur 

Newville 

Old River 

Oroville (Butte College) 

Red Bluff 

Redding 

Redding (Shasta College) 

Ruth Reservoir 

Salinas 

San Luis Dam 

San LUls Obispo 

Soledad 

Stockton 

Thornton 

Upper Lake 

Wasco 

OTHER 

Bra\vley 

Butler Valley Ranc~ 

Challenge 

Chico State University 

Coon Creek 

Coyote Dam 

Fresno (PG&E) 

Fresno State University 

Goldstone 

Instruments~" 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Perio~ of Recor~ 

(Dates) 

1959 

1966-1970 

1965-1967 

1971)-1977 

1967-1969 

1958 

1969-1977 

1967 

1974-1977 

1966-1977 

1969-1972 

1963-J971 

1.960-1961 

1963-1968 

1970-]972 

1975-1977 

]967-J%9 

1970-1.975 

?-1966 

1.975-1977 

1961-19()6 

1975-1977 

1976 

1972-1977 

1974-1977 

-!( Key to instruments appears on last page of table. 

Duration 

(No. of YP.ClXS) 

'i 

.3 

'l 

.3 

9 

1 

4 

12 

!~ 

9 

3 

3 

? 
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Table F-2. Listing of California's solar data stations. (continued). 

Station 

OTHER (cont.) 

Highpoint (U. S. Army) 

Jolon (U. S. Arm~1) 

Livermore (Lawrence Lab.) 

Livermore (Sandia Lab.) 

Lompoc 

Long Beach State Univ. 

Monterey 

Northridge State Univ. 

Oakdale (PG&E) 

Optical Coating Labs, Inc. 

(Santa Rosa) 

Pacific Grove 

(Hopkins Marine Station) 

Point Mugu 

Richmond Field Station 

(Univ. Calif., Berkeley) 

Sacramento State University 

San Jose State University 

San Luis Obispo (California 

Poly technical University) 

Santa Clara (City of) 

Scripps Institute of 

Oceanography (La Jolla) 

Shafter 

Soda Springs Snow Lab. 

Superior Farming Co. 

(near Shafter) 

Instruments~'" 

R 

R 

T 

Tl 

B, some T 

T 

T 

T 

T2 

T (H Ited) 

B 

T 

T 

T 

T 

B 

T (tilted) 

T 

p 

Periorl of Record Duration 

(Dates) (No. of Years) 

1972-1977 

1969-1977 

1974.-,1977 

1974-1977 

1958-1969 

1971-1977 

1971-1977 

J.963-]977 

1976 

1.975-1977 

1970-1977 

1966-1977 

1955-1967 

1976-1977 

1963-1977 

1975-1977 

1975-1977 

1928-1950 

1975-1977 

1946-1977 

1976-1977 

6 

9 

4 

4 

12 

7 

7 

15 

3 

8 

12 

13 

15 

3 

3 

23 

3 

32 

* Key to instruments appears on the last page of table. 
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Table F-2. Listing of California's solar data stations (continued). 

Station 

OTHER (cont.) 

Warm Springs dam site 

Yuma Proving Ground, 

Arizona 

* Key to instruments: 

T thermopile pyranometer 

* Instruments 

B 

T 

Peri.od of Record 

(Dates) 

1973-1977 

B bimetallic strip pyranometer (pvranograph) 

R = "flat plate" radiometer (sensitive to all wavelengths) 

T1 thermopile pyranometer with pvrheliometer 

T2 two thermopile pyranometers, one with shadowband 

P = photovoltaic detector 

Duration 

(No. of Years) 

5 

26 



Appendix G 

REPORTS OF SITE VISITS TO 
SOLAR DATA MEASUREMENT STATIONS 
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INTRODUCTION 

During the fall of 1976, LBL personnel visited 24 solar data stations 

~n California. At each site, detailed information about the condition 

of the instruments, maintenance, and data reduction procedures was obtained. 

This information is summarized in Table G-1. The detailed site visit report 

forms are reproduced after the table. 

The following criteria were applied ~n the selection of data stations 

for site visits: 

1. Preference was given to stations for which five or more years 

of data had been recorded and for which continued operation is 

planned. 

2. Stations us~ng different types of radiation detectors were selected, 

e.g., thermopile pyranometers, pyranographs, and photovoltaic 

detectors. 

3. Stations were considered on the basis of diverse geographical 

location. 

4. Stations were considered in order to sample the installations 

of a variety of sponsoring agenc~es, e.g., National Weather Service, 

state and local agenc~es. 



Table G-l. Summary of site visits to solar measurement stations. 

WEATHER 
DESSICANT DEVIATION CONDITIONS 

TYPE blue = dry POSSIBILITY TEMPERATURE OBSTRUCTION IN % FROM DURING 
STATIONjAGENCY) I APPLICATION INSTRUMENT SENSOR LEVEL pink = wet OF MOVEMENT COMPENSATioN REFLECTION LaL PSP LaL B&W MEASUREMENTS 

1. China Lake (NWC) Air Quality 

2. Chula Vista(SDG&E) Solar 

3. Davis (NWS) Weather 

4. Dixon IUSBR) A!lri cu I ture 

5. EI CajonISDG&E) Solar 

6. Folsom Dam (USBR) Agriculture 

7. Fresno (CSU) Weather 

8. Fresno INWS) Weather 

9. Gerber (DWR) Agriculture 

10. las Vegas INWS) Weather 

II. Livermore (LLl) Solar 

12. Long Beach (CSU) Weather 

13. los Angeles (NWSI Weather 

14. Monterey (USNPGSI Weather 

15. Pt. Mugu (USN) 

16. Redding (DWR) 

17. Redwood City 
(BMPCD) 

18. Reno (NWS) 

Weather 

Weather 

Air Qual ity 

Weather 

19. Riverside (NWS) Weather 

20. San Franc1 seo Air Qua Ilty 
(BMPCD) 

21. San Jose (BMPCD) Air Quality 

22. San Jose (CSU) Weather 

23. Vacaville (USBR) Aqriculture 

24. Walnut/LA (SCE) Solar 

T---------------------------

Model B-48 

Model 8-48 

Model 50 

Sol-A-Meter 

Model 8-48 

Sol-A-Meter 

Hodel 2 

Model 2 

Bimeta 11 i c 

Model 2 

Model 8-48 

Star; Kahl 

Hodel 50 

Model 50 

Model 8-48 

Bimeta lli c 

Model 50 

Model 10 

Model 10 

110del 8-48 

Model 50 

Model 50 

So I-A-Meter 

'1odel 8-48 

ok yes 

ok yes 

greenish/ yes 
white 

ok no 

ok yes 

ok no 

ok yes 

flaking no 

ok 

ok yes 

white yes 
streaks 

ok no 

ok 

ok no 

greenish/ no 
white 

ok no 

greenishl no 
white 

greenishl no 
white 

greenish/ no 
white 

ok yes 

ok no 

blue/pink 

blue/pink 

n/a 

pink 

white 

blue/pink 

pink 

n/a 

pink/blue 

not visible 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

pink 

n/a 

n/a 

pink 

dark 
blue 

no yes 

yes no 

no no 

no no 

yes no 

no no 

no yes 

no yes 

no no 

yes 

no no 

no no 

no 

no no 

no 

no no 

yes no 

no no 

no no 

yes yes 

yes yes 

no no 

no no 

no no 

none 

none 

none 

yes 

none 

yes 

possible 

yes 

no 

possible 

no 

yes 

yesl 

no 

no 

no 

yes 

no 

possible 

possible 

yes 

no 

-3.7 0.0 

0.0 +5.7 

+1.6 +2.6 

+5.7 +6.3 

+8.9 +3.6 

-3.9 -0.5 

-15.4 -11 .8 

+16.9 +16.7 

+24.8 +24.6 

-7.5 -4. I 

+6.3 +3. 1 

-3.6 0.0 

-11.1 -9.2 

+5:3 

-1.1 

+7.0 

+1.2 

cloudy 

clear 

cloudy 

cloudy 

clear 

cloudy 

clear 

part. cloudy 

clear 

clear 

clear 

clear 

clear 

lBAAPCD = Bay Area Air Pollution Control District; CSU = California State University; DWR = Department of Water Resources; LLL = Lawrence Livermore 
Laboratory; NWS = National Weather Service; SCE = Southern California Edison; SDG&D = San Diego Gas and Electric; USBR = U. S. Bureau of 
Reclamation; USN = U. S. Navy; USNPGS = U. S. Navy Post Graduate School. 

,.... 
..... 
o 



Station Name China Lake (NWC) 

Organization U.S. Navy-Nat'!' N.1':al 

Weapons Center 

Date October 8, 1976 

Time of Visit12:4S-l3:4S PDST 

Visited By_A-::"',"s:':o-::"'-__ _ 

Latitude 3So 44'N Longitude 117
0 

39 'W Elevation 2160' 

Directions for finding station Obtain pass at main gate! Enter NWC 

aTIlt travel 270 0 around traffic circle. Proceed through two stop signs 

along PO\"er Line Road until "T" intersection ('V 3 miles). Take a left 

(ignore "keep out" signs) and travel 1 mile to blue and \"hite trailer. 

Contact person: Name, _-"R"'aLy_K"e'-!l"'s'-"o _______ _ 

Address NWC, Code 3203 

China Lake, Calif. 93SSS 

Phone (714) 939-6300 or x 6420 (trailer phone) 

also: Paul Owens 939-6211 

hourly daily monthly 

0·: 
Frequency 

Insolation data: Total (global) rxl n (recorded) 

(measured) 

Direct 0 0 0 
Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

Yes No Frequency 

Weather Data: Tempera ture (dry bulb) X 

(wet bulb) X 

Wind Speed (HL 'V20' ) X 

Wind Direction X 

Other Air guality X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer'_...:E"'p"'pl::e:;.y ________ _ 

Modell ___ -..:S::::-:.4S"--________ _ 

Serial No. _-'1:.:3"'S6:::'~ ________ _ 

Date of Installation ..... July-August 1975 

Calibration Constant 11.24xlO-6 v/I-.'rl 

Last Calibration Date April 7, 1975 

Condi tion of: Dome_--"Cc::'e:::a:::",-, .::f"ew"-"p.o.it:::',-_ 

Dessicant blue/pink 

Sensor o. k. 

Contact for Station History; 

Name.~ 

Address "NEC eM a ba\ce, 

-GA-9-35:fi 

Phone~~ 

Instrument 
Location On roof of trailer. 

.-.lID' high. 

111 

Leads Connect. from B&\o1 to terminal strip exposed to weather & shows it. 
Lamp cord to complete connection from 

LevelGimhal mounted~ Ship- term. strip to recorder. 
type installanon, stainless 
steel, not attached to trailer roof. 

Description of Recording Instrument 

Manufacturer Philips (strip chart) 

~lodel PM 8235 

Serial No. _-..:";:.':::a _________ _ 

Scale Uni ts, __ O=---=2_l~y ________ _ 

Description 12 channels (difficult to read chart 
due to need for converting chart units to those 
measured). Chart & readout on dial disagreed by...J 5%. 

Type of Record 

St rip Chart 

Magnetic Tape 

Circular Chart 

Hand Recorded 

o 
o 
o 
o 

Other Metrodata (mag cartridge recorder) Model 620, units mV. Data taken at 10-min. 
intervals. Iemp. Camp. Range: -20 to +40C calibration temperature; 25C corrected 
calibration as of 7/18/75 (Eppley) due to change in white point. Values were 3% high. 

Data Processing Information 

Is RaH Data Processed (integrated, converted, etc.)? Yes 0 No 0 
Describe Process, _____________________ _ 

Maintenance & Calibration Procedure 

Solar Radiometer /Recorder No Calibration performed 

since instrument received 'V 1 year ago. 

Zero adjust on recorder is routinely performed 

each day, and data is adjusted accordingly. 

Frequency 

Results of Cross-Calibration with LBL InstrumentsTest 1) Station B&W and LBL 
B&N both averaged 3.6% too low in values relative to LBL PSP. stahon lOstrument on 
station recordin e ui. Test 2) Avera e deviation of station B&W from PSP on LBL 
DW-l averaged . 5 too ig. 

Period(s) of Data Collection Best data" is for 'V January 1976 to present 

('V 6 months). 

Solar Data Stored at: Contact ~ 

Address .. :l:!,IIW"';:t'nw r'tla3 

Phone 

Miscellaneous Comments: Future of this station is dependent on funding--which is 
somewhat unclear at this pomt. Data recorded 10 3 placeS since 1946. l'iIst iii 
In okern Ai ort, then moved to NWC ranges in 19S0's. Instrwnent (?) broken and 
recall rate severa tlmes. eve ee as a ape. so 
Dave Wirtz has 2-3 years of data, not reduced, and Rick Davis (NWC) has analyzed 
solar data in some detail.--Paul o."'ens 



Station Name Chula Vista Date September 30, 1976 

Time of Visit~~ 

Visited By __ ~A=n:::s=o=n~ 

Latitude _3_'._6_0 ____ Longi tude ~~_. ___ Elevation <"lOa' 

Directions for finding station Nake arrangements with Rob Taylor. 

_In..s....t...r.ent is located on roof of one story service office. 

Contact person: Name H=eXrin-=1f'N'...ikq:r ______ ~ 

.&e'l'l Bisg'i?, ""li' 9~2 

Phone ~'M4.-}-b);;': 13[3 "E18(H 

or Chuck Lischer 

---~~----.--

hourly daily 

Insolation data: Total (global) n fxl 
(m~asdred) 

Direct 0 0 
Sunshine Hours 0 0 
Cloud Cover [] 0 
Other 

Yes 

monthly 

0 
Frequency 
(recorded) 

0 
0 

-----

0 

No Frequency 
Weather Data: Temperature (dry bUlb)f-_+ __ X+ ______ ---j 

(wet bulb )f---+--+------~-­

Wind Speed (lit. x 

Wind Direction x 

Other _______ '-__ '--_--L ______ j 

Description of Solar Radi.ation ~leasuring Instruments 

Hanufacturer. __ E~·p.:..p_1_ey'_ _______ _ 

Model~ ____ 8_-_4_8 ________ _ 

Serial No. __ 1_3_9_2_5 ________ _ 

Date of Installation October 1975 

Calibration Constant 10.69 x 10- 6 v/Wm2 

Last Calibration Date n/a _____ _ 

Condition of: Dome_--'o"' .... k'.-. ____ _ 

Dessicant -'o"' . ."kc... ___ _ 

Sensor __ -'o"'.c-k'.-. ___ _ 

Leads o.k. 

Level o.k. 

~lannf ac turer_-"BC'r"l ,,-5 tcooC'l'-______ _ 

Model 71A 1PIl 760-5,.=1 _____ _ 

Serial No . ____________ _ 

Sca 1 e Uni t 5--,0:...-.::2:':".::.0--,-,1 y ________ _ 

Description strip chart plus integrator 

Contact for Station History: 

Name.P.e~f:! 

Address~t. 

~~a.l-i-f.....-9-H.., ... 

Phone ·f:I-l-4~~i!-

Instrument 
Location On roof of one 

story district office 

bujlding-on 4'-4"x4 T1 post. 

Type of Record 

Strip Chart 0 
Magnetic Tape 0 
Circular Chart D 
Hand Recorded 0 

Other Same recorder is used at all SDG&E stations. 

Data Processin~ Information 

Is Rail' Data Processed (integrated, converted, etc.)? Yes !xl No D 
Describe Process Daily totals are taken by reading the number of 

Hourly values could be 

ohtained i.n a similar way. 
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~faintenance & Calibration Procedure 

Solar Radiometer /Recorder No calibration since 

receipt of instrument from factory--to be 

checked against traveling reference j1yranometer 

from WEST Associates. 

Frequency 

Results of Cross-Calibration l'Iith LBL Instruments ________ _ 

None performed. 

Period(s) of Data Collection ~ cOllected since Octoher 1975 

"'hen instrument \oJas installed. Most reli.able data is since 

January 1976. Data recording system for all SDG&E stations is soon to be 

converted to magnetic cartridge and processed by ;:>0. California Edison (\~'EST Assoc.) 

Solar Data Stored at: Contact (Ro~ 

Address . l.O.L-.A lOh Strs'7"'- (PG 8~) 

~~4<1'1'NT-'i~2 

Phone_~ ______ _ 

Miscellaneous Comments: Instrument is mounted on a free standing 

post; subject to movement by wjnd; leveling is performed by placing 

gravel under one leg of base. 



Station Name __ Da_v_is _________ ~ Date September 28. 1976 

Organization National Weather Service Time of Visit 9:15 to 10:30 POST 

Visi ted By Anson 

Latitude 38 0 32 ' N Longitude 121 0 46' \~ Elevation '\.0 56' 

Directions for finding station Take Hutchinson Drive west across Highway 113. 

Take a sharp left @ s-shaped turn in road, marked by group of signs. Turn right 

after fhot building and continue '\.0 100' to fenced-in area. 

Contact person: Name_D~i"'c~k~M~i~ll"'e~r _______ _ 

Address Agricultural Engineering, Room 1303 

University of California 

Phone Davis. California 95616 

(916) 752-1432 

or
J 

Prof. Jerry Hatfield, Atmos. Sci. Sec: LAWR, 752-3243 

Insolation data: 
(measured) 

Weather Data: 

hourly 

Total (global) 0 
daily monthly 

Direct D 
Sunshine Hours 0 
Cloud Cover 0 

Temperature (dry bulb) 

(,.,.et bulb) 

Wind Speed (Ht.~) 

Wind Direction 

Other evaporation 

!xl o 
DO 
DO 
00 

Yes No 

X 

x 

X 

X 

X 

Description of Solar Radiation Measuring Instruments 

Frequency 
(recorded) 

strip chart 

Frequency 

Uanufacturer __ -'E"'p"'p:::le"'y _______ _ Contact for Station History: 

Model~ ____ --'L=i"gh"'t'-B:.:u:.:'_'_b _____ _ Name __ ---'J:.:e::.r:::ry~H=-"t:.:f"ie_'l_d __ _ 

Serial No. ___ 2"'8'"""-8 ________ ~ Address_~De~p--,t,-:-,L,-AW_R ___ _ 

Date of Installation '"nl'-'"'---_____ _ U.C. Davis, California 95616 

Calibration Constant 2.04 mv/ly min-
l 

Phone (916) 752-3243 

Instrument 
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Last Calibration Date--'n"-I"-a _____ _ 
Location on '\.0 6' roast in enclosed 

Condition of: Dome_---"'so"'m"'e-'d~uo:s'ct ___ _ 

Dess icant~n",(caa ____ _ 

Sensor greenish tinge, pitted, 
--"'-'w/white ridges 

Leads o.k. 

Level o. k. 

Description of Recording Instrument 

area in agricultural area 

On well supported 3" pipe mast. 
Also wind vane and anemometer attached 
to same mast. 

Manufacturer Hinneapolis Honeywell/Brown Electronic Type of Record 

Model n/a 

Serial No._n~l~a~ __________________ ___ 

Scale Uni ts 0-4 .::'m"-v-,o",r~O,---=2-,1,,,Y ______ _ 

Description, ________________________ _ 

Strip Chart ~ 

Magnetic Tape 0 
Circular Chart 0 
Hand Recorded 0 

Other ____________________________________________________ _ 

Data Processing Information 

Is Raw Data. Processed (integrated, converted, etc.)? Yes 0 No 0 
Describe Process Daily total taken off chart, read into computer tapes, 

cards, etc. 

Maintenance & Calibration Procedure 
Frequency 

RECORDER: Calibrated twice yearly by 

NWS electronics technician from Sacramento, calibrated 

to NWS standards. R.ecorder is referenced to standard 

cell every 4-6 minutes. 

Results of Cross-Calibration with LBL Instruments _______ _ 

Average insolation values were in complete agreement "With LBL PSP, while 

LBL B&W "Was an average of 5% low. Rapidly changing conditions. 

Period(s) of Data Collection Solar data goes back to 1940's 

Solar Data Stored at: Contact Dick Hiller - raw data 

Address Jerry Hatfield - computer tape 

Phone 

Miscellaneous Comments: *Data correction made for April-May-June 1976 

*Some solar data questioned by NWS-dropped for 4 years. 

*Started up again with n~w calibration policy. 

*Davis is a benchmark (NOAA) station, e.g., a "standard" by which other stations 

are compared and changed to agree with this one. 

*10l, years (1872) rainfall data in Davis, began by Southern Pacific 

70 years (1906) continuous temperature data. 



Station Name_"O::i:::xo::n:-.-_______ _ Date October 14, 1976 

Organization Solano Irrigation District 
U.S. Bureau of Reclamation 

Time of Visit 9:15 a.m. 

Vis i ted By __ A"'n"""'on"-__ _ 

Latitude 3,,,8_o -"3"'O-"N'---___ Longitude l21°50'W Elevation __ 60_' __ _ 

Directions for finding station Take Hidwayor Redrock Road off of 1-80 near 

Dixon. Site is 'U J/4 mile off Redrock Road and 'V 1/2 mile south DE Nidway Road 

behind isolated unit of farm labor housing project. 

Contact person: Name ~~ 

~11 p=.i..-f %688 

Phone {>OI) ,48-68"" 

(916) 678-4l111~ (Dixon Office) 

Insolation data: 
(measured) 

Wea ther Data: 

hourly daily 

Total (global) n [iJ 

Di.rect 0 0 
Sunshine Hours 0 0 
Cloud Cover 0 0 
Other 

Yes 

Temperature (dry bul b) X 

b)_x (wet bul 

Wind Speed (Ht.~~ ) x 

l~ind Direction 

Other evaporation x 

monthly 

0 
0 
0 
0 

No 

X 

Description of Solar Radiation Measuring Instruments 

Frequency 
(recorded) 

-----

Frequency 

Hanufacturer Matrix, Inc. Phoenix, Arizona Contact for Station History: 

Model~_""Ma:::r:::k"X::I"-V_(,,S:::ol,---.:.:A,,-':::le:::t::er,,) ____ _ 
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Serial No. not available Address R091R \ldJl;;!, 2888 soLcage Wy. 

Date of Installation approx. May 1976 

Calibration Constant __ .'.'n,,/a'--___ _ 

Last Calibration D;;tte_--'J'-"u!"ne~19'"'7"'5 __ _ 

condition of: Dome __ --"-n/c.ca'--___ _ 

Dessicant_n'--/u ____ _ 

Sensor n/a 

Leads n/a 

Level n/a 

Description of Recording Instrument 

Manufacturer Matrix, Inc. Phoenix, Arizona 

~1odel ____ '"Ma"'r"'kccX"'I"'V _______ _ 

Seria 1 No. __ "(,,"a,,,me,,-,,u,,,ni'"t'--".'a',--,,,e,,,n,,,s,,-or,,) __ ~ 

Scale Units 0-2 ly meter; digital integrator 

readout 

Instrument 
Loca t ion Inside 10 ' x10' chain 

link fence enclosure on top of 4 '4" 

x4" post on north side of weather 

shelter. 

Type of Record 

Strip Chart D 
Magnetic Tape D 
Circular Chart D 
Hand Recorded ~ 

Other Recorder gives both instantaneous values and daily totals. 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes W No 0 
Describe Process Raw data reported to USBR office in Sacramento. 

Calibration constant is used with computer program to tabulate data and for 

use in evaporation/irrigation studies. 

Maintenance & Calibration Procedure 
Frequency 

SQlar Radiometer /Recorder Calibrated at factory. 

Results of Cross~Calibration with LSL Instruments 

Not per formed. 

Period(s) of Data Collection Hay 1976 to present. intermittant record due to 

* frequent problems with recorder. Data is also available from Vince LaNovara at 

Solano Irrigation District, Vacaville in both raw and reduced form. 

Solar Data Stored at: Contact .£&l:.~.....I.J.r&.-B":"R. 

Address . ..Ro.Gm-R221.2.,-UO(}-eottage--Wy. 

Phone 

Miscellaneous Comments: Station has expGricnced several instrument failure.s 

in its short existence (as waS the case during this station visit). 



Sta tion Name,' _ -,-E-,l~C-,aJ::.-' °-'n _____ ~~_ Da te __ s_cp_t_e_m_b_e_T_30_,_1_9_7_6_ 

Organization San Diego Gas & Electric Time of Vis it 2: 30 pm 

Visited By __ A_n_so_n ___ _ 

La t i tude, __ 3",2",0:..:;8,-0 ___ Longi tUde,_--,1:.:1:.:6c:o.::.9_o ___ Eleva t ion 300E 

Directions for finding station Make arrangements with Rob Taylor. 

Instrument is on roof of building used for district equipment/ 

construction operations. 

Contact person: Name R.n~E. 

Address ~-t-Teet 

S~,g.oj Califo'ffi'i-a-9-2ll2 

Phone 

or Chuck Lischer 
Doyle t-1iller 

hourly daily monthly Frequency 

InsoJation data: Total (global) 0 [Xl 0 (recorded) 

(measured) 
strip charts 

Direct 0 0 0 
Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

Yes No Frequency 

Weather Data: Temperature (dTY bulb) X 

(wet bulb) X 

Wind Speed (Ht. ) X 
---

Wind Direction X 

Other X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer __ E.:.-pp=-l_e...:y ________ _ 

Model 8·48 

Serial No. __ l_3_87_2 ___ ~ ____ _ 

Date of Installation-,o",c""t",o"b",cr'-Cl,,9,,7-=5 ___ 0 

10055 x 10- 6 v/wm2 Calibration Constant 

Last Calibration Date from factory 

Condition of: Dome_-'o"'k'--_____ _ 

Dessicant,--"p"'i;cn;ck ___ _ 

Sensor_~ok~_~ __ _ 

Leads, ___ O"'k"-____ _ 

Level, ___ ou_t_o_f_c_iT_C_l_e_ 

Description of Recording Instrument 

Manufac turer __ B_T_i_s_t_o_l _______ _ 

7lA-lPH760-51 Model, ______ ~ _______ _ 

Serial No 0 __ 7_5_A_-_l_O_3_04 ______ _ 

Scale Uni ts __ O _-2_0_0_l_Y _____ --:_.,-

also has integrator chart 
Description 

Contact for Station History: 

Name ~Gli£ 

Addrcsso~ 
.sa.n-*ioeg~= 

Instrument " 
Location on 4 I X 2x411 

attached to base of HVAC 

equipment on roof 

Type of Record 

Strip Chart 0 
t-1agnetic Tape D 
Circular Chart D 
Hand Recorded 0 

Other __ ~5ruam~e~t~y~p~c'-o~f~r~e~c~o~rd~e~r~i~s_=u~se-,d~a_t_o_th_e_T _______ _ 

5 stations 

Data Processing Information 

Is Rm'i Data Processed (integrated, converted, etc.)? Yes 0 No 0 
Describe Process Daily totals are obtained by reading the number of 

h d Hourly values could 
....:£.t::_aks on integrator chart for eac ay. 

possibly be obtained from these charts. 
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Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder No cl;IUbration since receipt 

from factory. Will be checked against traveling reference 

pyronometer (West Assoc.) in future. DessiJ!Bnt routinely 

changed when needed. 

Results of Cross-Calibration with LBL Instruments _______ _ 

Instrument Bverage 1.6% higher than LBL PSP, 

Period(s) of Data Collection 

Since October 1975. 

Solar Data Stored at: 

Phone --tz14) 232 425~l 

Mi 5 ce 11 aneou 5 Commen t s : ___ ~I!J:n"'s);Jtr"'u!!!!me"'nltt-'il.<sL.s.,uJllbcl!1 e",c:.tt..JttooCCYl!iiiQb",rai!ltj.ioQln""";'ll;r:mom"-_ 

HVAC equipment to Yltdch it is attached. 



Sta tion Name--,-F"-o,,,l s'-'o"'m'--"D"am"'-______ _ Date October 13. 1976 

Organization U.S. Bureau of R(lclal'lation Time of Visit 3:45 p.m. 

Vis i ted By~-'"A"'n"'s-"o"'n--_ 

Latitude 38 0 42'N Longi tude 121 0 09N Elevation 350 ' 

Directions for finding station Tako U.S. 50 from Sacramento eastbound. 

Turn off toward Folsom Dam and travel 'V 5 miles to U.S.B.R. offices 

\."est end of dam. I~eather station is '\. !j mile east of station 

near west end of dam. 

Contact person: Name Bill (irangood (also Corky Millsap) 

Addre~s or Tom Perez 

Phone (916) 988-1707 

hourly daUy monthly Frequency 

Insolation data: Total (global) 0 !xl 0 (recorded) 

(measured) 

0 Direct 0 0 
Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(wet bulb) X 

Nind Speed (Ht, 8 ' ) X 

Wind Di rect ion X 

Other Evaporation X 

Description of Solar Radiation Measuring Instruments 

Hanufactut;er Matrix. Inc .• Phoenix. Arizona Contact for Station History: 

Model 1'>1ark XIV (Sol~A~Meter) 

Serial No._2_4_l_9 _________ __ 

Date of Installation April 1976 

C a Ii bra t i on Can stan t __ -,-' ,-2 9_4_c_a...;1_cm_-_2_ 

Name C;;.()..l:.dru:i, I y£ord ,.d:J:,:I~ 

...AddressR~ 
~W"Y 
S.ac,.:r.amaH-t-o,.--Ga-l4-:fe-l"n-i-a 
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Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder checked beside old none ____ __ 

(previous) instrument used at this site. 

calibration constant changed on neN 

instrument to agree Nith old. 

Results of Cross-Calibration Nith LBL Instruments No measurements made 

due to lack of available 110 vae electrical pm."er. Option available 
to arrange a return ViSIt. 

Period(s) of Data Collection Copy of data obtained; June 1974 

to present. 

Solar Data Stored at: 

Miscellaneous Comments: 

ContactJl......S-.]~~ 

Add res s _2.g.·0·e-eo't't'a:grl'l a y 

...-&fre'Mi1ltent~-a-HTo-rm.a 

Instrument no. 1173 was previously located at 

Last Calibration Date April 20, )976 
t~~;~i~~nt Inside fenced area 

Folsom Dam. It is now at the Instttute of Forest Genetics, Placerville. 

This instrument has a mechanicill meter readout (e.g .• gas meter type). 

Meter was recently changed and so calibration constant is now .183 

(was. 294). Instrument no. 1173 was used to calibrate no. 2419 \."hich 

now operates at this site. 

Condition of: Dome~-=:s..:o"'m:;.e_'d::.:u:.:sc::t~ __ 

De ss ican t_w::.:h::.:i:.:t:.:e~ __ __ 

Sensor o.k. 

Leads __ -',:n'-/a=-__ ~~ 

Level __ -,-O-,-' k",-, ___ _ 

D~scription of Recording Instrument 

Mant,lfilcturer same unit as above 

~Iodel ___________ ~ 

Sertal No. ____________ _ 

Scale Units 0·2 ly meter; digital 

integrator readout 

on 5' mast of 3" diameter 

pipe. 

Type of Record 

Strtp Chart D 
~1agnet ic Tape 0 
Circular Chart D 
Hand Recorded CD 

Other Recorder gives both instantaneous values and daily totals. 

Data Processing Information 

Is RaN Data Processed (integrated, converted. etc.)? Yes GJ No 0 
Describe Process Data is reported to Gordon Lyford at U.S.B.R. 

in Sacramento. who uses calibration constant and computer program 

to tabulate data. 

John 1'>10nteith (U.S.B.R.) commented that mechllnical meters were 

frequently mis~read. Digital displays have somewhat solved thi$ 

problem. although there are still 1~2 errors per month. 

No observations near instrument, but possible problem with 

nearby flood lights that are turned on at night. 



Station Name.......:F"'r.::e'::;n:;:o~~~ __ ~~ __ Date October I, 1976 

Organization California State University 

Dept. of Geography 

Time of Visit 1:45 p.m. 

Visited BY~A~~~,~on~ ___ _ 

Lati tude 36° 49 1 N Longi tUde_'_'_9_0 _4_4 _'W __ ~Eleva t ion..;3",3;...' ' __ _ 

Directions for finding station Meteorology shelter i.f> located on l'ast side 

o.f campus near perimeter road. Contact Department; of Geography fOr access. 

Contact person: Name .Qon.J1w;g.a~) 

Address D~pt of Geography 

Phone ..Fp.eg~rOfii1a 

(209) 467-2431. also, Bill Sll.lsser (xl034) Met. Tech. 
or, Dept. of Geography 487-2797 

hourly daily monthly Frequency 

Insolation data: Total (global) n 0 0 (recorded) 

(measured) strip chart 

Direct 0 0 0 
Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(wet bulb) " 

Nind Speed (Ht. '" 25' ) X 

Wind Direction X 

Other air quality X 

Description of Solar Radiation l>feasuring Instruments 
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Manufacturer_E",p"p~'e",Y,--~ _____ ~~_ Contact for Station History: 

Model 2 (precision type) 

Serial No._~'O~'~6,-9~F~4 ________ _ 

DatI:) of Installation fall 1972 

Calibration Constant 4.69 mvlly/m:j.n 

Last Calibration Date Auguat 14, 1970 

Condition of: Dome 'l.,o 9 white specka 

Temp. Camp. 
_40°_20°C 

Dess icant blue/pink 

Sensor o.k. 

Leads o.k. 

Level slightly off 

Description of Recording Instrument 

Manufacturer-,Be!r",i",,,,,,o,,,, ___ ~ ____ _ 

l>fodel ____ "'DY"n"'ama=s"'tc"'r'--_----~-

Ser ial No. _--'6"'4"-A--'E"'Ir-'-'1"'P"'H~'X,,7.::60:..-..:5;:.1 ___ _ 

Scale Units __ 0~--'2~'~Y~m~n~-_'_~ ____ _ 

Description ____ ~ _______ _ 

Name aDeft-Morga"l't"" 

Add re s s .D.epy..-of..-Goo-ft~~ 

ii5!!=ff1!1!i'1> 

Phone .(.2QR) '87 24;n 

Instrument 
Location On roof of IS' brick 

bllUding. 

Type of Record 

Strip Chart ~ 

Ma~netic Tape D 
C1 rcular Chart 0 
H~nd Recorded 0 

Othcr ____________ ~ _______________ _ 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes 0 No [!] 
Describe Procos:; Data is stored in department, not processe4 or recQrded. 

Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer Weather Bureau (NWS) in 
is 

Fresno/,::alled several times per year to check. reading. 

Recorder I Adjusted to match calibration on pyranometeI'. 

Results of Cross-Calibration ""ith LBL Instruments: I2tatiop ipstTlJWept 

averag,ed 5.7% hisher than LBL-PSP. 

Period(s) of Data Collection fall 1972 to present 

Solar Data Stor~d at: 

Address ·dl~phy 

~""O 

Phone 

Misc;:ellaneous Comments: Possible shading from rapidly srowing Eucalyptus 

tre~s to SW. 
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Station Name_F_r_e_'n_o ________ _ nate __ o_C'_O_be_r_l_,_1_97_6 __ _ 

Organization National I,'eather Service NOAA Time of Visit 10:30 a.m. 

Visited By~_n __ _ 

Latitude 36" 49'N Longitude 119" 44'H Elevation __ 3_35_' __ 

Directions for finding station Located at Fresno Airport. Instrument 

is on roof of small building near parking lot. NHS office is inside terminal. 

Contact person: Name Ron Stevens. NI1'S 

Address Fresno Air Terminal 

Fresno, California 

Phone (209) 555-5593 also, Tom Crossan, meteorologist in charge. 

hourly daily monthly Frequency 

InsolaUon data: Total (globall 0 !xl 0 (recorded) 

(measured) 

Direct 0 0 0 
Sunshine Hours 0 G 0 * Sunshine switch 

Cloud Cover Q 0 0 
* Other Foster Neg. Co. 

Yes No Frequency 

Weather Data: Temperature (dry bUlb)~--2-l-__ +--___ _ 

(I<et bulb If---2+--+---____ ---I 

Wind Speed (Ht. ___ l f---2+--f-----------I 

l'lind Direction 

Other precip. 

Description of Solar Radiation Measuring Instruments 

Hanufacturer Eppley Contact for Station History: 

Node1~ __ 2--,,(n.:.:o_E=,p-"-p_le--,y~la ___ b_e ___ 1) _____ _ Name .. ~ 

Serial No. ~1 .. 124 ___ 4,-,1--,F,--,3,---_______ _ 

Date of Installation~1",9:!..74:c---,-7=-5 ____ _ 

Calibration Constant 2.4*mV/1y min. (on instr.) Phone (';;!B~-9-3" 

n/a 
Last Calibration Date _______ _ 

Condition of: Dome clean (cleaned weekly) 

Temperature 
compensated 
-40 to + 40"C 

Des s icant_.':p=in ___ k'--__ _ 

Sensor o.k. 

Leads o.k. 

Level o. k. 

Description of Recording Instrument 

Manu f ac tu rer __ H!!!o",n"eyw=e!c"~ ______ . 

~fode 1 E1ectronik 151y15401826-0l- (01)-0-000-002-07 

Serial No. F6520638002 

Scale Uni ts_",O-"2~1,,,y,----_______ _ 

Description chart reads 0-40 

Other Recorder is '\, 1 block from instrument (380'). 

Data Processing Information 

Instrument 
Location on roof of 10' high 

block building, on 2' mast (new 

instruments on order). 

*2.28 on mlS records 

Type of Record 

Strip Chart [!] 

Magnetic Tape 0 
Circular Chart D 
Hand Recorded 0 

Is Raw Data Processed (integrated, converted, etc.)? Yes D No W 
Describe Process Solar noon value is only one recorded. 

r-faintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder Clear solar noon calculation 

made and compared with measured value and then reported to 

Asheville. 

Results of Cross-Calibration IV'ith LBL Instruments ________ _ 

Station instrument averaged 8.9% higher than LBL-PSP. 

Period(s) of Data Collection ~1_9_?1-"'o'____"pr'__'e"'s_"'en"_'t'_'_-________ _ 

Solar Data Stored at: Contact Na.t;.i.cnaL.cw.m~;i.£-GEffi.t..Cl:.. 

Phone ~hevi 11 e NC 28891 

~fiscellaneous Comments: possible reflections onto sensor from nearby 

aluminum do:ne. 



Station Namo_:cGe:.:r:cbe::;r'-________ _ Date 10/26/76 

Organization Dept. of Water Resources Time of Visit 12:45 p.m. POST 

Visited By Anson 

Lat i tude 40" 02 'N Longi tude 122 0 09'W Elevation,---"13,.,o,--' __ -

Directions for finding station Located in an irrigated pasture about 5 miles 

south of Red Bluff. Make arrangements with Clyde Huir for a visit. 

Contact person: Namc-'C"'Il'Yd"'eccf"'fu!,:'.o.r ________ _ 

Address P. O. Box 607 

Red Bluff. California 96080 

Phone (916) 527-65W 

hourly 

Total (global) n daily monthly Frequency 
(recorded) Insolation data: 

(measured) 

DireJ:t 0 
Sunshine Hours 0 
Cloud Gover 0 

[J]+W 

00 
DO 
DO 

Other ____________ _ 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(wet bulb) X 

Wind Speed (Ht.~) X 

Wind Direction X 

Other avaEol'ation X 

Description of Solar Radiation Measuring Instruments 

Han"factul;er Bn1fort lnstrument Co. 

Model Catalog no. 5-3850-p)'ranograph 

Serial No. 762 (DWR OD3408) 

Date of Installation,-=n:.:/a=--_____ __ 

Calibration Constant.--=n:.:/a=--___ ~---

Last Calibration Date June 1976 

Condi t ion of: DeHne, _--,c:!l~e.,,!n~ ___ ~ 

~~:~ ~~r~~~~:sbY Ocssicant __ -'ne!-I:;a ____ _ 

Contact for Station History: 

Name~~Wft­

Address~7 

ReHtaff. Cjlli£6fnia 9'5'080 

Phone ~30 

Instrument 
Location; In.open. irrigated 

pasture. 

grey/green in Sensor S;OTl)e black f:!.akes rrd.s~ingand some streaks. 
color. 

Leadl;! nla 

Level tilted slightly to south 

Description of Recordi,ng Instrument 

Manufacturer Same as above 

~Iodel _______________ _ 

Serial No. ______________________ ~ 

Sea,e Uni ts _______________ _ 

Description ________ ~ ____________ ___ 

Trpe of Record 

Strip Chart W 
Magnetic Tape D 
Circu~ar Chart 0 
Hand Recorded 0 

Other _________________________________________________ ___ 

Data Processing Information 

Is Ral.,. Data Processed (integrated, converte~. ~tc.)? Yes G No 0 
Describe Procops Charts are ~lanimetered to ~et daily total,s. 
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r.faintenance & Calibration Procedure 
Frequency 

Solar Radiometer IRecorde)';" Instruments are taken to 

Davis and operated for 2-3 week!:; every Junl;!/December. 

"comparison" done, average deviation between 0-10% 

Results of Cross~talibration with LBL Instruments Not performed. 

Period(s) of Data Collection Since 1966. First calibrated Jan 1967 

Solar Data Stored at: Contact; ____ ~,~~Q~~~.~M~,,~ir==I~~~WR~ ____________ __ 

Address. ___ ~~~~~=Of~ ________________ ___ 

-Red-MuU CA,9.&().80 

Phon~ 

Mi,scellaneous Comments : ____ ---______________ _ 



Sta t ion Name __ La_5 _V_eg"'0_5 ________ _ Da t e December 26, 1976 

Organization Time of Visit 1:15 PST 

Visited By_B"'e"'r"'da"h"'l ___ _ 

Latitude_3",6,-O~5,-' ____ Longitude~~ __ Elevation 2162' 

Directions for finding station l~est side of the. Las Vegas Airport on top of 

building. Near the new Hughes Air charter terminal. 

Contact person: Name _-'F-"ro"'o"'k_"""""y"'lo"r _____ _ 

Insolation data: 
(measured) 

Weather Data: 

Address NWS Office 6000 Las Vegas Blvd. S. 

Phone 

hourly 

Total (global) n 
Direct D 
Sunshinem--rrnt~~ D 
Cloud Cover W 
Other~_ 

daily 

[~ 

o 
Gl 
o 

Yes 

monthly o 
o 
o 
o 

No 

Frequency 
(recorded) 

Frequency 

Temperature (dry bulh) __ \--___ --+ ______ -1 

(wet bUlb If--+--t-------'1 

Wind Speed (Ht._'_O'_lf-_+ __ t-______ -'1 
{above ground level) 
Nind Direction 

Other rain gauges 

Description of Solar Radiation Measuring Instruments 
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Hanufacturer, __ --"'E"'pp"'lCOef-y _______ _ Contact for Station History: 

Hodel, _____ -",~(P"'S'-P--'tLyp"'e'"l _____ _ 

Ser ial No. __ --=",,05"'O,,4~F'_'3'---_____ _ 

Date of Installation December 1976 

Calibration Constant 2.33 Nv (Lmin)-l IPS 

Last Calibration Date_--",o'C"a~ _____ _ 

Condition of: Dome light dust 

Des s icant. _-,b,-=l",ue~ __ _ 

Sensor black central surface 

Leads o.k. 

Level n/a 

Description of Recording Instrument 

Manufac turer __ B=:rc:o:c~::...::E::c1eccc"tr::.:0:cu:::.ik"_ ___ _ 

Model YI52x14v-x-llv 

Serial No._..::3c:.I,oc10::-6.::' ________ _ 

Scale Units full scale'" 2 cal cm-2 mi~ 

Description 10" radius circular chart 

Name 'F-T:a;;k.....X.ayJor NJJS 

Address'~ 

LasJ,e.ga.s...~ 

Phone 

Instrument 
Loca tion. __ ~7,--'_p",0,",1,,-e ___ _ 

5 lb. force moves top 1/2" 

7' above 1~ story building. 

Type of Record 

Strip Chart D 
Magnetic Tape D 
Circular Chart ~ 

Hand Recorded 0 
Other Has integrator ~"hich displays running numerical total. 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes D No W 
Describe Process ~end in daily circular chart. Reading of pyranometer at solar 

noon sent in if it is clear. 

Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer IRecorder -'u""=-a _______ _ 

Results of Cross~Calibration with LBt Instruments Not performed. 

Period(s) of Data Collection 1949 to present. 

Solar Data Stored at: 

Address ---Federal Building 

Phone 

Miscellaneous Comments: Previous instrument was struck by lightning. Present 

jnstrument seems to be a temporary set-up; they have a new instrument that may not 

bp ;nstalled for several months. 



Sta t ion Namc __ Li __ v_er __ m_0-ere _______ _ Date September 23. 1976 

Organization U.C. Lawrence Livermore LaboratoryTime of Visit 11:50 a.m. 

Visi ted ~y Anson 

Latitude 37.6
0 

Longitude 121.6° Elevation 500E ----------_. ----------- -------
Directions for finding station Call ahead of time (several days) and 

arrange for visitor's pass and escort onto lab. 

Contact person: Name Gary Roseme/Arnold Clark 

Add res ::Lawrence J,ivt;!rmore J,aboratory 

Insolation data: 
(measured) 

Livermore, California 

Phone (B) x5331 

hourly daily 

Total (global) !xl n 
Direct n 0 
Sunshine Hours 0 0 
Cloud Cover 0 0 
Other 

monthly 

o 
0 
0 
0 

Frequency 
(recorded) 

planned 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X strip charts 

(wet bulb) x 

Wind Speed (Ht. ) x ---
Wind Direction X 

Other 

Description of Solar Ra.diation Measuring Instruments 

Hanufacturer. __ E"'pp"'J"'e:t..y __ - ______ _ 

Model~--c:B __ -4::.:8,-__________ __ 

Serial No. __ -"13"'5"-70"-_______ _ 

Date of Installation appro]!;. J.974 

Calibration Constant 11.0. x 10-6 v/wm -2 

Last CalibratioJl Date April 27, 1976 

condi tion of: Dome dust marks from dew 

Dessicant pink and blue 

Sensor o.k. 

Leads o. k. 

Level o.k. 

Description of Recording Instrument 

Nanufacturer Leeds Northrup 

Hodel unknown 

Serial No . __ -,(.=.'9"6,,,'L) _______ _ 

Scale Units 0-1000 w/m2 

Description ______________________ ~ 

Contact for Station History: 

Name .. Banr uacemA' 

Address_~==~~ ______ __ 

,L~ote, Callfdl'iN.a 

Ins trument 
Location roof of building 

121 (LLL) , attached to l{VAC box 

Type of Record 

Strip Chart Q 

Magnetic Tape 0 
ct rcular Chart D 
Hand Recorded 0 

Other __________________ --------------__________________ ___ 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes GJ No 0 
Describe Process Strip chart is photographed. then digitized with lJ. film 

scanner. Data is stored on a photo chip. 
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Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder lab (inside) pyr<lnometer used _to ______ _ 

check Bf,W on roof (monthly~quarter1y?) Recorder: twice daily. Precision 

voltage inJ;crted at pyranometer via relay and timer; g~ves 1 ly reading, morning 

reading gives correction factor which is automatically included into data reduction. 

Resul ts of Cross-Calibration with LBL Instruments _______ __ 

LLL instrument average d 4% lower than LBL PSP. 

Period(s) of Data Collection approx. 2 years, data begins Jan 1974 - Oct. '7~. 

Solar Data Stored at: Contact nDick )Jeuert 

l:ti-Ye~Ornia 

Phone ______ --------------____________ ~ 

Mi:;cellaneous Comments: Recorder calibrations: 1) 0 reading; 2) 1 ly reading 



Station Name Long Beach 

Organization Calif. State University 

Date September 29, 1976 

Time of Visit 11:20 a.m. 

Visited By Anso,~n~~~~ 

Latitude 33° 46' Longitude_._'_'_BO~l_"~~~_Elevation 35' 

Directions for finding station Contact John Kimura in the G(>ography 

~artment for access to instrument \o,'hich is on top of adjacent building. 

Contact person: Name John Kimura (Prof.) 

Cal. State University, Long Beach, 1250 Bellflower Blvd. 

Phone (213) ,4",9Bc-,,-49?.!7-,-7~~~~~~_ 
Long Beach. CA 90840 

hourly daily monthly Frequency 

Insolation data: 
(measured) 

Total (global) n 
Di Tec t 0 
Sunshine Hours 0 
Cloud Cover 0 
Other 

Weather Data: Temperature (dry bulb) 

!xl 
0 
r~ 

Q 

Yes 

0 
0 
0 
[] 

No 

(recorded) 

not in use 

occasional 

~--~~~ 

Frequency 

daih 

("ct bulb )I---.X.~-j-~~l_~_rl",a..,ih~l~~~ 

Wind Speed (Ht._~)I-~-j_~~-j-~~d",a~ilY~l~~~ 

Wind Di rect ion dailY 

Description Of Solar Radiation Measuring Instruments 

Hanufacturer Kah_'_is_c_o~~~.~~~~~_ 

Nadel Star Pyranometer 

Serial No .~~96_2~~~~~~~~~~ 

Date of Installation approx. 1974 

Calibration Constant_nc../_a __ ~~ __ 

Last Calibration Date_n_/_a_~_~~ __ 

Condi t ion of: Dome~_,"cl""c",an"-_~~~ 

Dessicant underneath nla 

Contact for Station History: 

Name John Kimura 

Address Dept. of Geography 

CS\J-Long Beach 

Phone (213) 49B-I.9S0 

Instrument 
Location On roof of 4 story 

Business Admin. Bldg. 

Sensor black sections have whitestreaks 

Leads "bubbled" i.e., overheated by sun 

Level o.k. 

Description of Recording Instrument 

Manufacturer Weather Neasure 

Model R12 V-I 

Ser ial No .~l::.:O-,-l~~~ __ ~~~~~_ 

Scale Uni ts 0-2.5 ly full scale 

Description, ___ ~ ____ ~~ __ _ 

Type of Record 

Strip Chart ~ 

Magnetic Tape 0 
Circular Chart 0 
Hand Recorded 0 

Other __ ~_~_~ ___ ~~~ __ ~_~~~_~~_. 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes Q No 0 
Describe Process half hour values are summed and multiplied by 30 to give 

daily totals. 
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~faintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder None for pyranometer; recorder is checked against 

chart of clea!, day values to check for probiems. Recorder is '\, 5 years old, jams 

occasionally, calibrated 2 years ago (?); values susp~cted to be '\, 10% off. 

Resul ts of Cross-Calibration h'ith L3L Instruments Station instrument 

averaged 15% lower than LBL-PSP. 

Period(s) of Data Collection Hpprox. 1971, solar data may be more recent. 

Solar Data Stored at: Contact Prof. John Kimura,_~~~~~_ 

Address~~_D_ep~~ ~_ 

_~~~--,C",S",UL' ... L"on=g Beach CA 90840 

Phone __ ~~~~~~~~~~~~~~_ 

l>1iscellanCOlis Comments: 1) Sunshine recorder: Campbell - Stokes,glass 

ball type. 2) Previuus instrument used for solar data until approx. 1974, 

very old model EJ;lpley (Hodel R411) serial number 108; twice the size of most 

Eppley light bulb types. 



Station Name Los Angeles Airrort 

Organization National Weather Service 

Date JIlJy 26 1976 

Time of Visit 10;00 a,m. 

Visited BY~M~a~r~ti~o~ ____ __ 

330~6 I 116024 I 
La t i tude ______________ I,.ong i tudo ______________ Eleva t i on __ 1_05_' __ _ 

Directions for finding station From Century Blvd. turn Routh on Sepulveda 

and turn risht approx. 100 feet through break in fence proceed pand leI to 

Sepulveda and turn right <It guard house 111"!.!·_bO!e"f<>.or""UOlTlJllID'"waa,y'-"-______________ _ 

Contact person: Name Stan Bryte Director 

Address 11000 lHlshire B~vd 

Los Angeles California 90024 

Phone (213) 824-7216 

hourly daily monthly 

0 
Frequency 

Insolation data: Total (global) 0 Q (recorded) 

(measured) 

0 0 0 Di rect 

Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(wet bulb) X 

Wind Speed (lit. ---) X 

Wind Direction X 

Oth~r X 

Description of Solar Radiation l-1easuring Instruments 

Model. _______ H_od...:e:.::l_l:.:O __________ ~ 

Ser i al No. _....:n:-..' "=-_----_________ _ 
Date of Installation,-c0"".:;"c..-. __________ _ 

Cal ibration Constant . ..:on'"a=--_______ _ 

Last Calibration Date nla monthly 

Condition of: Dome.~n:;c'_"a _____ ~ ___ _ 

De ~ sic an t. -cn~'-"a,--_____ _ 

Sensor nla 

Leads nla 

Level nla 

Description of Recording Instrument 

~1anl,lf ac tu rer_---"B:cro'-'wn"'--'C~o"-, ____ ~---

~fodel ________ n_'_. ____________ _ 

Serial No. ____ n_l_a __ ---_________ ___ 

Sca 1 e Uni t s ____ -"O-::!2~ly'__ ______ ~_ 

Description has integrator that totals radiation 
at 30 secpnd intervals and accumula1;e<. 
daily total~. 

Contact for Station History: 

Name David RgCQrrlWSiNDAA 

Adpress ,.g.oGe Wilshttl!"""Bnd. 

L~~4 

Phone"~~6 

Ins trument 
Location on roof of I-story 

building next to an aluminum 

dome 5 feet in diameter. 

Type of Record 

Strip Chart 0 
Magnetic Tape 0 
Circular Chart W 
Hand Recorded 0 

Other ___________________ ~ ___ ~ ______________ _ 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes n No Q 
Describe Process ______________________________ _ 
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I'-faintenance & Calibration Procedure 
Frequency 

Solar Radiometer IR~corder Monthly checks are made for noon values on clear 

days and reported as percent at' possible sunshine; e.g., noon value'" % possible 

extraterrestrial 

Results of Cross· Calibration with LBL Instruments LA NWS station 

averaged 17~ high 

Periad(s) of Data Collection 1949 to ·present. 

Solar Data Stored at: Contact U.S. Dept. of COnunerce 

Address National Climatic Center, Federal Bldg. 

Asheville, N.C. 28801 

Phone 

Miscellaneous Comments: The aluminum dome may contribute 10% additional 

energy io late afternoon by refle(:tioo. Dome was installed August 26, 1975. 
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S tat i on Namc_-"""'°n'"t"'e.'.'re"y'--______ _ Date November 11. 1976 

Organization u.s. Navy P01>t Graduate School Time of Visit 11:45 a.m. 

Visited BY~A",n'"''2'on,--___ _ 

° ' Latitude 36 36 ° ' Longitudc~1.::.21=-::5=-2 ____ Elevation_N_S_L __ _ 

Directions for finding station Instrllment is on roof of BllildiniL.lJj __ _ 

moof Hall) recorder 1::1 in lobby outside Room 119 Take Hjg!lI<lay ]0] to 

!leI Hontc (PGS sign). 

Contact pel' son: Name Hike McDermott 

Address USN - PGS, Code 63 

J>lonterey, California 939li0 

Phone (408) 646-2295 

also: Bob Reynard 646-2295 

hourly da iIy monthly Frequency 

Insolation data: Total (global) n GJ 0 (recorded) 

(measured) 

Direct 0 il 0 
[D 0 0 

-- --,-
Sunshine Hours 

now inoperative 

0 0 0 
-----

Cloud Cover 

Other 

Yes No Frequency 

Nea ther Data: Temperature (dry bUlh)I--"+ __ +-_____ --1 

(wet bUlb )1--_+-"-_+-_____ --' 

Wind Speed (Ht. ___ ll---"+ __ i ______ --< 

\'lind Di rect ion 

Other _______ , ___ '--_~ _______ J 

Description of Solar Radiation Measuring Instruments (FIRST INSTRUHENT) 

Hanu[acturer,_--=E"'PPc:
'
.::ey'--________ _ 

Hodel, ____ c:.5"-0 __________ _ 

Serial No ._--'"3"-67,,7 _______ _ 

Date of Installation,-"nC.-/a=--_____ _ 

Calibration Constant 8.75 mV/catcm-2 min- l 

Last Calibration Date,_n_/a _____ _ 

Condition of: Dome clean except for J/8" dia, 
bird 

Contact for Station History: 

Name Mike }lcDermott 

Address USN PGS, Code 63 

Honterey. CA 93940 

Phone _________ _ 

Instrument 
Location . __ ~On roof Q.i;. one-story 

building J located in a recessed 

Dessicant,_"'n/"'a'-____ dropping hole of the roof of an 

Sensor o.k. 

Leads o. k. 

Level tilts tc S'" 

Description of Recording Instrument 

Manufacturer Belfort Instrument Co. 

~fodel AH (AN/GHQ - 148) 

Serial No. _-"'32"'9"'2"" ________ _ 

Scale Units 0 5 millampcres 

Description, ___________ ~_ 

Other 

Data Processing Information 

----------------
ins trument enclosure. 

Type of Record 

Strip Chart Q 
Magnetic Tape 0 
Ci rcular Chart D 
Hand Recorded 0 

Is Raw Data Processed (integrated, converted, etc.)? Yes 0 No Ixl 
Describe Process stored, would be. willing to provide and coordinate more 

if interest or program was available. 

Description of Solar Radiation ~leasuring Instruments (SECOND INSTRUHENT) 

Hanufacturer Sol-A-Heter Contact for Station History: 
Hark IV 

Hodel~ ______ ~ ______ ~ Name Hike HcDcl1IIott 

Serial No ._'_2_09 __________ _ Address _____________ ~ ___ 

Date of Inst~llation n/a 

Calibration Constant-'n"-I"'a _____ _ Ph on e __________ _ 

Last Calibration Date n/a _____ _ Instrument 

Condition of: Dome __ n_l_a ______ _ 
Location ________ __ 

Dessicant unable to see 

Sensor_-",pu"rLP",le~ ___ _ 

Leads, _____ - ___ _ 

Level, _____ ,_l_i_gl_It_'y_O_ff __ 

~~c:.£iP.tion of Recording Instrument 

Manufacturer u/a 

Model. n/a 

Serial No. ______ n_l_a ______ ~------___ 

0-2 ly min I Scale Units 

Type of Record 

Strip Chart 

r.lagnetic Tape 

Description 
ampere hour meters (ie gas meters) Circular Chart 

2~ amps, 330 rev/abo Sold by Heathermeasure, 
DTI Div, Talley Industries, Tempe, Arizona 

Other 

Sacrament11~nd Recorded 

NO SPOTCHECK HADE. Instnlment is not really being used currently. 

Data Processing Information 

o 
o 
o 
o 

Is Raw Data Processed (integrated, converted, etc.)? Yes n No 0 
Describe Process _______________________ _ 

~faintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder 

Results of Cross· Calibration with LBL Instruments No data available. 

Period(s) of Data Collection About 3 1/2 years of data. 

Solar Data Stored at: Contact Hil~e HcDermott 

Address USN P~Gs:",c..:_:Co~d::.e...:6c:3~ _______ _ 

Monterey, CA 93940 

Phone (406) 646-2295 

Mis cell a ne ous C ommen t s : _--'r~e"'co~r~d.".er'--~("OV~'~I)_1p"'r~ob"."c"e""m'~.~_'T~h:::o__'p::.y:::r a:::n:::om:::e:::t:::er:c..::d:::oe:::,~ 

not have an unobstructed view of the horizon since it is recessed into a hole 

at the peak of the roof of an instrument encloc~':::u:::re:::. __________ _ 



Station Name __ Re_d_di_n.::.g ________ _ Date October 26, 1976 

Organization Shasta College/DHR Time of Visit 3:00 p.m. 

Visited By_A:::n:::':.;on'-___ _ 

La t i tude_4~0~o3~5~' ____ .Long i tude--'1~2~2°-c3'_'4_' ____ Eleva ti on_5_8_0_' __ _ 

Directions for finding station Located in fenced area with other 

weather instruments on campus. 

Contac t peTs on : Name_--"C1~y":dcce_'N=u"ir'_'/c:D:::":::R ____ _ 

Address P. O. Box 607 

Red Bluff, Ca. 96080 

Phone (916) 527-6530 

hourly daily monthly 

0 
Frequency 
(recorded) 

Insolation data: Total (global) n !xl 
(measured) 

Direct n 0 0 
Sunshine Hours 0 0 0 
Cloud Cover D D 0 
Other 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(Het bulb) X 

Wind Speed (Ht._5_'_ ) X 

Wind Direction X 

Other evaporation X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer Instrument Corp. (pyranograph) 

Hodel. __ ~5=58"'5"'0 __________ _ 

Serial No. _""'2'"25'-_________ _ 

Date of Installation aoprox. 1969 

Cal ibration Constant--'n'.!.l"a ______ _ 

Last Calibration Date_n:::/_a ______ _ 

Condition of: Dome_-=c=.;lec::a:::n ____ ~ 

Dessicant __ n,--/a ___ ~ 

Sensor nla 

Leads nla 

Level nla 

Description of Recording Instrument 

Manufacturer Instrument Corp 

Model 5-5850 

Serial No. _-"'2""25'--_________ _ 

Sca 1 e Uni ts--'0'--"----'2~ly'_ _______ _ 

Description (same unit as sensor) 

Data Processing Information 

Contact for Station History: 

Name ~ 

AddressEP~ 

Instrument 
Location on Shasta College 

campus 

Type of Record 

Strip Chart ~ 

Magnetic Tape 0 
Circular Chart D 
Hand Recorded 0 

Is RaN Data Processed (integrated, converted, etc.)? Yes G No 0 
Describe Process Charts are sent to Clyde Huh (PWR, Red Bluff) 

for planimetering. 
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Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer IRecorder taken to Davis and operated every 2-3 weeks, 

twice a year; average deviation O-lO%.(hanges rarely made. _______ _ 

Results of Cross-Calibration Hith LEL Instruments: Pyranograph averaged, 

24.87, higher than LBL-PSP. 

Period(s) of Data Collection Since approximately 1969. 

Solar Data Stored at: Contact __ -,.c':."",",=e--M=~=== ___ ~ ___ _ 

Phone (916) 527-6530 

Miscellaneous Comments : ______ ~ ____________ _ 



St at i on Name-"R::.:edc::w::.:°°::.:dc-=:ci::.:t"-y _______ _ Date Sept. 21. 1976 

Organization Bay Area Air Pollution 
Control District 

Time of Visit 1:00 p.m. 

Visited By~, ___ _ 

Latitude~"-~ ____ Longitude _ __"12::.:2'_'.::.:30 ____ Elevation_~ 

Directions for finding station Travel south of San Francisco on the 

Bayshore Freew-ay (lIwy. 101). Turn off at Hwy 84 west/Hoodside Road and take a 

left at the second intersection - BaX Road. Go 1/2 mile to Barron and turn right_:. 

Can t ac t pe r s on: Name ____ A"'l",o"u-'B"'u"'tl"'e.'cr ______ _ 

Address __ ~8~9'~B~ar~r~on~ _____ _ 

Redwood City, Ci\ 

Phone 365-2876 

hourly daily monthly Frequency 

Insolation' data: Total (global) !xl n 0 (recorded) 

(measured) daill 

Direct n 0 0 
0 0 0 

-----
Sunshine Hours 

Cloud Cover 0 GJ 0 daily 

Other 

Yes No Freql,lency 

Wea the r D3 ta: Temperature (dry bulb ) X hourly 

) X hourly (wet bulb 

Wind Speed (Ht.~ ) X hourly 

Other ....ill....E.2.llution 
instruments 

r 
X hourly 

X hourly 

Description of Solar Radiation Measuring Instruments 

Hanufac:turer_---'E"'.p"'p"'le"y ________ _ Contact for Station History: 

Hodel~ ___ ~S"O"-________ _ 

Serial No . __ '''''-=-3''-6 ________ _ 

Date of Installation _N_I_A _____ _ 

Calibration Constant_ 5_5 mV/cal cm-2 min- l Phone -(4.1-5~ 

Last Calibration Date N/A . ____ _ Instrument 
Location roof of I story 

Condition of: Dome_-'c"'le"'a"'n---' ___ _ 
building_on unstable 8' mast -

De ss i can t_~n~1 a'---__ 
moves in wind 

Sensor greenish tinge with whiteoxidation streaks 

Leads o.k. 

Level too large of a bubble 

Description of Recording Instrument 

Manufacturer Esterline Angus 

Model ____ -"6~02=---________ _ 

Serial No . __ cc'6cc3cc'ccS4'----_______ _ 

Sca 1 e Uni t s_--'-O--'lc-=rni~l"lccia=m"_p'=___ ____ _ 

De s c rip t i 0 n_--'C2 -,cc:h~an"-n,,,e=-l -"r=-ec"'o"'r"'de"'r ___ _ 

lYJ2..c of Record 

Strip Chart ~ 

Magnetic Tape D 
Circular Chart D 
Hand Recorded 0 

Other _________________________ _ 

Da ta Process ing Information 

Is RaH Data Processed (integrated, converted. etc.)? Yes 0 No 0 
Dcscribe Process Hourly data from previous day is taken from strip chart, 

values are interpolated for each hour and totaled for day_ Chart reading is 

multipled by 2 and then by .6 when entered on the recording sheet sent to main office. 

126 

Maintenance f, Calibration Procedure 
Frequency 

Solar Radiometer /Rec:order checked about 4 months ago by~C=hu~c=k _____ _ 

Kingsley, S. F _ Office. Recorder: None No apparent routine 

Results of Cross-Calibration Hith LEL Instrument Hodel 50 averaged 7.5% 

lower than LBL-PSP. 

Period(s) of Data Collection ~~--<t"-0..Ipo;:re"""'e"nt'_'_ ________ _ 

Solar Data Stored at: Contact ____ -=lh=·k=.=B=a=~=~ __ ~~=___ __________ ___ 

Address __ ~-"~~~~~~~t~. ________________ __ 

-S-a~udsco, €A 94-1:99 

Phone 

Miscellaneous Comments : ____________________ _ 



Station Namc, __ R:::e:::n"o ________ ~ Date October 22, 1976 

Organization National Weather Service (COOP) Time of Visit 2:30 p.m. 

Visited By_--"A",n,",o:::n ___ ~ 

Lati tude,_--,3~9_o _-,3",0-,'N,--~Longi tude 119 D 47'W Elevation 4408' 

Directions for finding station At Reno airport between main terminal and red 

building (NOAA/N\~S office). 

Contact person: Name Doug Armstrong/Dan Gudgel 

Address 2601 E. Plumb Lane 

Reno, Nevada 89502 

Phone (702) 784-5462 

hourly 

Insolation data: Total (global) n 
(measured) 

Direct 0 
Sunshine Hours D 
Cloud Cover D 

daily 

GJ 
0 
Q 

0 

monthly 

0 
Frequency 
(recorded) 

0 
daily 

0 
0 

Other ___________ _ 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(wet bulb) X 

Wind Speed (HL~) X 

Wind Direction X 

Other precipitation X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer_~E"'p'l'p~leSly'__ _______ ~ Contact for Station History: 

Hodel 10 (rebuilt) 

Serial No. _!L61"0!;;2 _________ ~ Address~~~ne 

. RenQ--=Nevad& 8951f[ 

Instrument 
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Date of Installation approx. 1965 

Calibration Constant 1.64 mvl1y min-1 

Last Calibration Date 3-17-75 (rebuilt) 
Location on top of 1 story bldg. 

Condition of: Dome'_-"'Q!om",e,-",d'lll,sckt ___ ~ 

De 5 5 icant-,o~. kc:.'--___ ~ 

Sensor o.k. 

Leads o.k. 

Level slightly off 

Description of Recording Instrument 

Manufac turer_--,E,",l"ec"t~ro""n,"i:::k _____ ~ 

Model, _____ I:::S'__ ________ _ 

Serial No. __ ~n'-'/a'__ _______ ~ 

Sca I e Uni ts __ ~0::c-I'C"0--'(,,0::c-2=_=I'cy)'__ ___ ~ 

Description, ____________ _ 

5 mV input 

Type of Record 

Strip Chart 0 
Magnetic Tape D 
Circular Chart D 
Hand Recorded 0 

Other Sunshine switch: U.S. Dept. Corom. (1137229 WB-Z~ factor added to data 

to account for mtns. on horizon. Calibrated 2-28-69. Also mechanical counter­

integrator. 

Da ta Process ing Information 

Is Raw Data Processod (integrated, converted, etc.)? Yes D No [!J 
Describe Process Value taken off counter, subtracted from previous day's 

reading and If ly read onto chart. 

Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer /Recorder Calibration by U. of Nevada 

Dept. Plant, Soil & Water Science (702) 784-6947 

Results of Cross· Calibration with LBL Instruments No data available. 

Period(s) of Data Collection Feuruary 1967 to present. Possibly 1964-65 

at U. of Nevada. 

Solar Data Stored at: 

Add res s -.26DJ..-N-umb-tm'rIr: 

Reuo..-ll~{)o2 

Phone (.1~ 

Mi s ce 11 aneou s Commen t 5 : _--,NW=S-,s"t",a t~i~o~n ,"c",ol!Cl",e"c t",,-,"so~l,,-ar~d,,-a t"a~fo"r-.:U"-'.~of~NeO!v~a~da'-

Desert Research Institute, Instrument belongs to U. of Nevada. 

Contacts: Vern Smiley. DRI 
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S ta t ion Namc_R",i",v",cr",s"i "'d''--______ _ Da te November 4, 1976 

Or gan i z a t i on_--"N"'WS:.:/-"U.:coC::o--'R"'icvo.c"'r:.::''''id"e'--__ _ Time of Visit 11:00 a.m. 

Visited By Anson 

Latitude~~_' _____ . __ Longitude 117 0 23' Elcvation_~81~,O_'_ 

Directions for finding station Contact NWS/NOAA personnel in office 

listed beloH. 

Contact person: Name Ron Hamilton/Halt Bartlett 

Address Room 1161 Bachelor Hall 

University of California, Riverside, CA. 

Phone (714) 7B7-l012 

hourly daily monthly Frequency 

Insolation data: Total (global) ixl n 0 (recorded) 

(measured) noon value 

Direct n 0 0 
Sunshine Hours 0 0 0 

0 0 0 
---------

Cloud Cover 

Other 

Yes No Frequency 

Weather Data: Temperature (dry bulb) X 

(,.,ret bulb) ---"----

Wind Speed (lit. --) X 

Wind Direction -"-- I 
Other air Qoliution X i 

evaporation 

Description of Solar Radiation Measuring Instruments 

Hanufactl1rer_E.:.p:...p1_c:..Y __________ _ Contact for Station History: 

Hodel~ __ 1_0_(1_ic.gh_t_b_u_l_b_t.:..YP:...e_) _____ _ 

Serial No.3_7_41 ___________ _ 

Date of Installation Jl10e 1972 

Calibration Constant __ '_o3_9_,_N_/1.:..Y __ _ Phone --b.lt., LA (213)'8'2'21-7215 

Last Calibration Date October 1976 Instrument 
Location On N.E. corner of roof 

Condition 0[: Dome _du_'_t:...y ____ _ 
on I story con-::rete block building 

:::: ::a::e-e-n::"'~-:-, -w-/W-b-i-te-ox-idat iO'0[[ __ "'.:..1:::6_' :::h:::ig"'h:..... ______ _ 

Leads o. k. 

Level tilts to S.E. 

Description of Recording Instrument 

Ma nu f <I C t u re r_--=I.e:.:e=.d,::.' co""'nd::..""N"'orc-t""hr"u."p ___ _ 

Mode 1 Speedmax 

Serial No. 67-40283-1-1 

Scale Uni ts_-,0c.-::.' -=1"-y ________ _ 

Description __________ ~_ 

Type of Record 

Strip Chart 0 
Magnetic Tape 0 
Circular Chart 0 
Hand Recorded 0 

Other ____ "'ha:.:'c.h~o~u~r1~y~in:.:t~e~gr~a~to~r ________ ~ ______________________ _ 

Data Processing Information 

Is RaH Data Processed (integrated, converted, etc.)? Yes ~ No 0 
Describe Process noon value is reported; hourly values are taken from an 

integrator 

Maintenance & Calibration Procedure 
Frequency 

Recorder IHthin the last month by VelIe lololfe, 
-------

an electronics technician from NHS at the Federal Bl1ilding in H. L.A. 
-------

Results of Cross-Calibration with LBL Instruments ________ _ 

Station instrument averaged 6.3% higher than LBL-PSP. 

Period(s) of Dat<I Collection S::.in:.:c:::ce..:1:.:.9::.30:.-, _____ . ________ _ 

Solar Data Stored at: Can tact flfat10lld'l: Cl111aLic eel'ft'e'1' 

Phone 

Hiscellancous Comments: Some trouble with integrator 00 recorder--l;ecorder 

is quite new. 



Sta t ion Name_-"'Sa"'n'--F"r"'a"'nc'-'i"'sc"'o'-____ _ Date September 16 1976 

Or gani za t ion_-",Ba"-Y-,A",r,,,e,,-a -,A,,-" p'-'""'c"," D"'" ____ _ Time of Visit-=4'-"'pm"-__ _ 

Visi ted By Anson & Berdahl 

Latitude 37 Q 46' Longitude 122Q 24' Elevation ..... 6,",-S_' __ _ 

Directions for finding station On roof of 8 story BAAPCD office building 

Contact person: Name Dan Borst (Het. Tech) 

Addr'ess 939 Ellis Street 

. San Francisco. CA 

Phone (415) 771-6000 x 236 

hourly 

Total (global) n 
daily monthly Frequency 

(recorded) 
Insolation data: 

(measured) 

Direct 0 
Sunshine flours 0 
Cloud Cover 0 

!xl 

D 
D 
Q 

D 
D 
D 
o daily 

Other ___________ __ 

Yes No Frequency 

Weather Data: Temperature (dry bulb) "' 
X 

(wet bulb) 

Wind Speed (Ht. ? ) X ---
Wind Direction X 

Other air pollution X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer' ___ E"'-pp'-'_e'-Y _______ ~ Contilct for Station History: 

Model. _______ B-_4_B ________ _ Name "'~at'iso... 

Serial No . __ --"'11=-4:,:9'-9 _______ _ 

Date of Installation. __ ""-='::.9cc72 ____ ~ 6an-Pt'anciSco. CalifornIa 

Calibration Constant 6.84 mV/ly min-
1 

Last Calibration Date. ___ n'-.!a ____ _ Instrument 
Location Qn rOQf of 8th floor i 

anemometer mast is subject to 
Condition of: Dome. ___ '-cl:.:e=an"--__ _ 

Des s i can t __ c-p:::in:.:k'--__ _ movement. 

Sensor dark green patches. white rfrf<o"'s"E"tii:i'n'"g---------

Leads o. k. 

Level tilted to north 

Description of Recording Instrument 

Manuf ac turer ___ .:::E':.:''''e:.:rl:.:i"ne=-:.:A'''ng"u:::s ____ _ 

Model ______ 6:cO,,2 _______ ~_ 

Serial No.~~~~1~B~74~3~l ____________ ___ 

Scale Uni ts __ -,O,--:..lc:m::.il:.:l:.::i:..am::,p::.e:.:re:..sccd:.."",c:.., __ 

Description ________________ ~ ____ ___ 

Type of Record 

Strip Chart 0 
Magnet ic Tape 0 
Circular Chart D 
Hand Recorded D 

Other ______________ ~ ________ ~ ______ ~~ ______ ~ ________ _ 

Data Processing Information 

Is Raw Data Processed (integrated, c;;:onverted. etc.)? Yes 0 No 0 
Describe Process chart reading is multiplied by 2 to give a full scale 

value of 2 ly (chart actually reads 0-1 ly). daily totals recorded. Data 

reduced by a factor of 40%. 
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l>faintenance & Calibration Procedure 
Frequency 

RecQrder zero adjust and full scale voltage check 

Results of Cross-Calibration 1'1ith LBL Instruments _______ _ 

Instrument averl;lged 3.6% lowllr than LBL-PSP. 

Perio~ (s) of Data Collection since 'V 1972 

Solar Data Ston~d at: Con t ac t lUl;~&a.asa......I-BAAP-Cn.. 

Address .-9il9-Iltlt.-S1:': 

-S~a~ 

Mi s ce 11 ane ou 5 Commen t s : ___ T:.:o:.::w.::.er:....::..w:::a::.y_:.::i:.:n '-w:.::in:::d:....::.S-_'_O_m..:p_h=-. S,-'_at_i_on_l-,og,,---h_oo_k __ 

kept for last two years only. 



Station Name._~s:::ao'-.:J-"o,:.:e _____ _ Date August 6, 1976 

Organization Bay Area Air Pollution 
~D~str~ct 

Time of Visi t 1 :00 p.m. 

Visited By Berdahl 

La tit ude_--,3c:7_" --,,'-,,0 ' ___ Long 1 tude __ l_'_l ~5_4_' __ E I eva t ioo-'.9,,-0 ' __ _ 

Directions for finding statiofl _____ _ 

Con t ac t pcrs on: Namc_--'Cccl"'aycct_on--=O"'ng"--______ _ 

Address 120 B North 11th Street 

San Jose, CalHorni;.{ 

Phone (408) '95-0692 

hourly daily monthly Frequency 
(recorded) Insolation data: Total (global) n Ixl 0 

(measured) 

il 0 0 Direct 

Sunsh ine Hours 0 0 0 
Cloud Cover 0 0 0 
Other 

--
Yes No Frequency 

Weather Data: Temperature (dry bulb) r---'-
(\~et bulb) X 

Nind Speed (Ht. ---) x 

Wind Di rcction X I 
Other..aiJ:.....m!.i~ X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer, __ E.:.'p'-pl_e"-y _________ _ 

Hodel, ____ nc.'a_ 

Serial No. __ 0_'_" _______ _ 

Date of Installation, __ "'_9c./7_' ____ _ 

Calibration Constant __ -"n'"a'--___ _ 

Last Calibration Date __ "'n,,'a'--___ _ 

Cond i t i on of: Dome. _',-,0eem::.e -'d::.u''''t'--___ _ 

Dessicant __ n''-a ___ _ 

Sensor n/a 

Leads n/a 

Level n/a 

Description of Recording Instrument 

1-tal1 u f act u re r_---"E"s t"e"'r"'U"n"'e.'A"'n"gu"'s'--___ _ 

Mode 1 _____ -'6"'0'=--_______ _ 

Serial No. ___ -"",,'a'--_______ _ 

Scale Uni ts __ ~O-'-'~ly'_ ______ _ 

Description, ____________ _ 

Contact for Station History: 

S-an-F[aJic~sco, CJlifutll:!:a 

Phonc ________ _ 

Instrument 
Location top of 1 story 

building on 10' pole 

Type of Record 

Strip Chart ~ 

Hagnetic Tape D 
Circular Chart D 
Hand Recorded 0 

Other ___________________________ _ 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes D No 0 
Describe Process Average hourly values are taken from strip chart, recorded, and 

sent to SF office. 
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1-1aintenance Q Calibration Procedure 
Frequency 

zero adjust and calibration ch:..e.c0k_'_d _____ _ 

from time to ti~e. No routine calibration of pyranomc_t_er_,'--___ _ 

Results of Cross-Calibration with LBL Instruments LBL B&H averaged 

5.2% lm-rer than LBL PSP. 

Pcriod(s) of Data Collection 1972 to present 

Solar Data Stored at: 

Address ;g:rtj m~s Sttt2et 

.-&a+~~ifornia _____ _ 

Phone 

Nisccllaneous Comments: Fairly unobstl;"ucted for an urban site. 

Close visual inspection not possiblp.. 



Station Name. __ s_an_J.:..os_e _______ _ 

Or g an i z a t i on, _--'!S"'an~J£:os~e.:..S"_!t:!!a!'te'_J!Un~'~v~er'"5!l'!'tyL_ 

Date September 24. 1976 

Time of Visit 11:00 a.m. 

Visiteli By_",A"'ns'"'o"'n ___ _ 

Latitude 37° 20 ' N Longi tude 121 a 53 ' W Elevation __ ~90~' __ 

Directions for finding station Located on roof of Duncan Hall arrange 

for a visit with Albert Miller in Department of Meteorolo~y Office. 

Contact person: Name_--"A'.,b"'e"rt'-"""'il"""er'--. ______ _ 

Insolation data: 
(measured) 

Weather Data: 

Address Department of Meteorology 

San Jose State University 

Phone San Jose California 
(408) 117-2311 

Alsq: Alex Liu - technician 

hourly daily 

Total (global) !xl GJ 
Direct 0 0 
Sunshine Hours 0 0 
Cloud Cover 0 GJ 
Other 

Yes 

Temperature (dry bulb) X 

(wet bulb) X 

\'lind Speed (Ht.~) X 

Wind Direction X 

Other air guality X 

meteorology research 
3 radnr antennas. etc. 

monthly 

GJ 
0 
0 
0 

No 

Frequency 
(recorded) 

for teaching only 

1500 PST 

Frequency 

Description of Solar Radiation Measuring Instruments (OLD IN"STRUME~T) 

Hanufacturer'_.:..E"'p"'p~1e:ly'__ _______ _ Contact for Station History: 
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Model. ____ .;;5~0~(I..!'l.'gll!h~t_'b~u!l'b~)'___ ____ _ Name __ "'=lb"'e".:.ct """u-=='---__ _ 
Serial No • __ --.:4~3:!o:lO~ _______ _ 

Date of Installation,_~~ _____ _ 

Calibration Constant 8.01 mv/cal cm-2min- i 

Last Calibration Date ______ ~-__ 

Condition of: Dome __ S:::o:::m:::e~d:::u:::8t~ ____ _ 

Dessicant. __ n_/a ____ ~ 

Sensor greenish/white 

Leads o.k. 

Level, __ d:::o:.:e:::sn:,':.:t..:w::o.::rk~ ___ 

Description of Recording Instrument 

Manuf act u r~ r ___ ~L::e:::ed::8c...:.& :::N:::or:::t::h:::ru:,p~ ___ _ 

~fodel Speedomax G 

Serial No. 862-49527 •• 1-1 

Scale Uni ts __ ---'O-'-I::.:..::'y'-_______ _ 

Description, _____________________ ~ 

....san-.itrse Scate tJnhrent1ty 

Phone ______ ~--__ --__ -----

Instrument 
Location ropf of 8th floor on 

3" diameter pipe mast, ~ e' high 

Type of Record 

Strip Chart ~ 

~fagnetic Tape 0 
Circular Chart 0 
Hand Recorded 0 

Other _________________________________ -----_ 

Data Processing Information 

Is Raw Data Processed (integrated, converted, etc.)? Yes ~ No 0 
Describe Process Data is read off strip chart with a plastic scale equal 

to the length of dial on recorder. <Ind then recorded on monthly summary. 

Description of Solar Radiation r.teasuring Instruments (NEW INSTRillffiNT) 

HanufactuJ:c r._..:;E"'pp"'l"'o"-y _____ - __ - __ 

Modo1,~ __ ~B:::-4:.:;B,---__________ _ 

Serial No. _-'1"-31"'1:;:0 _____ - ____ _ 

Date of In~tallation' ___ ~9-~1~0:.;-7"'6'__ __ _ 

Calibration Constant 10.52 x 10-
6 v/wrn2 

Last Calibration Date at factory 

condition of: Dome some dust 

Des:;icant plnUsh-blue 

Sensor __ ~o~.~k.~ ___ ___ 

~ads, ______ .:..o~.~k~. ____ _ 

Description of Recording Instrument 

t.fam,tfacturer ~ame as old instrument. 

Hodel. _______________ _ 

Serial No . __ ------------

Scale Units, ___________ _ 

Description, ______ ----------

Contact for Station History: 

Name __ ~A~1b~e~r~t:::M~i="::::e~r _____ __ 

Address Dept. of Meteorology 

San Jose State Univ. 

Phone' __ s_a_n_J_o'_e_,_G_A ________ _ 

Instrument 
Location roof (8th floor) 

3" diameter pipe mast. 

Type of Record 

Strip Chart ~ 

Magnetic Tape D 
Ci rcular Chart D 
Hand Recorded 0 

Other __ ---________________________ --------------

Data Processing Information 

Is Raw Data Processed (integrated, converted I etc.)? Yes D No 0 
Descrlbe Process ____________ ----_____ _ 

~faintenance & Calibration Procedure 
Frequency 

Solar Radiometer Ih~orivl: is checked with voltmeter twice yearly to check 

output. Recorder is checked eVery summer. 

Results of Cross-Calibr~tian with L8L Instruments _______ _ 

1) Old light bull> type instrument averaged u.n lower than LBL"'PSP 

2) new EFN averaged 17.2% lower than LllL-PSP 

Period(s) of Data Collection since '" 1965 

Solar Data Stored at;: Conta.ct --A1:b~t' 

Address _~t-.DLMe.t.c.o:wlog·yrS-JsU 

San-J~mfnfftia 

Phone (40&H!'1~'!11 

Mi? ce 11 aneOl\S Commen t s : _--,-Ne..;w_B_&_W_':.:8:...::-be..;,:.:n::..8 ..;o.:..pe..;r..;a_te:.:d_b:.:e..;5:.:'d:.:e~o'_d_'_':::8:.:ht:._ __ 

bu;tb typo for about; a montl1 for calibt'ation reference check. 



Sta t ion Namc_~v_ac_a_v,_·'_'_e_~ ____ _ Da te_--".O=:ct:::o",bc=:r~12".~19::,7~6 __ 

OrganizB-tion Solano Irrigation District Time of Visit 1:00 p.m. 

Vis i ted By_-'-A="""o::"'---__ _ 

Latitude 38 0 22' Longitude_--",12"1_O~S,-7'~~_Elevation,--,l",O,,O_' __ 

Directions for finding station Take I-80, turn-off at Hasan or Elmira Road. 

Travel east for about 1 mile and turn right onto driveway for S.I.D. We-ather 

instruments are located in small, fen,:-ed area south of main building. 

Can t ac t per s on : Name Vin,,,c,,e ...,L"aN",o"v"a r,..,a'-_____ _ 

Address 508 Elmira Road 

Vacaville, Calif. 95688 

Phone 

hourly daily monthly Frequency 

Insolation data: Total (global) fJ !xl n (recorded) 

(measured) 

Direct n 0 0 
Sunshine Hours 0 0 0 
Cloud Cover 0 0 0 -----
Other 

:r Yes No Frequency 

Wea ther Data: Temperature (dry bulb) X daily 

(wet bulb)~ __ ~~ __ 

Wind Speed (Ht. ~_6'_) daily 

Wind Direction 

Other evaporation daily 

Description of Solar Radiation Measuring Instruments 

Hanufacturer Matrix, Inc. Phoenix. Arizona 

Hodel Hark XIV 

Serial No. ~ __ 24_'_8 ________ _ 

Date Qf Installation_..c'=fa'-y.c
'
c..97..c6 ___ _ 

Calibration Constant .233 cal c~~_2 __ 

Last Calibration Date June 1975 

Condition of: Dome __ o_,k_,~ ____ _ 

De s sica n t-"p.=i""'k ___ ~ __ _ 

Sensol" o.k. 

Leads nla 

Level o.k. 

Description of Recording Instrument 

Manufac~urer Matrix. Inc. Phoenix. Arizona 

Model Mark XIV 

Serial No. 2418 (same as unit sens9r) 

Scale Units 0-2 ly-meter; digital integrator 

readout 

Contact for Stat~on History: 

Name~efll. f iil o,~ 

Address .--.Rm-.-\o1='2"2'I2 

28D~....w8~O 

Instrument 
Location Inside 10' x 10' 

c.ha;ln-link fence enclQsure on 

top of 4' x 4' post. 

Type of Record 

Strip Chart D 
Magnetic Tape 0 
Circular Chart D 
Hand Recorded ~ 

Other Recorder gives both instantaneous values and daily totals. 

Data Processing Information 

Is Ral" Data Processed (integrated, converted, etc.)? Yes Q NO 0 
Describe Process Raw data is reported to Gordon Lyford. Gordon then uses 

calibration constant and computer program to tabulate data and for usc in 

evaporation/irrigation requirement studies. 
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r-Iaintenance & Calibration PrOC~t!llre 
frequency 

Solar Radiometer /Recorder Calib::":~d at factory - no oth_e_r_c_x~ce_p_t __ ~ __ 

comparison with other USBR instruments. Batteries checked periodically. 

Results of Cross-Calibration Hith LBL Instruments ________ _ 

Instrl.Jment averaged 5.5% higher than LBL-PSP 

Period(s) of Data CollectionM ~a"!y'--"'9"-'726__'t~o~p~r:."e.'::'e"'n~t'-, ___ ~ ____ _ 

*Data is also avaIlable from Vince La Novara at SID in both raw and reduced form. 

Solar Data Stored at: Contact .~y£o-~~n 

Address ·Roe-m-W221Z, \o!S8S 80tL ,,8 \lay 

Phone 

Miscellaneous Comments: Recorder responds to having batt,ery-charging solar 
-" --\ 

cells covered,by about a 0.05 lYljdip in meter reading. 

Wf;lather shelt~r to north of sensor is a probable source of reflected sunlight. 

Also. shadows from chain-link fense cross sensor. 



Station Name Walnut/Los Angeles Date Novemller 18, 1976 

Organization Southern California Time of Vi$it_n_°_°n ___ _ 

Visited By_An_s_on ____ _ 

La t i tude--.C3:.c4'--°O:::1'--' ____ Longi tUde...;1:;1:.:.7...;o 4,,7_' ____ Eleva tion::_Z~7",O,--' __ _ 

Directions for finding station Take Pomona Freeway to San Gabriel Blvd. , 

go north and turn ri8ht at Standard station onto Walnut: Grove. 

Contact person: Name_-'N:::ic::k'--P:.:a::t"'ap'-'0c:.f'-f-.2.''''SC,,§L-.-___ ~ 

Insolation data: 
(measured) 

Address 2244 Walnut Grov~ 

~osemead, Calif. 91770 

Phone (213) 57Z-Z961 

also: Allan Hood (213) 570 .. l8t2 

hourly da.ily 

Total (global) fXl fXl 
Direct n 0 
Sunshine Hours 0 0 
Cloud Cover 0 0 

monthly o 
0 
0 
0 

Frequency 
(recorded) 

Other ___________ _ 

Yes No Fr~quency 

Weather Data: Temperature (dry bun) X 

(wet bulb) X 

Wind Speed (lit. ) X ---
Wind Di Teet ion K 

Other X 

Description of Solar Radiation Measuring Instruments 

Hanufacturer __ Ep'-'p_1_ey'--________ _ Conta,t for Station History: 

Hodel, ____ S_-4_S _________ _ Name~ 

Serial No. __ 1_31_1_7 _________ _ 

Date of Installation August 1975 

Calibration Constant 10.52 x IO-6v/wm-2 Phone '~2B'~1 

Last Calibration Dato __ n-'.'_a ____ _ Instrument 
Location On roof of 1 story 
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Condition of: Dome ___ o_.k_. ____ ~ 
building at electrical substation 

Dessicant dar1\. blue 

Sensor o.k. 

Leads o,k. 

Level slightly off 

Description of Recording Instrument 

Manufac turer_--'w:.::e::st:::i:::n"gh::::o:.::u:::se:.-_____ _ 

Model __ W"'R-=;--.:4C=--.. __________ _ 

Serial No ._Z--'OP,,9-=;lS...;S'--________ _ 

Scale Units 0-1500""/1)12; 0-1500 pU!$ca 

Description per 15 minutes 

Type of Record 

Strip Chart D 
Magnetic Tape ~ 

Cir~ular Chart 0 
Hand Recordecl 0 

Magnetic tape cartridge with mechanical registar, 4 channel recorder -

1) time, pulse every 15 min, 2) aolar, total, 3) solar direct (not used) , 

4) temperature 

Data Processing Information 

Is Raw Data Processed (integrated, convorted, et<;.)? Yes [D Nt) n 
Describe Process pulse converted (counted) and related to insolation. 

Maintenance & Calibration Procedure 
Frequency 

Solar Radiometer /ReGordar Every six mont;hl3 - spot check _______ _ 

against refereQce B6M, R~corder: Weekly inspection of electronics, dome 

Gleaned; spot check of pu1s~ COI.,1nt verpus reasonable insolation; monthly: 

check of tape"pu!ses venus dial readin~s. 

Results of Cro:>s~Cillibration with LBL Instruments _______ ~ 

IQ8trument avc),'aged ~,U; lower than LBL-PSP. 

Period(s) of Data Coll~<;tion Since S~pteTl1bf!r 1975 

Solar Data. Stored at: Contact Jii.ck Patapoff, Southern GalH ia Ellison 

Addr.ss-~ 

.~mead~ Califgrnia 9171.0 ... 

Hi see llan~ous Comment s ; __ m_e_"'_u_r_.m_e~n_ta_ta_k_e_n_o_n_s_c_E_D_VM _______ _ 





Appendix H 

DATA CORRECTION FACTORS 
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CORRECTIONS APPLIED 10 SCL~~ RACIATIC~ DATA 

RICHHOt.40 EAAFCD 07 L28 
1970 FROM 1 JAN !C 17 FEB ••• DELETE INTERVAL· •• 
1970 FROM 18 FEe TO 11 NOV INCREASE DAILY VALUES BY 13 PERCENT 
1970 FROM 12 t\OV TC 31 eEe ••• DELETE It\TERVAl ••• 
1971 FROM 1 JAN TO 19 FEB ••• DELE1E It\TfRVAl ••• 
1971 fROM 20 Ff8 TC 31 eEC INCREASE DAILY V~LUES BY 8 PERCE tiT 
1972 FROM 1 JAN 1C 31 CEC ••• DELETE INTERVAL ••• 

RICHMOND 9AAF(D 07~33 
1972 FROM 1 JAN TC 27 F~8 INCREASE DAILY VALUES BY 6 PERCENT 
1972 FROM 28 fEB TO 31 CEC INCREASE DAn Y VALUES BY 9 PERCENT 
1973 FROM 1 JAN TC 31 DEC INCREA::E DAILY V ~lUES BY 12 PERCENT 
!f:l74 FROM 1 JAN TC 31 CEC INCREASE DAILY V.8lUES BY 15 PERCENT 

PITTSBURG eAAFCO 07"30 
1970 FROM 1 JAN TC 31 eCT DECREASE DAILY VALUES 8Y 6 PERCEH 
1970 F~O:-l 1 t-f')V TO 31 eEC • ." DELC:TE INTERVAL ... 
1971 FROM 1 JAN TO 31 CEC ••• DELETE I~TERVAL ••• 
1972 FROM 1 JAN TC 31 CEC DECREAS~ DAILY VALUES BY 2 PERCENT 
1973 FROM 1 JAN TO 19 JAN Of.CREASE DAllY VALUES BY 2 PERCENT 
1973 FROM 20 JAN TC 31 eEC INC~EASE DAILY VALUES BY 1 PERCENT 
1974 fROM 1 JAN TO 31 eFe INC~EASE DAllY VALUES BY 1 PERCENT 

SAN RAFAEL EAAFCO 21451 
1970 FROM 1 JAN lC 3-1 CJ;:C INCHASE OAIL Y VALUES BY 8 PERCENT 
1'371 FROM 1 JAN 'TO 31 CEe INCREASE DAIL Y VALUES BY 8 PERCEH 
1'372 FROM 1 JAN TC 31 CEe INCI\EASE DA Il Y VALUES BY 9 FERCENT 
1973 FROM 1 JAN 1C 31 eEC INC~EASE DAIl Y VRUES BY 11 PERCENT 
1974 FROM 1 JAN 'TO ~1 CEC INCREASE DAIl Y VALUES BY 12 PERCENT 

SAN RAfAEl EAAHC (KEYFUNCH£D OA1A) 
1975 FROM 1 JAN TC 31 CEC ••• DELETE HlERVAL .. .. 
1'376 FROM 1 JAN TC 31 CEe ••• DELETE INTERVAL , .. 

NAPA 8AAPCO 26;63 
1972 FROM 1 JAN TC 31 eEC .... DELETE It\TERVAL .. .. 
1973 FROM 1 JAN 1C 31 CEC ••• DELETE H;lERVAL , .. 
1971t FROM 1 JAN TO H Cf.C ••• DELETE INTERVAL • •• 

NAPA eAAPCC (KEYFUNCHED OA1A) 
1974 FROM 1 JAN TO 31 eEC ••• DELETE INTERVAL , .. 

REDWOOD CITY eIlAP(O 41~41 
1970 FROM 1 JAN 'TC 31 CEC INCREASE DAIl Y V~LUES BY 2 FERCEtlT 
1'371 FROM 1 JAN TO H eFe INCREASE DAIl Y VALUES BY 2 FERCENT 
1972 FROM 1 JAN TC 31 eEC INCFEASE DAIl Y VALUES BY 4 PERCENT 
1973 FROM 1 JAN TO 31 CFC INCREASE DAIl Y VALUES BY It PERCEfo,T 
1974 FROM 1 JAN TC 31 eFe INCREASe: DAllY VALUES 8Y 4 PERCENT 

REm-100D CITY 8AAF(O (KEYFUNCHED DATAl 
1975 FROM 1 JAN TO 31 eEC INC~EASE CAllY V~LUES BY 7 PERCENT 
1976 FROM 1 JAN TC 31 CEC I~(REASE DAILY VALUES 8Y 7 PERCENT 

BURLINGAME EAAF(O 4:1~44 
1970 FROM 1 J~N TC 31 eEe .If. DELETE:: n TfRVAL ••• 
1971 FRO~ 1 JAr-; TC 31 eEC ••• DELETE INTERVAL ••• 
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1972 FROM 1 JAN TC H CEC ••• DELETE HTERVAL If •• 

BURLINGAME EAAFCD 41~45 
1973 FROM 1 JAN 1C 31 CEC ••• DELETE INTERVAL If •• 

1974 FROM 1 JAN TC 31 CFC ••• DE'LETf INTfRVA L , .. 
BURLINGAME' eAAPCD (KEYFUNCHED DATA) 

1974 FPOM 1 JAN TC 31 CEC ••• IJELETE INTfRVAt If •• 

1975 FROM 1 JAN TO 31 eEC ••• DELETE IhTERVAl ••• 
1976 FROM 1 JAN TC 31 eEC ••• DELETE INTERVAL ••• 

SAN JOSE eAAFCD 43376 
1970 FROM 1 JAN TC 31 CEC INCREASE DAILY VALUES BY 6 PERCENT 

SAN JOSE sUPer 43319 
1971 FROM 1 JAN TO 31 crc INCREASE CAIL Y VALUES BY " PERCENT 
1972 FI)OM 1 JAN TO ~1 ere INCREASE DA Il Y VALUES BY 4 FERCENT 

SAN JOSE EAAP(O 43382 
1973 FROM 1 JAN TO 24 JAN INCREASE DAIl Y VALUES BY 4 PERCENT 
1973 FROM 25 JAN TC 31 CEC IN(~EASE DAILY VALUES BY 1 PERCENT 
1974 FROM 1 JAN TC 31 CEC INCREASE DAILY VALUES BY t PERCENT 

SAN JOSE EAAP(D (KEYFUNeHED DATA) 
1974 FROM 1 JAr.; TC 31 efe ••• DELETE INTERVAL ••• 
1975 FROM 1 JAN TC 31 eEC INCREASE DAILY VALUES BY 11 PERCENT 
1976 FROM 1 JAN TC 31 CEC IN(~EASE DAILY VALUES BY 11 PERCENT 

SUNNYVALE 8AAFCD 43384 
1973 FROM 1 JAN TC 31 CEC ••• DELETE UTERVAL • •• 
1914 FROM 1 JAN TC 31 CEe ••• DELETE IHERVAl If •• 

VALLEJO EUFCD loBf74 
1912 FROM 1 JAN TC 31 C&:'C DECREASE DAllY VALUES BY 2 FERCHT 
1973 FROM 1 JAN Te 31 CEe DEC"EASE DAIl Y VALUES BY 2 PERCEt\T 
1914 FROM 1 JAN TC 31 C~C DECREASE OA!L Y VALUES BY 2 PERCENT 

SANTA ROSA EAAPCC 4ge84 
1972 FROM 1 JAN TO 31 CEe ••• DHETE INTERVAL . ... 
1973 FRO"1 1 JAN TC 31 CEC ••• DELETE INTERVAL . ... 
1974 FROM 1 JAN TC 31 rEe ••• DELETE INTERVAL .... 

FREMONT EAAFCD 60 n3 
1970 FROM 1 JAN TC 31 [EC ••• CELETE I~TERVAl .... 

FREMONT SAAFCD 60336 
191G FROM 1 JAN TC 31 rEe INCREASE DAllY VALUES BY 5 PERCENT 
1911 FROM 1 JAN TC 31 DEC !NCREASE OAILY VALUES BY 3 PERCEH 
1912 FROM 1 JAN TO 21 AUG I~CREASE DAILY VALUES BY 2 PERCENT 
1912 FROM 22 AUG TG 31 rEe ••• DELETE INTERVAL ••• 
1 <;:13 FROM 1 JAN TC 31 CEC ••• DELETE INTERVAL ••• 
1974 FI\.OM 1 JAN TC 31 CF:C ••• DEL~TE INTERVAL .... 

FREMONT EAAP([) (KEYFUNCHED OPTA) 
1914 FROM 1 JAN TO 31 CEC ••• DELETE INTE.RVAL .... 
1915 FROM 1 JAN TC 31 CEC ••• DElETE INTERVAL ••• 
1976 FROM 1 JAN TC 31 eEe ••• DELETE INTERVAL .... 

LIVERMORE eAAPC[) 60335 
1911 FROM 1 JAN TC 31 CEe ••• DELETE INTERVAL . ... 
1972 FROM 1 JAN TC 31 DEC ••• DELETE INTERVAL • •• 
1913 FROM 1 JAN TC 31 CEC ••• DELETE INTERVAL , .. 
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1 g74 FRNl 1 JAN TC ~1 CEC ••• DELETE HTERVAL ••• 
SAN FRANCISCO EA AFer gO ~O 3 

1970 FROM 1 JAN TC ~1 CEC O!:'(REASE DAILY VALUES !3Y 1 PERCENT 
1971 FROt-l 1 JAN TC 31 erc IN€;REASE DAILY VALUES BY 3 FERCENT 
1972 FROM 1 JAN TC E t'AR INCREASE GAILY VALUES 8Y 6 PERCENT 
1972 H.OM 7 MAR TC 31 CEC ••• DELETE INTERVAL If •• 

1 g73 FRO'1 1 JAN TC 31 CEC ••• DELETE UTERVAl ••• 
1974 FROM 1 JAN TC ~1 CFC ••• DELETF. HTERVAL .". 

SAN FRANCISCO f!AAFCC (K(YFUNCHSD DATA) 
197~ FROM 1 JAN TC 31 CF.:C 'I •• DHErE It'TERVAl "' .. 
197t FRO,'1 1 JAN TC 31 CEC ."'" DEl.FTE HTERVAl ••• 

LOS ANGELES t-ATlCNAl 93134 
1952 FROM 1 JAN TC 31 CEC DECREASE DAILY VAl\JES BY 7 FERCHT 
1953 HOM 1 JAN TC 31 CEC DECREASE DAllY V~lUES BY 7 PERCENT 
1954 FROM 1 JAN TC 27 SEP D~CREASE DAllY VALUES BY 8 PERCENT 
1954 FROM 28 SEP TG H CEC O~CREAS~ DAlL Y VALUES BY 2 FERCENT 
1955 FROM 1 JAr-; 1C 26 JAN DECREAS:: CAll Y VALUES BY 2 PERCENT 
1955 FROM 27 JAN TC S JUN DECREAS;:: DAllY VALUES BY 8 PERCENT 
1955 FROM 6 JU t\ TC 31 eEC CE CflEASE DULY VALUES 8Y 7 PERCENT 
1956 FROM 1 JAN TC 31 CEC DECPBSE DA lL Y VALUES BY 7 PERCENT 
1 <357 FROM 1 JAt.. TC 31 DEC DHI<EASE: DAlL Y V~LUES BY 7 PERCENT 
1958 FROM 1 JAN TC 31 CEC CECREASE CAll Y V~lUES BY 7 PERCENT 
1959 FROM 1 JAt\ TC 31 CEC DECREASr:: DAIl Y VALUES BY 7 PERCEH 
196G FRO'1 1 JAN TC 31 Ctc OECI<EAS'7. DAllY VALUES 8"1 7 PERCENT 
1961 FROM 1 JAN lC 31 CEC DF,CRJ;:AS:: DAIL Y V ~L UES 8Y 7 PERCENT 
1962 FROM 1 JAN TG 23 APR C!:CF!E~Se. CA Il Y V ~lUES BY 7 PERCENT 
1962 FROM 24 APR TC 31 CEC ••• fJElETE INTE.RVAL ••• 
1963 FROM 1 J~N TC 31 CEC .". CEl E:TE' II\TERVAl II •• 

1964 FRO"l 1 JAN TC 31 CI!.:C ••• D='V::Tc HTEFVAl 'III. 

1965 FROM 1 JAN TC 31 [EC 'I •• DEl'::TE 'IN1ERVAL II •• 

1966 FROM 1 JAN TO 31 CEC ••• DUET: It\TfRVAl 'III. 

11?67 FROM 1 J.I\N TC 31 CEC ••• DELETE INTH"VAl ••• 
1968 FPOM 1 JAN lC 31 JUl ••• C':LF.TE INlERVAl ••• 
19&8 FROM 1 AUG TG 31 CEC DECRr::ASr: DAILY VALUfS BY 6 FERCENT 
1969 FROM 1 JAN TC 31 CfC DECREASE CA IL Y V AlUES BY 6 PERCENT 
1970 FROM 1 JAN TC 31 pJ.AY ••• DELETE H:TfRVAl ••• 
1970 FROM 1 JUN TC 31 CEC DECREASE DAllY VALUES BY 6 PERCENT 
1971 FROM 1 JAN TC 28 FE8 C~CREASE CAllY VALUES BY 6 FERCENT 
1971 FROM 1 MAr:< TC 31 AUG ••• DELHE INTERVAL ••• 
1971 FROM 1 sr:p TC 31 CEC OECREASr:: OAIL Y VALUES 9Y 1 PERCEtIT 
1972 FROM 1 JI\N TC 31 CEC DECREASS DAILY VALUES 8Y 1 PERCENT 
1973 FPQM 1 JAN TC :H CEC ••• DELETE INTERVAL ••• 
1974 FROM 1 JAN TC 31 CEC ••• DElF.TE INTERVAL ••• 

RI VERSIOE t-JlT I CNAl -7~13 
1952 FROM 1 JAN TC 31 C~C ••• DELETE INTERVAL ••• 
19S3 FROM 1 JAN TC 31 CfC ••• DElETE H-lERVAl 'I •• 

1954 FROM 1 JAN TC 31 CEC OECR!;AS':: DAILY VALUES flY 9 PERCENT 
19S5 FRO~ 1 JAt.. TC 31 (FC CECREAS~ OAIl.Y VALUES BY q PERCENT 
19S6 FROM 1 JAN TC 31 cr:c Dr:: CREASE DAllY V~LUES BY 9 ~ERCENT 
1.957 FROM 1 JAN TC ~1 CfC DECREASE DAILY VALUES 8Y 9 PERCENT 
1958 FROt-! 1 JAN 1C 31 CEC DECREASE DAILY VALUES 8Y 9 PERCENT 
1959 FROM 1 JAN TC 31 CEC DECREASE DAILY VALUeS BY 9 PERCENT 
1960 FROM 1 JAN TC 31·CCC DE CREAS=: OAILY VALUES BY 9 PERCENT 
1961 F~OM 1 JAN TC g APR ••• OEL!:TE HT£RVAL ••• 
1961 FROM 1C APR TO ~1 CEC ••• DELETE INTERVAL ••• 
1962 FROM 1 JAN lC 28 Frs ••• DZLETE HTERVAL ••• 
1962 FPOM 1 MAP TC H CEC OECREAS'::: DA lLY V ALUES BY 8 PERCEH 
1963 FROM 1 JAN TC 31 CEC OE(~EASE DAILY VAl.UES 8Y 8 PERCENT 
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1964 FROM 1 JAN TC ~1 rEC ••• OHnE INTERVAL ""If. 
1965 FROri 1 JAI\ TC 31 rEC ••• DElETE JNl£RVAL ••• 
1966 FROM 1 JAN TC 31 r~c ••• O~lETE HTERVAl ••• 
19C7 FROM 1 JAN TC ~1 n:c ••• DELC:TE INTERVAL ••• 
1968 FROM 1 JAN TC 14 CCT . ". DELETE INTERVAL ••• 
1%8 FROM 15 OCT TC :H (C"C DECREASE O~IL Y VALUES 8Y 10 PERCENT 
1%9 FROM 1 JAN TO 31 CEC DECREASJ: OAIL Y VDlUES BY 10 PERCENT 
1970 FROH 1 JAN "c 31 rEC DECPEASE OA ILY V~LUES BY 10 PERCENT 
1971 FROM 1 JAN TC 31 etC DECREASE OA IL Y VIIlUES BY 10 PERCENT 
1972 FROM 1 JAN TC 31 flAY DECR[AS~ DAILY V~lUES BY 10 PERCENT 
1972 FROM 1 JUN TC 31 DEC "''''''' DELETE. H:1H'VAl .,,,. 
1 973 F PO f1 1 JAN TC ~1 erc ••• DELETE HTfRVAl " .. 
1974 FROM 1 JAN TC 31 eEe "' .. DELETE ltiTERVAl ••• 
1975 FROM 1 JAN TG 31 (EC .... OFLETt: INTERVAL ••• 

SANTA flA RIA IIATHNAl 23236 
1952 FROM 1 JAN TC 31 (Fe ••• Or::'l':TE UTERIJAl .. '" 
1953 FROH 1 JAN Te 21 SE'P ••• DEL'=T~ INTERVAL ••• 
1953 FROM 22 SFP TC 31 CEC DECREASE OA IL Y VALUES BY 10 PERCENT 
19S4 FROM 1 JAN "fC 31 (F.C Di:CREASE OA Il Y VALUES gy 10 PERCENT 

SANTA I"A RIA t\ATlCNAl 23273 
1955 FROM 1 JAN TC 2': JUN CECREASE OA IL Y V IlLUES BY 10 PERCEH 
1955 FROM 3C JUN TC ~1 CEC ••• OFLET~ H'TERVAl ••• 
1956 FRat-! 1 J~N TC 16 ~AR ... 11 OEL~H II\TfP,VAl II •• 

1956 FROM 17 f"AR TC 31 cec DECREASE OA Il Y VALUES BY 10 PERCENT 
1957 FRO~t 1 JAN Te 3 JUN DECREASE DA IL V VALUES BY 10 FERCEH 
tc357 FROM 4 JUN TC 31 eEe ••• DELETE If'TERVAL " .. 
1 9S8 FROM 1 JAN TC 31 efC ••• D~LETE II'OTfRVAL .. .. 
1959 FP.OH 1 JAN TC 21 FEB ••• DELETE H;TfRVAL II •• 

1959 FROM 22 H':B TC 12 t\OV DECREASE OAIL Y VALUES BY 9 PERCENT 
1959 FROM 13 NOV TC ~1 (EC ••• OELETE It\TERVAl ...", 
1 960 FROM 1 JAN TC 4 !JAY .11. DEL!::TE INTERVAL ••• 
1%0 FROM ~ tJ A Y TC 31 rEC DE C!<EASE OA IL Y VALUES BY 12 FERCENT 
1%1 FROM 1 JAN TC 31 eEe DECREASE OA!L Y V.aLUES BY 12 PERCENT 
1%2 FROM 1 JAN TC 31 rEC DECREASE OAILY V.alUES BY 12 PERCENT 
1963 FROM 1 JAN TC 2E NCV .". DHETE UT(RVAl ••• 
1963 FROM 27 IICV TC 31 eEe OF. C"EASr;: OA IL Y VALUES BY 4 PERCENT 
1%4 FROM 1 JAN iC 30 JUN OECREASr:: OAIl Y VIILUES BY 3 FERCEH 
1964 FROM 1 JUL TO 31 ere DECREASE DAILY VALUES BY 2 FERCENT 
1%5 FROM 1 JAN lC 30 JUN OECREAS:: OA IL Y VALUES BY 1 PERCENT 
1965 FROM 1 JUl TC 31 eFC D::(REAS::: OA It Y VALUES t:lY 0 PERCENT 
1 %6 FROM 1 JAN TC 30 JUN INcr;EASC::: OA '!l Y V.aLUES BY 1 PERCENT 
1966 FROM 1 JUL TC 31 eEC It-: CREASr:: OA IL Y VALUES BY 2 PERCENT 
1%7 FROM 1 JAN Te 6 FEB INCREASr:: OA Il Y VALUES BY 3 PERCENT 
1967 FPOt1 7 FE8 TC 31 eEC DE CREASE OA IL Y VALUES BY 4 PERCENT 
1%8 F~OM 1 JAN TC :31 eEe CECREASE OA Il Y VIILUES BY 4 J!ERCfNT 
1%9 FROM 1 JAN TC 31 (EC 'C!::C~EAS:: CA Il Y V~LUES BY 4 PERCENT 
1970 FROM 1 JAN TC 31 C[C DECHASE DAIl Y vnUES BY 4 FERCENT 
1971 FROM 1 JAN TC :31 CEC DECREASE DA IL Y VALUES gy 4 PERCENT 
1972 FROM 1 JAN TC 31 CEC OI::CREAS~ DAILY VALUES BY 2 PERCENT 
1973 FROM 1 JAN TC 8 JUL CECREASE DA IL Y VALUES BY 0 PERCENT 
1973 FROM 9 JGL TC 2'1 CEe OEC~EASE DAILY velUES 8Y 0 FERCEH 
1974 FROM 1 JAN TC 31 CEC CE CREASE DAlL Y VALUES BY 0 PERCENT 
1975 FROM 1 JIIN lG ~1 CC;C DE CREAS~ OA IL Y VALUES 8Y 0 PERCENT 

LAS VEGA S t-AT I O:Al 2316 9 
19S2 FROM 1 JAN TC 31 CEe ••• OEl':TE INTfRVAl " .. 
1953 FR0I1 1 JAN TC 31 eec ••• Of.L~TF. INTERVAL .11. 
195t. FROM 1 JAr- le 30 JUN .... DcL::::T~ INTERVAL ••• 
1954 FROM 1 JUL TC 31 CEC D!:CF<EASE eA IL Y VALUES 8Y 9 PERCEIIT 
1 CJ55 FROM 1 JUL TC 31 CEe CECHASE GAll Y VALUES BY 9 PERCE liT 
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1956 FROt.1 A JUl TC 30 SEFl DHf;I,EASE DAILY "~LUES BY 9 PERCENT .i. 

1956 FROM 1 cel TC 31 CEC ••• DELETE INTERVAL ..... 
1957 FROM 1 JAN TC 31 CEC .... cnEn: UTERVAL ..... 
1958 FROM 1 JAN TC 19 JUL ..... CEL.ETE ItiTERVAL ..... 
1958 fROM 20 JUL TC 31 CEC CECPEASE DAILY VALUES BY 7 PERCENT 
1959 FROM 1 JAN 'IC 31 CEC CECREASE DAILY VALUES BY 7 PERCENT 
1960 fROM 1 JAN TC :!1 erc CECREASe: CAILY V~LUES BY 7 PERCENT 
1961 FROM 1 JAN TC 31 rEC CECREASE OAII.Y VAlUES BY 7 PERCENT 
1962 FROM 1 JAN TO 9 JAN DECREASE OAIlY VALues BY 7 PERCENT 
1962 fR.OM 10 JAN TC 8 ~AY ... , OELETE INTERVAL , . ..,. 
1962 FROM 9 AUG TC 31 CEC OF-CREASE OAllY VALUES BY 8 PERCENT 
1963 FROM 1 JAN TC 30 Jt.;L CECREAS~ DAILY VALUES BY 8 PERCENT 
1%3 FRON 31. JUL TC 31 CEC DECREASE OAIl.Y VALUES BY 5 PERCENT 
1961+ FP.OM 1 JAN TC 31 CEC DE CI~f.ASr.: OA IL Y VALUES BY 5 PERCENT 
1965 FROM 1 JAN TC 31 eEC OECREASE DAllY VALUES BY 6 PERCEH 
1966 FROM 1 JAN TC 19 JVL O~CI<EASF.; DAH,Y VALUES BY 6 PERCENT 
1966 FROM 20 JUL TC 31 CEC DECREASE DAllY VALUES BY 5 FERCENT 
1967 FROM 1 JAN TC 31 (I;:C DEC~EASE CAllY V~LUES BY 5 PERCENT 
1968 fROM 1 JAN TC 17 FEB DECREASE DAILY V~LUES BY S PERCENT 
1968 FQOM 28 FEe lC ~1 CE"C ... DELETE UTERVAL If • ..,. 

1969 f''''OM 1 JAN TC 31 JUl ... CfL'£TE HiTERVAL .... 
1969 FROM 1 AUG TG 31 efC DF.CREASE DAILY V~~UES BY 1 PERCENT 
1':170 FROM 1 JAN TC 31 eFC CECI<EASF. OA II.. Y VALUES BY 1 PERCENT 
1971 FROM 1 JAN Te' 7 eCT CF.(REASE OA IL Y V ~LUES BY 2 PERCENT 
19i1 FROM 8 OCT TC 31 CrC .If. OF.i..ETE H;TERVAL If •• 
1972 FROM 1 JAN TC 30 .,JUN .... OE'-~TE HTfRVAL ' .. 
1972 FROM 1 JUL TC 31 eEe OECREASr.: DAtl Y VALUES BY 0 PERCENT 
1973 FROM 1 JAN TC 30 SEP DECREASE OAll Y VALUES BY 0 PERCENT 
1973 FROM 1 OCT TC 31 eEe • If' OEl.EH INTERVAL , .. 
1974 FROM 1 JAN TC 30 JUN .. , D\:'LETE . INTERVAL ., .. 
1974 FROM 1 JUl TC 31 CEC INCREASE DAILY VALUES BY 2 PERCENT 
1975 FROM 1 JAN TO 22 JUN INCREASE OAIlYVtlLUES I=3Y 2 PERCENT 
1975 FROM 23 JUN TC 31 tEC ••• DEL!!T EI t; U' PVA L 'If • 

DAVIS I'lATlCNAl -22'94 
1952 FRO~ 1 JAN TC 31 eEC if if·. OEL~lE INlERVAL ..... 
1953 FROM 1 JAN TC . 31 eEC .". eEl-ElE INlERVAL " . 
1954 FROM 1 JAN TC 31 ne .... OElETE It; TE RVAL ' .•. 
1955 FROM 1 JAN TC 31 tEC ••• onETE IHE,RVAL If" .• 

1956 FROM 1 JAN TC 31 CE·C ••• ~ELETE l~TERVAL .. ~. 
1957 FROM 1 JA.N lC 31 ere CF.C.RfASE:CAl~ Y VA.\.UES BY .$ PERCENT 
1958 .FQ.·OM 1 JAN TC 1S ~UG CECREA.SE:OA !LY VALUES BY 3 PERCENT 
1958 FRO'1 16 OCT TO 17 .CCT 1,N CREASE 0 A It. y VALUES BY 3 PERCENT 
1958 FROM 18 OCT TC 31 CFC DECREASe: DAILY VA\.UES BY 2 PERCENT 
1959 FROM 1 JAN TC ~1 CFe Dr CREASe: OAll y VALUES BY 2 PERCENT 
1960 FROM 1 JAN TC 31 JAN OEC~EASE OAIlY V ~.LUES BY 2 PERCENT 
1960 fROM 1 FEe TO 29 HB .... DELETe JN1ERVAl , .. 
1960 FROM 1 MAR TO 31 eEe CECREASE DAn Y V tlLUE S BY 4 PERCENT 
1961 FROM 1 JAN 10 31 CFC DECFEASE CAllY VAlUES BY 5 PERCEtlT 
1962 FROM 1 JAN TC 31 tEC DECREASE CULY VtlLUES BY 5 PERCENT 
1963 FROM 1 JAN TC 31 eFC OECREAS'Z CAILY VAlUES BY 6 FERCENT 
1961+ FROM 1 JAN lC 31 JAN DECREASE CAllY VALVES BY 6 FERCEt>T 
1961+ fROM 1 fEB TO 31 ~AY .,. DELETE !NTERVAl , .. 
1961+ FROM 1 ,JUN TC 2S tUG OeCRf:.ASE DAILY VALUES BY 3 PERCENT 
1964 FROM 26 AUG TO 31 (F.C tNCI<EASi;: DAlL Y V~I,..UES BY 6 PERCENT 
1965 FROM 1 JAN TC 28 FEB .... OF:L~TE INTERVAL ••• 
1965 FROM 1 MAR TC 31. lIUG INCREASE DAILY VlILues BY 2 PERCENT 
1965 FROM 1 NCV TC 31 CEC INCREAS~ DAILY VALUES BY 2 PERCENT 
1966 FROI~ 1 JA t\ TO 31 CEC CF.CREASf. CAllY V~LUES BY 2 PERCENT 
1 <367 fROM 1 JAN 1C 31 CEC DECREASE CAllY VALVES BY 2 PERCENT 
1968 fROM 1 JAN 10 ~1 MAR O~CP.EAS~ DAllY VALUES BY 2 PERCENT 
1966 FROM 1 APR TC :!1 C~C DE(REAS~ OAI~Y VALUES BY 1+ PERCEtiT 
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1969 FROM 1 JAN TC 31 CFC CECREASE OA Il Y V~LUES BY '+ PERCENT 
1970 FRO~ 1 JAN TC 31 crc DECREASE DAllY V"LUES BY 4 PERCHT 
1971 FROM 1 JAN TO 30 APR ••• DELETE INTERVAL • •• 
1971 FROM 1 PlAY TC 31 CFC Of-CHASE DA Il Y VALUES BY 2 PERCEhT 
1972 FROM 1 JAN TC 30 AFR ... DELETE It\TERVAL ••• 
1972 FR.OM 1 MAY TO 31 CEC OF.CR;:ASE OA Il Y V ALUES BY 2 FERCHT 
1973 F~0!1 1 JA~ TC 30 NOV DECREASE CAllY VALUES BY 4 PERCENT 
1973 FROM 1 OCC TC 31 CfC ... DElETE INTERVAL ••• 
1974 FROM 1 JAN Tr. .31 PlAY ••• DELETE HTERVAL • •• 
1971+ FRO"1 1 JUN TC 31 CEC DECREASE OA IL Y VALUES BY :3 PERCEhT 
1975 FROM 1 JAN TC 31 MAY OECREAS::: DAll Y VI'ILUES BY 3 PERCENT 
1975 FRO~' 1 JUN TC 30 JUN ••• DELETE INTERVAL ••• 
1975 FROM 1 JUl TC 31 CfC INCREAS:: Oll IL Y VALUES !3Y 1 PERCENT 

FRESNO t--AT ICNilL 93193 
1952 FROM 1 JAN TC 31 eEC ••• OELC:TE IN'TERVAL ••• 
1953 FROM 1 JAN TC 31 CEC ••• onEf:: INTERVAL ••• 
1954 FROM 1 JAN TC 31 CEC . ,," D:::LETE INTERVAL II •• 

1955 FROM 1 JAN 'TC 31 erc ••• DELETE INTERVAL ••• 
1956 FROM 1 JAN TG 31 CEC ••• DELETE It\T£RVAl .... 
1957 FROM 1 JAN 1C 31 CEC ••• D::LETE INTERVAl 'I •• 

1958 FROM 1 JAN TC 31 DEC ••• DELETE ItHERVAL ••• 
1959 FROM 1 JAN TC 31 CFC INCP.EAS~ CII It Y VALUES BY 6 PERCENT 
1960 FROM 1 JAN TC 31 CEC INCREASE DAILY VALUES BY 7 PERCENT 
1961 FROI1 1 JAN TC 31 CEC INCI'EASE: DA Il Y VALUES BY 1 PERCENT 
1962 FROM 1 JAN TC 7 JlJN INC"EAS~ OAIl Y V~LUES BY ft PERCENT 
1962 FROM 8 JUN TC 31 crc CECPEASF. DA IL Y V~LUES BY 5 PERCEH 
1963 FROM 1 JAN TC 31 CEC DECREASE OA!l Y VI'ILUES BY .. PERCENT 
1964 FROM 1 JAN TC 31 CEC CECREASE OAItY VALUE"S BY 3 PERCENT 
1965 FROM 1 JAN TC 31 C£C CJ:CkEASE DAIL Y VALUES BY 3 PERCENT 
1966 FROM 1 JAN TC 31 rFC DECREASE DAILY VALUES BY 2 PERCENT 
1967 FROM 1 JAN TC 7 FEB DE(REASE DA IL V V I'ILUES 'BY 1 PERCENT 
1967 FROM 8 FE'S TC 31 CEC DF.CREASE DAILY VALUES BY 2 PERCEU 
1968 FROM 1 JAN TC 31 I'AY D~CREASr:: DA Il Y VALUES !3Y 2 PERCENT 
1968 FROM 1 JUt-; TC 1G ceT ••• DE LET!: HTERVAL .",. 
1968 FROM 11 OCT iC 31 eFC INCREASr:: CAILY VALUES !3Y 5 PERCENT 
1969 FROM 1 JAN 'TC 31 DEC INCREASE DAILY VRUES BY 5 PERCENT 
1970 FROM 1 JAN TC 31 CEC C!:CREASE: DULY VALUES BY 3 PERCENT 
1971 FROM 1 JAN Ie 31 eEC CECREASE DAILY V~LUES BY 2 PERCENT 
1 '372 FROM 1 JAN TC 31 CEC DECREASE DAILY VALUES BY 0 PERCENT 
1 g73 FROM 1 JAN TC 31 CEe INCREASE DAIl Y VALUES I3Y 1 PERCENT 
1974 FRO'" 1 JAN TC 18 CEe IN C!<EASE DA IL V VALUES BY 2 PERCENT 
1974 FROM 19 CE~ TC 31 [EC INCREASe: CAllY VALUES BY 2 PERCENT 
1975 FP.OM 1 JAN lC ~1 (EC INCREASE DAILY V~LUES F3Y 2 PERCHT 

RENO t-ATICNAL 23185 
1965 FROM . JAN lC 31 rEC INCREASE DAn Y V~LUf.S BY 2 PERCENT J,. 

1966 FROM 1 JAN TC 31 [Fe IN CH ASE OA IL Y V~lUES BY 2 PERCENT 
1 <:67 FROM 1 JAN TC 31 CFe INCREASE DAIL Y V~LUES BY 2 PERCENT 
1%8 FROM 1 JAN TC 31 eEC INCQEAS~ DAILY VALlJfS BY 2 PERCENT 
1969 FROM 1 JAN lC 30 t\OV INCRf.ASE DAILY VALUES BY 2 PERCENT 
1969 FROM 1 DC" C TC 31 CEC ••• DELETF HTERVAL .... " 
1970 FR.OM 1 JAN 'TC 31 CFe ••• DEL!:TF II\TERVAL • •• 
1«371 FROM 1 JtlN TC 31 DEC 'I •• DELETE YI\TfRVAL ••• 
1972 FRO'" 1 JAN TO 31 erc ••• OEL~T~ H:TERVAL II •• 

1973 FR.OM 1 JAN TC 31 CEe INCREAS!:': CAlLY VALUES BY 6 PERCENT 
1974 FROM 1 JAN TC 25 FfS INCREASE DA IL Y VtlLUES BY 6 PERCEt--T 
1974 FROM 26 nos TC 31 [EC •• If Ot:LETE It-:TfRVAl ••• 
1975 FROM 1 JAr-; iC 31 rEC ... DELETE H:TERVAL ••• 

MEDFORO IIAT ICNAl 24225 
1951 FROM 1 JIlN TC 31 CEC O'=CREAS':. CA Il Y V~LUES BY 10 PERCE"T 
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1952 FROM 1 JAN TG 31 DEC DECREASE DAILY VALUES 8Y 10 PERCEH 
1953 FROM 1 JAN TC 31 CEC DECREASE nAIL Y V ~LlJES BY 10 PERCENT 
1954 FPOM 1 JAN TC 31 CFe DECREASE GAIL Y VALUES BY 10 PERCENT 
1955 FROM 1 JAN TC 7 JUN CECqEASE DAILY V~lues BY 10 PERCENT 
1955 FROI'1 8 JUN TC 31 [Fe ... DELETE INTERVAL ••• 
1956 FROM 1 JAN TC ~1 t'AY " •• DELETE INTERVAL "". 
1956 FROM 1 JUN TC 31 [EC CECREAS~ DAILY VALUES BY 1 PERCENT 
1957 FROM 1 JAN lC 31 eEC CECREASE CAllY VALUES BY 1 ,PERCENT 
1958 FROM 1 JAN TC H eEC CECREAS€ DAILY VALUES BY 1 PERCENT 
1959 FROM 1 JAN TC 31 CEC DECREAS~ DAILY VALUES BY 1 PERCENT 
1960 FROM 1 JAN lC H CF.C CE CREASE DA Il Y V RUES BY 1 PERCEI\T 
1961 FROt1 1 JAN TC 27 !'flR CECPEASE DAllY VALUES BY 1 PERCEI\T 
1961 FP,OM 28 t'AR rc ~1 CEC DECREASE DAILY V~lUES BY 4 PERCENT 
1962 FROM 1 JAN TC U rFC DECREASE CAllY V~LUES BY 4 PERCENT 
1963 FROM 1 JAt\ TC 31 rEC DECREASE CAllY VALUES BY 4 P~RCEt;T 
1964 FROM 1 JAN TC 22 SEP DECREAS~ DAILY VALUES BY '+ PFRCEH 
1964 FROM 23 S[P TC 31 rEC ••• D~LETE INTERVAL ••• 
1%5 FRO,'1 1 JAN TC 9 MAY ... DEL~TE INTERVAL ..... 
1965 FROM 10 Mf,Y TC 31 CEC DtCREAS~ DAILY VALUES BY 5 PE'RCEt-T 
196E FROM 1 JAN TC 31 CEC DE(REAS~ DAILY VALUES BY 5 PERCENT 
1%7 FROM 1 JAN TC 31 DEC Dr:CREAS~ DAILY V~LUES BY 5 PERCENT 
1%8 FROM 1 JAN TC 2~ MAR DECREASE DAILY V~lUES BY 5 PERCENT 
1968 FROM 25 MAR TC 31 eEC DECREASE DAILY VALUES BY 7 PERCENT 
1969 FROM 1 JAN TC 31 CEC CECREAS~ DAllY VtluES BY 7 PERCE'" 
1970 FROM 1 JAN TC 18 JAN DECREAS~ DAILY V~LUES BY 7 PERCEH 
1970 FROM 19 JAN TC 31 DEC .... DELETE INTERVAL " .. 
1 971 FROM 1 JAN lC 31 (FC ..... DELETE INTERVAL ~ .. 
1972 FROM 1 JAN TC 31 eEC ·.·DELETE INTERVAL ••• 
1973 FRO.., 1 JAN lC 28 FEB ... DELETE HTERVAl .... 
1973 FROM 1 MAR TC 31 DEC OF CREASE DAILY VALUES BY 2 PERCENT 
1974 FROM 1 JAN TC 31 eEC DECREASE DAILY VALUES BY 2 PERCENT 

INYOKERN "ATICNAl -427~ 
1952 FROM 1 JAN TC 31 CEC ••• DELETE INTfRVAl ••• 
1953 FROM 1 JAN TC 31 eEC ..... DELETE If\:TEPVAl ••• 
1954 FROM 1 JAN TC 30 APR ... DELETE INTfRVAl ••• 
1954 FROM 1 MAV TO 31 eEC DECREASE DAILY VALUES BY 12 PERCENT 
1955 FROM 1 JAN TC 31 CEC CECREAS€ CA IL Y V ~LUES BY 12 PERCENT 
1956 FPOM 1 JAN TC 31 JAN DECREASE DAILY VALUES BY 12 PERCEH 
1956 FROM 1 FrB TC 31 eEC DECREASE DAILY VALUES BY 14 PERCENT 
1957 FROM 1 JAN TC 21 APR DECREASE CAllY VftLUES BY 14 PERCENT 
1957 FROM 22 HR TG 28 APR ... DELETE INTERVAL ••• 
1957 FROM 29 Al3R TC 31 CEC DECREASE DAILY V~LUES BY 14 PERCENT 
1958 FROM 1 JAN lC 6 JUN DECREASE DAILY VALUES BY 14 PERCHT 
1958 FROM 7 JUN TC 31 eEC Or.CPEASE DAILY V~LUES BY 14 PERCENT 
1959 FROM 1 JAN TC 31 ~AR DECREASE CAllY VALUES BY 15 PERCENT 
1959 FROM 1 APR TO :?o JUN DECPEAS£ DAILY VALUES BY 16 PERCENT 
1959 FROM 1 JUL TC 30 SEP DECREASE DAIlY VALUES BY 17 PERCEt\T 
1959 FROM 1 OCT TG 31 CEC CECREASE DAILY V~lUES BY 18 PERCENT 
1960 FROM 1 JAN TC 213 FEB CECREASE OAIlY V~LUES BY 1~ PERCENT 
1960 FROM 1 MAR TC 18 MAY ••• DELETE IHERVAl ••• 
19EO FROM 1<3 MAY TG 31 CEe CECREAS~ DAILY VALUES BY 21 PERCENT 
1961 FROM 1 JAN TC 22 ~AY DECREASE OAllY V~lUES BY 21 PERCENT 
1961 FROM 23 !'lAY TC 31 CEC ••• Dt:L~TE INTERVAL .". 
19E2 FROM 1 JAN TC 31 CEe DECREASE OAILY VALUES BY lq PERCENT 
1963 FROM 1 JAN TC 31 rEC DECREASE DAILY VALUES BY 1q PERCEt\T 
1964 FROM 1 JAN TC 31 'CfC ..... DELETE It\TERVAL II •• 

1965 FROM 1 JAN TC 31 CEC ..... OEL~TE ItHERVAL II •• 

1966 FROM 1 JAN TC 31 CEC ••• DELETE INTERVAl " .. 
1967 FROM 1 JAN TO '+ eeT ••• DELETE HTERVAL ••• 
1967 FROM 5 eCT TC 31 CEC INCREASE DAILY VALUES BV 2 PERCENT 
1966 FROM 1 JAN TC 21 SfP INCREASE DAILY V~LUES BY 2 PERCENT 
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1968 FROM 22 SEP TC 24 ceT 41J4 DELETE' UTfRVAl ••• 
1968 FROM 25 OCT TO 31 CEC INCREASE CArLY VlIlUES BY 2 PERCENT 
1969 FROM 1 JAN TO 31 crc INCREASE DAILY VALUES BY 2 PERCENT 
1970 FROM 1 JAN TC 31 crc INCREASt: DAILY VALUES BY 2 PERCENT 
1971 FROM 1 JII.N TC ~1 tEC INCPEASE DAILY VALUES BY 2 PERCENT 

INYOKEf'N f-ATHNAl (KEYFLf-CHED 011111) '0 

1971 FROM 1 JAto. TC 31 CEC I~CREASE CAllY VALUES BY 6 PERCENT 
1972 FROM 1 JAN TC ~1 CEC INCREASE DAILY VALUES BY 6 PERCENT 
1973 FROM 1 JAN TC 31 CfC INCREASE CAllY VALUES BY 1 PERCHT 
1974 FROM 1 JAN TG ~1 CEC INCREASE DAILY VIILUES BY 9 PERCEH 
1975 FROM 1 JA~ TC ~1 CEC INCREASr: DAILY VALUES BY 10 FERCENT 

EL CENTPO ~ATICNAL -2718 
1963 F~OM 1 JAN TC 31 CEC ••• DELETE I~TERVAL ••• 
1964 FROM 1 JAN TC 31 CEe ••• DELETE Tt\TEQVAL ••• 
1965 FROM 1 JAN Te ~1 crc 'I." DELETE INTERVAL ••• 
1966 FROM 1 JAN TC 31 CEC ••• DEL;:TE INTERVAL ••• 
1%7 FROM 1 JAN TC 31 CEC 'I •• DEL~TE ItHE RVAL ••• 
1968 FROM 1 JAt\ TC ~1 CEC IN(REA~E DAILY VALUES BY 4 PERCENT 
1969 FROM 1 JAN TC 31 JAN INCREASE CAllY VALUES BY 4 FERCENT 
1969 FROM 1 FEB TC 31 CEC .,. DEl~TE I~TERVAL If •• 

1970 FROM 1 JAN Te 31 CEC , .. DEla::TE INTERVAL If •• 

1971 FROM 1 JAt\ lC 5 eCT .,.". DELETE INTERVAL .... 
1971 F~OM 6 OCT TO 31 CEC IN(R~ASE DAILY VALUES BY '+ PERCENT 
1972 FROM 1 JAN TC 31 CEC IN(REAS~ DAILY VALUES BY 4 FERCENT 
1973 FROM 1 JAN TC 31 CEC INCREASE DAILY VALUES BY 2 PF.RCEH 
1974 FROM 1 JAN TC 31 CEC INCREASE DAILY V~lUES BY 2 PERCENT 
1975 FROM 1 JAN TC 31 CFC INCREASE DAILY VALUES BY 2 PERCENT 

LOS ANGELES "A TI (NAL 23174 
1951 FROM 1 JAN TO 31 CEC ••• DELETE: INTERVAL ., ... 
1952 FROM 1 JAN TC 31 CEC .. ., DELF.:TE INTERVAL ., .. 
1953 F~OM 1 JAN TC 31 CEC If •• DELETE It-;TERVAL ••• 
1954 FROM 1 JAN TC 31 CEC ''I. DELETE HTERVAL ••• 
1955 FROM 1 JAN TC 31 CEC ••• DELETE It\TfRVAL ••• 
1956 FROM 1 JAN TC 31 crc ••• DELETE IHfRV.AL ••• 
1957 FROM 1 JAN TC ~1 CEC DECREASE DAILV VALUES 8Y 6 PERCENT 
1958 FROM 1 JAN TC 31 JlUG CE'CREASE CAYLY VALUES BY 6 PERCENT 
1958 FROM 1 SfP TC 31 eEC .. ., D'::LETE HTEP,VAL 'I •• 
19!::9 FROt-1 1 t\(V TC ~1 CEe CECREAS~ DAILY VALUES BY 4 FERCENT 
1960 F~OM 1 JAN TC 31 CEe D~(REASE DAILY VALUES BY ,. PERCENT 
1961 FROM 1 JAN TC 31 CEC DEC~EASE DAILY VALUES ev 5 PERCENT 
1962 FROM 1 JA 1\ TC 17 AFR DECREASE CAllY VALUES BY 6 FERCENT 
1962 FROM 18 APR TO 1E GCT OEC,REAS€ DAILY VALUES BY 3 FERCENT 
1962 FROM 17 OCT TO 31 CEC OECFE AS::: DAILY VALUES BY 5 PERCENT 
1963 FROM 1 JA 1\ rc 31 [EC DECREASE CAllY VALUES BY 5 PERCENT 
1964 FROM 1 JAN TC 31 CEe DECREASE DA Il Y VALUES BY ,. PERCHT 
1965 FRO~ 1 JAN TC 31 CEG DECHASr:: CAILY VALUES BY ,. FERCENT 
1966 FROM 1 JAN TO 22 tlAY OEeREAS~ DAILY VALUES BY 4 PERCENT 
1966 FP.Ot1 23 MAY TO ~1 CEC D=CREASE GAIL Y VtllUES BY 4 PERCENT " 

1967 FROM 1 JAt-- TC 15 FEB CE(REASE OA IL Y VtlLUES BY 4 PERCE~T 
1%7 FROM H: F=B TO 31 CFe C~(REASE DA IL Y VPLUES BY 10 PERCENT 
1968 FROM 1 JAN TC 31 c~e DECREAS~ DA IL Y VALL:ES BY q PERCHT 
1969 FROM 1 JAN Te ~1 CEe DECREAS::: OA IL Y VALUES BY 13 PERCENT 
197C FROf1 1 JtlN TC ~1 CEe DECREASE OA Il Y VALUES BY 6 PERCENT 
1971 FROt, 1 JAN ore 31 CfC CECRfASr: OAIL v VALUES BY 5 PERCENT 
1972 FROM 1 JAN TO 31 t'AY DECREASE DAILY VALUES BY ·4 PERCENT 
1972 FROM 1 JUN TC 31 JUL 'I'. DELET!: HTf~VAl ••• 
1972 FROM 1 AUG TC 31 eEe I~CREASE CAllY VtlLUES BY 1 PF.RCEH 
1973 FROM 1 JAN TC 5 /lUG INCREASf DAILY VtlLUES BY 1 PERCENT 
1973 FROM 6 /IUG TC ~1 CEC CECREAS= DAILY vtLUES BY 5 FERCEH 
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1974 FROM 1 JAN TC 31 I"t\R DECREASE DAILY VALUES BY 5 PERCHT 
1974 FROM 1 AFF: TC 3J f,FP •• 4 DELETE It\lERVAL ••• 
1. 974 FROM 1 MAY TC 31 CEe CECREASE oA IL Y V lILUES BV 5 PERCENT 
197~ FROM 1 JAN 10 31 CEe DECREASE DAILY VALUES BY 5 PERCENT 

ALTURAS PG+E (KEYPUNeH~D oA1A) 
19S8 FROM 1 JAN TC 31 eEe 4 •• DELETE UTERVA l 'I •• 

c· 1959 FROM 1 JAN 1C 31 CEe ••• CELETE HilERVAL • •• 
1962 FR.OM 1 JAN TC n eEe " ... DELETE INTERVAL 'I." 
1963 FROM 1 JAN TC 31 CEC 'I •• DE LETE I1H£RVAL ••• 
1964 J:"ROM 1 JAN TC 31 CfC ••• DElETE HTERVAL , .. 
1%9 FROM 1 JAN TO ~1 cre 4 •• DELErr: I~TERVAL • •• 

ARVIN PG+E (KEYfU~CH~D DATA) 
1959 FROM 1 JAN 'TC 31 tl.AY •• Jf DEL~TE HTERVAl .. ",.,. 
1959 FROM 1 JUN TC 31 CtC CECF<EASE DAILY VlllUES BY 0 PERCENT 
1960 FROM 1 JAN TC H CFC DECREASE DAILY V~LUES BY 0 PERCENT 
1%1 FROM 1 JA/\ TC 31 CEG INCREASE OAIl Y Vl!LUES BY 1 PERCHT 
1962 FROM 1 JAN TC 2e CE.C INCf<EASE DA Il Y VALUES BY 2 PERCENT 
1962 FROM 30 CJ:"C TC 31 CEC INCREASE DA Il Y V llLUES BY 2 PERCENT 
1963 FROM 1 JAN TC 30 SEP INCREASE DA IL Y V llLUES BY 2 PERCEU 
1963 FROM 1 OCT TC 31 CEC 1f. •• DELETE IN'TERVAL ••• 
1964 FROM 1 JAN TC H erc IIJ.tSII· DELETE HTERVAL II •• 

1965 FROM 1 JAN TC 31 CEC 'I". DELETE INTERVAL • •• 
NEWVIllE PG+E (KfVfU~CHED DATA) 

1966 FROM 1 JAN TC 31 eEC •• 11 OELETE INTERVAL • .If .. 

1967 FROM 1 JAN TC 31 OFC .'1. DELETE HlTERVAL • •• 
19f8 FROM 1 JAN 1C 31 CEC ••• OELETE INTERVAL .... 
1969 FROM 1 JAN 1G 31 CFe 'I •• DElETE INTERVAL .If •• 

1970 FROM 1 JAN TC 31 DEC >PJ II< CELETE II\ HRV At " ... 
SIERRA PG+E (KEVFUNCHED OIlTA) 

1946 FROM 1 JAN lC 31 CEe CECREAS= CAlLY VALUES BY 7 PERCENT 
1 %7 FROM 1 JAN TC 31 DEC DECREASE OAILY VALUES BY q PERCHT 
1948 FROM 1 JAN TC 19 CEC DECREASE CAIlY VALUES BY 11 PERCENT 
1 948 FROM 20 DEC TO 31 eEC •• ., DELETE It\TfRVAL .. ". 
1949 FROM 1 JAN TC E I"IlY ". •• GELETE HTERVAL ••• 
1949 FROM 7 MAY TC 31 rEe DECREASE OA IL Y VALUES BY 12 FERCENT 
1950 FROM 1 JAN TC 12 SEP DECREASE DAILY VALUES BV 1S PERCENT 
1950 FROM 13 SEP TC 31 CEC ••• DELETE INTERVAL ..... 
1951 FROM 1 JAN TO 31 CEC ... OELETE INTERVAL 'I"1i-

1952 FROM 1 JAN lC 31 CEC ..... DELETE INTER.VAL ..... 
SAN JOSE PG+E (KEYF~NCHEO OATil) 

1963 FROM 1 JAN TC 31 eEC .... DELETE INTERVAL .... 
1964 FROM 1 JAN TC 31 CEC .. "" DELf.:TE rl\TERVAL " .. 
1965 FROM 1 JAN TC 31 CEC .... OELET!: It\TERVAL Ii ... 

1966 FROM 1 JAN 1C 31 CEC ••• DELETE INTERVAL , ... 
1%7 FROM 1 JAN TC 31 CF. C ••• GEL:;Tf !NTERVAL • •• 
1968 FROM 1 JAN TC 31 CEC ••• CHETE It-oTERVAL .,. 
1969 FROM 1 JAN TC 7 eCT .4. DELETE It\TERVAL • •• . , 
1%9 FROM 8 OCT TC 31 CEe INCREASE OA Il Y VllLUES BY 5 PERCENT 
i 970 FROI·l 1 JAN 1C 31 CEC INCREASE CAllY VALUES BY 5 FERCENT 
1971 FROM 1 JAN lC 31 CEC INCREASE DAILY V.IIlUES BY 5 PERCENT 
1972 FROM 1 JAN 10 ::1 CtC INCREASE DAILY VALUES BY 5 PERCENT 
1973 FROM 1 JA~ 10 13·FE8 INCREASE CAlLY VALUES BY 5 PERCENT 
1 <373 FROM 14 FFB TC 

'"' 
NOV ••• CELETE INTERVAL ., ... 

i 973 FROM 5 NCV TC 31 CF.C INCREASE DAILY VALUES 8Y 10 PERCENT 
1974 FROM 1 JAN 1C 31 CEC INCREASE OA 1L Y VALUES BY 10 PERCENT 
1975 FROM 1 JAN 1G :!1 rEC INCREASE DAILY VllLUES qV 10 PERCENT 
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LA JOLLr. t-ATICNAL (KEYFL~CHED O~TA) 

1929 fROM 1 JAN TO 31 CEC ••• DE:LEH INTERVAL .... 
1930 FROM 1 JAN TC 31 tEe . ". DELETE INTERVAL ••• 
1931 FROM 1 JAN TC 31 CEe ... DELETE INTERVAL ., .. 
1932 FROM 1 JAN TC 31 DEC ... DELETE INTERVAL .. '" 
1933 I FROM 1 JAN re. g ~UG ••• CELr::TF. INTERVAL • •• 
1933 FROM 11: ~UG TC 31 t€C DECREASE DAILY VALUES BY 3 PERCENT 
1934 FROM 1 JAN TC ~1 tEC DECREASE DAILY VALUES BY 3 PERCENT 
1935 FROM 1 JAN TC 31 tEe CECREASf. DAILY VALUES BY 0 PERCENT 
1936 FROM 1 JAN TO 30 JUN ...... DELETE INTERVAL " .. 
1936 FROM 1 JUL TC 31 tEC CECREASE DAILY VJ!LUES BY 1 PERcnT 
1937 FROM 1 JAN TC 31 tEe Cr::CREASE CAILV VALUES BY 1 PERCENT 
1938 FROM 1 JAN TC ;:t rEC DECREASE 01'1 Il Y vALUES BY 0 PERCENT 
1939 FROM 1 JAN TC 31 tEC DECREASE DLI IL Y VALUES BY 1 PERCENT 
1940 FROM 1 JAN TC 31 CeC DECREASE DA Il Y VALUES BY 0 PERCENT 
1941 FROM 1 JAN TC 31 tEC INCREASE 01'1 IL Y VALUES BY 1 PERCENT 
1942 FROM 1 JAN TC 31 CEC C~CREASE DAILY VALUES BY 0 PERCENT 

INYOKERN t-.A 11 CNAl -4279 
1967 fROM 1 JAN TC 30 SfP ... DELETE INTERVAL " .. 
1967 FROM 1 CCT TC 31 CEC INCREASE DAILY VALUES BY 2 PERCENT 
1968 FROM 1 JAN TC 31 [EC INCREAS~ CAlLY VALUES BY 2 PERCENT 
1969 FROM 1 JAN TO ~1 CEe INCREASE DA IL Y V /!LUES BY 2 PERCENT 
1 t370 FROM 1 JAN lC 31 rEC INCREASE DAILY VALUES BY 2 PERcnT 
1971 FROM 1 JAN TC 31 etc INCREASE DAILY VALUES BY :3 PERCENT 
1972 FROM 1 JAN TC 31 (lEC IN(REASE OA IL V VALUES BY 5 PERCENT 
1973 FROM 1 JAN TC 31 rr:c INCReASE CAILY VALUES BY 7 PERCEH 
1974 FROM 1 JAN TC ~1 rEG INCREASE DAILY VALUES BY 9 PERCENT 
1975 FROM 1 JAN TC 31 CEC INCI'EASE OA Il Y VALUES BY 10 PERCENT 

BUTLER VALLEY ~ANC," useE (KEYFUNCHED DATA) 
1971 FROM 1 JAN TC 31 CEC INC~EASf. DAILY VALUES BY 7 PERCENT 
1972 FROM 1 JAN iC 31 tEC INCREASE OAILY VALUES BY 7 PERCENT 
1973 FROM 1 JAN 'TO 31 CEC INCREASE DAllY VALUES flY 7 FERCENT 
1974 FROM 1 JAN TC 31 C!:C INCREASf. CA IL Y VALUES BY 7 PERCEH 
1975 FROM 1 JAN TC 31 CE.C INCREASE 01'1 IL Y VALUES BY 7 PERCENT 

SCHRAMM RANCH HAJ;ZA (KEYFCt-CHED DATA) 
1975 FROM 1 JAN TC ~1 tEC II •• DELETE INTERVAl ••• 
1976 FRO~ 1 JAN TC 31 tEe .... DELETE INTERVAL ••• 

COIT RANCH HHZA (KEYF~t-CHED DATA) 
1974 FROM 1 JAN TC 31 tF.C .... DELETE HTEPVAL ••• 
197~ FROM 1 JAN TC 31 tEC ... DELET!: HTERVAL .... 
1976 FROt1 1 JAN IC 31 CEC 'ioU DELETE INTERVAl ••• 

AllEN RANCH HARZA (KFYFCNCHED DATA) 
1975 FROM 1 JAN TO 31 [FC ••• DELETE INTERVAL ••• 
1976 FROM 1 JAN 1C ~1 CEC .... DEL~TE INTERVAL ••• 

FIVE POINTS lISER (KEYFCt-CHED DATA) 
1972 FROM 1 JAN TC 31 tEC .. " DELETE It\TERVAl II ... 

1973 FROM 1 JAN TC 31 CEC .... DELETE HTf.RVAL ••• 
1974 FROM 1 JAN TC 31 CfC ... " D::LETE INH RVAL ••• 
1975 FROM 1 JAN rc 31 t[e .... DELETE INTERVAL ••• 
1976 FROM 1 JAN TC 31 ere ••• DeLETE IHERVAL "" .. 

COACHELLA VALLEY 1'0 A TER CIST (K~YFUt-CHED DATA) 
1971 FROM 1 JAN TC 31 CEC INCREASE DAILY VALUES BY 13 PERCENT 
1972 FROM 1 JAN TC 31 CEe INCREASE DA ltv VALUES BY 13 PE~CENT 
1973 FROM 1 JAN TC 31 CFe .... CELET': INTERVAL ••• 
1 g74 FROM 1 JA.N TO 31 tEe .... CELETE It\TERVAL " .. 
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l. C375 FROt-! 1 JAN TC 31 CEC ••• DELETE INTERVAL .". 
1 971:- FROM 1 JAN TC 31 CEC .. " DE Lr::TE HTERVAL ••• 

BARRETT ~E.SEVOH uses (KEYFChCHEC CATA) 
1C3S9 FROM 1 JAIli TC 31 CtC CF.CREASE CA Il Y V~LUES BY 3 PERCENT 
1960 FR.OM 1 JAN TC 31 [EC CECREASE: OAIL Y VALUES BY 3 PERCEI\T 
1961 FROM 1 JAN TC 31 efC OE("EAS~ DAILY VIlLUES BY 3 Pf'RCENT 

LAKE MOJAVE USGS (KEYFUhCHEO DATA) 
19SC3 FR011 1 JAN TC 31 efC CECI<EAS::: 011 lLV VALUES BY .. PERCENT 
1C3EQ FROM 1 JAN 1'C 31 CfC CJ;C"F:IISE CIIlLY VALUES BY .. PERCH'T 
19£1 FROM 1 JAt-. TC 31 CfG eECPEASE DAILY VALUES BY .. PERCENT 

SAN VICrnr:: RESEVCIRLS(~ (KEYFU~CHED OA1A) 
1C3S7 FROM 1 JAt\ TC 31 CEG tF (REASE DAllY VALUES BY .. FERCEH 
1C358 FRO~ 1 JAN TC 31 CEG CECRElISE' OAlL Y VALUES BY .. PERCENT 
19r;C3 F~OM 1 J.AN TC 31 efC CE CREAS~ CAlLY VALUES BY 5 PFRCEH 

LAKE MEAO USGS (KEY fnCHEO DATA ) 
11352 F~OM 1 JAt\ lC 31 CF.C CF.Cf(EAS~ DAlL V VALUEC:; BY 3 PfRCENT 
1953 fROM 1 JAN TC 31 CEC OECREAS£ DAILY VALUES BY S PERCEH 

LAKE SKINNER US GS (KEY~UNCHEO DATA) 
1973 FRO~' 1 JAh TC 31 CEe INCREASE OAIl Y VALUES BY 2 PERCENT 
1C374 FROM 1 JAt...: TC 31 CEC INCREAS~ DULY VDLUES BY 2 PERCENT 

SAL TON S£A US (5 (KEYF~NCHEC DATA) 
1 SE7 fROI'1 1 JAN TC 31 eEC DECRFASE OA IL Y VALUES BY 0 PERCENT 
1%8 FROM 1 JAN TC 31 CEC OECHASE DAILY VALUES BY 0 FERCENT 

COTTONW(,CO US GS (KEYFUNCH~D DAH) 
1973 FROM 1 JAf>,; TC 31 IlCG HC"EASE DAILY VDLUfS BY 2 FERCEtIT 
19;3 FR.OM 1 SEF Te 30 SEP .. " D':: U~TE HTERVAl ••• 
1973 FROM 1 eCT TC 31 CEC INCHASE DAIl Y VALUES BY 2 PERCENT 
1974 FROM 1 (lCT TC 31 CEC INCREASE DAlLY VPLUES BY 2 PERCENT 
1974 FROM 1 JAN TC 31 [E.C INCR'=.ASE OAILY VALUES 8Y 2 PERCENT 

FOLSOM (lAM US 81< (KEYFLNCHED DATA) 
1974 FROM 1 JAN TC 31 CEe ".". DE L2TE II\TERVAL " .. 
1975 FROM 1 JAN TC 31 CEC .". DELETE INTERVAL ••• 
1976 FROM 1 JAN TC 31 CEC ••• DELETE INTERVAL "". 

SHAfTER USJIl (KEYfUNCHEO 011111) 
197!:" FROM 1 JAt...: TC ~1 CEC INCREASE DAIL Y VALUES BY 2 FERCENT 
1C376 FROM 1 JAr-. TC 31 CEe INCREASE 011 IL Y VALUES BY 2 PfRCEI'IT 

END OF DATA AOJUSH'E I\T CEe\( 
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* THE REGIONALIZATION OF CALIFORNIA FOR SOLAR MONITORING 

by 

Harold C. Bulk 

The Laboratory of Climatology 

Arizona State University 

Tempe, Arizona 

INTRODUCTION 

In response to a request from the Lawrence Berkeley Laboratory, Ber.keley, 

California, the Laboratory of Climatology at Arizona State University has 

contracted to divide the state into regions that are relatively uniform 

1n their receipts of solar energy. The basis of the regionalization was 

to be of a meteorological-climatological nature. After preliminary investi­

gations and consultations with outside experts, the final divisions were 

made and an oral report rendered to the Berkeley groQP on 16 September 

1977. This report is a finalization of the oral report. 

LIMITATIONS OF THE STUDY 

To accomplish the regionalization, the ideal pr.ocedure would be to 

establish a relatively dense network of well-calibrated and well-maintained 

solar sensors for a number of years. From the data base thus created, 

solar regions may be established. A second procedure would be to perform 

detailed meteorological studies of the state for the winter and summer 

seasons. After regionalization, the two seasons could be combined into 

one annual regionalization. This procedure has been endorsed by at least 

one of the outside consultants. Time and monetary constraints, however., 

render these approaches impractical. 

* Prepared for Energy and Environment Division, Lawrence Berkeley 

Laboratory, University of California, Berkeley, September 1977. 
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In their place, analyses of several variables were performed. The 

data bases were, for the most part, based upon information supplied from 

un~que sites, e.g. airfields, and probably will reflect a certain bias 

due to their unique microclimatological settings. There may thus arise 

honest differences in interpretations of these data. 

The analyses were performed in the realization that variations in 

the solar energy receipts will show a variation within each selected zone. 

The guiding principles used were that the variations in each zone should 

be smaller than the variations between zones, and that the variations within 

zones should be kept to a minumum consistent with establishing a reasonably 

small number of zones. 

FACTORS CONSIDERED 

After a careful rev~ew of a draft of "Analysis of the California Solar 

Resource," especially chapters IV and V, considerable attention was devoted to 

those climatological factors that are important in attenuating the solar beam. 

The factors chosen (not necessarily in order of importance or consideration) 

are: 

1. The regional Weather Bureau Forecast Zones 

2. Mean annual cloudiness 

3. Mean January cloudiness 

4. Mean July cloudiness 

5. Diurnal cloud patterns 

6. Annual change in cloudiness 

7. Percent of possible sunshine ~n January 

8. Percent of possible sunshine in July 

9. Annual change in percent of possible sunshine 

10. Solar energy received ~n January 

11. Solar energy received ~n July 

12. Annual change in received solar energy 

13. Number of days of dense fog (visibility less than 1/4 mile) 

14. Sea-land breezes 

15. Areas of smog and dust 

16. Topographical maps 
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17. Vegetation maps 

18. Air masses affecting the state 

19. Subjective judgments 

Various elements were then combined to produce a first solar climatic 

regionalization of California. This first regionalization was then subjected 

to the critical scrutiny of these independent climatologists. Their sug­

gestions and criticisms were then evaluated and integrated into the Unal 

model. 

METHODOLOGY 

The first regionalization was based upon the annual mean cloudiness 

and the annual percentage of possible sunshine from sunrise to sunset over 

California. Isolines of 3.0, 4.0 and 5.0 tenths of cloudiness and 65, 

75, and 85 percent of the annual possible sunshine wer.e plotted on Fig.I-l. 

This configuration suggests three possible regions; a region of comparatively 

low solar availability in the nOrth and northwestern porti.ons of the state, 

a region of comparatively high solar availability in the southeastern part 

of the state, and an intermediate region. (The region of southeastern 

California and southwestern Arizona has the highest solar availability 

in the entire U. S.) 

It should be noted here that the analysis of the mean sky cover. was 

based upon ten points within California, and three points in Nevada and 

Arizona. Further, the percentages of possible sunshine are based upon 

six points within California and three points in Nevada and Arizona. Both 

these analyses are smoothed, i.e., no effort has been made to take into 

account possible variations of the data at nearby points. 

The second analysis, shown on Fig. 1-2, 1?hows the variation of the percent 

of the possible sunshine between January and July. This mapping was pro~ 

duced by plotting the percentage availabilities during January and July, 

and performing a graphical subtraction. For the sake of clarity, only 

the differences are shown here. This mapping suggests three separate regions: 

the San Joaquin Valley with an extension to the northea1?tern part of the 

state, characterized by a large seasonal change (up to 45%) in the availability 

of sunshine; a region of small seasonal change (from almost 0% near 
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Figure 1-1. Tenths of mean annual sky cover (--) and percent of 

possible sunshine (----). 
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Figure 1-2. Change of the .p~rcent of possible sunshine between January 

and July 1977. 
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Crescent City and Eureka to up to 20% in the southeastern part of the state); 

and an intermediate zone along the Sierras and central ranges. It should 

be noted that smoothed analyses were used here; thus, local variations 

will not be displayed. 

The third analysis, shown on Fig. 1-3, combines Figs. I-I and 1-2 to 

divide California into five regions. These range from an area in the north­

west, characterized by an approximate 60-65% annual solar availability and 

a small seasonal variation, to the southeastern region, characterized by 

at least 85% availability of sunshine and less than 20% seasonal variation. 

The San Joaquin Valley emerges as a separate reg Lon by virtue of its large 

seasonal variation in solar availability. 

The fourth analysis (Fig. 1-4) was produced by subjecting the third 

analysis to topographical restraints and/or, as a general integrator"com­

parison with native vegetation maps. Based upon these considerations, 

the following areas are now identified: 

1. Northern California is divided into three unique regions. 

2. The Cotati, Napa, Santa Clara, and Monterey Valleys appear as 

extensions of the coastal plains. 

3. The coastal area bounded by (approximately) San Luis Obispo on 

the north and Santa Barbara on the south. 

4. The Coastal Plain from Los Angeles southward. 

5. The eastern portion of the central Sierra boundary 1S moved to 

the Lake Tahoe area. 

6. Based upon topographical considerations, the low and 1.1igh deserts 

are differentiated. 

A further analysis, shown on Fig. 1-5, takes into account days of dense 

fog, sea land breeze considerations, and smog. Implicit in this consideration 

is the winter season stagnating air masses in the San Joaquin Valley where 

dense fogs may persist for up to ten consecutive days. The area thus con­

cerned extends from approximately Marysville to Fresno. The tops of the 

fog/cloud masses are commonly from 200 to 2500 feet msl. The 2s00-foot 

contour on the west side of the Sierras thus forms a boundary for this 

region. 
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Figure 1-3. The regionali~ation of California (1). 
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Figure 1-4. The regionalization of California (2). 
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Figure 1-5. The regionalization of California (3). 
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Sea breezes will be effective along the major valleys extending from 

the coast. The sea breezes, blowing from the ocean during the day, will 

bring hazy sea air over the affected areas, and thus attenuate the solar 

beam. In addition, if the sea breeze passes over a large urban area, various 

pollutants will be injected into the atmosphere, further reducing the solar 

energy streams over the areas affected by the sea breezes. The Cotati, 

Napa, Santa Clara, and Monterey Valleys, and a relatively large area east 

of Los Angeles, including San Bernardino and Riverside, are thus affected. 

Since the only opening of any consequence from the ocean into the 

San Joaquin Valley lies in the Carquinez Straits, the sea breeze now charged 

with the pollution of the greater San Francisco area is advected into t~e 

valley, where it spreads northwest and southeast. 

A further analysis, considering the seasonal a1r masses and their 

trajectories, season cloud height and amount patterns, as well as the diurnal 

cloud patterns, is shown in Fig. 1-6. The important changes made here concern 

the San Joaquin Valley and southeastern portion of the state. The eastern 

boundary along the Sierras is now located at approximately the 4500-5000 foot 

contour to reflect the winter season cloud tops. The boundary along the 

crest is retained to reflect the cloud bases during the summer season. 

Due to the high daytime temperatures and low humidity of the air, the con­

vection condensation level will be frequently at 12,000 feet or more msl; 

therefore, afternoon convective clouds will form near the crest, whether 

the air moves from the southwest or southeast. The coastal ranges, especiallv 

south of San Francisco, are sufficiently low that during the summer season 

they project above the West Coast inversion. Their most important effect 

]_s to prevent the marine air from penetrating into the San Joaquin Valley. 

The diurnal cloud variations within the valley appear to be rather 

constant in amount during both winter and summer seasons, although the 

average cloud cover is greater in the winter than summer season. On the 

other hand, along the coast, during the winter season the diurnal cloud 

amount remains relatively constant, but during the summer season the max­

imum cloudiness is in the early morning hours, and rapidly sinks to a mini.mum 

value in the early afternoon. The coastal ranges thus mark a boundary 

for the diurnal cloud regions. 

In the final analysis, shown on Fi.g. 1-7, actual solar receipts in 

California (Goodridge, 1977) are considered. Energy receipt during January 



161 

XBL 789-1706 

Figure 1-6. The regionalization of California (4), 
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Figure I-7. The regionalization of California (5). 
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and July was plotted and analyzed, and differences in patterns noted. 

Because several records were short, and some instruments are not of high 

precision, the data were used subjectively. Latitudinal refinements and 

some topographical refinements were also introduced. Thus, a boundary 

has been introduced into the northeast to reflect annual cloud cover, and 

a boundary has been introduced to separate the high deserts from the mountain 

valley terrain in the east. Topography also indicated the need for a boundary 

to separate the coastal and transverse ranges. 
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ABSTRACT 

Daily total insolation records are rehabilitated using a "clear-day" 

analysis technique. This method depends only on the recorded daily data 

and does not require reference to strip charts or station histories. Final 

adjustment of data levels is made with the aid of atmospheric transmittance 

calculations. 

INTRODUCTION 

A "clear-day" analysis has been used to obtain a corrected solar radiation 

data base for 19 locations in the State of California. Although a large 

number of solar measurement stations have been deployed in California 

for various lengths of time over the past 50 years, very few have produced 

solar data that are useful for design purposes. Even those data sets that 

meet minimum requirements for quality and length of record have been found 

to suffer from prolonged periods without instrument calibration and from 

inadequate station records of instrument calibration factors. As a result 

it was necessary to edit all the California data using a technique that 

required only the raw data. Such an editing technique is the "clear-day" 

analysis described in this paper. The various stages of this technique 

were adapted or developed at the Lawrence Berkeley Laboratory during a 

solar data project. 

In the following sections some background informati.on on the Solar 

Resources Project is followed by a detailed description of the methodology 

involved in the "clear-day" analysis. Some of the resulting data are 

presented. 

PROJECT DESCRIPTION 

The California Solar Resource Project was carried out by the Lawrence 

Berkeley Laboratory for the California Energy Resources Conservation and 

Development Commission (ERCDC) and for ERDA. The ten-month project included 

the collection of all available solar data taken within the state and near 
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its boundaries and publication of these data in a suitable Solar Data 

Manual. Extensive user contacts were made to determine both the content 

and format of this manual. In addition, recommendations were made to ERCDC 

regarding alternative future data station networks to meet the needs of 

the state. Approximately 135 solar data measurlng sites were identified 

in California. Many of these sites were temporary in nature and no longer 

supply solar data. The solar radiometer types encountered included 9 photo­

voltaic devices, 39 mechanical pyranographs, and 87 thermopile pyranometers. 

Daily total horizontal insolation data were received from 44 stations and 

stored in a computer data base developed for this project. All the stored 

data were subjected to an analysis program designed to evalnatp. the accuracy 

of the raw data values. Site visits were made to inspect 24 of these stations. 

Using the criteria of (a) record length of five years or more and (b) sufficient 

quality of the data so as to be correctable, data from 19 stations were 

finally accepted for inclusion in the data manual. 

CLEAR-DAY ANALYSIS TECHNIQUE 

Daily total insolation values were stored in a computer data base 

for all available solar data records in California. The data were then 

processed and plotted in four different ways: 

1. Daily plots of percent of extraterrestrial radiation (ETR) 

received on a horizontal surface 

2. Compressed plots of percent of ETR (maximum values for lO-day 

intervals) 

3. Ratio plots of daily insolation received by palrs of stations 

4. Insolation frequency histograms for intervals of up to a year 

Each of these plots presents the same basic data differently and 

facilitates evaluation and analysis in a complementary manner. The actual 

daily insolation values are converted to percent of ETR values by dividing 

them by the calculated extraterrestrial radiation received on a horizontal 

surface. This removes most of the seasonal variation in the readings due 

to changes in the sun's declination throughout the year, and lS a direct 

measure of the transparency of the atmosphere to solar radiation. 
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Abrupt discontinuities as well as slow instrumental drift over a period 

of several years can be detected by applying the four graphical techniques 

listed above. Poor quality data are eliminated. The remaining data are 

adjusted so that the measured clear-day values coincide with clear-day 

atmospheric transmittance calculations to be discussed in greater detail 

below. 

The first type of plot is useful for detecting abrupt changes in recorded 

levels that are indicative of instrument problems or record.er calibration 

errors. The upper envelope of points plotted in this manner represents 

the atmospheric transmission of sunlight on clear days. This technique 

permits sudden jumps in recording levels to be detected but is less capable 

of indicating slow instrumental drift that can occur over a period of several 

years. 

The second type of plot listed above presents the data so that long­

term drifts in instrument calibration levels can readily be detected. This 

is accomplished by "compressing" the percent of ETR plots so that the maXl.mum 

value is plotted for each la-day interval. The tenfold reduction ln the 

length of the computer printout enables many years' worth of data to be 

examined for trends that typically amount to about 1% per year. Although 

weather records are not consulted to determine whether days are clear, 

partially clear, or cloudy, a reduction of this type obviously selects the 

clearest day occurring during each la-day interval, and the upper envelope 

of the points should indicate the maXlmum atmospheric transmittance achieved 

over a period of time. A related technique has been used by R. Bahm, who 

applied it to solar data in New Mexico (unpublished). This technique has 

the advantage that it is unnecessary to introduce an arbitrary clear-day 

cutoff value such as would be required if ~ag~ values were to be taken 

of clear days over 10- or IS-day intervals. A typical plot of several 

years' worth of compressed clear day data is reproduced in Fig. K-l. 

A third type of computer-generated plot (namely, a plot of the ratio 

of daily total insolation readings from two neighboring statLons) was used 

as an aid in detecting discontinuities in the recorded data levels. Such 

a plot should yield approximately constant values for each day during which 

the sky cover conditions are similar at the two stations. Since both stations 

considered are most frequently located at about the same latitude, residual 

latitude effects in the percentage of ETR due to seasonal variations in 
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a1r mass penetrated by the sun's. radiation are largely eliminated. Erratic 

behavior of a data station can often be detected using this type of pre­

sentation provided that data from a second nearby station are available 

for the same period. 

This technique was useful in analyzing the data from the 11 stations 

1n the San Francisco Bay Area operated by the Bay Area Air pollution Control 

District. Since random insolation fluctuations due to local climatic effects 

are introduced by both stations for which the ratio 1S taken, the day-to-

day scatter in the ratio is larger on a percentage basis than the scatter 

1n the fraction of ETR plots for either station taken separately. Correlations 

of daily total insolation values can be quite poor even between close-lying 

stations during unstable weather conditions. Consequently, this technique 

is most sensitive in detecting abrupt discontinuities in recording levels 

during the spring and summer seasons in California. However, even with 

the above mentioned drawbacks, this technique proved to be a useful tool 

for detecting changes 1n calibration levels. If such a change were to 

occur during a period of low daily correlation between stations, so that 

a large amount of scatter is observed in the plotted ratios, the difference 

in the ratios before and a'fter this period would point out the change. 

For such a case, the percent of ETR plots would then be examined for the 

same time period to determine which instrument produced the variation. 

Numerous abrupt shifts were detected in this manner that would probably 

have been attributed to normal fluctuations if the ratio plots l1ad not 

been available. Likewise, a number of apparent shifts in the data recei.ved 

by one station were discounted after ascertaining that the ratio plots 

between it and neighboring stations remained constant. 

A fourth and final type of plot used in the analysis is a histogram 

showing the frequency distribution of daily total insolation values over 

a period of several months to a year. One purpose of such histograms is 

to aid in detecting a calibration shift during the year. The measured 

distributions normally have a single major peak corresponding to clear-

day values. If a calibration shift takes place during the year, a double 

peak may be observable in the distribution. A second purpose of such histo­

grams is to establish the spread between average clear days as determined 

from the peak of the distribution and the clearest recorded days. This 

is an important considerati.on for adjusting the recorded data to a level 
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determined by an atmospheric clear-day calculation, as will be di.scussed 

in the next section. A yearly histogram is presented as an example in 

Fig. K~2. 

ADJUSTMENT OF THE SOLAR DATA 

All data considered for inclusion in the Solar Data Manual were subjected 

to the foregoing analysis. Excessive short-term fluctuations or intermittent 

records were eliminated from the data base. No estimates were made of 

missing data; blank records were simply not counted in constructing long-

term averages. Jump discontinuities in the data as determined by the analysis 

described above were used as boundaries for each data block. The data 

blocks were then adjusted so that the maximum clear-day insolation levels 

in each block were normalized to calculated values. The calculations were 

performed at the NOAA Environmental Research Laboratory by Douglas Hoyt 

for eight locations and three sets of input parameters: turbidity, pre­

cipitable water vapor content, and surface albedo. The calculations yi.elded 

the percent of ETR received on a horizontal surface integrated over the 

day. If necessary, slow instrumental drift within a single data block was 

accounted for by adjusting data within that block on a yearly basis. 

The sensitivity of these calculated values of atmospheric transmittance 

(expressed as percent of ETR) to turbidity and precipitable water vapor 

was investigated. Using the latitude-averaged precipitable water vapor 

values, the turbidity parameter was reduced by a factor of 2; this resulted 

~n an increase in the calculated percent of ETR typically on the order of 

1% for inland locations and up to 3% for southern coastal locations 

(San Diego, Santa Monica). Reducing the precipitable water vapor parameter 

by 30 to 50% resulted in increases of 2 to 4% in the calculated percent 

of ETR. 

The calculated results were interpreted as the percentage of ETR received 

on a "typical" clear day since average seasonal water vapor and turbidity 

parameters were used. A day on which the water vapor content of the atmosphere 

is lower than normal would lead to higher-than-normal insolation values 

(clearest days). Such clearest days are indicated by the upper tail of 

the insolation frequency distribution, as shown 1.n the example in Fig. K-2. 

Reference to the histograms show that the clear days forming the upper 
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peak of the distribution fall typically about 3% helow the clearest-~av 

max~mum value. This number vAries somewhat hetween stations and was t.'1ken 

into consideration in normalizing the experimental data to the calculated 

insolation values. 

RESULTS OF THE ANALYSIS 

Average monthlv insolation values \V'ere obtAined from the correcterl 

data sets. A comparison of such averages made before and after application 

of the rehpbi.litat"lon process is presented in Fig. K-3 for 5 of the 1q stations 

analyzed. The maximum differences hetween the values amount to ahout 15% 

for summertime insolation levels (Rtchmonc1 and China Lake/Inyokern). Another 

significant characteristic of the corrected data is that insolation fre­

quencv histograms tend to show less spread and sharper peaks than their 

uncorrected counterparts, even when the aver.'1ge values do not chspge 

dgni Hc~:mtlv. 

This appendix has appeared separatelv as LBL-7898 and ln the Proceedings 

of the 1977 Annual Meeting of the American Section of International Solpr 

Energy Societ'y. 
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