
PROCEEDINGS 

me Second National 
Solar Radiation C-ta 

Workshop 
The ERDA Division of Solar Energy 

and 
The State Energy Offices 

Skyland, Virginia; September 26-28,1977 

November 1977 

Co-Sponsored By: 
THE ENERGY RESEARCH AND DEVELOPMENT 

ADMINISTRATION AND 
THE NATIONAL OCEANIC AND ATMOSPHERIC 

ADMINISTRATION 

- rn 
8 .  . - 

7 .  . . 
I T  - - 

r - ' +  1 

Prepared under contridt NOAA 03-7-022-3521 0 
by 

1 

4 

 he Kenneth E. Johnson Envimm?nfa! and Energy Center 
The University o(A1abama in Huntsville 

P; 0.' BOX 7 24 7 - .  4 1 
J %e Huntsville, Alahama 35807 j 

** ? 
/ . _  ~r .I 

4. 

P-S OF .THIS REPORT E TLEE~IBLE,"~< ~~STRIBUTION OE THIS DRCL~MEM~ LS I~MUMI'FE~ 
hasbeenreproducedfrorntbe b e s t  available 
OoPYto Pernit the broa8s3tpomule am&&- - - - 
ability. 

-- 2 .- . - 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



PROCEEDINGS OF 

THE SECOND NATIONAL 

SOLAR RADIATION DATA 

WORKSHOP 

The ERDA Division of Solar Energy 

and 

The State Energy Offices 
Skyland, Virigina; September 26-28,1977 

November 1977 

Co-Sponsored By: 

THE ENERGY RESEARCH AND DEVELOPMENT 

ADMINISTRATION AND 

THE NATIONAL OCEANIC AND ATMOSPHERIC 

ADMINISTRATION 

Prepared under contract NOAA 03-7-022-35210 
by 

The ~enneth E. Johnson Environmental and Energy Center 
The Universi'ty of Alabama in Huntsville 

P.O. Box 1247 
Huntsville, Alabama 35807 



TABLE O F  CONTENTS 

P r e f a c e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v  

A c r o n y m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

O p e n i n g R e m a r k s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  

S e s s i o n  I - Solar  R a d i a t i o n  N e t w o r k s  

NETWORK R 4 T I O N A L E  FOR SOLAR ENERGY NEEDS 
D a v i d  L .  C h r i s t e n s e n  and G e n e  C a r t e r .  . . . . . . . . . . . . . . . . .  1 

ALTERNATIVE TO SOLAR RADIATION NETWORKS SATELLITE DATA 
D a n  T a r p l e y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

ALTERNATES TO A GROUND-BASED SOLAR RADIATION MONITORING'NETWORK 
. . . . . . . . . . . . . . . . . . . . . .  L e s t e r  M a c h t a  and G. C o t t e n  2 1  

THE STATE NEW MEXICO NETWORK SOLAR R A D I A T I O N  RESOURCE ASSESSMENT P R O J E C T  
R a y  B a h m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

NEW YORK SOLAR RADIATION MONITORING NETWORK 
R o n  S t e w a r t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 

SOUTHERN C A L I F O R N I A  EDISON/WEST A S S O C I A T E S  SOLAR RADIATION MONITORING 
NETWORK 
N i c k  Patapof f . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 7 

SOLAR RADIATION ENERGY SOURCE COMPARISON U S I N G  SOLMET DATA 
E .  S. T e r r y  and R. S c h l a g h e c k  . . . . . . . . . . . . . . . . . . . .  64 

NATURAL V A R I A B I L I T Y  OF SOLAR PAnTATTnN 
L .  M a c h t a  and G. C o t t e n  . . . . . . . . . . . . . . . . . . . . . . .  104 

S e s s i o n  I1 - Q u a l i t y  C o n t r o l  

THE NOAA/ARL SOLAR RESEARCH F A C I L I T Y ,  BOULDER, CC)T..ORADO 
E .  F l o w e r s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - 109 

P R O C E S S I N G  AND QUALITY CONTROL O F  NATIONAL WEATHER S E R V I C E  RADIATION 
DATA 
W. Seguin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3  

THE CANADIAN NETWORK 
R.  L a t i m e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  7 

DATA QUALITY CONTROL 
G. C a r t e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 



. . 
, . 

s k k s i o n  111 - Data  A v a i l a b i l i t y ,  Archiving;  and P u b l i c  Dissemina t ion  
. . .  . . , . 

. . . . . ; THE NOAA REHABILITATED AND CLOUDINESS ESTIMATED DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  F.. ~ u i n l a n .  135 

. . 
S e s s i o n  I V  - P a n e l  Repor t s  . . 

. . 

PANEL 1, NETWORKS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R. S t e w a r t . .  154 

PANEL 2 ,  QUALITY CONTROL 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N . P a t a p o f f  162 

PANEL 3 ,  SODAR RADIATION DATA: ARCHIVE AND DISSEMINATION POLICIES . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  G. C l a r k . .  ; 165  

CONCLUDING REMARKS . . . . . . . . . . . . . . . . . . . . . .  F. K o o m a n o f f a n d L . M a c h t a .  173  

Appendices 

. . . . . . . . . . . . . . . . . . . . .  APPENDIX A, L i s t  of At tendees  A-1 

APPENDIX B ,  Agenda f o r  Second N a t i o n a l  S o l a r  R a d i a t i o n  Data Workshop. . B-1 

APPENDIX C ,  Paper  submi t t ed  b u t  n o t  r e a d  
C.  Nagle and S. SethuRaman, V a r i a b i l i t y  of S o l a r  R a d i a t i o n  w i t h  . . . . . . . . . . . . . . . . . . . . . . . . . .  Geograph ica l  Loca t ion  C-1 

APPENDIX D ,  Paper  submi t t ed  b u t  n o t  read 
C.  Wilmot t ,  Toward a  New C l i m a t i c  R e g i o n a l i z a t i o n  of t h e  Contiguous . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U n i t e s  S t a t e s  D-1 



PREFACE 

The Second Nat iona l  S o l a r  Radia t ion  Data Workshop was h e l d  a t  Skyland, 
V i rg in i a ,  September 26-28, 1977, s i x t e e n  months a f t e r  t h e  f i r s t  workshop 
he ld  i n  Hun t sv i l l e ,  Alabama. 

This  Second Workshop was co-hosted by t h e  Energy Research and Develop- 
ment Adminis t ra t ion (which became p a r t  of t h e  Department of Energy on October 
1, 1977) and t h e  Nat iona l  Oceanic and Atmospheric Adminis t ra t ion .  Proceedings 
of t h e  workshop were prepared by t h e  Kenneth E. Johnson Environmental and 
Energy Center  (JEEC) a t  t h e  Univers i ty  of Alabama i n  Hun t sv i l l e .  The proceed- 
i ngs  c o n s i s t  of an  execu t ive  summary and a reproduct ion  of a l l  a v a i l a b l e  * 

pape r s  p resen ted  a t  t h e  worlcshop. 

The execu t ive  surhmary c o n s i s t s  of t h e  opening remarks,  t h e  complete re- 
p o r t s  of t h e  workshops, and concluding remarks 'by Fred Koomanoff and D r .  L e s t e r  
Machta. It was publ i shed  i n  November, 1977, and s e n t  a s  'a s e p a r a t e  document t o  
a l l  a t t endees .  

David L. Chr i s tensen  
Univers i ty  of Alabama i n  H u n t s v i l l e  

NOTICE 

This  r e p o r t  was prepared a s  an account of work sponsored by t h e  United 
S t a t e s  Government. Nei ther  t h e  United S t a t e s  no r  t h e  United S t a t e s  Department 
of Energy, nor  any of t h e i r  employees, nor  any of  t h e i r  c o n t r a c t o r s ,  subcon- 
t r a c t o r s ,  o r  t h e i r  employees, makes any warran ty ,  express  o r  implied,  o r  assumes' 
any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  t h e  accuracy,  completeness o r  usefu l -  
ne s s  of any informat ion ,  appa ra tu s ,  product  o r  p rocess  d i s c l o s e d ,  o r  r e p r e s e n t s  
t h a t  i t s  use  would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  

This  r e p o r t  has  been reproduced d i r e c t l y  from t h e  b e s t  a v a i l a b l e  copy. 
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OPEN l NG REMARKS 

Freder ick  Koomanoff, DOE (ERDA) 

I t  i s  a ,pleasure t d  meet w i t h  many o f  y o u a g a i n  and t o  see new faces 
as w e l l  f o r  the Second Nat iona l  Solar  Rad ia t ion  Data Workshop. I 
would l i k e  t o  se t  the background as t o  where we have been, where we a r e  
going, and what we hope t o  accomplish i n  the next  two days o f  d iscussions.  
F i r s t ,  I would l i k e  t o  g i ve  you my vers ion  o f  how people look a t  s o l a r  
energy. Second, I would l i k e  t o  d iscuss as best I can the  concept of  
the new o rgan iza t i on  of the  Department o f  Energy (DOE) . The Energy 
Research and Development Admin i s t ra t i on  (ERDA), my former o rgan iza t i on  
w i l l  be d iscont inued a t  the end o f  t h i s  week, and nex t  week a l l .  of our  
funct ions w i l l  be undertake'n by DOE. However, I must repo r t  t h a t  our  
o rgan iza t i ona l  f u t u r e  i s  no t  c l e a r  a t  t h i s  t ime. And t h i r d ,  I would l i k e  
t o  review what happened i n  our  f i r s t  s o l a r  r a d i a t i o n  data conference i n  
H u n t s v i l l e  i n  May, 1976, and t o  recap the  ac t i ons  taken, t he  ac t i ons  t h a t  
were l e f t  over,  and those which a r e  fac ing  us today. 

We a r e  approaching a momentous dec i s ion  f o r  the f u t u r e  o f  so la r  energy 
and perhaps mankind. For the  f i r s t  t ime s ince our  p ioneer ing  days, 
we have an oppor tun i t y  t o  decen t ra l i ze  a major energy source. We a l s o  
have the  oppor tun i t y  t o  capture " tha t  energy source i n  a massive sate1 1 i t e  
program. Confront ing DOE and the American people today i s  the  dec i s ion  
o f  whether t o  p lace  major emphasis on s a t e l l i t e  power s t a t i o n s  i n  o r b i t  
about Ear th  o r  whether t o  pu t  i t  on decent ra l i zed  use o f  s o l a r  energy 
on E a r t h ' s  surface. Perhaps the best ,  o r  a t  l e a s t  a t h i r d ,  approach 
i s  some combination o f  these two approaches. M i l l i o n s  o f  d o l l a r s  have 
a l ready  been spent on. these concepts; a t  t h i s  p o i n t ,  o f  course, there  i s  
no such s a t e l l i t e  and o n l y  a very, very  l i m i t e d  amount o f  decent ra l i zed '  
so la r  energy. 

Solar  energy has a much wider p o t e n t i a l  and a p p l i c a t i o n  than p rov id ing  
j u s t  hea.ting and coo l ing .  I t  can be used i n  f i s h  c u l t u r e ;  f o r  d r y i n g  
cement slabs, lumber, o r  tobacco; i n  the  food-process ing  indus t ry ;  and 
i n  many o ther  ways i nc lud ing  the d i r e c t  p roduct ion  o f  e l e c t r i c i t y .  The 
g loba l  energy can be gathered by f l a t - p l a t e  c o l l e c t o r s ,  o r  the  d i r e c t  
so la r  r a d i a t i o n  can be converted us ing  concent ra t ing  c o l l e c t o r s ,  I t  i s  
the chal lenge t o  a l l  o f  us t o  develop the  most economical procedures 
f o r  us ing  s o l a r  energy t o  meet a l l  o f  our needs t o  the  g rea tes t  ex ten t  
poss ib le .  I t  i s  i n t e r e s t i n g  t o  r e a l i z e  t h a t  f o r  the f i r s t  t ime, i t  may 
be t e c h n i c a l l y  and economical ly f e a s i b l e  t o  have small communities w i t h  
t h e i r  own energy source--that i s  the  sun. 

The Environmental Resource Assessment Branch (ERAB) concerns i t s e l  f w i  t h  
four d i f f e r e n t  types o f  assessments. They a re  resource, m a t e r i a l s ,  
ecology, and social, p o l i t i c a l  and i n s t i t u t i o n a l  fac tors .  A l l  o f  these 
a r e  i n t e r r e l a t e d ,  and a l l  o f  them must be kept  i n  mind i n  the  p r o j e c t s  
we undertake. 



We have. th ree  sub-program elemen'ts. ' F i r s t  i s  data c o l l e c t i o n  through 
NOAA and non-NOAA sources. The second i s  data management and process ing .  

- t o  produce usefu l  in fo rmat ion  f o r  solar-energy app l i ca t i ons .  And' t he  
t h i r d  i s  the research and ana lys i s  func t ions .  A l l  o f  these programs 
r e q u i r e  awareness ,and cooperat ion,  n o t  o n l y  a t  the fede ra l  l e v e l  bu t  a l s o  
a t  the  s t a t e  and l oca l  l eve l s . .  

The new ~ e ~ a r t m e n t  o f  Energy has i t s  own symbol.  h he DOE symbol i s  
,reproduced on the i n s i d e  f r o n t  cover o f  t h i s  summary.) secre tary  
Schlesinger has been conf irmed t o  f i l l  the top p o s i t i o n  i n  the DOE. The 
DOE, i s  much l a rge r  and more complex than the ERDA was. There a r e  th ree  
Ass is tan t  Secre tar ies .  One supervises the  f o u r  DOE f i e l d  l a b o r a t o r i e s  
located i n  Oregon, i n  Oak Ridge, the  P a c i f i c  Northwest Labora tor ies ,  
and the Solar  Energy Research I n s t i t u t e  i n  Colorado. The o the r  two a r e  
'an Ass i s tan t  Secretary f o r  .Energy Technology and the  Ass i s tan t  Secretary 
f o r  Conservation and s o l a r  App l i ca t i ons .  

The Solar D i v i s i o n  w i l l  operate w i t h  some func t i ons  under each o f  these 
Ass i s tan t  Secretar ies.  The Secretary f o r  Energy Technology (ET) w i  l 1 
be responsib le f o r  mid- and long-term energy technology research and 
development, emphasizing the o the r  than immediate problems. He w i l l  be 
responsib le f o r  RED f o r  so la r ,  geothermal, f o s s i l ,  nuclear  and f u s i o n  
programs. The Secretary f o r  Conservat idn and Solar  App l i ca t i ons  w i l l  
s t a r t  immediately w i t h  massive conservat ion programs i n  the  f i e l d s  o f  
t r anspor ta t i on ,  b u i l d i n g ,  community systems, indus t ry ,  commerce, 
u t i l i t i e s  and o thers .  Th is  w i l l  he lp  t o  niaintain c u r r e n t  s o l a r  commer- 
c i a l i z a t i o n  s tud ies ,  perform the  s o l a r  heat ing  and c o o l i n g  o f  b u i l d i n g s  
program, and conduct the  solar-agricultural/industrial-heat process 
p rog ram. 

When an energy technology reaches the  p o i n t  o f  commercia l izat ion,  
f unc t i ons  w i l l  then be assumed by the  Ass i s tan t  Secretary f o r  Conservat ion 
and Solar  App l i ca t i ons .  He w i l l  launch massive demonstrat ion programs 
towards t h a t  end which w i l l  he lp  t o  b r i n g  the  technology i n t o  the  
marketplace. Establ ished i n te r faces  w i t h  soc ie t y  w i l l  be used by t h i s  
unique organ iza t iona l  s t r u c t u r e  which had no t  p rev ious l y  been a n t i c i p a t e d  
f o r  DOE. 

We do not  know how a l l  the 10 b i l l i o n  d o l l a r  budget o f  DOE w i l l  be 
a l l oca ted ,  but  we do know how some o f  i t  w i l l  be spent. Conservat ion 
and s o l a r  app l i ca t i ons  w i l l  have,4% o f  the budget; energy technology, 
25%; and environmental,  3%. That i s  about a l l  o f  the  i n fo rma t ion  t h a t  i s  
now ava i l ab le .  

The pr imary r e s p o n s i b i l i t i e s  f o r  Resource App l i ca t i ons  a r e  t o  develop 
and implement vo lun ta ry  and i ncen t i ve  programs f o r  inc reas ing  domestic 
supp l ies  o f  petroleum, na tu ra l  gas, coal  and uranium, and t o  perform 
product i 'on and market ing o f  energy resources. The department a l s o  
manages DOE aspects o f  federa'l energy resource l eas ing  procedures, inc lud-  
ing  promulgat ion of r e g u l a t i o n  as f a r  as leasings a r e  concerned. I t  a l s o '  
admin is te rs  assigned regu la to ry  programs and conducts energy supply 
commercia l izat ion a c t i v i t i e s .  

vii 



To summarize w i t h i n  t h e  DOE as i t  i s  now conceived, programs w i l l  s t a r t  
w i t h  research and development, proceed i n  t he  development stages t o  
commerc ia l i za t ion ,  and then move on t o  t h e  r e g u l a t o r y  stages. 

Now, t o  review'some o f  t he  i tems which t r a n s p i r e d  a t  t he  f i r s t  s o l a r  
r a d i a t i o n . d a t a  meet ing i n  H u n t s v i l l e  i n  May, 1976: a c t i o n  i tems a t  
t h e  f ede ra l  l e v e l  which have been accomplished as o f  t h i s  da te  i nc l ude  
t he  estab l ishment  o f  a  3 5 - s t a t i o n  network,  which was commissioned i n  
January o f  t h i s  year .  Two a d d i t i o n a l  s t a t i o n s  have now been added f o r  
a  t o t a l  of  37. The s t a t i o n s  a r e  undergoing growing pa ins  and a r e  be ing 
expanded t o  i nc l ude  py rhe l iometers ,  bu t  i t  w i l l  be a  very  good bas i c  
network. To supplement i t ,  we have i d e n t i f i e d  about 25 more s t a t i o n s  and 
may increase them t o  60 o r  more i n  o rde r  t o  improve on t he  d e n s i t y  o f  
t h e  network. 

We a l s o  have se lec ted  6  me teo ro log i ca l  research and t r a i n i n g  s i t e s  w i t h -  
i n  the  cont lguous Un i t ed  S ta tes ,  i n  a d d i t i o n  t o  one each i n  Alaska and 
Hawai i .  More in fo rmat ' i on  about these' w i l l  be presented d u r i n g  these 
meet ings. 

A  c a t a l o g  o f  da ta  l o c a t i o n s  has been pub l i shed  encompassing those da ta  
which a r e  a r ch i ved  a t  A s h e v i l l e ,  NC, as w e l l  as i d e n t i f y i n g  l o c a t i o n s  
where da ta  a r e  a v a i l a b l e  b u t  n o t  a r ch i ved  a t  A s h e v i l l e ,  A  c a t a l o g  o f  
s o l a r  r a d i a t i o n  measuring ins t ruments  has a l s o  been p r i n t e d ,  and t he  
Network Design Handbook and r e l a t e d  g u i d e l i n e s  i s  i n  p repa ra t i on .  
C r i t e r i a  f o r  s o l a r  r a d i a t i o n  da ta  c o l l e c t i o n  have been e s t a b l i s h e d  and 
pub1 ished by the  Na t i ona l  C l  imat i c  Center (NCC) . They have been separated 
i n t o  t h r e e  c lasses  f o r  acceptance. A  c a l i b r a t i o n  cen te r  has been 
es tab l i shed  and i s  i n  o p e r a t i o n  a t  Boulder ,  CO, operated by Ed Flowers 
who i s  here  today and who w i l l  desc r i be  i t  more f u l l y .  

Now f o r  t h e  s t a t e  a c t i o n s  which were i d e n t i f i e d  a  yea r ' and  a  h a l f  ago. 
F i r s t  was t he  development o f  s t a t e  g u i d e l i n e s  f o r  s t a t e  user  developments. 
To my knowledge,. no act , ion has been accomplished on t h i s .  Second was 
t h e  deve,lopment o f  s t a t e  resource assessment se rv i ces .  . Ag'ain, I have no 
r e p o r t  on t h i s ,  a1 thn~rgh  snme work has been done and we hope to  hear more 
a b o u t . t h a t  i n  t h e  nex t  two days. T h i r d ,  t h e  s t a t e s  have he lped t o  
i d e n t i f y  where t h e i r  s o l a r  r a d i a t i o n  da ta  have been taken i n  t h e . p a s t  
and where they  a r e  be ing  c o l l e c t e d  a t  t h i s  t.ime. 

So t h i s  i s  where we s tand on t h e  t h resho ld  o f  t h i s  meet ing. We hope 
t h a t  t h e  nex t  two days w i l l  i n f o rm  us o f  what a c t i o n  i s  be ing  taken t o  
f u r t h e r  these goa ls  and t o  e s t a b l i s h  new ones. 
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" NETWORK RATIONALE FOR SOLAR ENERGY NEEDS 

. David Chris tensen,  Gene C&rten:,.UAH-JEEC 

. . . . The ~ e n t ' e r  f o r  ~ n v i r o n m e n t a l  and Energy 'S tudies  (CEES) of The Univers i ty  

of Alabama i n  Hun t sv i l l e  (UAH) was renamed t h e  Kenneth E. Johnson Environmental 

and Energy Center (JEEC) i n  March 0'5 t h i s  yea r  i n  memory of t h e  l a t e  D r .  Kenneth 

E. Johnson, t h e  f i r s t  ' ~ i r e c t o r  of t h e  Center.  Some of you may r e c a l l  t h a t  D r .  
.I. 

: Johnson p a r t i c i p a t e d  i n  t h e  F i r s t  Nat ional  Solar  Radiat ion Data Workshop i n  

Hun t sv i l l e  i n  May, 1976. a 

Our t o p i c  . t h i s  m 0 r n i n g . i ~  Network Rat iona le  f o r  Solar  Energy Needs. How- 

ever ,  t h e r e  may be times during t h i s  d i scuss ion  t h a t ~ . w e  appear t o  be f a r  a f i e l d  

from network r a t i o n a l e .  This is  a necessary dev ia t ion  because before  one can 

consider  . . networks s e r i o u s l y  he must have a good background, and a s  much informa- 

t i o n  a s  p o s s i b l e  about s o l a r  r a d i a t i o n  and s o l a r  energy, p a r t i c u l a r l y  u s e r s  and 

so l a r -  energy needs. 

. This morning we w i l l  b r i e f l y  cover t h e  JEEC a c t i v i t i e s  s i n c e  t h e  May, 1976, 

workshop. W e  w i l l  then go i n t o  some d e t a i l  on t h e  h i g h l i g h t s  of t h e  Network 

Design Handbook. Dave Chris tensen w i l l  address  t h e  use r  needs and methods of 

analyzing u s e r  needs. Then, we w i l l  address  two s u b j e c t s  which we have i d e n t i -  

f i e d , t h a t  may be p o s s i b l e  s u b j e c t s  f o r  d i scuss ion  and perhaps r e s o l u t i o n  a t  

t h i s  workshop. Reports of JEEC s i n c e  t h e  l a s t  workshop inc lude  "An Executive 
. . 

Summary , a n d . t h e  Complete Proceedings of t h e  F i r s t  Workshop". The execut ive  sum- 
. , 

&z)i number is  l i s t e d  a s  TID-213.37 i n  t h e  September, 1977, b ib l iog raph ie s  from 
.. . 

Oak Ridge. However, we a r e  q u i t e  c e r t a i n  t h a t  i t  is  not  a good TID number.; and 

we suggest  ca l ' l ing  f o r  i t  by TID-27563, bu t  a .copy may, have t o ' b e  xeroxed. f o r  

you. . Copies of t h e  proceedings t o  be put  i n  t h e  notebooks f o r  t h e  workshop were 

distributed to  a l l  p a r t i c i p a n t s  almost a year  ago. "A L i s t i n g  of So la r  Radiat ion 

Measuring Equipment and A Glossaryt t  is  ERDA DSE 1'024-1, da ted  J u l y ,  1976. It 



. . .  

i s .  s . imilar  t o  t h e  one t h a t  was passed out  a t  t h e  May, 1976, .workshop., A g los sa ry  
: . . . .  

was added t h a t  i s  r ece iv ing  q u i t e  a  b i t  of a t t e n t i o n  and use.  A "Catalog of.  

S o l a r  Radiat ion Measuring Equipment" was publ i shed  by UAH i n  A p r i l ,  1977. ,And 

'we understand t h i s  i s  i n  t h e  process  of being prepared a s  a  DOE document, a l though 

a s  y e t  does no t  have a  DOE number. We have a  l i m i t e d  number of copies  w i t h  us. 

The ca t a log  i d e n t i f i e s  some 130 d i f f e r e n t  models o r  types  of equipment produced 

by approximately 33 manufacturers .  S ince  t h i s  document was publ i shed ,  t h r e e  

a d d i t i o n a l  p i eces  of equipment and t h r e e  a d d i t i o n a l  manufacuters have.been i d e n t i -  

f i e d ,  and we have l ea rned  t h a t  t h r e e  of t h e  manufacturers  i n  t h e  ca t a log  no longer  

make s o l a r - r a d i a t i o n  measuring equipment. So la r - r ad ia t ion~ .obse rva t ' i on~ .  s t a t i o n s ,  . 

i nc lud ing  t h e  NCC a rch ived  d a t a  and d a t a  n o t  c u r r e n t l y  a rch ived ,  were a l s o  pub- 

l i s h e d  by UAH. W e  have a  l i m i t e d  number of coples  of t h i s  pub l i ca t i on .  W e  un- 

de r s t and  i t ,  too ,  is  i n  t h e  process  of being republ i shed  a s  a  DOE document. 

A r e p o r t  of d i g i t i z i n g  s o l a r - r a d i a t i o n  s t r i p - c h a r t  d a t a  was prepared.  It h a s n ' t  

been publ i shed  and is  an : in t re rna l  UAH r e p o r t  only.  A b r i e f  d e s c r i p t i o n  of what 

.we have learned  about d i g i t i z i n g  s t r i p - c h a r t  d a t a  i~ i n  order .  Fig.  1 is a  copy 

o.f ' a  d i g i t i z e d  s t r i p - c h a r t  produced by computer. It is  a c t u a l l y  t h e  computer 

reproduct ion  of a  s t r i p - c h a r t .  Obviously, t h e r e  is  ha rd ly  any way of t e l l i n g  

t h a t  t h i s  i s  any d i f f e r e n t  from t h e  o r i g i n a l  s t r i p - c h a r t .  I n  t h e  computer, t i m e  

can be  reversed ,  i t  can be  expanded, o r  p o r t i o n s  of i t  can be  expanded t o  look 

a t  any p o r t i o n  of t h e . t r a c e .  Data can e a s i l y  be  d i g i t i z e d  by computing t h e  a r e a  

under t h e  curve e i t h e r  i n  l o c a l  s t anda rd  t i m e  (LST) o r  t r u e  s o l a r  t i m e  (TST) and 

they-become a  v e r s a t i l e  p l o t .  We have i d e n t i f i e d  t h r e e  d i f f e r e n t  methods'of 

d i g i t i z i n g  t h e  s t r i p - c h a r t .  Fig.  2 shows a  p r e c i s e  t r a c e  and is  s i m i l a r  t o  t h e  
\ 

previous  cha r t .  This  t r a c e  would be  a s  c l o s e  a s  p o s s i b l e  t o  an exac t  reproduct ion  

of ' t h e  s t r i p - c h a r t .  It would then be  s t o r e d  on t a p e  and be  a v a i l a b l e  f o r  use .  as 

requi red .  Also, d a t a  from t h e    trip c h a r t  would be  p laced  i n  SOLMET format.  The 

second method is  c a l l e d  a  s t ream mode and i s  a  qu ick  l i n e  r ep re sen t ing  t h e  gene ra l  
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f e a t u r e s  of t h e  o r i g i n a l  s t r i p - c h a r t .  The t h i r d  method i s  a  s t e p  mode which is  

s i m i l a r  t o  t h e  manual p rocess  where each 30-min pe r iod  is  given a  h o r i z o n t a l  

l i n e  r ep re sen t ing  t h e  mean va lue  f o r  t h a t  ' p e r i o d .  Comparison of t h e  v a r i o u s  

methods using t h r e e  d i f f e r e n t  days w i t h  d i f f e r i n g  amduntk of r a d i a t i o n  is  shown 
. . 

i n  Fig.  3:- t h e  low-radiat ion day,  a  moderate r a d i a t i o n  and another  one which 

is no t  a  c l e a r  day but  a  f a i r l y  good r a d i a t i o n  day. The d a t a  a r e  expressed i n  

~ t u / f t ~  f o r  t h e  day columns and i n  d o l l a r s  f o r  t h e  c o s t  column. There is  very  

l i t t l e  d i f f e r e n c e  i n  t o t a l  d a i l y  va lues  i n  e i t h e r  of t h e  th ree 'methods .  The 

l a r g e s t  v a r i a t i o n  i s  about 5 percent  between t h e  day-three d i g i t i z e d  t r a c e  and 

t h e  manual da t a .  Of course ,  w e  do no t  know t h a t  t h e  manual d a t a  process  is 

a c c u r a t e  i n  i t s e l f ,  s o  w e  have no base  l i n e  t o  use.  We have developed c e r t a i n  

c r i t e r i a  by which each method may be  used t o  advantage. Fu r the r  in format ion  

about t h i s  i s  a v a i l a b l e  from us .  

The network-design handbook i s  i n  t h e  f i n a l  s t a g e s  of e d i t i n g ,  bu t  a  b r i e f  

d e s c r i p t i o n  of i t  i s  i n  order .  It has  an ex t ens ive  i n t r o d u c t i o n  t o  provide  t h e  

background and some of t h e  information requi red  be fo re  on,e cons iders  a network. 

Also, i t  b r i e f l y  d i s cus se s  t h e  atmospheric  e f f e c t s ,  t h e  s p e c t r a l  d i s t r i b u t i o n ,  

. t h e  types  of s o l a r  r a d i a t i o n ,  and t h e  equa t ion  of t ime wi th  a  s imple procedure 

f o r  ddtermining (TST) f ron l  s u n r i s e  a n d  s u n s e t  t a b l e s  . A d d i t i o n -  

a l l y ,  t h e  i n t r o d u c t i o n  inc ludes  a  des .c r ip t ion  of t h e  NOAA programs w i t h  r e h a b i l i -  

t a t i o n  of t h e  hour ly  d a t a  and t h e  d a i l y  d a t a ,  . the new 35-s ta t ion  network and, 

a s  n e a r  a s  can be  determined, a d d i t i o n a l  p l ans  t h a t  NOAA has  f o r  t h e i r  da t a .  There 

i s  a l s o  a  d i s cus s ion  of r e l a t e d  atmospheric  d a t a  and i t s  va lue  and a p p l i c a t i o n  

wi th  s o l a r - r a d i a t i o n  da t a .  There is  a  d e s c r i p t i o n  of solar-energy a p p l i c a t i o n s ,  

i nc lud ing  n a t i o n a l ,  s t a t e  and r e g i o n a l ,  power companies and p r i v a t e  companies, 

which'may have ex t ens ive  appl ica ' t ions  f o r  s o l a r  energy. Then, t h e r e  is  a descr ip-  

t i o n  of t h e  i n t e r n a t i o n a l  d a t a  sou rces  which a r e  p r i m a r i l y  t h e  WMO and United 

Nations. Environment Program, which has  i n t e r n a t i o n a l  and environmental r e f e r r a l  

5 
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c e n t e r s  throughout t h e  world. The c o s t s  versus  t h e  number of s t a t i o n s  i s  a l s o  

addressed i n  t h e  in t roduc t ion .  

Other h igh1 igh t s :o f  t h e  document a r e  procedures f o r  recording and c o l l e c t i n g  

d a t a  network, d a t a  formats ,  d a t a  s t o r a g e  and r e t r i e v a l ,  d a t a  summaries, and 

disseminat ion.  There a r e  r e f e rences  t o  va r ious  types  of summaries which may be  

used a s  models f o r  d a t a  u t i l i z a t i o n .  There is  a l s o  a d i scuss ion  of economic 

f a c t o r s ,  and a requirement f o r  sus t a ined  opera t ion  of any network e s t ab l i shed .  

Implementing t h e  network r e q u i r e s  d e t a i l e d  a t t e n t i o n  t o  s u b j e c t s  such a s  

l o c a t i n g  s i t e s ,  equipment s e l e c t i o n ,  i n s t a l l a t i o n  and opera t ion ,  q u a l i t y  c o n t r o l ,  

t r a i n i n g  requirements ,  and cos t s .  There is a network p lan  worksheet i n  an appen- 

d i x  i n  t h e  document, reproduced he re  a s  Fig. 4. A d e s c r i p t i o n  of t h e  columns 

and suggested coding f o r  t h e  columns a r e  included wi th  t h e  network p lan  worksheet. 

We have found t h a t  t h e r e  a r e  many f a c t o r s  which a r e  r e a l l y  not  p a r t  of a 

network des ign  but  a r e  va luab le  a d d i t i o n a l  information.  To avoid having t h e  

planner  seek out  a number of r e f e rences ,  s e v e r a l  appendices from them a r e  i n  

t h i s  document. Appendix A covers  t h e  SOLMET form and i n s t r u c t i o n s  and i s  a copy 

of t h e  NCC SOLMET i n s t r u c t i o n s .  I f  SOLDAY i n s t r u c t i o n s  a r e  a v a i l a b l e  be fo re  

pub l i ca t ion ,  they a l s o  w i l l  be included i n  t h i s  appendix. Appendix B i s  an 

approach f o r  eva lua t ing  t h e  va lue  of i n t e r p o l a t e d  d a t a  between s t a t i o n s  s o  t h a t  

a rough determinat ion can be made of t h e  optimum d i s t a n c e  between s t a t i o n s .  Appen- 

d i x  C is a worksheet of i n s t r u c t i o n s  and a ma t r ix  of t h e  u s e r  requirements.  Appen- 

d i x  D o f f e r s  a network p lan  worksheet and i n s t r u c t i o n s  a s  descr ibed  e a r l i e r .  

Appendix E provides £ o r  instrument  c a l i b r a t i o n  and maintenance procedures.  Appen- 

d i x  F covers  t h e  environmental measurements f o r  standard'solar-radiation da ta .  

F i n a l l y ,  Appendix G i s . a  l is t  of t h e  NOAA-DOE requirements f o r  s tandard  so l a r -  

r a d i a t i o n  measurements from s t a t i o n s  o t h e r  than  those  agencies  i f  t h e i r  data .  a r e  

t o  be  a rch ived  a t  NCC. There probably w i l l  be  an a d d i t i o n a l  appendix which w i l l  

list t h e . s o u r c e s  of world-wide da t a .  Dave Chris tensen w i l l  now address  d a t a  u s e r  
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SUGGESTEI) CODES FOR NETWORK PLAN WORKSHEET 

Co.1 umn 

( 1 )  S t a t i o n  Number and Loca t ion  ( l o n g i t u d e ,  l a t i t u d e ,  and e l e v a t i o n  
above. MSL) ........... 
Allow one l i n e  f o r  each t y p e  of  s o l a r - r a d i a t i o n  d a t a  t o  b e  mea- 
s u r e d . s u c h  a s  t o t a l  h o r i z o n t a l ,  d i r e c t ,  d i f f u s e  o r  v a r i o u s  t i l t  
a n g l e s .  

(2) S o l a r - R a d i a t i o n  Measuring Equipment .... ;.. .... 
1 .den t i fy  t h e  t y p e  of 'equipment t o  b e  u s e d ,  i n c l u d i n g  s e r i a l  num- 
b e r ,  i f  known, and c r o s s - r e f e r e n c e  t o  c a l i b r a t i o n  and maintenance 
h i s  t o r y .  

.......... (3) Ila t a  Acqui.si t i o n  Equipme*. 

Sl~ow method of  r e a d i n g  t h e  n~easurements  such  a s  s t r i p  c h a r t ,  e l e c -  
t r o n i c  d a t a  a c q u i s i t i o n  e t c .  

........... ( 4 )  Measurement Requirements 

Code: H - Hourly t o t a l  r a d i a t i o n  

D - Dai ly  t o t a l  r a d i a t i o n  

M - Monthly t o t a l  r a d i a t i o n  

H , D  o r  M 
o  - T i l t e d  measurements,  xx no. o f  deg. t i l t  

XX 

0 - Other  

(5) Otlicr M e t c o r o l o g i c a l  Measurements . . . . . . . . . . .  

- Recorded on s i t e  

A - Secured from nearby  r e c o r d i n g  s i t e  (NWS) 
2 

A - Other  3 

Typc of Meilsurements: 

Wsd 
-.Wind speed and d i r e c t i o n  

T - Temperature 

T~ - Some I ~ u m i d i t y  measurement 

P - P r e s s u r e  

0 - Otllcr 

F ig .  4 ( ~ o n t ' d )  



Co 1 umn 

...... ( 6 )  D a t a - C o l l e c t i o n  Method ( f rom s i t e  . t o  ne twork  management).  
......... 

Md - M i i l e d  d a i l y ;  w - weekly;  m - monthly .  

Ed - E l e c t r o n i c  t r a n s m i s s i o n  d a i l y ;  h  - h o u r l y .  

........... ( 7 )  , P e r i o d  Requ i red  

S t a r t i n g  d a t e  and  e s t i m a t e d  e n d i n g  d a t e  i n  mon th lyea r .  

.(8) ' .  ~ u r i d i n ~  Source . . . . . . . . . . .  

. I n d i c a t e  s o u r c e  o f  f u i d s  and p e r i o d s  f u n d s  are a v a i l a b l e .  

. . .  

............. (.9 1. p e r s o n n e l  T r a i n i n g  ~ e ~ u i r e m e n t s  

. - I n d i c a t e  t h e  i n i t i a l  and c o n t i n u i n g  t r a i n i n g  r e q u i r e m e n t s  
. . 

. . f o r  s u s t a i n e d  o p e r a t i o n .  

( 1.0). : --- ' l ) ' i . sposi t  Lon or t h e  Data. ; ......... . . 

. . . . S m -  Coded i,n SOI.MEI' f o r m a t  and  s t o r e d  a t  NCC. . . 

S j - c o d e d  i n  SOLDAY f o r m a t  and s t o r e d  a t  NCC. 

Ph - Pub l i s t l ed  as h o u r l y  d a t a ;  d  - d a i l y ;  m - monthly .  

C - C o n s o l i d a t e d  a s  ne twork  d a t a .  
n 

0 - O t h e r  

............. Users o f  t h e  Data 

Develop i n d i v i d u a l  ne twork  code f rom ou'rvey of user r e q u i r e m e n t s .  
One must a v o i d  t h i s  as n c a t c h - a l l .  Each u s e  must  b e  j u s t i f i e d  
.and c o n t i n u e  t o  meet c g i t e r i a  o u t l i n e d  e l s e w h e r e  i n  t h i s  r e p o r t .  

( 1.2) .----..- O t h c r  Con~mcnts. . . . . . . . . . .  - 
(. 'l.nclude reference t o  a d e t a i l e d  d e s c r i p t i o n  of  t h e  s i t e  a l t h o u g h  

t h e r e  .is n o t  s u f f i c i e n t  s p a c e  o n  t h i s  form f o r  t h e  c o m p l e t e  des -  
c r i p t i o n )  . 

F i g .  4 (Cont 'd)  



requ i rements  and ,,then, o f f e r  a  summary of a p p a r e n t  needs ,  which may b e  a c h a l l e n g e  

t o  t h i s  workshop. 

F i r s t ,  l e t  m e  d e s c r i b e  t h e  needs  of d a t a  managers and u s e r s ,  i n  g e n e r a l ,  

and t h e n  move a long  i n t o  a  r a t i o n a l e  f o r  deve lop ing  s o l a r - r a d i a t i o n  d a t a  ne t -  

works based on a  s y s t e m a t i c  p rocedure  f o r  e v a l u a t i n g  and mee t ing  t h e  needs  of 

u s e r s .  

Data managers need t o  i d e n t i f y  t h e i r  program management and u s e r r e q u i r e -  

ments ;  t h e n ,  they  need a d e f i n i h i o n  of o v e r a l l  sys tems  c r i t e r i a  t o  a s s u r e  t h a t  

a l l  program f a c t o r s  a r e  c a r e f u l l y  e v a l u a t e d .  S t a n d a r d i z a t i o n  of t e rms ,  t h e  

fo rmats  and t h e  d e f i n i t i o n s  f o r  t h e  d a t a  a r e  l i k e w i s e  n e c e s s a r y  f o r  t h e  e f f e c -  

t i v e  development of t h e  o v e r a l l  system. Users  g e n e r a l l y  r e q u i r e  r a p i d  g a t h e r -  

, i n g ,  p r o c e s s i n g , . a n d  d i s s e m i n a t i o n  of d a t a  as w e l l  as t h e  i d e n t i f i c a t i o n  of :: 

r e q u i r e d  funds  and t y p e s  of e x p e r t i s e  r e q u i r e d  t o  r e a l i z e  maximum b e n e f i t s .  

An in-depth  e v a l u a t i o n  of t h e  u s e r  requ i rements  o f  s o l a r - r a d i a t i o n  d a t a  

i d e n t i f i e s  t h e  f o l l o w i n g  needs ,  p a r t i c u l a r l y  d u r i n g  t h e  i n i t i a l  d e s i g n  phases :  

F i r s t ,  i s  th'e l o c a t i o n  and c l a s s i f i c a t i o n  o f  b o t h  d a t a  and u s e r s .  The. 

u s e r s  must be  i d e n t i f i e d  and p rocedures  e s t a b l i s h e d  t o  m e e t  t h e i r  re- 

quirements-though n o t  n e c e s s a r i l y  t h r o u g h . t h e  u s e  of a  new network 

program, b u t  p o s s i b l y  t h e  a p p l i c a t i o n  of a l t e r n a t e  methods. I f  a new 

network is  r e q u i r e d ,  i t  shou ld  be  e v a l u a t e d  on c o n s i d e r a t i o n s  such  a s :  

a c l e a r  s o l a r  p a t h  a t  a l l  s e a s o n s ,  a v a f l a b i l i t y  of f a c i l i t i e ~  and 

t r a i n e d  p e r s o n n e l ,  p r o s p e c t s  f o r  con t inuous  o p e r a t i o n ,  a s s e s s i b i l i t y  

f o r  r o u t i n e  maintenance,  and ,  most i m p o r t a n t l y ,  c o s t  e f f e c t i v e n e s s .  

Thus, a d e f i n i t i o n  o f  t h e  p o t e n t i a l  i n t e r e s t  and needs ,  t h e  d a t a  volume re-  

qu i rements ,  t h e  i n t e r f a c e  r e q u i r e m e n t s  and a c o s t  and b e n e f i t  a n a l y s i s  must be  

performed b e f o r e  p roceed ing  w i t h  t h e  development of a . n e w  network.  

A n a l y t i c a l  t echn iques  t o  e v a l u a t e  t h e  u s e r  community shou ld  b e  developed 

and a p p l i e d .  F a c t o r s  i n c l u d c ,  amoung o t h e r s ,  dfrect .  c o n t a c t  through m e e t i n g s ,  

t e l e p h o n e  s u r v e y s ,  e t c ;  q u e s t i o n n a i r e s  and s u r v e y s ;  c a t e g o r i z a t i o n  of t h e  d a t a  



requirements;  p u b l i c a t i o n  of a v a i l a b l e  d a t a  sources  and c u r r e n t l y  a v a i l a b l e  

d a t a  f o r  review a i d  f u r t h e r  ' refinement.  

Various methods and a s soc i a t ed  c o s t s  should be considered i n  t h e  means of 

disseminati 'ng t h e  p o t e n t i a l  r e s u l t s  of t h e  network program. Handbooks, d a t a  

u s e r s '  guides,  computerized da t a  bases ,  and va r ious  o t h e r  d a t a  s t o r a g e  and re -  

t r i e v a l  techniques t y p i c a l l y  should b e  compared be fo re  proceeding wi th  t h e  f i n a l  

network design.  

It is  a l s o  d e s i r a b l e  t h a t  a  systems a n a l y s i s  approach be  made be fo re  under- 

tak ing  t h e  f i n a l  network design. Severa l  d i s c r e t e  s t e p s  a r e  i nd ica t ed  i n  t h i s  

a n a l y s i s .  A s ta tement  of t h e  need should be  made a s  w e l l  a s  a  c l e a r  s ta temenr 

of t h e  goa ls  and o b j e c t i v e s  of t h e  program. Performance s p e c i f i c a t i o n s  should 

be  e s t a b l i s h e d  t o  meet t h e  expected system output  and t o  i n s u r e  sy.stem r e l i a - .  

b i l i t y .  Related design s p e c i f i c a t i o n s  should l i kewise  be  developed t o  meet t h e  

proposed hardware and sof tware  requirements ,  t h e  est imated c o s t  of t h e  system, 

and t h e  proposed developmental schedule.  Then, t h e  gene ra l  f e a s i b i l i t y  of t h e  

network can be  eva lua ted ,  inc luding  t h e  t e c h n i c a l ,  economic, and i n s t i t u t i o n a l  

. f a c t o r s  which r e l a t e  t o  u se r  acceptance. Throughout t h e  process ,  v a r i o u s  changes 

and a l t e r n a t i v e s  should be considered and, i f  poss ib l e ,  fed  back i n t o  a  modified 

s ta tement  of g o a l s ,  o b j e c t i v e s ,  and performance s p e c i f i c a t i o n s .  I n  t h i s  way t h e  

o v e r a l l  systems a n a l y s i s  can be r e f i n e d  and, hopefu l ly ,  t h e  f i n a l  ou tput  w i l l  

c l o s e l y  match t h e  u s e r ' s  requirements.  

One obvious need from t h e  work t o  d a t e  i s  f o r  +.document desc r ib ing  va r ious  

s tandards  f o r  so l a r - r ad ia t ion  measurements, inc luding  d e t a i l e d  requirements  f o r  

s i t e s  and ins t rumenta t ion ,  da t a -acqu i s i t i on ,  q u a l i t y  c o n t r o l ,  d i sseminat ion  

techniques,  and o t h e r  measurement programs. I n  a d d i t i o n ,  t h e  s t anda rd iza t ion  of 

ins t rumenta t ion  mounts, connectors , .  e t c . ,  i s  a l s o  needed. 

A competent network manager i s  a  neces s i ty .  He needs,  a t  a  minimum, a  broad 

background i n  so l a r - r ad ia t ion  measuring ins t ruments ,  and an  awareness of d a t a  



p r e s e n t l y  a v a i l a b l e ;  d a t a  r e c o r d i n g ,  p r o c e s s i n g ,  s t o r i n g  and r e t r i e v a l  tech-  

n i q u e s ;  fo rmats  f o r  summarizing d a t a ;  t e c h n i q u e s  of c o s t  management; and 

d e d i c a t i o n  t o  o p e r a t i n g  t h e  network on  a s u s t a i n e d  b a s i s .  F i n a l l y ,  h e  must 

con t inuous l f  review t h e  c o s t s  and t h e  p o t e n t i a l  r e s u l t s ,  as w e l l '  as a c t u a l  

r e s u l t s ,  t o  a s s u r e  t h a t  t h e  network always meets t h e  u s e r  requ i rements .  



ALTEl7NATIVE.SOLAR RADIATION NETWORKS 

SATELLITE DATA 

Dan T a r p l e y ,  NOAA 

I n s o l a t i o n  i s  t h e  r a t e  a t  which d i r e c t  and s c a t t e r e d  s o l a r  r a d i a t i o n  

i s  i n c i d e n t  upon a  u n i t  h o r i z o n t a l  s u r f a c e .  It i s  measured i n  u n i t s  

of energy / second 'a rea .  I n s o l a t i o n  a t  E a r t h ' s  s u r f a c e  i n  t h e  v i s i b l e  

r e g i o n  of t h e  s o l a r  spectrum i s  one of t h e  most impor tan t  m e t e o r o l o g i c a l  

v a r i a b l e s  de te rmin ing  t h e  growth r a t e  of c r o p s .  An exper iment  was planned 

f o r  t h e  summer of 1977 t o  i n v e s t i g a t e  methods f o r  de te rmin ing  v i s i b l e  

s u r f a c e  i n s o l a t i o n  from s a t e l l i t e  and ground-based m e t e o r o l o g i c a l  d a t a .  

Th i s  exper iment  e n t a i l e d  c o l l e c t i n g  c o i n c i d e n t  s a t e l l i t e ,  m e t e o r o l o g i c a l ,  

and pyranometer measurements o v e r  t h a t  p o r t i o n  of t h e  Grea t  P l a i n s  bounded 

by by t h e  2g0N and 49"N p a r a l l e l s  of l a t i t u d e  and t h e  95"W and 105"W 

m e r i d i a n s .  . T h e  a r e a  i s  i l l u s t r a t e d  i n  Fig .  1. 

V i s i b l e  s o l a r  r a d i a t i o n  i n c i d e n t  on E a r t h  i s  e i t h e r  r e f l e c t e d  t o  

space' ,  absorbed i n  t h e  a tmosphere ,  o r  absorbed by E a r t h ' s  s u r f a c e  (F ig .  2 ) .  

S u r f a c e  i n s o l a t i o n ,  t h e  q u a n t i t y  of i n t e r e s t ,  i s  a  f u n c t i o n  of i n c i d e n t  

s o l a r  r a d i a t i o n  and t h e  amounts of energy r e f l e c t e d  t o  s p a c e  and absorbed 

by t h e  atmosphere.  

The f r a c t i o n  of incoming r a d i a t i o n  t h a t  is  r e f l e c t e d  t o  s p a c e  is  

p r i m a r i l y  c o n t r o l l e d  by c loud  amount and c loud t h i c k n e s s ,  b o t h  of which i 
can be e s t i m a t e d  from s a t e l l i t e  d a t a .  Cloud amount i n  an  a r e a  i s  computedl 

by t h e  two-threshold  method (Shenk and Salomonson, 1972) i n  which t h e  

number of p i x e l s  i n  c l e a r ,  p a r t l y  c loudy ,  and c loudy c l a s s e s  are weighted 
J 

t o  y i e l d  f r a c t i o n a l .  c loud cover .  0 ,  



I f  t h e  p a r t l y  cloudy c l a s s  is  assumed t o  be  50 pe rcen t  cloud dovered, 

then t h e  cloud f r a c t i o n ,  C ,  i s  expressed by 

where N is  t h e  t o t a l  number of p i x e l s  i n  t h e . t a r g e t  a r e a ,  and N1, N 2 ,  and 

N a r e  t h e  numbers of p i x e l s  i n  t h e  c l e a r ,  p a r t l y  cloudy, and cloudy c l a s s e s ,  3 

r e spec t ive ly .  
n 

The b r i g h t n e s s  of a  c l e a r  scene  changes c o n t i n u a l l y  over  t h e  course  of 

a  day because of changing ang le s  of i l l umina t ion .  The c l e a r  t h r e sho ld  is  

a l s o  a  func t ion  of t h e  i l l u m i n a t i o n  ang le s  and wt l l  be  ob ta ined  by r eg re s s ion .  

The v a r i a b l e s  i n  t h e  r eg re s s ion  equa t ion  a r e  l o c a l  s o l a r  z e n i t h  ang le  and 

t h e  l o c a l  azimuth ang le  between sun and s a t e l l i t e .  

Another cloud parameter t h a t  can be c a l c u l a t e d  i s 'mean  cloud b r i g h t n e s s .  

This  i s  determined by averaging a l l  p i x e l s  equa l  t o  o r  b r i g h t e r  than  

t h e  cloud th re sho ld .  .Mean t a r g e t  b r i g h t n e s s  is  a l s o  computed a s  another  

measure of r e f l e c t e d  r a d i a t i o n .  

The amount of incoming r a d i a t i o n  t h a t  i s  absorbed i n  t h e  atmosphere 

i s  c o n t r o l l e d  by cloud cover ,  a tmospheric  mois ture ,  d u s t ,  and t h e  atmospheric  

mass t r ave r sed  by t h e  beam. P r e c i p i t a b l e  water  and s u r f a c e  p r e s s u r e  a r e  

a v a i l a b l e  from t h e  NCC; t h e s e  two q u a n t i t i e s ,  t oge the r  w i th  t h e  s a t e l l i t e -  

der ived  cloud c h a r a c t e r i s t i c s ,  should provide  enough informat ion  t o  account 

f o r  r a d i a t i o n  ahsorbed by t h e  atmosphere. The p r e c i p i f a b l e  water  and 

s u r f a e e  p re s su re  is  accessed from NCC f i e l d s ,  whose r e s o l u t i o n  i s  about  

fou r  deg a t  m id - l a t i t udes ,  lower than  t h e  one-half deg g r i d  used f o r  the 



Great P l a i n s .  

The d a t a  c o l l e c t i o n  procedure i s  i l l u s t r a t e d  i n  Fig.  3. The Great  P l a i n s  

. a r e  d iv ided  i n t o  t a r g e t s  0 .5  l a t i t u d e  and long i tude  on a  s i d e  (about  50-km * 

square)  and d a t a  c o l l e c t e d  f o r  each t a r g e t .  A minimum of s i x  t o  e i g h t  

obse rva t ions  d i s t r i b u t e d  over d a y l i g h t  hours  w i l l  be  made each day. The 

d a t a  a r e  c o l l e c t e d  f o r  60 days,  a l though t h e  days a r e  n o t  n e c e s s a r i l y  

consecut iye.  The q u a n t i t i e s  descr ibed  abovei a long w i t h  l o c a l  s o l a r  z e n i t h  

and azimuth ang le s ,  a r e  w r i t t e n  on computer compat ible  t a p e  (Fig.  4 ) .  Copies 

of t h e  t ape  w i l l  be a v a i l a b l e  f o r  t h e  p r i c e  of t h e  tape .  

Fu r the r  i n fonua t ion  on this pro jec t  can be ob ta ined  by w r i t i n g  t o  

D r .  Dan Tarp ley ,  NESS, computer Techniques Branch, FB-4, S1124, Stop E ,  

. . 
Washington, D. C. 20233, o r  by' c a l l i n g  (301) 763-2700. 





GOES 

SURFACE INSOLATION IIICIDEFIT SOLAR RADIATION RAD I ATI OB ABSORBED RAD I ATI OH REFLECTED 
IN THE AT4OSPHERE TO SPACE 

GROUND TRUTH FROM KNOWN 
PYRAF!OISIETERS INFORNAT ION FROM NMC MEASURED 'BY SATELLITE 

DATA AND SATELLITE 
CLOUD COVER ESTIMATES 

Fig. 2 



AN INSOLATiON DATA GATHERING EXPERIMENT P~ANNED FOR SUMMER 1977. ' 

P U ~ S E :  TO  ATH HER C O I N C I D E N T  S A T E L L I T E ,  METEOROLOGICAL, A N D  PYRAROMETER D A T A  T O  
I N V E S T I G A T E  METHODS O F  D E T E R M I N I N G  S U R F A C E  I N S O L A T I O N  FROM R E M O T E L Y  SENSED D A T A ,  

AREA: THE G R E A T  P L A I N S - - ~ ~ N  ~ 0 ' 4 9 N  A N D  9%' TO 105W, 
TIM: . 60 DAYS BEGINNING ABOUT JUNE 1.- 

. . 
I 

' 

C~KPUTE FOR EACH TARGET: 
COMPUTE. EXPECTED CLEAR - . 

VISSi? .DATA EASE: ALL- G n  AT L U S T  8 V I S I B L E  PADIAKCE I F  TARGET WERE 1 i CLOUD AMOUNT & CLOUD , 
VISSR ?ICTU?ES FOR PICTURES ti BREAK INTO . CLEAR (BASED ON LOCAL - . BRIGHTKESS BASED ON . 
LAST 24 E3URS. 1/20 LAT/LONG TARGEiS SOLA? ZENITH ANGLE & . . EXPECTED .CLEAR. 

RADIANCE. . ANGLE 3ETWZEN SUN ti 
SATELLITE) 2. ' HEAN TP.RGET BRiGHTNESS WRITE DATA FOR 

EACH TARGET ON 
COMPUTER-COXPATI BLE 
TAPE FOR CONPARISON 
AGAISST PY?J:iOXETER 

. .  
DATA FROM NATIORAL HETEOR- 
OLOGICAL CENTER: 

T H E  D A T A  S E T  M I L L  BE A V A I L A S L E  ON M A G N E T I C  T A P E  1. PRECI PITABLE RATER 
FOR T H E  2 R i C E  OF THE T A P E ,  2. SURFACE PRESSURE 

PYRANOMETERS ON THE 
CRCUSD COLLECTING DATA 
FOR GROUXD TRUTH DATA SET 

Fig. 3 



QUANTITIES TO EEREASURED. FOR EACH TARGET AID WRITTEN TO TAPE: 

1. MEAN TARGET BRIGHTNESS 

2. CLOUD F R A C T ~ O N  ,. . 1 . D E I I I V ~  . FROM SATEL.L;iE DATA 

3 .  MEAN CLOUD BRIGHTNESS 

4. PRECIPITABLE WATER (CM) FROM NAT I'ONAL 

5, SURFACE ' PRESSURE (MB) METEOflOLOG I C k L  CENTER 

ADDITIONALQUAMTITIES TO BE WRITTEN TO TAPE: 

1, LOCAL SOLAR ZENITH ANGLE 
- 4  . 

, 2. LOCAL SOLAR AZIMUTH ANGLE 

Fig. 4 



Alternates to a  round-based'solar- 

radiation Monitoring Network 

L.: Machta and 9. Cotton, NDAA 

  here are two methods, aside fqom the possible use of earth- 

orbiting satellites, which may provide solar-radiation data in the 

absence of network measurements. First, .one might interpolate or 

, extrapolate from ex'isting station information. While it has been 

shown generally that interpolation is reasonable over distanc.es 

of a few hundreds of'kil~rneter~, there are difficulties. They arise 

from unusual gradients' which occur betwgen urban and non urban locations 

and costal or.mounta.inous areas. The DOE has'programs designed to 

generalize the' . . interpolation . . or extrapolation methods between these 

three areas of gradient6 of sharper than normal. Two items may be 

added. First, surveys of urban-no,n-urbqn differences indicate smaller 

values than reported in popular rather than technical or scientific 

publications. But, it is likely difficulties will appear in 

generalizing the gradients in mountainous areas; and much of the far 

west  ILL^^ rloL lend itself to easy intcrpoJ.ation. 

This presentation treats tqe second alternative to networks (and 

satellites): the use of sunshine and/or cl~udiness data to derive 

global (direct plus diffuse) solar radiation. There exists a body 

of studies relating solar radiat'ion to qunshine (daily or monthly 

values) and a smaller. quantity oE literature on cloudiness. This 

report uses the hourly SOLMET cloudiness data to predict solar 

radiation. The reason for emphesiaing clouds rather than sunshine 

follows from the greater number of stations reporting clouds 

compared to sunshine and because.ng,;hourly sunshine data are available 
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beyond that from 26 rehabilitated stations. 

As a result of a great deal of trial aid error using opaque 

clouds, sky cover, precipitation, temperature, etc., regression 

equations were developed to achieve the best fit with the fewest 

parameters. More complex relationships were very little better 

and were likely to be less valid when applied to an independent 

set of data. The relationship of solar radiation (SR) to cloudiness 

involves two steps.. The first is the derivation of a regression 

equation between solar radiation with 'clear skies (SRCS) and the 

sun's zenith angle (ZA) .as.shown in the upper part of Fig. 1. 

The ZA is a function of time of day, day of year, and latitude. 

The coefficients were derived ind.ependently for each month and 

separately for morning and afternoon. 

The SRCS is multiplied by a factor which is a function of the 

number of tenths of opaque cloudiness (OPQ) as reported subjectively 

by the weather observer during the sun hour (but at a specific 

point in time) over which the hourly integrated, global solar 

radiation was observed. The lower part of the Fig,. 1 shows the 

2 3 relationship using OPQ, OPQ and OPQ . In addition, the occurrence 

of precipitation at the time of the cl~ud information is designated 

by RN. RN = 0 if no precipitation occurs, and RN = 1 if there is- 

precipitation. The introduction of precipitation was found to.im- 

prove the relationship between solar radiation and clouds for those 

cases when the sky was almost or actually overcast; 

e.g., OPQ = 0.8, 0.9, 1.0. The same values of B O r  B1. - B5 apply 

to all hours of the day and a91 days of the year. 

A few examples of the numerical values of the regression 

coefficients also appear on Fig. 1. 
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There is nothing unusual about the above analysis. The 

leading question is- what the predictive skill might be. A few 

typical examples a:re:given to illustrate the errors in the regression 
. . 

equation predict jons.. ' . .. . 

Fig. 2 provides t w o  examples of t h e  errors found when the equations 

in Fig. 1 prediot the observed data. In part, but not entirely, the 

Fig. 2 is a measure. of,'how.wall :the data can be fit by the equations 

in Fig. 1. ' The q~alifyisg~hrase "but not entirely" reflects the 

fact that the "8" coefficients in Fig. '2 were derived from data 

for all 12 months, not just June and December. 

Fig. 2 presents data for two "rehabilitated" stations, El Paso, 

TX, and Dodge City, KS. The first line beneath the station identifi- 

cation is the standard-deviation oS the differences between SOLMET 

values and the predicted values for fhe sun hours above the numbers 

(8, 10,' 12, 15, 17' hours solar time at the station) . The second line, 

labelled "MEAN"; gives' the average solar radiation in the SOLMET 

tapes for all days in al1.0f .24 years in the months of June or 

December at the indicated hour. The final line divides the standard 

deviation by the meav and expresses the ratio as a percentage. Thus, 
. . 

the errors (so expressed) are generally in the 10-15 percent range 

for the"important 10$15 .hours of the day. Other stations provided 

both smaller and larger errors. Some of the worse cases were as 
. . 

large as 35 percent. The.larger errors were associated with 

smaller mean amounts 'of silar radiation ( smaller denominators) . 
Thus, the regression equations using clouds cannot consistently 

predict solar radi'ation toa 10.percent (as the standard deviatioIi 

over the mean) and in some cases may be'much above 10 percent. In 

some cases ,; the pyedict~on's :can approach 5 percent. Though not 



shown, the same statistic (standdrd deviation over mean) for h-ours 

with clear skies are a half or smaller than the statistic for all 

weather. . . 

Fig. 3 is a plot comparing the integrated daily values of solar 

radiation for D~dge City derived from the regression equations, the 

crosses, with the SOLMET values. The fit for daily predictions is 

clearly better than the hourly values (a.bout 15 percent in Fig. 2 ) .  

Fig. 4 makes a similar .comparison for integrated monthly values. 

The fit in it is clearly better than for hourly or daily values. 

The conclusion, therefore, is that the capability of regression 

equations such as those in Fig. 1 is not partic.ularly adaptable 

to matching the SOLMET (observed) data hour by hour. It is fairly 

good when the hours are summed to days and the daily predictions 

compared with SOLMET values. The use of clouds can yield surprisingly 

excellent fits to monthly, va>lues when hourly values are summed 

into monthly totals. 

The regression equations illustrated in Fig. 1 will be applied 

to weather stations .adjacent to the 26 rehabilitated stations as 

shown in Fig. 5. The 26 rehabilitated stations appear as open circles. 

The dots show the locations of 139 other NWS stations while the 

crosses are FAA or military stations. All provide at least 2 5  years 

of cloudiness data which will be converted to "ersatz" solar-radiation 

data by regression equations from the 2 6  stations and formatted as 

SOLMET. The 175 new "ersatz" global solar radiation stations will 

be .so converted on or about November 1, 1977. The accuracy will, 

of course, he somewhat lower than the statistics in ~.fg. 2, 3, and 4. 

In the eastern US, the deteriorakiuri accuracy in going from the 

26 stations to nearby.other stations is likely to be small, The 
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same assurance cannot be given for the western mountainous~states, 

It will be possible to estimate the loss of accuracy by using one 

of the 26 stations to predict via its regression equation, the 

values for an adjacent rehabilitated station. 

Currently it appears that the use of cloudiness information 

may possibly provide a substitute ineans for actual observations. 

Even more important than savings in dollars and manpower is the 

possibility of providing.solar-radiation statistics without waiting 

for the network to collect new data. . 



- k iGRE.$SIOii EQUAT I O l i S  Ild PlOCEL CALCULATIONS 

CLEAR S K I E S  (BY MObIl't-1, A!:\ AND PI> 

S R ~ % ( K J / M ~ / H R )  = AO + AI cos ZA + A~ ,L COS* ZA + A~ C O S ~  ZA 

ZA = 7 E l  I T H  Al IGLE 

EXAMPLE, C:ARIBOUj M E j  JATJUARYj AM 

IU 2 ., 

a\ SRcs = 33 + 2140 cos ZA + 4000 cos ZA - 2470 cos3 Z A .  
. 

'OPAQUE CLOUD ONLY ( S I N G L E  ANNUAL COEFFI  CIEYTS) . . 

. SF = SR,, (1.010 - 0.73'1 OPQ + 1 , 2 3 6  ora2 + 1.230 opoS - 0 , 1 6 5  RN)  
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The'State of New 'Mexico 

Solar Radiation resource ~ssessment Project 

by Raymond J. Bahm, UNM 

Preface 

New Mexico, because of its arid climate, ranks among the best areas 

for sbr-energy availability. However objective information on the 

amount of solar radiation available around the state has been diffi- 

cult to obtain. A much better data base is needed before the estab- 

lishment of large-scale, solar-electric, power-generating sites. This 

project is the logical first step in the establishment of a high quality 

solar-radiation monitoring network in the state. 

This project is sponsored by the state of New Mexico through the 

New Mexico Energy Resources Buard, Mr. Fred O'Cl~esky, Cl~ailinan, a i ~ d  

through the New Mexico Energy Institute for Solar, Dr. Robert L.   an 
Martin, Director. The work is being performed at the University of 

New Mexico, Bureau of Engineering Research, in Albuquerque, NM. 

This report was prepared for the 2nd National Solar Radiation Data 

Workshop held at Skyland, Virginia, September, 1977. 



The State of Mew Mexico 

Solar Radiation Resource Assessment Project 

September, 1977 by Raymond J. Bahm 

  he Bureau of Engineering Research a t  The University of Mew 

Mexico is engaged i n  a p ro jec t . to  evaluate the solar energy avail- 

able withih the State of New Mexico.  his project i s  par t  of an . ' 
ef fo r t  t o  stimulate the development of solar related and other 

clean industries within the s t a te ,  and t o  develop energy conserv- 

ing technologies t o  benefit a l l  the ci t izens of New Mexico. 

This p ro j ec t i s  focusing on three task areas: a) assessment 

of the data required by the various solar  programs and other users 

of 'solar data, b) a survey of past ,  present and planned solar  

radiation monitorigg programs to  be carried out within the State 

of New Mexico, and c) an attempt t o  formulate a program'to coor- 

dinate local ,  s t a te  and regional solar radiation data collection 

' into a network which .would.benefit a l l ;  

The kind, amount. and precision of data reqhired by the vari- 

ous users is being determined, as well as the most useful formats 

for presenting the data. 

The.survey of monitoring programs includes a l l  the data such 

as tha t  collected by pyranometer, pyrheliometer and cloud obser- 

vations. The available data has been obtained, cataloged and i s  

being analyzed for  i ts  quality. That data judged to  be of useful 

quality w i l l  be published in  formats which are appropriate. 

A l l  groups known t o  have instrumentation for  the measurement 

of solar  radiation were contacted i n , -  attempt t o  formulate a 

program of data collection and coordination into a network. An 

e f fo r t  w i l l  be made to  coordinate data collection within the State 

o f  New M e x i c ~  with those regional and national programs which are 
. . 

currently being organized. 

The task of assessing the needs of various users for differ-  

ent types and precision of data has used a number of different  



methods i n  an a t tempt  t o  formulate  s p e c i f i c  answers. Exper t s  i n  

t h e  f i e l d s  u s ing  so ' lar  r a d i a t i o n  d a t a  were in te rv iewed t o  de ter - '  

mine t h e i r  c u r r e n t  and f u t u r e  needs f o r  da t a .  Resource assessment 

programs , in  o t h e r  s t a t e s  w e r e  analyzed and t h e i r  pe rcep t ions  o f  . 

. d a t a  'needs were obtained.  A d r a f t  handbook o f  s o l a r  r a d i a t i o n  d a t a  

was publ i shed  f o r  comment w i t h ' c u r r e n t l y  a v a i l a b l e  s o l a r  r a d i a t i o n  

d a t a  f o r  t h e  s t a t e .  'me  d a t a  i n  t h a t  'handbook appeared i n  a wide 

v a r i e t y  of .forms i n  an a t tempt  t o  determine t h e  u t i l i t y  o f  each. 

The l i t e r a t u r e  on' s o l a r  r a d i a t i o n  was surveyed f o r  d i f f e r e n t  d a t a  

'd isplay 'methods and' forms, and those  judged t o  be u s e f u l  were se-  

lected. The methods of d a t a  p r e s e n t a t i o n  used by those  p r o j e c t s  

c u r r e n t l y  c o l l e c t i n g  and u t i l i z i n g  t h e  d a t a  were examined. A s o l a r  
' . data u s e r  workshop was sponsored t o  a i d  i n  d e f i n i n g  t h e  d a t a  r e -  

quirements .  

One o f  t h e  major conclus ions  f r o m ' t h i s  e f f o r t  is t h a t  it i s  no t  

p r a c t i c a l  a t  t he .  c u r r e n t  s t a g e  o f  development o f  mahy o f  t h e  s o l a r  

u s e r s  t o  ask  f o r  a complete and p r e c i s e  d e f i n i t i o n  o f  t h e i r  needs 

f o r  s o l a r  r a d i a t i o n  da ta .  They simply do n o t  know a l l  o f  t h e i r  

needs y e t .  The d e f i n i t i o n  of  t h e s e  needs i s  an i t e r a t i v e  p roces s ,  

s t a r t i n g  p r i m a r i l y  w i th  whatever informat ion  i s  a v a i l a b l e ,  and then  

r e f i n i n g  t h e i r  requirements  a s  b e t t e r  o r  more p r e c i s e  d a t a  becomes 

a v a i l a b l e ,  o r  as t h e  l a c k  o f  d a t a  wi th  c e r t a i n  c h a r a c t e r i s t i c s  

becomes a b a r r i e r  t o  f u r t h e r  p rog res s .  

Another major conclusion is  t h a t  each u s e r  would l i k e  t o  have 

d a t a  a v a i l a b l e  i n  a form which a p p l i e s  d i r e c t l y  t o  h i s  needs. The 

wide v a r i e t y  o f  u s e r s  means a wide v a r i e t y  o f  formats .  A s  new 

uses  f o r  s o l a r  energy develop s t i l l  d i f f e r e n t  formats  w i l l  be  

r e q u i r e d  f o r  t h e  p r e s e n t a t i o n  o f  t h e  da ta .  

Most of t h e  u s e r s  f e l t . t h a t  d a t a  on t h e  amount o f  s o l a r  ra -  

d i a t i o n  , a v a i l a b l e  around t h e  s t a t e  except  f o r  Albuquerque h a s  

been ' d i f f i c u l t  02 impossible  t o  o b t a i n ,  and t h a t  t h e r e  wits  l i t t l e  

o r  no informat ion  on how w e l l  t h e  Albuquerque d a t a  would apply 

elsewhere. I t  w a s  f e l t  by many t h a t  a network o f  5 t o  10 s t a t i o n s  
. . 

around . t h e  s t a t e  is  j u s t i f i e d .  



Examination o f  t h e  i n c r e a s i n g  c o s t  o f  a d a t a  c o l l e c t i o n  s t a -  

t i on ' a s  w e ,  i nc rease '  t h e  q u a l i t y  o f  t h e  d a t a  and t h e  v a r i e t y  of d a t a  . . 
c o l l e c t e d  l e a d s  t o  a curye ,  shaped something l i k e  t h a t  shown i n  

f i g u r e  1.. One would the re fo re .  want t o  des ign  f o r  t h a t  d a t a  q u a l i t y  

a t  t h e  knee o f  t h e  curve. 

Data Q u a l i t y  -. 

Figure  1. S t a t i o n  Cost v s  Data Q u a l i t y  

The geographic d e n s i t y  r e q u i r e d  f o r  a group,  of  network sta- 

t i o n s  depends on t h e  v a r i a t i o n  o f  t h e  c l ima te  w i th  geography and 

t h e  accuracy  of d a t a  requi red .  A b r i e f  s tudy  was done w i t h  t h e  

d a t a  f o r  two' l o c a t i o n s  wi th  s i m i l a r  climates, sepa ra t ed  by 300 

m i l e s ,  t'o s e e  'how w e l l  t h e  d a t a  from one l o c a t i o n  could  be  used t o  

predict s o l a r  r a d i a t i o n  a t  t h e  o the r .  Th.e curve i n  figure 2 i n d i -  

c a t e s  t h a t . o n e  would f i n d  e r r o r s  o f  more than  10% i n  d a i l y  o r  week- 

l y  means, b u t  t h a t  means computed ove r  month ly ,or  l onge r  i n t e r v a l s  

would have s m a l l e r  e r r o r s .  

The survey o f  u s e r s  i d e n t i f i e d  14 d i f f e r e n t  l o c a t i o n s  where 
. . 

s o l a r  . r a d i a t i o n  d a t a  had 'been  o r  w a s  c u r r e n t l y  being c o l l e c t e d  

,wi th in  t h e  s t a t e . ,  A l i s t i n g  o f  t h e s e  s t a t i o n s  and t h e  approxi-  

mate t ime ,pe r iods  which t h e  d a t a  covers  i s '  given i n  t a b l e  1. Data 

from nearby monitor ing s t a t i o n s  i n  o t h e r  s t a t e s  were a l s o  inc luded  

i n  t h e  d a t a  base. . ~ h e s ;  d a t a .  were c o l l e c t e d  and p laced  i n t o  a 



F i g u r e . 2 .  S tandard  Devia t ion  of S o l a r  R a d i a t i o n  
D a i l v  T o t a l  E s t i m a t e s  Betwe,en Two Loca t ion :  
Albuquerque, NM and E l  P a s o ,  Tx 
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S i t e  

Albuquerque (NWS) 

E l  ~ a s ' o .  (NWS) 

Tab le  1.. S o l a r  Data f o r  N ~ W  Mexico 

S a n t a  Fe (NWS) 

Langmuir Lab : ,1964 -. 1969 . 

P o r t a l e s  3/72 - 4/75 

Albuquerque (B+P Bldg) . ' - 12/76 
*I (Embudo S t a t i o n )  7/75 - 12/76 
IS ( S o l a r  Pond) 8/76 - 12/76 

. . . . 
Las Cruces  ( P l a n t  S c i e n c e  Farm) 1/75 - 1'2/76 

L ~ s  Cruces  (Dep't. o f  Ag. ~ n g i n e e r i n g ) ]  

C l o v i s  It ' \ t h i s  network j u s t  

Farmington 

Los Lunas 

WIPP S i t e  

* - E a r l i e r  d a t a  a l s o  a v a i l a b l e  from NWS b u t  n o t  g a t h e r e d  f o r  
t h i s  p r o j e c t .  

X - E a r l i e s t  NWS measurements i n  N e w  Mexico. L i m i t e d  d a t a  i s  
a v a i l a b l e .  The p r i m a r y  v a l u e  o f  t h i s  d a t a  i s  t o  show changes  
i n  a t m o s p h e r i c  t r a n s m i s s i o n  o v e r  many y e a r s .  P robab ly  t h e  
f i r s t , N W S  s o l a r  measures  - w e s t  o f  t h e  Washington,  D. C. area. 



computerized data base. Where other compatible meteorological 

'data  was available along. with the solar radiation data it also 

was included in the data base. A l l  data was converted t o  daily 

values t o  provide a uniform and comparable data set :  

The record format of the data base i s  shown i n  table 2. A l l  

programs for '  manipulating the data base- are written i n  FORTRAN. 

The data base displays were prepared in  two formats., Table - 3 .  ' 

shows only the solar  radiation data', but .an en t i r e  year 's  data is  

on one page. Table 4 shows bne month of solar  data and the tor- 
. . 

responding meteorological data. Zeroes indicate tha t  there was no 

data available for  tha t  parameter, except for  precipitation where 

0.0 means no measureable precipitation. 

.' A variety of techniques were developed'or adopted t o  evalu- 

a t e  the quality of the solar  radiation data, t o  detect e r rors  

o r  changes in calibration and for  correcting .the data. ~ l l  of 

, 
. these are interact ive man-computer methods which allow combining 

the f ' lexibi l i ty  of human judgement with the speed and precision 

of' the computer. 

The f i r s t  is the automated clear  day plot  described i n  refer- 

ence ['] which i s  similar t o  the mnui l technique  currently being 

used by the ~ a t i o n a l '  weather Service for  the rehabili tation of 

the h is tor ica l  solar  radiation data for  the U. S'. r 2 1  ' This method 

highlights.instrument or  system calibration d r i f t . a n d  allows a 

correction factor t o  be computed. 

A second method i s  shown in figure 3 .  T h i s  displays the dif-  

ference between the mean of the clearest  days of one or  more 

nearby locations and the clearest  days a t '  one specif ic  location, 

allowing'the.ident,ification 05 discontinuities i n  the data at. 

tha t  specif ic  location. 

1; R. Bahm, "Instrument Errors in  the National Weather Service 
Solar Radiation Data," presented a t  1977 ISES Conference in 
i n  ~ r l i indo ,  Florida. 

2. F. Quinlan, Personal communication, 1977. 



F i e l d  
Number 

1 

Table 2.  Format f o r  S o l a r  Data Base 

F i e l d  FORTRAN Char- 
Name . -  a c t e r  Format Units  

S i t e  Number 16 . None 

Date 312 MM DD YY 

Dai ly,  T o t a l  Radiat ion 15  Langleys x 10 

 ail^ ~ i a n  Temperature . .  - .  . 1 3  F0 . . 
. . 

Daily kax. ~ e m ~ e r a t u k e  13 ' F0 

Daily Min. Temperature 13  . 'FO 

Daily Mean Dew P o i n t  1 3  F0 

Daily Mean Wind Speed 13  MPH 

Daily Max. Wind Speed 1 3  MPH 

'ba i ly  'To ta l  p r e c i p i t a t i o n  14 ' .  Inches x  100 

(Unused F i e l d )  A 6 Opt iona l  Data 
. . 

45 c h a r a c t e r s  



D A I L Y  TOTALS OF SOLAR R A D I A T I O N  F O R  NEW M E X I C O  AND SURROUNDING AQEAS ----_------------------------------------------------------------- 
S T 4 T t O N  NUMe.EP: ICC010 S T A T I O N  MANE: L A S  

1375 MONTH. 0. ......e... 

CRUCES.  Y 

'MAY 

C55.6 
635.6 
352.0 
414.5 
42 8o c 
514.0.1 
630.8 
632.0 
637.5 
647.8 
575.5 . 
595.6 
674.C 

. 66105  
622.3 
624.7 ' 

597.7 
610.1 
4 0 4 0 0  
486.7 
631 o 2 
665.2 
662.1 
6 1  4 0  7 
6730 5 
6730  2 
654.7 
6600 2 
6770 2 
6 9 3 0 2  
672.0 

602.5 

J U L  

0 .0 
0.0 
0 0  0 
0 . 0  
0.0 
0.0 

612.0 
C43.0 
641.2 
611.1 
525.5 
505.1 
565. 1 
596. 8 
419.8 
5260 1 
573.2 
624.0 
423.5 
3 3 9 * 0  
478.2 

, 602. 5. 
480.3 
539.5 
546.5 
551.0 
56 3 0.3 
535.8 
5470 7 
430a8 
592.5 

536.7 , 

AUG 

323.2 
6 1 0 0 0  
€09.7 
593.0 
616.5 
,612. 1 
531 - 5  
575.7 
547 .I 
542.5 
5770 8 
8 4 1 0 5  
576.1 
533.7 
538.3 
454.5 
496.6 
5COs7 
540.5 
521  3 
585.5 
551 - 5  
526.5 
5690 8 
552.3 
544.6 
315.5 
420.2 
5740 5 
542.5 
460.6 

5 3 1 0 8  

S E P  

454.0 
418.6 
5 2 9 0 6  
471..5 
156.3 
4 2 2 0  5 
524.2 
427.5 
146.0 
4R2.0 
4990  5 
544  o 2 
490.1 
429 . 7 
491 .C 
4 3 4 0 6  
4 6 2 0 5  
5580 5 
491 -7 
508.6 
502.8 
4860  0 
416. I 
275.0 
397.2 
409.0 
490.2 
520 e 3 
512.8 
489.8 

0.0 

44S0 0 

N O T E ;  ZEEOES INDICATE THERE I S  NO DATA FOR ' T H A T  DAY.. 
VALUES ARE I N  L A N G L E Y S *  (GRAM C A L O R I E S  ? E R  SQUARE C E N T I M E T E R  PER DAY.) 

O C T  . NOV - D E C  

Table 3.  One Year of Solar Radiation 
Data from One S i t e  



'SITE: LOS LUKAS N o M  ( A G E )  O A I C V  YCTALS FOR:. AUGUST 1 9 7 6  PAGE 6 
======-===============-==== ========L-p-=============*=-= ======== 

CATE . D A Y  --- --- 
I SUN 

2 ,  MON 
3 TUE 
4 WE0 
5 THU 
6 F R 1  
7 SAT 

. 8 SUN 
9 MON 

1 0  . TUE 
PI WED 
1 2  THU 
1 3  F P I  
1 4  SAT 
I 5  SUN. 
1 6  MON 
1 7  TOE 
I 8  W E 0  
1 9  THU 
2 0  . F R I  
21' SAT 
2 2  SUN 
23 MON 
2 4 '  TUE 
2 5  WED, 
2 6 , T H U  
2 7  F R I  
2 8  SAT, 
2 9  SUN 
3 0  MON 
3 1  TUE 

A A O  . ---- 
422.1 
445.0 . 

.a7002 
S33.O 
567.1 
558'. 1 
572.5 
19-1 2 
3 0 8 0 6  
4250  1 
520  o 0 
485.0 
55.1 0 3  ' 
499. 6 
417.3 
498? 8 
476.5 
248.5 
4370.2 . 
568s 8 
504.0 
4 2 2 0 0  
447.7 
445.8 
501.3 
369.2 
48'9.8 
565.7 
41  4.5 
499.0 
437.6 

MET ---- 
7 1 
7 1 
7 s  

' 7 2  
70 

.70  
7 3 
6 7 
7 5  
7 5 
74 
75 

7 3  . 
7 1 
7 0 
6 9  
7 3  
7 1 

. 7 3  
7 1 
7 3  
7 3 
7 2 
7 1  
7 2  
7 2  
7 2 
72  

. 6 8  
6 9  
6 7 

YAWS ---- 
0 
C 

C 
C 
0 

. O  
C 
C 
0 
0 

c. 
0 

C 
0 

C 
C 
0 
C 
C. 
0 
C 
0 
C 
C 
0 
C 
C 
0 

c. 
0 
C 

VONTHLY ------ ------ '----- ----L ------ ------ ------ ------ 
TOTALS: 14392.5 2 2 2 0  2 6 9 1  1 7 3 6  0 4 5  0 0.14 

Table 4. so iar  Radiation a n d . ~ e t e o r o l o ~ i c a l  
Data from One S i t e  



Figure 3. Plot of Difference Between Solar Radiation 

at One Site and Regional Average 



A t h i r d  method uses the  histogram of data  as  described i d  

. Figure 4 i l l u s t r a t e s  how t h i s  has allowed the iden t i f ica t ion  

of two data errors .  Data from three d i f fe ren t  instruments a r e  

displayed i n  f igures  4a, b and c. 

A 7% difference due t o  d i f fe r ing  cal ibrat ion constants caused 

the diffepence i n  t h e  posi t ions  of t he  modes of curves 4a and 

4b. I n  f igure  4c p a r t  of the  da ta  was improperly processed giving 

values which w e r e  13% too  high, causing the bimodal shape. 

A fourth method was developed t o  highlight the  va r i ab i l i t y  

between two locations f o r  d i f fe ren t  s t a t i s t i c s ,  i n  hopes t h a t  it 
/ 

would be valuable both i n  ident i fying instrument ca l ib ra t ion  

e r ro r s  and i n  planning f o r  placement of s t a t i ons  i n  a statewide 

network. An example of t h i s  display is shown i n  f igure  5. 

The evaluation of the  da ta  which has been col lected is  cur- 

ren t ly  underway. Ccanpletion of t he  pro jec t  is expected i n  

December, 1977. It is  expected t h a t  a corrected (or rehabi l i -  

t a ted)  da ta  base w i l l  be avai lable  a t  t h a t  t i m e .  

Due t o  t he  considerable i n t e r e s t  i n  rapid so l a r  energy de- 

veloprnent*in the  s t a t e  and the  demand f o r  design data ,  a 

preliminary release of the  pro jec t  r e s u l t s  was made i n  the  form 

of a monograph giving design data  f o r  s o l a r  systems. A copy of 

t h a t  monograph is the  appendix t o  t h i s  paper. 
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New Wxico is one of the best places in  the 
nation for the application of solar energy systems, 
yet measured data on the amount of solar energy 
available ha+; been d i f f i cu l t  t o  obtain. This mono- 
graph presents the best estimates currefitly avail- 
able on the amount of solar radiation available 
around the state.  The errors in these estimates 
are judged t o  be small enough that  the f a t a  may be 
used f a r  design of solar heating s$&tem$ over most 
of the state.  

I 1  
These estimates are based on over 20 years 

of solar radiation data measured a t  Albuquerque, 
New Mexico, E l  Paso, Texas, and Midland, Texas, and 
on shorter periods of data ~ a s u r e d  a t  Farmington, 
-6 Alamos, Clovis; Portales, Artesia, Los Lunas, 
Las Cnrces and a t  Langmuir Laboratory (a mountain- 
top s i t e  near Socorro) . The New Mexico Solar Re- 
source Assessment pro jectl ' has gathered together 
these data which were miginal ly  collected by 
others2, and analyzed tha t  data to obtain bet ter  
infonnati'on on the amount of solar  radiation avail- 
able in the s ta te ,  

The early conclusions from t h i s  project  are: 

a) One rmay expect l e s s  solar radiation in  
mountainous areas than i n  the relat ively f l a t  areas. 
This may be as much as 20% less  and possibly more 
as there are no measures of solar radiation in wst 
of these areas. (These are the shaded areas on the 
map.) 

b) The data in  the table should be adequate 
for  design of solar heating systems i n  iodations 

' 

represented by unshaded areas of the map. The 
variation of long term averages of most of these 
values is probably less  than 10% over the unshaded 
ateas of the map. (Exceptions t o  these would be 
those collector geometries TH, TNSH, and TT(15) 
where the seasonal ei ieetS ae the NorU~s~rr and 
Southern s t a t e  borders would be just  over lo%.) 

C) The extreme years and extreme months 
show a much greater variation from the long 
term averages a s  presented in  the  table,  than Vie 
variation of the solar radiation values measured 
a t  different locations within the s ta te .  

The table contains information on the typi- 
cal amounts of m l a r  energy available to solar col- 
lectors per day. This information does not refer  
t o  the design or constructicn of the collector; 
rather,  it is  the amount of radiation available to 
tha t  type of collector. These data do not include 
adjustments for collector efficiency. 

The top section of the table lists availa- 
b i l i t i e s  of direct  radiation available t o  traclc- 
ing, foeusing c ~ l l e ~ t o r s .  These are  average daily 
amounts, expressed i n  kilowatt hours per square 
meter (followed by Btu per square foot i n  paren- 
theses) of collector aperture. Tl: collector- 
radiation type designations are: 

DN - direct-nonnal ( f u l l  tracking on two axes). 
DNSP - direct  on surface rotating about a polar 

axis (an axis para l le l  t o  earth 's  axls) .  
DNSH - direc t  op a surface rotating about an N-S 

horizontal axis. 
DEW - direct  on a surface rotating about an E-W 

horizontal axis. 
DVL - direc t  on a surface t i l t e d  upward la t i tude  

degrees and rotating about a ver t ica l  axis. 

The middle section of the table gives average 
daily amounts of to t a l  radiation (direct  + diffuse) . 
available t o  a tracking f l a t  p la te  collector. 
which tracks the sun according to these same 
schemes. 

The l a s t  section of the table lists average 
daily values t5f solar radiation incident upon 
various fixed surfaces. The values are in  kilo- 
watt hours per square meter (Btu per square foot) .  
The designation TH refers  t o  to t a l  radiation on a 
horizontal surface. TTfN) refers t o  a ,surface 
t i l t e d  up N degrees from horizontal toward the 
South. The notation TT(45, 2 N) refers  t o  a sur- 
face t i l t e d  45 degrees from horizontal and turned 
N degrees from due South toward e i ther  the East q r  
the W e s t .  There may be differences i n  the amounts 
of radiation available t o  surfaces depending on 
whether they face East or West of South. Such dif- 
ferences would be caused by prevalence of clouds I 

i n  the morning or  evening. These differences are 
small on the average, and are  ignored in t h i s  table. 

The values given in  t h i s  table are  based upon 
data recorded i n  Albuquerque. Values for other 
locations i n  New Mexico w i l l  be generally within 
about 10% of these. Larger differences may e x i s t  
for  locations which are i n  the shaded area of the 
map, o r  which are significantly more alaudy. 

An important f ac t  t o  keep in mind concerning 
the values i n  the table is tha t  these are average 
values. On particular days the actual values 
which occur may be as l o w  as 1/5 of these, or they 
may be 20% more than these numbers, depending on 
whether tha t  day is ~~~~~~~~~~~y cloudy or ee- 
pecially clear. 

The long term records show tha t  extreme years 
m y  havo annual average valiren nf  daily mtal solar 
radiation which vary as much as  f 10% from the 
values given. The extreme monthly averages oan 
vary a s  much as  2 25% from the long term average. 
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AVERAGE DAILY TOTALS OF SOLAR ENERGY AVAILABLE TO VARTOUS COLLECTORS BY SEASONS 

C o l l e c t o r  - 
Radia t ion  
Types 

DN 

DNSP 

DNSH 

DEW 

DVL 

I 
I 
TN. 

TNSP 

' ~ S H  

TEw 

TVL 

TH 

TT (1%) 

TT (30) 

TT (45) , ' 

TT (60) 

TT (75) 

TX' (90)=TV 

TT (45,,15) 

(45,239) 

. . 

D i r e c t  Radia t ion  Avai lable  t o  Tracking C o l l e c t o r s  . . 

Spr ing  Summer F a l l  Winter  
(Mar., Apr., May) (June,  J u l y ,  Aug.) (Sept . ,  Oct . ,  Nov..) (Dee., Jan-, Feb.1 

8.9 (2820) 9.5 (3010) 7.4 (2350) 6.5 (2060) 

8.6 (2730) ' 8.9 (2820) 7 ;3  (2310) 6 .1  (1930) 

8.3 (2630) 9.3 (2950) 6 .1  (1930) 4.5 (1430) 

6 .3  (2000) 7.0 (2220) 5.7 ' (1810) 5.4 (1710) 

8.2. (2600') 8.9 (2820) 6.7 (2120) 5.6 (1780) 

To ta l  Radia t ion  Avai lable  t o  Tracking C o l l e c t o r s  

Spr ing  Summer F a l l  Winter  
(Mar., Apr., May) (June ,  J u l y  ,. Aug.) (Sep t . ,  OCt.. N0v-I (Dee. I Jan., Feb.) . . 

10.2 (3230) ' 10.8 (3420) 8.4. (2660) 7.3 (2310).  

10.0 (3170) 10.3 (3260) 8:3 (2630) 6.9 (2190) 

9.7 (3070) 10.7 (3390) 7.1 (2450) 5.4 (1710) 

7.8 (2470) 8:s (2690) 6.7 (2120) . . 6.2 (1970) 

9.6 (3040) 10 .3  (3260) 7.8 (2470) 6 ; s  (2060) 

T o t a l  Radia t ion  Ava i l ab l e  t o  F ixed  C o l l e c t o r s  . 

Spr ing  Summer. F a l l  . Winter 
(Mar., Apr., May) ( ~ u h e ,  J u l y ,  Aug.) (Sep t . ,  Oct., .  Nov.) ' ( ~ e c . ,  J a n . ,  Feb.) 

7 .1  (2450) 8.2 (2600) 5.1 (1620) 3.8 (1200) 

7.5 (2380) 8 .1  (2570) 5.9 (1870) 4.8 (1520) 

7.4 (2350) 7.6 (2410) 6 .5  (2060) 5.6 (1770) 

6 .9 ' (2190)  6.7 (2120) . 6.6 (2090) 6.1 (1930) 

6.0 (1900) , 5.4 (1710) 6 .3  (2000) 6 . 1  (1930) 

4.8 (1520) 3.9 (1240) 5.7 (1810) 5.9 (1870) 

3.4 (1080) 2.3 ( 729) 4.8 (1520) 5.2 (1650). 

6.9 (2190) 6.7 (2120) 6.5 (2060) 6.0 (1900) 

6.9  (21901 6.8 (2159) 6.3 (2000) 5.7 ( l ~ l n )  

TT (45,245) 1 6.8  (2150) ' 6.8 (2150) 5 .9  (1870) 5.2 (1650) 

TT (45,290) 

TT (90,215) 

TT (90,230) 

TT (90,245) 

TT ( 9 0 , 9 0 1  

6.0 (1900) .6.7 (2120) 4.4 (1390). 3.3 (1050) 

3.6 (1140) . 2.5 ( 792) 4.7 (1490) 5 .1  (1620) 

3.7 (1170) 3,o ( 951) 4.5 ( i 43o j  4.7 (1490) 

3.9 (1240) 3.4 (1080) 4 .1  (1300) 4 .1  (1300) . 

3.7 (1170) 3.8 (1200) . . , 2.8 ( 887) 2.2 ( 697) 

!. l 

%he d a t a  a n a l y s i s  and p r e p a r a t i o n  of t h i s  r e p o r t  was p a r t  of t h e  New Mexico S o l a r  Resource 
Assessment P r o j e c t ,  and was sponsored by t h e  S t a t e  o f  New Mexico through t h e  New Mexico Energy 
Resources Board and The New Mexico Energy I n s t i t u t e  f o r  S o l a r  Energy a t  New Mexico S t a t e  Univer- 
s i t y .  The work was performed a t  The Un ive r s i t y  o f  New Mexico. . 

2~he . se  o rgan iza t ions  a r c :  The Nat ional  Weather ~ e r v i c i  of t h e  U.6. GOverment. The Departnent  
of  ~ g r i c u l t u r a l  Engineering a t  New Mexico S t a t e  Un ive r s i t y ,  The New Mexico l n s t i ' t u t e  o f  Mining 
and Technoloqy, The Department o f  Phys ics  at Eas te rn  New Mexico Vn ive rc i ty ,  and Los  ~1-s 
S c i e n t i f i c  Labora tor ies .  

3 ~ e s e  d a t a  from a r e p o r t  e n t i t l e d  "So la r  Radia t ion  A v a i l a b i l i t y  f g r  New & x i c ~ , ~  by B w s  
of  Sandia Labora to r i e s ,  Sandia  Report No. SAND-77-0004. 



NEW YORK STATE SOLAR NETWORK 

.Ronald Stewart 
Atmospheric sciences Research Center, SUNYA 

The New'York state (NYS) network of solar-radiation' stations 

(Fig. 1) represents a composite effort by several agencies. The 

majority of the stations were set up by the Department of Environ- 

mental Conservation as an integral part of the air and.water pollu- 

tion network. Two other stations have been operated for over 30 

years. The Department of Agronomy at Cornell University has operated 

a station at Ithaca, NY and the NWS has operated a station at Central 

Park, New York City. 

The Atmospheric Sciences Research center (ASRC) began taking 

measurements for research purposes in 1962. Since that time a series 

of stations has been established for specific purposes, such as the 

Whiteface Mountain and the. Albany stations. Recently the NYS Energy 

Research & Development Authority supported the development of three 

total incoming and diffuse measurement stations. These were establish- 

ed at ~uffalo, Saratoga, and Farmingdale, NY. Since 1974 the ASRC has 

been processing data from these various sources and has published Solar 

Atlas for New York State I,.II and 111. (Healey, Nelson & Stewart 1975; 

Bailey., Healey & Stewart 1976; Bailey, Spencer & Stewart 1977.) 

The rationale behind the location of the solar stations in NYS is 

not directly applicable to other solar networks.. The placement was 

dictated by specific research and monitoring needs of several organi- 

zations, but by a single, statistical analysis based on a monitoring 

program. However, the data from the NYS network may be useful in 



developing'the spatial distribution of -future networks. 

The topography of NYS is varied (Fig.2) but does not affect the 
. . 

January monthly means analysis presented in Fig.3. The July data 

(Fig. 4 )  show somewhat more spatial variation but. still no more 25 

percent of a statewide mean. The annual spatial variation is just 

over f3 percent of the statewide mean. (Pig.5) If -total monthly 

means of incoming.solar radiation on the horizontal ware the only 

data required for the solar program, then few stations would be 

necessary.' However, if one plots the incoming di-f.fuse radiation 

day by day the state-wide variations begin to.become more evident 

'(Fig.5, 6 and 7). For instance the number of days in. Buffalo in 

' ~une' with total diffuse radiation measurements of 150-200 ly was 

14, while 300 mil to the east Saratoga only 6 days feXl into this 

.' category. These differences have definite impact on the installation 

of flat plate and concentrating collectors, or on spectrally selec- 

tive surfaces. Thus the distribution of solar-radiation stations 

will be affectedgreatly by the perceived need for the quantity and 

quality data.. . . 

\ 



NEW YORK STATE 







u p s t a t e  N e w  York and v e s t - c e n t r a l  L o n g  Island 
e x p e r i e n c e -  between 4 7 5  a n d  503 l y l d a y .  T h e  New 
Yo r k  C i t y  a r e a  r e c e i v e s  u'nder 475 l y / d a y .  
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The WEST Assoc ia tes  

So la r  Resource Evalua t ion  P r o j e c t  

Nick W. patapof 'f , ~ o u t h e r n " ~ a 1 i f o r n i a  ~ d i s o n  

Western Energy Supply and Transmission Assoc ia tes  (WEST), a group of 

u t i l i t i e s ,  i s .  funding t h e  So la r  Resource Evalua t ion  P r o j e c t  w i th  Southern 
. . 

C a l i f o r n i a  Edison, (SCE). a s  p r o j e c t  manager. The o b j e c t i v e  of t h e  p r o j e c t  

is t o  e s t a b l i s h  a r e g i o n a l  d a t a  base  f o r  u se  by u t i l i t i e s  i n  eva lua t ions  

of s o l a r  technology. Nearly 40 s t a t i o n s  monitor ing t o t a l  i n s o l a t i o n  and 

a i r  temperature a r e  now opera t ing .  A t  14 of t h e s e ' s t a t i o n s ,  measurements 

a r e  a l s o  being made of d i r e c t  r a d i a t i o n .  

During i n i t i a l  assessments  of t h e  impact of solar-energy technology, 

SCE recognized t h e  need t o  have a c c u r a t e  i n s o l a t i o n  ( i n c i d e n t  s o l a r  

r a d i a t i o n )  in format ion  f o r  t h e i r  de s ign  and eva lua t ion .  The e x i s t i n g  d a t a  

base  was, however, d i scovered  t o  be  inadequate  i n  s e v e r a l  ways. Poor 

instrument  c a l i b r a t i o n  and maintenance procedures  had r e s u l t e d  i n  d a t a  

i naccu rac i e s  of up t o  15 pe rcen t .  There had n o t  been enough d a t a  s t a t i o n s  

t o  p rope r ly  c h a r a c t e r i z e  s o l a r - r a d i a t i o n  v a r i a t i o n s  n o r  were t h e  s t a t i o n s  

i n  a r e a s  w i t h  p o t e n t i a l  f o r  f u t u r e  solar-energy a p p l i c a t i o n s .  I n  a d d i t i o n ,  

t h e  a v a i l a b l e  s o l a r  d a t a  had n o t  been taken a t  c lose 'enough time i n t e r v a l s  

t o  p rope r ly  c h a r a c t e r i z e  short- term v a r i a t i o n s .  

I n  1975, SCE 1aunched .a  mu l t i yea r  e f f o r t  t o  c r e a t e  t h e  needed d a t a  

base  of s o l a r  in format ion .  By January ,  1976, a network of 1 3  s t a t i o n s  

I I  monitoring" t h e  s o l a r  r e sou rce  had been deployed a t  s e l e c t e d  p o i n t s  

- throughout t h e  SCE.serv ice  t e r r i t o r y .  By August, 1977, 2.1 s t a t i o n s  were 
I. 

.. . . . 
._. . , . .... . \ .. . , 

record ing  sol-ar  r a d i a t i o n  and a i r  temperature  d a t a .  



SCE loca t ed  solar-monitor ing s t a t i o n s  i n  va r ious  geographic  a r e a s  

i n  o rde r  , t h a t  r e p r e s e n t a t i v e  d a t a  would be  a v a i l a b l e  from c o a s t a l ,  

i n l a n d ,  d e s e r t ,  and mountain a r e a s .  The c u r r e n t  ope ra t i ng  system and 

t h e  planned s t a t i o n s  are shown on Fig.  1 and Fig.  2. 

Coverage o f ' t h e  Southwest beyond t h e  borders  of t h e  SCE s e r v i c e  

t e r r i t o r y  became p o s s i b l e  through funding by WEST. SCE, a s  program 

manager, con t r ac t ed  w i t h  WEST t o  develop computer so f tware ,  t o  des ign  

s t a t i o n  i n s t rumen ta t i on ,  t o  main ta in  system c a l i b r a t i o n ,  and t o  t r a n s l a t e ,  

s t o r e ,  and v e r i f y  a l l  c o l l e c t e d  d a t a .  P a r t i c i p a t i n g  u t i l i t i e s  i n  Arizona, 

Colorado, Nevada, and New Mexico a r e  ope ra t i ng  1 8  monitor ing s t a t i o n s .  

These s t a t i o n s  a r e  owned and ope ra t ed  by t h e  u t i l i t i e s .  The system and 

p a r t i c i p a n t s  a r e  shown i n  F ig .  3 .  Data from t h e  over  40 s t a t i o n s  i n  t h e  

WEST network w i l l  b e  s t o r e d  i n  t h e  computer f i l e s  a t  SCE. 

A l l  WEST solar-monitor ing s t a t i o n s  record  a i r  temperature  and 

' t o t a l  i n s o l a t i o n  on a  h o r i z o n t a l  s u r f a c e .  Eppley b l ack  and wh i t e  pyranometers 

a r e  used i n  t h e  SCE network f o r  measuring t o t a l  i n s o l a t i o n .  Eppley normal 

inc idence  pyrhe l iometers  a r e  used f o r  measuring d i r e c t  i n s o l a t i o n .  

P a r t i c i p a n t s  i n  t h e  WEST So la r  Resource Evalua t ion  P r o j e c t  have t h e  op t ion  

of us ing  Eppley b l ack  and wh i t e ,  ~ p p l e y  p r e c i s i o n ,  o r  Spec t ro lab  SR-75 

Pyranometers f o r  t o t a l  i n s o l a t i o n  measurements. S ix  non-SCE s t a t i o n s  a l s o  

monitor d i r e c t  i n s o l a t i o n  w i t h  t h e  Eppley normal inc idence  pyrhe l iometer .  

The accuracy of t h e  ins t ruments  and t h e  q u a l i t y  of t h e  r o u t i n e  mainten- 

ance program a r e  key elements  i n  t h e  i n t e g r i t y  of t h e  s o l a r  network and 

t h e  va lue  of i t s  d a t a .  I n  an e f f o r t  t o  minimize t h e  d i f f i c u l t i e s  experienced 

by p a s t ,  l a r g e - s c a l e ,  solar-monitor ing e f f o r t s ,  SCE has  i n s t i t u t e d  a  r i go rous  

progran of maintenance and c a l i b r a t i o n .  Maintenance procedures  a r e  performed 

a t  l e a s t  weekly a t  SCE so la r -moni tor ing  s t a t i o n s .  On a  weekly b a s i s  a t  



s t a t i o n s  monitoring only t o t a l  i n s o l a t i o n  and a i r  temperature,  t h e  pyrano- 

meter  dome is  cleaned,  t h e  temperature checked, and t h e  s i g n a l  condi t ion ing  

equipment inspec ted .  Where d i r e c t  i n s o l a t i o n  is  a l s o  being measured, . s i t e s  

a r e  v i s i t e d  t h r e e  t imes a  week t o  make d e c l i n a t i o n  and azimuth adjustments  

on t h e  t r ack ing  equipment. 

Instruments  a r e  c u r r e n t l y ' c a l i b r a t e d '  t o  t h e  I n t e r n a t i o n a l  Pyrhel io-  

me t r i c  Sca l e ,  1956. Provis ion  ex5s ts  f o r  modi f ica t ion  of . the d a t a  should 

a  new s c a l e  be adopted. 

SCE c a l i b r a t e s  a l l  ins t ruments  on t.he network twice a  year .  It a l s o  

has obta ined  a  .TMI Mark V I  c a v i t y  radiometer  f o r  use  i n  c a l i b r a t i n g  the. 

Eppley normal inc idence  pyrhel iometers .  Normal inc idence  pyrhel iometers  

a r e  c a l i b r a t e d  s i d e  by s i d e  i n  s u n l i g h t ,  near  noon, under clear-sky 

cond i t i ons  and only a f t e r  wai t ing  a  s u i t a b l e  l eng th  of t ime f o r  temperature 

s t a b i l i z a t i o n .  Pyranometers undergo t h r e e  t e s t s  t o  a s s u r e  a  v a l i d  c a l i b r a -  

t i o n :  t h e  Sun and shade method, comparison wi th  r e f e rence  pyranometers,  

and a  SCE ve r s ion  of t h e  co l l ima t ion  tube method. The ins t ruments  a l s o  

a r e  checked f o r  cos ine  and azimuth response.  Pyranometers s i m i l a r  t o  f i e l d  

u n i t s  a r e  used a s . r e f e r e n c e  s t anda rds  and a r e  kept  a t  t h e  SCE Laboratory 

when not  i n  use.  

Insola t ion and temperature d a t a  a r e  recorded a t  a l l  s t a t i o n s  in .  t h e  . , 

WEST network. The record ing  system f o r  t h e  d a t a  s t a t i o n s  was designed t o  

make use  of four-channel r eco rde r s  and t h e  e x i s t i n g  SCE load survey t r ans -  

la tor /computer  f a c i l i t i e s .  With t h e  record ing  system now being used,  

s o l a r  i n t e n s i t y  and a i r  temperature a r e  s imultaneously recorded a s  averages 

over. a  15-min i n t e r v a l .  Each day of t h e  year  is  d iv ided  i n t o  96 15-min 

i n t e r v a l s .  A l l  i n t e r v a l s  a r e  descr ibed  i n  s tandard  time and no adjustment 

is made t o r  Daylight Saving T i m e .  



I n  s p i t e  of e f f o r t s  t o  main ta in  h igh  l e v e l s  of instrument  r e l i a b i l i t y ,  

t h e r e  have been occas iona l  f a i l u r e s .  They cause l o s s  of d a t a  f o r  pe r iods  

ranging from a 'couple of hours  t o . . a  few weeks. I n  some c a s e s ,  n o i s e  i n  t h e  

system may be  recorded a s  d a t a .  E f f o r t s  have been made t o  r econs t ruc t  

missing d a t a  where p o s s i b l e  a n d ' t o  e l i m i n a t e  a s  many ex t raneous  d a t a  p o i n t s  

a s  can be  d i scovered  (though c a r e  i s  taken  n o t  t o  d i s t u r b  normal extremes) .  

Instrument  and hardware ou tages  r e s u l t e d  i n  l o s s  of about 3  percent  

of t h e  n e a r l y  800,OQO d a t a  p o i n t s  p o s s i b l e  from t h e  1 3  s t a t i o n s .  Tempera- 

t u r e  d a t a  a r e  i r r e t r i e v a b l e  when l o s t  due t o  an instrument  outage.  Missing 

t o t a l  i n s o l a t i o n  d a t a  a l s o  a r e  cons idered  l o s t .  On days when d i r e c t  

i n s .o l a t i on  d a t a  were. miss ing  ,. e s t i m a t e s  were'made o n l y .  f o r  t hose  days t h a t  

were c l e a r  according t o  pyranometer measurements of t o t a l  i n s o l a t i o n .  The 

d i r e c t  component of t o t a l  i n s o l a t i o n  was es t imated  by one of two methods, 

depending upon t h e  l eng th  of t ime t h e  d a t a  a r e  miss ing .  Data missing f o r  

a  s h o r t  p e r i o d ,  one o r  two 15-min i n t e r v a l s ,  a r e  es t imated  by . taking an 

a p p r o p r i a t e  average between a v a i l a b l e  l e v e l s  of ad j acen t  i n t e r v a l s .  Per iods  

of m i s s i n g ' d a t a  of g r e a t e r  l e n g t h  a r e  estimat.ed by means of a compar i sonof  

r a t i o s  of d i r e c t l t o t a l  i n s o l a t i o n  of immediately ad j acen t  c l e a r  sky days t o  

t h e , t o t a l  . . i n s o l a t i o n  l e v e l  on t h e  miss ing  day. The method t y p i c a l l y  

r e s u l t s  i n  an es t imated  e r r o r  of - +3 pe rcen t  from a c t u a l  va lues  of d i r e c t  

i n s o l a t i o n  l e v e l s .  

The d a t a  c o l l e c t e d  on t h e  WEST s o l a r  monitor ing network is  a v a i l a b l e  i n  

t h r e e  formats :  summaries f o r  u se  i n  bui lding.  a p p l i c a t i o n s ;  d e t a i l e d  

s t a t i s t i c a l  summaries f o r  a  d e t a i l e d  a n a l y s i s ;  and unreduced d a t a  on magnetic 

t ape .  These formats  a r e  desc r ibed  i n  d e t a i l  i n   h he WEST Assoc ia tes  So la r  

Resource Evalua t ion  Project-Solar  Energy Measurement During 1976." This  
, " .  

r e p o r t  i s  avai1,able  from t h e  Research and Development Div is ion  of Southern 

C a l i f o r n i a  Edison.. 
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SOLAR RADIATION ENERGY SOURCE R SCHLAGHECK 
COMPARISON USING S O L M E T  DATA 

BACKGROUND O F  STUDY 

WHAT WAS ANALYZED 

A COMPREHENSIVE COMPARISON O F  MONTHLY AVERAGE RADIATION 

VALUES O F  2 D I F F E R E N T  DATA SOURCES AND 2 MATHEMATICAL 

PREDICTOR METHODS COVERING 26 U. S. S I T E S  

S O L M E T  DATA - A S  SUMMARIZED F R O M  P R E R E L E A S E  
S O L M E T  (NON-GAP F I L L E D )  T A P E S  

F CHART DATA - AS SUMMARIZED F R O M  T H E  CURRENT 
DATA BASE USED IN T H E  F CHART ][I 
VERSION ANALYSIS PROGRAM 

ASHRAE CLOUD 
COVER M O D E L  - A S  CALCULATED USING T H E  ASHRAE 

ALGORITHMS F O R  BUILDING H E A T  
I TRANSFER SUBROUTINES 

ASHRAE 70 
SUNSHINE M O D E L  - AS CALCULATED B Y  A % SUNSHINE 

MODIFIER O F  T H E O R E T I C A L  C L E A R  
DAY DATA 

. . 

rat NO. . . 1. USFC . Fwm 3304 ( R a  Oclolat 1912) 



SOLAR RADIATION ENERGY S O U R C E  
COMPARISON USING S O L M E T  DATA 

BACKGROUND 

WHY P E R F O R M  T H E  S T U D Y ?  ' 

S O L M E T  IS T H E  STANDARD F O R  SOLAR RADIATION I N P U T  T O  SHAC 
P E R F O R M A N C E  ANALYSIS 

HOW DO O T H E R  DATA BASES (SUCH AS F CHART)  C O M P A R E  AGAINST 
rn 
rn 

23 YEAR AVERAGES O B T A I N E D  F R O M  S O L M E T  D A T A ?  

HOW DO VARIOUS LONG T E R M  P R E D I C T O R  TECHNIQUES (SUCH A S  70 
EUNSHINE AND ASHRAE CLOUD C O V E R )  C O M P A R E  AGAINST GOOD 
INSOLATION DATA AS S O L M E T  ? 

WHAT TECHNIQUE CAN B E  R E C O M M E N D E D  F O R  GENERATING 
INSOLATION VALUES F O R  - NON S O L M E T  S I T E S ?  

MSFC - Form 3304 [Rev ( k l o b  1912) FILE NO. 2 



DATA SOURCES 

. S O L M E T  - - -  RADIATION VALUES O F  R E H A B I L I T A T E D  INSOLATION DATA ON A 
HORIZONTAL S U R F A C E  WAS OBTAINED BY COMPUTING T H E  
A V E R A G E  DAILY F L U X  P E R  MONTH F O R  E A C H  O F  T H E  26 
S O L M E T  S I T E S  

AVERAGES ONLY INCLUDED R E H A B I L I T A T E D  HOURLY 
OBSERVATIONS IN WHICH DATA WAS RECORDED.  T H O S E  
-TIME PERIODS WITH MISSING DATA WAS - NOT INCLUDED 
IN T H E  CALCULATIONS 

DATA U S E D  IN ANALYSIS W E R E  PRELIMINARY NON-GAP 
F I L L E D  S O L M E T  T A P E S  F O R  T H E  26 STATION HISTORICAL 
NETWORK 

F CHART - -  T H E  A V E R A G E  DAILY INSOLATION VALUES P E R  MONTH F O R  
T H E  26 HISTORICAL S O L M E T  S I T E S  W E R E  O B T A I N E D  F R O M  
T H E  F CHART 2 DATA BASE 

T H E S E  VALUES W E R E  C O L L E C T E D  F R O M  A VARIETY O F  
VARIOUS SOURCES SUCH AS T H E  W E A T H E R  BUREAU,  B E N N E T T  
M A P S  AND RESEARCH S I T E S  

USFC. Form 33W (Rw Orlala! 19?2) PILE NO. 
3 



A S H R A E  CLOUD COVER - .  RADIATION VALUES C A L C U L A T E D  F R O M  T H E O R E T I C A L  
C L E A R  DAY .VALUES MODIFIED BY A . C L O U D  COVER 
F A C T O R  

TRANSACTIONS P A P E R  2106,  P A G E S  227-233,  

- P R O C E D U R E  F O R  DETERMINING HEATING 
- 

A N D  COOLING L.OADS F O R  C O M P U T E R I Z I N G  
ENERGY CALCULATIONS, ASHRAE 1975 . . 

% SUNSHINE - RADIATION VALUES C A L C U L A T E D  F R O M  ASHRAE 
T H E O R E T I C A L  C L E A R  DAY VALUES MODIFIED B Y  
PERCENT OF POSSIBLE SUNSHINE 

C H A P T E R  22 

TRANSACTIONS P A P E R  2'1 10 
P A G E S  34-42, 1969  

, FILC NO. 4 
MSFC . Farm 3104 (AN Oct*~ 1972) 



D R G A N I Z A T I O N :  I MARSHALL SBACEE N A M E ,  

Albuquerque, New Mexico 
Apalachicola, F lor ida  
B i smark ,  North Dakota 
Boston, Massachuset ts  
Brownsville,  Texas  
Cape Hat te ras ,  North Carolina 
Caribou, Maine 
Charles ton,  South Carol ina 
Columbia, Missour i  
Dodge City, Kansas  
El Paso ,  Texas  
Ely, Nevada 
F o r t  Worth 
F r e  sno, California 
G r e a t  Fa l l s ,  Montana 
Lake Char les ,  Louisiana 
Madison, Wisconsin 
hledford, Oregon 
Miami,  F lor ida  
Nashville, Tennessee  
New York, New Y o rk  , 

Omaha, Nebraska (North Onzaha) 
Phoenix, Arizona 
Santa Mar ia ,  California 
Seatt le,  Washington 
Washington, D. C. 

EL 12 

ALB, NM 
. APA, F L  

BIS, ND' . . .  
BOS, .MS .' . . . . 

BRO, TX ., 

HAT, .NC 
.,CAR, M E  . . 

-CHA, SC 
COL, MO 
DCT; KA 
E L P ,  TX 
ELY, NV 
FTW, TX 

R.  SCHLAGHECK 
TABLE 1 

DATE* 
SOLMET RECONDITIONED DATA SITES 

S E P T  1977 

F R E ,  CA 
GRF,  MT 
LCH, LA 
MAD, WI 
MED, OR 
MIA, FL 
NAS, TN 
NWY, NY 
OMH, NE 
PHO, AR 
SMA, CA 
SEA, WS 
WAS, DC 

Site. Name' .  -. Printout  Abbreviation . ' WBAN # 

MSFC. Form 53M (Rw O i l o h  1972) Wf NO, 5 



PERCENT O F  SOLMET DATA BASE 
EL12 (23 YEARS) R, SCHLAGHECK 

DATE1 
HAVING ACTUAL (NON FILLED) 

REHABILITATED INSOLATION VALUES S E P T  I977 

CITY, .STATE MINIMUM.-MONTH MEAN 

ALB,  NM 
APA, FL 
BIS, ND 
BOS, MS 
B R O ~  TX. 
HAT, NC 
CAR; ME 
CHA, 'SC 
COL, MO 
DCT, KA 
ELP, TX 
E L Y ,  NV 
F T W ,  TX 
FRE,  CA 
GRF,  MT 
LCH, LA 
MAD,. WI 
MED, OR 
MIA, FL 
NAS, TN 
NWY, NY 
OMH, NE* 
PHO, AR . 

SMA, CA* 
SEA, WS 
WAS, DC 

9370 - - .  AUG 
8670 - AUG 
96% - AUG 
50% - DEC 

- . , 4470 - J U L  
90% - J U L  
80% - NOV 
127'0 - J U L  
9270 - MAY . 

88% '- JUN 
98% - F E B  
5770 - ,  NOV 
9670 ' -  NOV 
6170 - OCT 
58% - SEP 
4570 - J U L  
6170 - -JUL 
52% - DEC 

3% - AUG 
6170 - AUG 
59% - J U L  
7770 - JUN 
6070 - J U L  
89% - JUN 
32% - F E B  
71% - J U L  

MSFC . Form 3 3 M  ( R l r  Octolar 1972) mi@ No. 6 
.. . - . .  . 
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gCHA,Si 13880 10592 12686 16412 21562 23026 23446 21896 20766 17882 14368 11932 9843 16- 
g-----------------------------------------------------------------------------------------*---..-----.---- 
tCOL,NO 13983 7536 10467 14403 18129 22231 23906 24032 22822 18757 13565 9295 7875 15951 
$-------------------------------------------------------------------------------------------------.------- 

$DCT.EA 13985 10843 13691 18087 22608 23511 27591 27213 24408 28641 15W9 llZ2 9713 
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SUNRARY OF SOLAR RADIATION U S I N G  FOUR D A T A  SOURCES 
CsUERblGE DAILY VALUES PER MONTH - ( K J / f l X X t - W R ) .  . . 

LOCATIONZ ALB,NM WBhN NO: 23858 . . 

~ ~ S H R R E  ir CCF ~ I S H R A E  %%SUM 



SUPlflhRY OF SOLfiR WBIBfAPIBN U S T N Q  FOUR DfiTB, SOIIRCES 
AUEWACE.BA%&'d VALUES PER PF1ONfW~-~~U3~Pl8t2-HRl  

. . . . 
. . . . .LOCATION8 AP84,'FL WBRW NO8 62832  



now sao dao onu Inr unr AVU ~ldw YVU a3d NWP 



. . SUll l lARY OF SOLfiR RADIQTION U S I N G  FOUR D A T R  SOURCES 
CbWEBaRCE DAILY WRLUES .PER BOWfH - (KJ/O'PdtB2-HR), 

I 

LOCA$%ON~ BOSsflS WBAN NOa 943@% 

JAN FEB . f i R B  BPR.. ,  flRY JUN JQL RUB 9EC OCT NOW . DEC. 
. . 

. . 4 N80tB"lET gF-CHRRQ 





SUMMAR.'+ 'OF .'SOLAR RQ4DPBTfON.  USING FOUR DATA SOURCES 
AUERBGE DAILY UgiLUES PER NONTH - ( # Y / M t t B - H R ) .  

LQCATXOWt HAT,NC WBAN NO8 93729 



SUMMARY OF sotea RamfiuxoN usnwa FOUR D R T ~  souReEs 
AVERAGE DAXLY VALUES PER ~ O W f H  - (#Y/PlXX%-HW) 

LOCATION8 Cf3RoflE WBAN NO8 14687 



SUPIPlAWY OF SOLRR WADXfiTfON USXNQ FOUR DATA SOURCES 
AVERAGE BA%LY VALUES PER NONTH - (#J / f l tb2 -HW)  

tOCfiTXBN8 CH68,SC WBAN NO% 13888 

. , J A N  FEB M6IR RPR PlAV JUDJ JLlt 'AUO SEP 067" NOW BEC ; 
s, m s b t ~ ~ t  ~ F - ~ H R R T  . . 



. . . . 

SUfVlAWV OF SOLAR WADIfiTfON USINQ FOUR BaPA SQUWGES 
. . 

' fiVERACE DNLV WCSLUES PEW MONTH - (KJ/Bt>$2.-HW) 



S,UMNARV OF SOtFaR RADIATION USING FOUR DATA SOURCES 
AU2RRGE BFaILY UC4LUES'PER MONTH - (KJ/PIP8B-WR) 



SUMMARY OF SOLAR R B D I C ~ T P O N  USINQ FOUR m.ra SOURCES- .  
AVERAGE DAILY UOLUES PEW flON7H - I#J/Nt8E!-WW) 

JAN FEB' F ~ A R  APR F ~ A Y  dun J ~ L  Rue sap o,ev n o .  D E q  



SUMMARY OF SOLAR R f i D f A P f O P J  U S I N G  FOUR BAtBe SOURCES - '  ' 

'AVERRGE DRILY VALUES PER MONTH - (KJ / f lX t%-HR)  

LOCAFPOH: ELV,NU WBQN.NO8 23154 



. . .  , . SUNRARY OF -SOLAR RADIATION U S I N O  FOUR DRTQ SOURCES 
QUERAGE BFdILV UALUES PER MONTH - (KJ /P IDt i? -P IR)  . . 

'LQCBBTIOW 8 F.TW,?X WBAN NO8 3927 . .  
-I 

gGtnlne n cer mpro#r/saresun 



. . 
SU$IP?ARY OF SBLCIR RCIDIATION USING FOUR DClfQ SOURCES 

AVERAGE 'DBILY VALUES PER flONfW - (KJ/flt#a-HW) . . 



'SUMBARV QP SOLAR RADIATION USING FOUR Dfi'l'A SOURCES 
' A V E R A G E  DAILY VALUES PER MONTH - . ( K J / f l t t 2 - W W )  



SUDlMARY OF SOLAR ISB'DXATXON USXNO FOUR ' D A T A  SOURCES 
A V E R A G E  DAILY. VALUES PER P1ONTH - (KS/Pl88E!-WW) 



SUflflAWY OF SOLAR RADIATION USfNQ FOUR DATA SOURCES 
AVERAGE DATLV VALUES PER PION$# .- (#J/HX$2-=HR) 

JAN. FEB M R .  BaPR RhY JUN Jut  @UQ BEP . O C t  NOW. DEC 
$7 a S O t N % T  U P - C M @ R P  



. . 

. . sunnndv OF SOLnR RADIf iPIQN USING FOUR DATa SOURCES 
. . AVERAGE BAX.LV UhtUES PER PPOWTH " (KJ/flDPtt2-HR) 

LOCBTPON8 MED,OW WBAN NO8 34825 

> 
JAN FE I  NAW APR- R83V JUH. JUL RUG 8 f P  O C f  N88b DE6 



SUmMiaWY OF .SOtBR RBIDP8TION U S I N G  FOUR DbbTR SOURCES 
RUERQGE DQILY UfiLUES PER PlONTH - (KJ/RX%2-HR 1 

 LOCATION^ MIA,FL WBAW NO8 $2839 

JhN FEB R&R ABR RAY JUN JUL Quo E OCT' HOW DEC. 

89 @OO%RET r-J=%H@RT 

m @ s ~ w n t  t cce @@swwne rglovn 



'SUMMRRV .OF SOLAR WBB1BTfON USING FOUR D.ibfR SOURCES 
AUERBCE'.Dl$XLV UQLUES PEW F 9 O W t #  (#d/M$t2-#R9 

. . LOCBT'IONt NAS,? N UBAW NOs $3893 

JAN eee nha P nhsP dun sua. fiuo SEP oe% wou oee 



summntw OF s o t f i ~  R A D P ~ T I O N  USPNQ FOUR DRTR SOURCES 
AUERflOE DAILY VALUES PER flONTW - ~ K Y / f l $ $ 2 - # R )  

MBAW NO8 $4786 



SUMMBRY-OF SOLAR WBDIAT'POH USING FOUR BaTA SOURCES 
.. AUfRRGE DAftV VALUES PER ROHTW - (#J/fW82-'WW) . 



. . 
~SUAMARY O F  S O L Q R  ~ ~ ~ D I R T I O N  USING FOUR ~ f i m  SOURCES . . 

. . ._. ' A V E R A G E  DRILY VALUES PER PIOHTW - ' ( K Y / f l t t Z ! - W R )  



/ i '  
'.SUflPIARV OF SOLAR Re, .ATION US%NO . FOUR DCIVQ SOURCES. 

.AVERAGE D A I ' L V .  .UACdES PER - lflONTW - (#J/PIbt8-HW 

LOCQTIQNt SRfi ,CB WBAN NO8 23236 

JAN FED U R R .  APR HRBte JUB JUL AUQ SLP OCT RQV DEC . . 
- .  

a4 NSOLHEP nF'-CH&WT 

p(PII#WAE 8 CCF M@l#RCbE OBlbW( 



SUPIffARV OF SBLBIW. RADIATION USING FOUR D&TA SOURCES 
AUEWfiGE DAILY UBLUES PER MONTH - (#J/PIOXE!-WR) 
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R. SCHLAGHECK 
COMPARISON O F  DATA BASES 

AGAINST SOLMET 

SOLMET 
STATION ASNRAE ASHRAE 

F CHART 

1, ALB, NM 
2. ALP,  FL, 
3. BIS, ND 
4. BOS, MS 
5. BRO, TX *MESING DATA 
6. HAT, NC FOR THAT 
7. CAR,  ME PARTICULAR 
8. CHA, SC STATION. 
9. COL, MO 

10. DCT, KA 
11. E L P ,  TfZ 
12. ELY, NV 
13. F T W ,  TX 
14. FRE,  CA 
15. G R F , M T  
16. LCH, LA 
17. MAD, WI 
18. MED, OR 
19 .  MIA, FL 
20, NAS, TN 
21. NWY, NY 
22. OMH, NE 
23. PHO, AR 
24. SMA, CA 
25. SEA, WS 

3 7 
l l l P  NO. 

MSFC . Farm 33M [RW OcloLm 19721 



COMPARl SON OF SOLMET DATA TO OTHER METHODS 

' ' SOLPAET VS..FCHART SOLMET VS. ASHRAE Q.CLOUB COVER SOLMET VS. ASHRAE * % SUNSHINE 

% ABSOLUTE ERROR % ABSOLUTE ERROR % ABSOLUTE. ERROR 



R. SCHLAGHECK 
SUMMARY 

@ SIGNIFICANT D I F F E R E N C E S  OCCUR B E T W E E N  S O L M E T  AND 
ANALYTICAL PREDICTOR TECHNIQUES 

63 A T  THIS T I M E  NO RECOMMENDATION O F  AN A C C U R A T E  PREDICTOR 
METHOD F O R  GENERATING MONTHLY SOLAR RADIATION VALUES 
A T  A NOM S O L M E T  S I T E  IS GIVEN 

O M S F C  WELCOMES F U R T H E R  INVESTIGATIONS O F  PREDICTOR - 
TECHNIQUES THAT PROVIDE A M O R E  ACCURATE METHOD O F  
ESTIMATING MONTHLY AVERAGE INSOLATION F O R  NON NETWORK 

69 MANY O F  T H E  S O L M E T  S I T E S  HAVE L A R G E  PERIODS O F  MISSING 
DATA. W I L L  T H E  G A P  F I L L E D  S O L M E T  T A P E S  CHANGE T H E  LONG 
T E R M  AVERAGES F O R  T H E S E  S I T E S ?  



NATURAL VARIABILITY .OF SOLAR RADIATION 

L. ~ a c h t a ' a n d  G. Cot ten,  NOAA 

The n a t u r a l  v a r i a t i o n s  i n  s o l a r  r a d i a t i o n  p1ay . a  major r o l e  i n  t h e  des ign  

and e f f e c t i v e n e s s  of s o l a r  c o l l e c t o r s  t o  s a t i s f y  energy requirements .  The 

d i u r n a l  v a r i a t i o n  and t h e  r o l e  of c louds a r e  a l i  t oo  ev ident .  But less ev iden t  

is t h e  v a r i a t i o n  of. s o l a r  r a d i a t i o n  averaged over month, season,  y e a r ,  and 

longer  t i m e  per iods .  Typica l  examples a r e  d i scussed  below. 

There e x i s t s  a  hos t  of s o l a r - r a d i a t i o n  parameters  which can be  used i n  

t h e  des ign  of t h e  c o l l e c t o r  o r  s t o r a g e  system bes ides  t h e  obvious.mean va lue .  

The frequency d i s t r i b u t i o n  of numbers of succes s ive  days w i th  less than a  pre- 

s c r i b e d  amount of energy ( f o r  s t o r a g e  o r  supplementary energy des ign)  is  another  

c h a r a c t e r i s t i c  which v a r i e s  from one time per iod  t o  another .  However, f o r  

s i m p l i c i t y  t h e  d i s cus s ion  w i l l  b e  l i m i t e d  t o  annual  o r  5-yr average va lues  of 

g l o b a l  ( i . e . , '  d i r e c t  ,p lus  d i f f u s e )  s o l a r  r a d i a t i o n .  

Fig.  1 shows t h e  annual  and 5-yr p e r i o d i c  v a r i a t i o n  of g l o b a l  s o l a r  rad ia -  

t i o n .  A s  expected,  f o r  t h e  two extreme months a t  Dodge C i ty ,  KS, t h e  y e a r l y  
. . 

v a r i a t i o n  g r e a t l y  exceeds t h e  longer  p e r i o d - o f  averaging v a r i a t i o n .  F u r t h e m o r e ,  

t h e  a b s o l u t e  v a l u e  of v a r i a t i o n  is l a r g e r  i n  June when t h e  a b s o l u t e  va lues  them- 

s e l v e s  a r e  about  t h r e e  t imes a s  l a r g e ,  than i n  December. Not ice  h e r e  how m i s -  

l e ad ing  a  s i n g l e  month l i k e  June,  1967, might be  i n  r ep re sen t ing  a  long-term 

average.  But even more impor tan t ,  t h e  f i g u r e  p o i n t s  o u t  t h e  demand on t h e  des ign  

engineer  t o  dec ide  what yea r  o r  l e v e l  of r a d i a t i o n  should be  s e l e c t e d .  

F ig .  2 p rovides  some s t a t i s t i c s  such a s  t h e  s t anda rd  d e v i a t i o n s  of t h e  

annual  and 5-yr v a r i a b i l i t y  t o  t h e  24-yr c l ima to log ica l  average expressed a s  a  

percentage .  The year-to-year v a r i a t i o n  ranges among t h e  s t a t i o n s  from 6  t o  14 

pe rcen t  i n  December and 4 t o  8 percent  i n  Ju ly .  The v a r i a b i l i t y  of 5-yr average 

is apprec.iably sma l l e r  i n  almost a l l  s t a t i o n s .  



F i n a l l y ,  Fig. 3 compares t h e  v a r i a b i l i t y  of December and J u l y  averages 

' i n  washington; DC; expressed i n  t h e  same u n i t s  a s  those  of Fig. 2 w i th  t h e  

e r r o r s  c r ea t ed  by t h e  exc lus ive  use  of c loudiness  and pr:-bipitaiion ( see  

paper by Machta and Cotton -elsewhere i n  t h e  proceedings) t o  p r e d i c t  t h e  same 

monthly values.  of s o l a r  r a d i a t i o n .  Washington, DC, v a r i a t i o n s  may be  some- 

what worse than  many of t h e  26 r e h a b i l i t a t e d  s t a t i o n s  because measurements 

were made a t  a  number of d i . f f e r en t  p l aces  i n  and near  washington. However, i f  

t h e  r e l a t i v e  numbers a r e  r e p r e s e n t a t i v e  of o t h e r  p l aces ,  a s  is probable,  then 

t h e  predictive e r r o r s  a r e  about ha l f  of t h e  n a t u r a l  v a r i a b i l i t y .  
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: THE NOAAIARL SOLAR RESEARCH FACILITY, BOULDER, COLORADO 

E. Flowers, NOAA/ARL 

The primary functions of the Boulder facility are: 

1. To maintain standard instruments 

2. To calibrate pyranometers and pyrheliometers 

3. To test specimen instruments 

4 .  To measure radiation locally and develop relationships 

STANDARD IN STKUMENTS 

The maintenance of standard instruments involves the determination 
. . 

of their characteristics (linearity, temperature, cosine (for pyranometers) 

and spectral responses, etc.),, establishment of traceability of calibration 

from primary ref-erence sources, and finally the documentation of these data 

through publica'tion of results. 

The SRF has a.Kendal1 cavity radiometer as a primary reference. This 

instrument is self-calibrating and' makes measurements of absolute irradiance. 

Secondary reference instruments which are maintain at NOAAIARL are an 

ingstr:m compensation pyrheliometer and a Smithsonian silver disk pyrheliometer. 

All three of these instruments took part in the International Pyrheliometric 

Comparioon (IPC) held at the World Rar-liatfon Center in Davos, Switzerland 

in 1975. At,this comparisons, the ratio between the Davos PACRAD (Kendall) 

and the SRF Kendall was found to.be 1.0004. 

Working standard pyrheliometers (Eppley NIPS) are compared directly with 

the Kendall radiometer at regular intervals at Boulder. Table I gives the 

results of these comparisons along with data from a Kahl pyrheliometer and 

a Matrix (solar cell) pyrheliometer. The response values give the relationship 

between the International Pyrheliometric Scale (IPS) and the Absolute Scale 



of r a d i a t i o n .  ~ n s t r u m e n t  1330 i s  t h e  NOAA r e f e r e n c e  and g ives  NOAA1s  v e r s i o n  

of IPS; Eppley 14856, Kahl 56114 and Matr ix 2457 r C f l e c t  t h e  IPS a s  i n t e r p r e t e d  

by these  manufacturers.  

F igure  l ' i s  t h e  c a l i b r a t i o n  cha in  f o r  t h e  NOAA instruments .  The top  

p a r t  of t h e  c h a r t  shows pyrhel iometers;  t h e  bottom p a r t  shows pyranometers. 

A l l  instrument 's c a l i b r a t e d  a t  Boulder by t h e  SRF u t i l i z e  t h i s  ' chain  .and a l l  

ins t ruments  a r e  c a l i b r a t e d  on t h e  ~ b s o l b t e  Radia t ion  Scale.  Since f o r  

NOAA, t h e  IPS i s  embodied i n - i n s t r u m e n t  1330 which has  a  r a t i o  of 0.975 

wi th  the  Kendal l . rad iometer ,  a l l  ins t ruments  c a l i b r a t e d  by t h e  SRF w i l l  

g ive  i r r a d i a n c e  va lues  about 2.5% higher  than  ins t ruments  c a l i b r a t e d  e a r l i e r  

by t h e  Nat iona l  Weather Serv ice  on t h e  IPS. The r e l a t i o n s h i p  between s c a l e s  

i s  i n  f i g u r e  2 which was taken from a r e p o r t  by C .  ~ r g h l i c h  (1) .  

PYRANOMETER CALIBRATIONS 

c a l i b r a t i o n  i s  t r a n s f e r r e d  from a pyrhel iometer  t o  pyranometer by t h e  

shade'method. . I n  t h i s  procedure, separate .measusements  are made wi th  t h e  

pyranometer of t h e  g l o b a l  ( d i r e c t  p l u s  d i f f u s e )  and d i f f u s e  i r r a d i a n c e .  

The d i f f e r e n c e  of these two measurements i s  the  v e r t i c a l  component of t h e  

d i r e c t  i r r a d i a n c e ,  which i s  compared w'ith a  measurement of t h e  d i r e c t  com- 

ponent made wi th  a  pyrhel iometer  t o  d e r i v e  t h e  pyranometer c a l i b r a t i o n  f a c t o r .  

F igure  3 ehbws values of the defi.ved pyranometer c a l i b r a t i o n  f a c t o r  f o r  

instrument  Spec t ro lab  73-1, p l o t t e d  as a func t ion  of t h e  ,sun's e l e v a t i o n  

angle.  The apparent  s l o p e  of t h e  d a t a  i n d i c a t e s  a  depa r tu re  f r0m.a  t r u e  

cos ine  response. - 
Shade c a l i b r a t i o n s  a r e  made only f o r  t h e  r e f e rence  pyranometers. Other 

pyranometers a r e  c a l i b r a t e d  by d i r e c t  comparison wi th  a  r e f e rence  pyranometer 

i n  s u n l i g h t .  The method used by t h e  SRF is  shown i n  f i g u r e  4. Along t h e  

top  of t h e  f i g u r e  a r e  t h e  data-logger channel  number, and instrument  



i d e n t i f i c a t i o n  and t y p e  (whether r e f e r e n c e  o r  t e s t ) .  Each l i n e  r e p r e s e n t s  one 

. . 
s c a n  of t h e  d a t a  l o g g e r  beg inn ing  on t h e  minute  i n d i c a t e d  on t h e  l e f t .  The 

! 

. v a l u e s  a r e  r e a d  a s  m i l l i v o l ~ t ' o u t p u t s  from t h e  instrumen,cs. Note t h a t  t h e  

r e f e r e n c e  i n s t r u m e n t  (9012) i s  r e a d  every  5 o r  6 channe l s .  The d a t a  used f o r  

t h e  c a l i b r a t i o n  are t h e  10-minute a v e r a g e  v a l u e s  f o r  , the  t e s t  and r e f e r e n c e  

i n s t r u m e n t s .  A r e f e r e n c e  v a l u e  f o r  each  t e s t  i n s t r u m e n t  i s . o b t a i n e d  by l i n e a r  

i n t e r p o l a t i o n  between'su.ccess?ve r e f e r e n c e  va lues . .  For each test i n s t r u m e n t  

a  r e g r e s s i o n -  e q u a t i o n  i s  c a l c u l a t e d  from t h e  10-minute d a t a  f o r  t h e  e n t i r e  

d a y l i g h t  p e r i o d .  The bottom l i n e  of t h e  f i g u r e  g i v e s  t h e  re.su3.t.s o f  t h i s  

c a l c u l a t i o n .  The c a l i b r a t i o n  v a l u e  f o r  t h e  test  i n s t r u m e n t  i s , c a l c u l a t e d  

by s u b s t i t u t i n g  t h e  known c a l i b r a t i o n  v a l u e  f o r  t h e  r e f e r e n c e  i n s t r u m e n t  

i n t o  t h e  r e g r e s s i o n  e q u a t i o n .  C a l i b r a t i o n  v a l u e s  a r e  o b t a i n e d  f o r  each 

day of comparison and . a  f i n a l  v a l u e  determined as t h e  mean of abou t  14 

d a i l y  v a l u e s .  For Eppley PSP and S p e c t r o l a b  pyranometers ,  t h e  s t a n d a r d  

d e v i a t i o n  of t h e  d a i l y  v a l u e  f rom t h e  14-day mean is  u s u a l l y  between 0 .2  

and 0.5%. . 

F i g u r e  5 p r e s e n t s  c a l i b r a t i o n s t a t . i s t i c s  f o r  a  group of specimen 

pyranometers  from v a r i o u s  m a n u f a c t u r e r s  f o r  August 1977. The r e s p o n s e  
. . 

v a l u e  g i v e s  t h e  r e l a t i o n s h i p  between t h e  SRF l e v e l  of ' c a l i b r a t i o n  and 

t h e  l e v e l  of the manufac tu re r .  T h e ' s t a n d a r d  d e v i a t i o n  is  t h e  v a r i a t i o n  

of t h e  d a i l y  v a l u e  from t h e  mean. The column l a b e l l e d  "S.E." i s  t h e  a v e r a g e  

s t a n d a r d ' e r r o r  of a s i n g l e  10-minute v a l u e  from t h e  v a l u e  p r e d i c t e d  by 

t h e  r e g r e , ~ s i o n  e q u a t i o n  f o r  t h a t  day,  expressed  i n  u n i t ' s  of i r r a d i a n c e .  

The Lambda, M a t r i x  and Rho Sigma i n s t r u m e n t s  a r e  p h o t o c e l l  d e t e c t o r s ;  a l l  

of t h e  o t h e r s  a r e  t h e r m o p i l e  d e t e c t o r s .  The Eppley 10018 (model 848) and 

Kahl 1282 (manufactured by Schenck) a r e  black-and-white r e c e i v e r s .  



LABORATORY TESTS ' 

The SRF has made temperature-response tests of all of the instruments 

from the different manufacturers and on many of the Eppley PSP and Spectrolab 

pyranomete'rs which will be used in the NOAA network. Figures 6 and 7 give 

temperature response curves for a compensated (Eppley PSP 14886) and an 

uncompensated (Kipp) .pyranometer, In most cases (but not ail) the compensated 

pyranometer will be corrected to' give errors less than +1X. The curve for - 

the Kipp is a typical curve for an uncompensated instrument. The curve for 

the Kipp suggests that it wi3.J. give too large a reading as the temperature. 

decreases. 

Mos of the instruments from the various manufacturers have been tested 

to determine the effects cf tilt on their sensitivity. Figure 8 gives the 

response curves for the instruments. tested. 

LOCAL RADIATION MEASUREMENTS 

At Boulder we are making measurements of: 

CI Global irriidiance in the wavebands > 295nm, > 395nm, =z 530nm ', 

and 3695nm 

Q Direct irradiance 

s Diffuse irradiance (with a shadow bind) 
e Ultraviolet irradiance (295-385nm) 

Figure 9'is a copy of the Boulder data which includes a calculation 

of the solar elevation angle, a derived diffuse irradiance and various other 

ratios. A tilted measurement will soon be made and included in the array. 
. . . . 

(1) Fr;hlich, C., The IPS 1956 Now in Use, Fourth International Pyheliometer 
Comparisons, Scientific Discussions, WRC, Davos, Switzerland, October 1975. 
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FIGURE 2 
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SAMPLE OF DATA ANALYSIS FOR PY RANOMETER CALIBRAT 1 ON 

FIGURE 4 

CHANNEL 

INSTR I D  
INSTR TYPE 

EP 9 0 1 2  
REF 

EP14886  
TEST 

EP12687-Q 
TEST 

EP14888  
TEST 

EP10565  
TEST 

EP10107  
TEST 

EP 9092 
REF 

E P 1 1 9 3 5  
TEST 

r 
REF AVG 
TEST AVG 
STD DEV 
K* 
IRRADIANCE 

CALIBRATIONS: 

INTERCEPT 

SLOPE 

STD ERROR 

CAL VALUES 



HY-CAL 56237 

I(C\Hl- 56114 

Vl\rJmDA 658-7607 
LINTRONIC 1m3A 
MI\TRIX 2484 

PPLEY 10018 h-848) 

KAHL 1282 (SCHENCK) 
SPECTTF?AN 2Q69 
RHO S I G N  329 
KIPP 752492 
EPPLEY 14886 (BPI 

SPECTROLAB 73-96 

WWWOlVRER CALIBRATIRIS 
(REFERENCE : EP9012nl) 

NUMBER OF DAYS RESPO~!SE sad S,E? 

(XI (W/M2, 

FIGURE 5 



TEMPERATURE RESPONSE TEST 
FIGURE 6 
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FIGURE 9 

ILRAOXANCLS 

COMPONENT TOTAL DIFFUSE DIRECT. ' W ~ * 3 9 5  WLa530 
I NST cUP€~4T-E914d.J.7-F.PA1,5.P-7-f.PJ.485.66€P1 46fi~.-EP 1486G. 
CALIE*PTION 1OC.38 1 1 4 . 6 0  124.22 107.54 114.41 - ---- -.-- --.- 
77C39 1150 548 e l 8  52.26 8 i f r 5 5 -  513.93 418.63 
77030 1 1 3 1  554.7b . 52.60.. S7d.11 - 519.31 423.55 
77039 1132 539.34 52.72 150 .91  505+65 411.62 
77038 1133 .- . ...532.2L-52~&7-838* 1 L 4 9 0 . 6 b b  406.011 
77C39 1 l J k  5'6.23 52.03 U4c.713 502.53. ~59.211 
7703? :115 526.35 51.6a BJt .1d  k22.55 391.65 
77C3Y 1136 536.82. r i . 5 7  730.41 472.42 383.62 
77C35 1137 507.32 51.64 794 .76  476.13 387.51 
77C39 1138 5ZP.S+ 52.14 849.17 526.41 412.73 
77?3? 1 1 3 9 5 . 6 2 S 3 f  t?s4,6C.9..2.9-526.24 4JG.Z; 

;.vEPPGE -534.32 ' 52.15 b 4 l r 1 7  506.59 407.54 
210 C i l V  , 19.20€  ,406  33.872 18.463 15.521 
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Process ing  and Q u a l i t y  Cont ro l  of  

.Nat ional  Weather Se rv i ce  Radiat ion- .Data  

Ward R. Seguin,  NOAA 

Las t  s p r i n g  NOAA's  Center  f o r  Experiment Design and Data 

Analys i s  (CEDDA) was asked t o ' q u a l i t y  c o n t r o l  and process  t n e  

s o l a r - r a d i a t i o n  d a t a  be ing  c o l l e c t e d  b y . t h e  NWS a t  3 8 ' s t a t i o n s ,  

a l l  of which have been a c q u i r i n g  g l o b a ~ ~ s o l a r , r a d i a t i o n  s i n c e  

January,  1977. D i f fuse  and d i r e c t  r a d i a t i o n  s e n s o r s  are grad- 

u a l l y  be ing  added t o  a few of  t h e  s t a t i o n s .  . 

The NWS a c q u i s i t i o n  system reco rds  a s  many as  t h r e e  channels  

o f ' i n t e g r a t e d ,  1-min r a d i a t i o n  v a l u e s  on c a s s e t t e  i n  a d i g i t a l  

format .  ' Hourly i n t e g r a t e d  v a l u e s  a r e  recorded on p r i n t e d  paper 

t a p e .  A 2-channel, paper  s t r i p - c h a r t  r e c o r d e r  i s  used a s  backup 

f o r  r eco rd ing  g l o b a l  and d i f f u s e  r a d i a t i o n .  A l l  d a t a  are recorded 

i n  LST. 

Regardless  of  t h e  ' r eco rd ing  . media, . it i s  first necessary  t o  

copy t h e  d a t a  onto-  a computer r eadab le  format . .  D a t a  on p r i n t e d  

paper  . t a p e s  . a r e  punched o n  computer c a r d s ;  c a s s e t t e s  are copied 

o n t o  computer t a p e ,  and s t r i p - c h a r t s  a r e . a v a i l a b l e  T o r . d i g i t i z i n g .  

The c a s s e t t e s  are t h e  primary source  o f  d a t a ,  w i t h  t h e  p r i n t e d  

t a p e s  and s t r i p - c h a r t s  s e r v i n g  a s  backups. 

As Fig. 1 i n d i c a t e s ,  a f t e r  t h e  d a t a  have b e e m p u t  i n t o  a 

computer-readable format ,  t hey  are r ead  by a computer, and t h e  

hourly'  i n t e g r a t e d  v a l u e s  a r e  p r i n t e d  o u t  f o r  manual review. 

Seve ra l  checks a r e ,  made such a s :  
. . 

. Punched .. . d a t a  compared wi th  p r i n t e d  

paper  t a p e .  



2. Hourly values. from the cassettes are 

compared with the printed paper tapes.. 

3. Printed tape and cassette data are 

spot-checked against 'the strip-charts. 

4. Global radiation for.clear skies and 

small solar zenith angles are compared 

with those predicted by Dr.'Machtals model. 

5. Global, diffuse, and direct values are 

compared for reasonable agreement. 

Dr. P4achtais model incorporates the. f~llowing variables in 

predicting .clear-sky global radiation: 
. . 

1. Zenith angle: calculated from time of day, day of year, 
\ -- -. - 

%, and longitude. lai, 
! \ 

2.  ark ->'distance: calculated from day of year. v 
3. Precipitable water: monthly climatological value, 

corrected for lesser average values on clear days 

than for'monthly ave.rage, for extra water vapor 

above 500 millibars, and station altitude. 

4.' Turbidity: month'ly climatological'value, value often 
,- .. . .. .- .. .- .... - .  _ _ _ _ 

estimated by interpolation or judgment. about,.air 

clarity, adjusted for altitude. 

5. Albddo.: estimated from the ground cover and 

literature reports. 

6. Staticill altitude I given. 

To determine whether the observed values or the modeled values are 

in error, a careful examination is made of global radiation values 

" that differ from the mo.del by more than 5 percent. Current weather 

information .,collected by the stations, including visibility and 
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cloud cover, are used to determine how applicable.the model 
. - 

. results are. ~recipitabze nake~,turbidity, and albedo can vary 
. !  ! 

significantly, thus affecting the validity of the model. 

Automatic computer editing and validation procedures are not 

specified at this time. . However, 3t is hdped that many of the 

- manual validation schemes mentioned above can be computerizzd and 

quality check points assigned to data. 

Once data have'been edited, adjustments.are made as need.: 

For example, changes i n  the transfer equations corresponging to 
' 8  

changing clibrations of the sensors require that the.data be 

rescaled. Also, diffuse radiation data, require adjustment of 

the shade 'ring mounted on each sensor. 

A careful graphics review of each variable is planned, in 

which CEDDA's interactive graphics system is used. This system 

enables the analyst to plot time series of each radiation variable 

on a color cathode ray tube (CCRT) and to interactively assign 

check points to delete erroneous data. 

Once the data have been thoroughly reviewed and checked, 

they are sent to the NCC, for merging with the meteorological data 

in the SOLMET' EuriiiaL. Present plans call for placing of hourly 

integrated global and diffuse radiation data ( where available) 

from January through June, 1977, in the archive not later thaa 

December 31, 1977. The remaining half-year's hourly data will' be 

archived not later than March 31, 1978. Integrated 1-min values 

that can be recovered from the cassettes before March 1, 1978, 

will. be archived by March ,31, 1978. 



The Canadian Network 

Ron Latimer,  AES, ' l )n ta rk~ 

To start with,  I w i l l  t e l l  you where I f i t  i n t o  t h e  Canadian organiza t ion  

and then  desc r ibe  our  network, c a l i b r a t i o n  c e n t e r s  and our q u a l i t y  c o n t r o l  pro- 

g r e s s . .  A l l  of our energy systems a r e  con t ro l l ed  by t h e  Department of Energy, 

Mines, and Resources, i n  Ottawa. I am i n  t h e  Department of t h e  Environinent, 

s p e c i f i c a l l y  i n  i t s  Atmospheric Environment Serv ice  (AES) loca t ed  i n  Alber ta .  

I n  f a c t  o u r s  is  one of t h e  few government s e r v i c e s  t h a t  i s  no t  in 0t.tawa. It 

i s  equ iva l en t  t o . t h e  American Weather Service.  A l l  of t h e  funding t h a t  comes 

through us  has  t o  do wi th  s o l a r - r a d i a t i o n  d a t a  appl ic ' a t ions  and is' suppl ied  by 

our Nat iona l  Research Council .  It is  p r imar i ly  funded by t h e  Div is ion  of 

Bu'ilding Research. Most of t h e  a p p l i c a t i o n s  t h a t  we now f i n d  being promoted 

i n  Canada have t o  do wi th  bu i ld ing  research .  

Within t h e  AES,'my job has  t o  do wi th  s o l a r  radLation.  What we do is  

main ta in  s tandards .  We e s t a b l i s h  and main ta in  t h e  network, ; q u a 2 i t y - c ~ n t . r ~ l - a r d .  

a r c h i v e  t h e  d a t a ,  pub l i sh  t h e  d a t a ,  and do a  smal l  amount of research .  However, 

I have no mandate t o  c o l l e c t  d a t a  f o r  solar-energy purposes. Our network was 

e s t a b l i s h e d  f o r  c l i m a t o l o g i c a l  purposes some 25 yea r s  ago. The f a c t  t h a t  we 

now a r e  supplying u s e r s  wi th  so ia r -energy  d a t a  i s  an a d d i t i o n a l  t a s k  t o  our p r i -  

mary purpose. 

Our network c o n s i s t s  of 5 4  s t a t ' i ons ,  52 of which record g l o b a l  s o l a r  da t a .  
. . 

It has  8 d i f f u s e ,  5 r e f l e c t e d ,  and 25 . n e t  t o t a l  s o l a r  r a d i a t i o n  s t a t i o n s .    his 

network has  &rown p r imar i ly  through demands f o r  d a t a - t o  quan t i fy  c l imate ,  and 

i t  began wi th  32 radiosonde s t a t i o n s  a c r o s s  Canada; Thus, we have t h e  v e r t i c a l -  

column temperature,  r e l a t i v e  humidity,  wind v e l o c i t y  and d i r e c t i o n ,  a t  t h e  same 

s i t e  a s ' w e l l  a s  synopt ic  information.  Some of. t h e s e  s i t e s  a i s o  provide hourly 

r e p o r t s .  There a l s o  a r e  s t a t i o n s  a t  each major a g r i c u l t u r a l  experiment s t a t i o n ,  



some of t h e  f i s h e r y  r e sea rch  s t a t i o n s  and a  number a t  major urban cen te r s .  

Al toge ther ,  w e  publ i sh  90 hbur ly  r a d i a t i o n  summaries each month i-n a  Monthly 

Radia t ion  Summary. 

A l l  of t h e s e  s t a t i o n s  a r e  s i t e d  i n  accordance wi th  WMO c r i t e r i a ;  loca- 

t i o n s  can be found i n  t h e  WMO guide.  With t h e  network above 60°N l a t i t u d e  

we use  t h e  ~ p ~ l e ~  PSP. South o'f i t ;  we use t h e  K i p p  and Zonen so l a r ime te r .  

The PSP instrument  i s  temperature-compensated, bu t  t h e  Kipp is  no t .  The 

Eppley has s l i g h t l y  b e t t e r  cos ine  p r o p e r t i e s ;  we use  i t  i n  t h e  A r c t i c  because 

some s t a t i o n s  during t h e  summer measure 24 hours  of sunshine.  We use  t h e  

Middlecon ne t '  pyradiometer f o r ,  t h e  ne t - r ad i a t ion  instrument  . We use  a Honey- 

w e l l  c l a s s  15' r eco rde r  un ive r sa .11~ ;  i t  h i s  an  I l - i n  c h a r t  width and ope ra t e s  

a t  1 - in lh r .  Attached;ito t h e s e  a r e  ~ i b r a s c o ~ k  b a l l  and d i s c  i n t e g r a t o r s ,  t h e  

output  from which is d i sp l ayed  on, Sodeco p r i n t i n g  counters  f o r  each s o l a r  hour. 
I 

Both t h e  r eco rde r  and t h e  i n t e g r a t i o n  system a r e ' o p e r s t e d  on s o l a r  time. We 
. . 

now have 17 yea r s '  exper ience  wi th  t h i s  system, but  i t  i s  becoming obsole te ;  

and w e  a r e  planning t o  change t o  a  system us ing  e l e c t r o n i c  f n t e g r a t o r s  and mag-. 

n e t i c  r eco rde r s .  Each meteoro logica l  s e r v i c e  has  a  o f f i c e  which covers  

about  seven l a r g e  reg iops .  I n  each reg2on;we ha+e a  program f o r  t r a i n i n g  l o c a l  

personnel .  We a l s o  have a  headquar te rs '  s 2 t e  where we t r a i n  some personnel .  -.- 

A l l  of . the s t u d e n t s  who go through o u r ~ m e t e o r o l o g i c a l  t r a i n i n g  programs a r e  fa-  

m i l i a r i z e d  wi th  t h e  maintenance and ope ra t ion  of t h e  r a d i a t i o n  equipment. We 

a l s o  have equipment manuals f o r  our system as w e l l  a s  observa t ion  manuals. I n  

t h e  r e g i o n a l  sy.stem, we depend very  much on use  of t h e  r e g i o n a l  i n spec to r s .  These 

people u sua l ly  v i s i t  s t a t i o n s  perhaps every few months over a  year .  It i s  t h e i r  

func..tiori t o  i n spec t  a l l  of t h e  r a d i a t i o n  systems a s  w e l l  as~.r:thT!..other:mgteofological 

systems and t o  r e p o r t  t o  t h e  r eg iona l  o f f i c e  and, ... i n  t u r n ,  . t o  t h e  headquar te rs .  

Thus, we have vary  t i g h t  cnntrnl.  nn what i s  happening and not  happening. We a l s o  

g e t  s i t u a t i o n  r e p o r t s  from t h e s e  s t a t i o n s .  A t y p i c a l  one might be t h a t  someone 
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has erected a structure that is going to obstruct our radiation sensors. The 

input 'to the data system is at headquarters. All the charts, and the integra- 

tor prfnt-up data have station log sheets which are sent to the data management 

team at headquarters every two weeks. . . . . 
The other thing I want to talk about is the National Atmospheric ~adiation 

center. This is the 'group I ha%e 'at headquarters, and consists of myself and 

two technicians. We maintain all the standards for Canada in terms of ocr in- 

ternational. standards and in terms of pyrheliometers and pyranometers. We have 

control of the calibration of the network and we also function as a control 

center for university groups and others within,..Canada that wish us to make 

special instrumentation studies.. This means that we calibrate about 150 sen- 

sors a year on the average, and the network is recalibrated at least once 

every two years.' We also do researctin terms of testing sensors for tempera- 

ture effects, cosine response, and inversion effects. One thing that we do 

immediately when an instrument is received is that we put it on a gnomometer 

cable where we make sure that the instrumentt.s spirit level is, in fact, level. 

We have three facilities: the headquarters' laboratory, in Toronto; .the mountsin 

observatory, at Mt. Kobau, in British Columbia; and a meteorological research 

station, which is jast outside the city. This is where we do most of our out- 

of-doors work. 

Now, .I would like to say something about our Quality Control and Publica-:. 

tions. A team of 8 people are involved in this effort, and most of these 

people have been involved in it for 10 to 15 years, What we do is scrutinize 

every analog record. Every recorder chart is looked at, and it is matched with 

corresponding integrator tape., Selected hours from our hand-scaled and two-week 

period ar.d hand-scaled and compared with the integrator data to make sure that 

there is a correspondence between the analog record and the integrator record. 

We then keep a careful check on sunlight and sunset times, based on solar noon, 

129 



on c l e a r  days t o  make s u r e  t h a t  t h e r e  is  n o t  a s l i g h t  s h i f t  i n  t imes t h a t  ob- 

s e r v e r s  may have s e t  t h e  c locks  improperly. W e  g l s o  compare clear-day d a t a  

wi th  computer d a t a .  And 1.. t h i n k  our cop;puter d a t a  is  probably very  s i m i l a r  t o  

yours ,  L e s t e r ,  e t c .  It i s  a model Carpent ie r  used many yea r s  ago and w e  s t a r t e d  
. . 

t o  use where we have records  of s t a t i o n s  wi th  clear-day .data .  

We have used t h i s  from about t h e  RT 1 1957. W e  a l s o  make use  of t he  

s t a t i o n  log  because i t  con ta ins  app ropr i a t e  n o t e s  of what has  been happening 

dur ing  the  two-week period.  For example, t h e  r eco rde r  and i n t e g r a t o r  i s  s e t  on 

s o l a r ' t i m e  and p e r i o d i c a l l y  ad jus t ed  by a minute o r  so.  This  is  noted. Also 

i E  adjustment  is made of an unleve l .  instrument  i t  is  noted,  The removal of 

f r o s t  o r  dew o r  Something from t h e  bulb  o f '  t h e  instrument  i s  a l s o  noted. A l l  

t h i s  in format ion  is  h e l p f u l .  Adequate- q u a l i t y  c o n t r o l  d a t a  is based on t h i s  

information.  A l l  of our  systems a r e  inspec ted  on a d a i l y  basis . .  The d a t a  from 

the '  i n t e g r a t o r  t apes  come ou t  each month and they a r e  u sua l ly  publ ished about 

s i x  months a f t e r  t h e  f a c t  so  t h e r e  is  a l a g  about  s i x  months. W e  a l s o  have a 

computer punch card  a rch ive .  And a l l  of t h e s e  d a t a  a r e  on 'magnet ic  tapes .  Any- 

one who wants t o  u s e  i t i s  charged j u s t  t h e  c o s t  t o  copy it. And I t h i n k  we do 

i t  on a y e a r l y  b a s i s  s o  I t h i n k  a l l  of t h e  d a t a  a r e  a v a i l a b l e  on ' tape t o  Septem- 

be r  1, 1976. I n  c l b s i n g ,  I would l i k e  t o  make a remark about pub l i ca t ions .  I 

have h e r e  a copy of d a t a  t h a t  have be,en publ ished f o r  t h e  provence..of Alber ta ,  

and I have a manuscript  h e r e  which covers  a l l  of i t  f o r  Canada f o r  1 5  c i t i e s .  

These a r e  d a t a  from individual '  r a d i a t i o n  s t a t i o n s ;  what is  given a r e  t h e  d a t a  

from in-plant  s e r v i c e s ;  t h e s e  a r e  computers f o r  a p a r t i c u l a r  s i te  a t  10' e leva-  

t i o n  f o r  every 4 5 O  of, a spec t  around t h e  azimuth. The d a t a  f o r  t h e  d i r e c t ,  . O. 

d i f fuse , '  r e f l e c t i v e ,  and t o t a l  on t h e  su r f ace ,  and f o r  each month of t he  year ;  

t h e s e  a r e  d a i l y  readings .  And i t  a l s o  g i v e s  i n  terms of a c h a r t  up-date. Along 

h e r e  i s  the  average pe r i od  of days, along h e r e  t h e  r a d i a t i o n ,  and these  a r e  t h e  

p e r c e n t i l e s .  This  work was done f o r  u s  by D r .  John Hay and t h e  Un ive r s i t y  of 



B r i t i s h  Columbia, and t h e  model ' t ha t  he  has  used f o r  t h i s  work is  a  composite . . 

one. H e  has  'found t h a t  t ak ing  i n t o  account m u l t i p l e  r e f l e c t i o n s  on t h e  sur -  

f a c e s  and c louds  t h a t  can g r e a t l y  improve!the s c a t t e r i n g  us ing  t h e  Lou-Jourdan 
I 

technique. So h e  has  used t h i s :  technique i n  h i s  model f o r  f i nd ing  reduced sky 
! 

r a d i a t i o n .  The model i s  descr ibed  i n  t h i s  p u b l i c a t i o n  and t h e  computer program 

is  a l s o  i n . t h i s  pub l i ca t ion .  This  pub&ica t ion ' can  a l s o  be  obtained f r o m ' t h e  

~ l b e r t a  Research ' counci l .  . . The o the r  one, a s  I s a i d  is manuscript ,  and i t  w i l l  
. . 

be  publ ished f o r  t h e  Atmospherkc Environment Serv ice  Program. It w i l l  probably 

be publ ished e a r l y  i n  t h e  new year .  I f ' anyone  wishes t o  have a  copy, it pro- * .  

bably w i l l . b e  a v a i l a b l e  by next  summer. , . 



DATA QUALITY CONTROL 

GENE CARTER I UAH-JEEC 

This discussion yesterday was intended to show; without getting 

into details, that the guidelines being prepared are organized and 

oriented, by requirement, toward user requirements and justifica- 

tions for networks. 

In subsequent discussions, we addressed all of those problems 

which.were raised. ,Whether we have achieved that has to await the 

final document. 
.- . . .... 

Ron Stewart stated last evening that ther3 are.ae..&east two 

points of view which must be addressed. These are the user require- 

ments now and in the future; and the need for quality data-.to meet 

those requirements, even though the requirements may not be clear. 

Quality control must .address this second point. 

There.are several organizations with publications which describe 

solar-radiation,measurements and how to take them. These include 
. . 

NWS (USWB),.WMO., I G Y ,  and Canadian Weather Service. 

There is not a concise set of procedures to follow for estab- 

lishing and operating a solar-radiation. station that will produce 

quality data; however such a document is needed. The preparations of 

such a document would be a challenging task for the quality control 

panel. 

Typical of the items to be addressed in achieving quality con- 

trol are those shown on Fig. 1. The quality control group should 

be ab,le to improve upon them. Guidelines for such an effort are 

implicit in a form which is available. The preparation of such 



a document wou1d"be.a w o r t h y c o n t r i b u t i o n  by a t a l e n t e d  and 
. . 

'knowledgeable group. . . 
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The NOAA' ~ehaiilitated and cloudiness 
Estimated Data 

Frank Quinlan, NCC . . 
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SOJE RESULTS TO DATE 

HOURLY GLOBAL RADIATION YITH CLEAR SKIES 

ALBUQUERQUE APR I L - STD UIR 

AM SR 1920 + 4610 ZA + 422 Z A ~  - 2060 Z A ~  67 
PH SR 1920 + 462Q ZA + 524 ZAz - l.720' Z A ~  

CONSTANT I N  EQUATION: 

JAN FEB MR APR MAY JUN' JUL AUG ' SEP OCT 10V - DEC.' - 
1950 1960 1930 19#) U! 1850 U8D U80 lglO B80 d.90 W 

EL PASO APRIL STJl ERR 

AM SR 1870 + 4430 ZA + 530 Z A ~  - 1300 ZA3 77 
PM SR = 1870 + 4430 ZA + 388 1090 2,A3 

BISMARCK APRIL 

AM SR = 1850 + 4180 ZA + 382 Z A ~  - 1700 Z A ~  66 
PM SR = 1850 * 4290 ZA + 145 Z A ~  - 2120 Z A ~  



HOURLY GLOBAL RADIATION WITH CLOUDY SKIES 

OPAQUE AMOUNT CORR STD ERR 
SR = SRCS [1.01 - 0.49 OPQ (TENTHS)] ,79 303 

OPAQUE AMOUNT AND SUNSHINE 
SR = SRCS [0.60 + 0.40 SS (FRAC.HR) 

- 0.25 OPQ (TENTHS! .88 

OPAQUE AMOUNT + CLOUD TYPES 

SR = SRCS ',01 - (CLOUD TYPES] '81 

SUNSHINE AMOUNT ONLY 
SR = SRCS [0.62+ 0.38 SS (FRAC, HR)] .84 
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MONTHLY SUMMARY 
SOLAR RAD~ATION DATA 
JANUARY 1977 

NATIONAL OCEANIC AND ENVIRONMENTAL N A T I O N A L  CLIMATIC CENTER noaa ATMOIMERIC ADMINISTRATION / DATA / AsklEVILLL. N.C. 



Pages 1 and 2 w111 contain: 

B@sgriptlo.n of 'Parameters 

Pars.me$er Codes 

Ref~yence t o  .NCC . Archi ves. 
.( SQbMT/S.OLDA~ 
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PANEL I ,  NETWORKS 

Ronald Stewart,  Chairman 
Mike Rigney, Cochairman 
Gene Car te r ,  Ass i s tan t  

The general quest ions addressed were: 

1 .  What measurements are  requ i red  a t  each s t a t i o n ?  
2. What a re  t h e . c r i t e r i a  f o r  a  s t a t i o n  l o c a t i o n ?  
3 .  What a re  the  cos ts  o f  i n s t a l l a t i o n  and ope ra t i on  o f  a  s t a t i o n ?  

The workshop format f o r  Networks requ i red  each p a r t i c i p a n t  t o  in t roduce 
h imse l f  and t o  answer the  f i r s t  quest ion  o n l y  a f t e r  which answers' cou ld  
be g iven a t  random w i th '  app rop r ia te  comments. I n  the second and t h i r d  
sessions p a r t i c i p a n t s  were asked t o  i d e n t i f y  the c l a s s i f i c a t i o n  o f  data 

. they requ i red .  The accompanying tab les  summarize answers t o . t h e s e  
quest ions .  

1 s t  Session H i g h l i g h t s  

' 1 .  There was' bas ic  i n t e r e s t  i n  some o f  t he  standard meteoro log ica l  
- parameters, but most seem t o  be taken f o r  g ranted. .  

Subs tan t i a l  i n t e r e s t  was shown in .g loba1  measurements, w i t h  spec t ra l  
da ta  and d i r e c t / d i f f u s e  r e c e i v i n g  spec ia l  d iscuss ion .  The s p e c i f i c  
i n t e r e s t  i n  spec t ra l  data was a l s o  s u r p r i s i n g ,  w i t h  a g r i c u l t u r e ,  
biomass,. photochemistry, pho tovo l ta i cs ,  e t c . ,  being mentioned as 
"users . I1. 

There a l s o  was i n t e r e s t  i n  v i s i b i l i t y  measurements, u l t r a v i o l e t  
s p e c t r a l ,  i n t e r n a t i o n a l  data source as models. urban e f f e c t s ,  
aeroso ls ,  and SO2.. 

4. ' Some concern was expressed about the  use o f  the shadowband, i . e . ,  
accuracy, cor rec t . ions ,  s tanda rd i za t i on .  

5. The necess i t y  f o r  bench mark s t a t i o n s  i n  l i m i t e d  numbers,. and 
under s t r i c t ,  long term c o n t r o l  was discussed. Could bench mark 
s t a t i o n s  support  r e g i o n a l / s t a t e n e t w o r k s b y  p r o v i d i n g  ca l i b ra t i on . ,  
and/or foca l  p o i n t  o f  networks. 

6 .  The p o s s i b i l i t y  was brought up o f  spreading out  the  cos t  o f  c a l i b r a t -  
ing  equipment by running -annual o r  semi -annual reg  i o n a l / s t a t e  c a l  i - 
b r a t i o n  workshops. Each i n d i v i d u a l  would pay h i s  own way and b r i n g  
h i s  own equipment f o r  c a l i b r a t i o n  w i t h  a  standard. I n  t h i s  way 
cos ts  cou ld  be shared. 

7: . An answer was propbsed t o  the  quest ion :  what does i t  cos t  t o  s e t  
up, ma in ta in  and opera te  a  s ta t ion ,and then t o  d isseminate data? 

Estimates o f  Solar  Rad ia t ion  S t a t i o n  Costs - Two Scenarios -- --- 
(a (b) 

Equipment $15 - 20,000 p lus  Equipment $10,000 p l u s  
One-quarter man-year f o r  ope ra t i on  S i m p l i f y  s t a t i o n ,  use l ess  
p lus  t r a v e l ,  r e p a i r s ,  and dissem- expensive equipment 
i n a t  i on  Student h e l p  equ i va len t  t o  
( q u a l i t y  c o n t r o l  and computer $4,00O/yr. 
processing may add the equ iva len t  
o f  one-quarter man yea r ) .  



. A c t i o n  Items - 
1 .  increase spectral.measurement c a p a b i l i t y a s  soonas  poss ib le .  

2. I d e n t i f y  poss ib le  f u t u r e  users and t h e i r  needs, and prepare fo r  
these needs, bo th  n a t i o n a l l y  and i n t e r n a t i o n a l l y .  

3 .  I n i t i a t e  a  reskarch program' t o  reso lve  the shadowband issue 
immediately. An i n i t i a l  s tep would be t o  s tandardize and prov ide  
i n t e r i m , c o r r e c t i o n  procedures u n t i l  research i s  completed, then 
c o r r e c t  a l l  data.  

. . 

4. Encourage support f o r  the  concept o f  bench mar'k s t a t i o n s .  

5. T ry  the  reg iona l  c a l i b r a t i o n  workshopidea--does i t  work? How 
.accurate a r e  inst ruments which pass through t h i s  procedure? 

Add i t i ona l  W r i t t e n  Comment - 
There. i s  .a need t o  c r e a t e  th ree  l e v e l s  o f  networks: 'p r imary ,  
NOAA i n  at l e a s t  two c l i m a t i c  zones o f  each s ta te ;  secondary, 
u n i v e r ' s i t y ' o r  research i n s t i t u t i o n  i n  s t a t e  operate network w i t h  
NCC Class I q u a l i t y ,  formats, e tc . ;  t e r t i a r y , ,  u n i v e r s i t y  o r  SEO 
operate network which i s  inexpensive, bu t  answers some loca l  
( s t a t e )  need. 

2nd Session H i g h l i g h t s  

1. The m a j o r i t y  requested need f o r  Class 1 data q u a l i t y ;  several  
were 'a lso  w i l l i n g  t o  use I I  and I l l .   h he issue o f  who i s  the  
l t u s e r l l a n d w h a t a r e h i s n e e d s  reappeared i n  t h i s c o n t e x t . )  . 

2. M a j o r i t y  requested need f o r  g l o b a l ,  d i r e c t  and' d i f f u s e  data. 

3. Circumsolar, n igh t - t ime  sky cond i t i ons ,  and temperatures were 
a l s o  requested. . ' 

,4. Spect ra l  dat'a, water vapor data f o r  s p e c i f i c  s tud ies  were a1 so 
considered needed. 

5. The need t o  c i t e  s p e c i f i c  da ta  being requested du r ing  demon- 
s t r a t i o n  . . phase was b iought  ou t .  

6 .  A d iscuss ion  arose on ' t h e  present  acceptance angles of  con- 
c e n t r a t i n q  c o . l l e c t o r s  and p r o j e c t i o n s  f o r  the f u t u r e .  Th i s  
led  t o  the quest ion:  how does t h i s  i n f l uence  our  c i rcumsolar  
measu.r i ng techn i ques? 

7. There was a  consensus o f  agreement t h a t  general meteo'rological 
observat ions were a l l  r i g h t  bu t  t h a t  they were no t  r e a l l y  
needed unless s p e c i f i c  f o r  a  s i t e .  



8. ' l t  was agreed t h a t  t he  c lose r  together  the $eations a r e  w i t h i n  
the  network, t he  more accurate each instrument must be. 

9. The quest ion  arose as t o  what i s  a reasonable pe r iod  f o r  data- 
tak ing  t o  be use fu l  i n  so la r  measurement and demonstration. 

10. There was agreement on the  need t o  measure a l l  energy terms, 
heat f l u x ,  etc. ,  and t o  use radiosonde' f o r  checking s i t e  
, cha rac te r i s t i cs .  

11.  . .The need to.  improve s i t e  s e l e c t i o n  procedures and t o  pay more 
a t t e n t i o n  t o  e x i s t i n g  models was stressed. 

Est'imates on - Solar  Rad ia t ion  S t a t i o n  Costs 

$8,500 equipment (PSP, d i f f u s e ,  i n t e g r a t o r )  
$200/month computer 
t m a n y e a r  . 

12 va r iab les  .(no cos t  g iven but  may be'based on usual d i r e c t ,  
d i f ,  N I P ,  and wx data) '  

3 man year ($25,000) 
24 hr/day,. 7 day/wk (research s t a t i o n  w.i 1 1  cost  $1 00,00O/yr 

opera t ion  and ma i n tenance) 

Ac t ion  l terns - 
' 1 .  I d e n t i f y  f u t u r e  "user" and h i s  network needs. 

2. Match concent ra t ing  c o l l e c t o r  acceptance angles and range o f  
c i rcumsolar  measurements. 

3.. Stress t o  a l l  in fo rmat ion  and/or workbook disseminators t h a t  
the  U.S. and i t s  t e r r i t o r i e s  have a wlde range o f  sun angles, 

. i nc lud ing  the  sun .being located n o r t h  o f , a  s t a t i o n  du r ing  some 
p a r t  o f  t he  year, ,a  c o n d i t i o n  which a f f e c t s  computer programming, 
model l ing,  e t c .  

4. Optimize network s t a t  i on  l oca t ions  by s t a t i s t i c a l  computer 
techniques. 

5.. Encourage.states t o  prov ide  f i n a n c i a l  support f o r  so la r  programs. 

6 .  Provide answer t o  what the f u t u r e  r e l a t i o n s h i p  i s  between 
of f -peak p r i c i n g  and a v a i l a b l e  s o l a r  energy and i f  the  forecast  
of so la r  r a d i a t i o n  a v a i l a b i l i t y  can be improved. 

3 rd  Session H i g h l i g h t s  

1 .  While t h i s  session a l s o  requested g loba l ,  d i r e c t  and d i f fuse 
data, several members stressed the  need f o r  data on a t i l t e d  

0 surface, us iny a standard angle such as 60 . 



A g r i c u l t u r a l  i n t e r e s t s  described the  need f o r  water conservat ion '  
which i s  d i r e c t l y  r e l a t e d  t o  energy conservat ion because o f  the  
fieldpumps involved. DOE c u r r e n t l y  i s  s tudying the use o f  so la r -  
energy powered water pumps;, there fore ,  t h i s  combinat'ion requ i res  
f u r t h e r  so la r  . data.  . 

Network s t a t i o n  numbers and d i s t r i b u t i o n  inc lude a c a l l  f o r  a 
25-50 s o l a r - r a d i a t i o n  s t a t i o n  network w i t h  an a d d i t i o n a l  6 t o  
10 s t a t i o n s  which c o l l e c t  spect ra l ,  c i rcumsolar ,  and o ther  data. 

There i s  g reat  i n t e r e s t  i n  downward long wave rad ia t i on ,  ne t  
r a d i a t i o n ,  u l t r a v i o l e t  spect ra l ,  t u r b i d i t y .  

There. i s  a1 so in, terest  i n  support ing b e t t e r  instrumented c l  imat i c  
s t a t  ions. 

A ,need 'ex i s t s  f o r  ' be t te r  data i n  rough t e r r a i n  f o r  the  f o r e s t r y  
and t o u r i s t  i ndus t r i es .  

S i m i l a r l y ,  there  i s  a .need f o r  one wel l - inst rumented s t a t i o n  
above 1:0,000 f t  (o r  a t .  l eas t  one a t  h igh  e levat , ion) .  

~ f f o ' r t s  i n  the  conkentrator  area (both. photovol t a i c  and thermal) 
w i ' l l  r e q u i r e  be t te rc i r cumso la r  data and spectra l  data. I t  i s  
probable t h a t  most f u t u r e  systems w i l l  be s i n g l e  ax l s .  

The o b j e c t i v e s  seen f o r  networks d i f f e r  considerably.  A network 
may be designed f o r  a s p e c i f i c  purpose; and the  data could have 
a , l i m i t e d  number o f  users. On the  o ther  hand, a network could 
be designed f o r  long-term data-gather ing and a r c h i v a l  purposes. 
I t s  use would probably be spread ou t  over a longer t ime pe r iod  and 
invo lve  l a rge r  numbers o f  persons. 

There i s ' a  need t o  determine the  p e r i o d i c i t y  o f  c loud cover i n  
the  shor t  term and how i t  a f f e c t s  s o l a r  thermal readings, i .e . ,  

. . 
f a i r  weather cumulus d r i f t i n g  by. 

0 An acceptance angle f o r  concent ra t ing  c o l l e c t o r s  o f  +2 o f f  the 
sun center  is. suggested'. 

~ s t i m a t e s  -- o f  Solar Rad ia t ion  S ta t i on  Cos'ts (based o n ' ~ u 1  t i s i t e  Plan) - .-- 
. $4,000 t o  $5,000 f o r  s i t e  prepara t ion  per instrument 

$5,000 per channel o f  in fo rmat ion  f o r ' o p e r a t i o n s  and maintenance 
costs ( i n c l  ud i ng process i ng) 

Ac t ion  Items - . 

1 .  Upgrade c l i m a t i c  s t a t i o n s  t o  inc lude so la r  (g loba l ,  d i r e c t ,  d i f f u s e )  
and cons,ider es tab l i sh ing  bench mark s t a t i o n .  



2 .  I m p r o v e ~ d a . t a a v a i l a b i l i t y ~ i n  rough t e r r a i n  (new techniques 
poss ib ly ) .  

3 .  Resolve aperture needs f o r  circumsolar data acquis i t ion.  
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PANEL 2 ,  QUAL I TY  CONTROL 

N i c k  P a t a p o f f ,  Chairman 
Ed F lowers and Ward seguin,  Cochairmen 
Jeremy Goddard and' B i  11 ~ e i d ,  A s s i s t a n t s  

The genera l  ques t i ons  addressed by t h e  panel  were: 
. . 

1.  S t a t i o n  Qua1 i t y  Con t ro l  

o  What t e s t s  shou ld -  be made and a t  what f requency? 
. . o  What a r e  t h e  so f twa re  requi rements? 

o On c,loudy days should  a  shadowband o r  NIP be used? 
o What a r e  t he  c a l i b r a t i o n  requi rements? 
o What a r e  t h e  c o s t s  o f  q u a l i t y  c o n t r o l ?  

2 .  Centr.al P rocess ing  Requiremen'ts 

o  What methods a r e  needed f o r  comparing da ta?  
o What a r e  the. so f twa re  requi rements? 
o What, a r e  o t h e r .  c e n t r a l  p rocess ing  methods which should  

be cons idered  f o r  adop t i on?  
. . 

'The d i scuss ions  concen t ra ted  i n  s i x  s p e c i f i c  areas:  s i t e  s e l e c t i o n ,  
i ns t ruments ,  r e l a t e d  maintenance, t r a i n i n g ,  f i e l d  c a l i b r a t i o n ,  and 
c e n t r a l  p rocess ing ;  

. ,  
~i t e ' s e l e c t  i on  

An i n i t i a l  comment i n d i c a t e d  t h a t w i t h o u t  a  360' v iew,  a  s i t e  should  n o t  
be cons idered  i n  t h e  f i r s t  p l ace .  T h i s , i s  n o t  always a requi rement  t h a t  
i s  p o s s i b l e  t o  s a t i s f y  because o f  severa l  o t h e r  concerns,  however. World 
Me teo ro l og i ca l  G r g a n i z a t i o n  (WMO) s tandards should  be met i n  s i t e  se lec -  
t i o n  and es tab l i shment .  A d e s c r i p t i o n  o f  t h e  s i t e ,  complete w i t h  pano- 
ramic  photographs, should  be p rov i ded  t oge the r  w i t h  a1 1 pub1 ished da ta  
recorded a t  t h e  l o c a t i o n ;  thus,  a user  w i l l  be f u l l y  cogn izan t  o f  the  
s i t e ' s  s i t u a t i o n .  The s i t e ' d e s c r i p t i o n  should  be updated each year  t o  
~ o ' t e  changes i n  l o c a l  a lbedo  va lues  (which shou ld .be  l e s s  than  0.2) and 
t o  record  changes i n  any man-made obscu ra t i ons ,  such as smoke plumes, j e t  
c o n t r a i l s ,  e t c .  ,The annual r ev i ew  should  g e n e r a l l y  n o t e  o t h e r  changes i n  
t he  o r i g i n a l  s i t e '  ~ ~ e c ' i f i c a t i o n s  as they  i n f l u e n c e  t h e  accuracy o f  s o l a r  
r a d i a t i o n  measurements. . . 

I ns t ruments  

Upon a r r i v a l ,  a l l   instrument.^ should.  be acceptance- tested e i t h e r  a t  
a  c e n t r a l  f a c i l i t y  o r  a g a i n s t  a  s i n g l e  r e l i a b l e  source a t  t h e  s t a t i o n .  A 
s i t e  w i t h  m u l t i p l e  sensors would be a b l e  t o  c a l i b r a t e  in-house. 

 rift" does no t  appear t o  be t he  problem i t  was thought  t o  be; i t  was 
agreed t h a t  i t  was sensor-dependent on an i n d i v i d u a l  bas i s .  



x here should  be t r a c e a b i  1 i t y  on a1 1 ins t ruments  back t o  WMO s tandards.  
The response c h a r a c t e r i s t i c s  o f  each ins t rument  should  be. known w i t h  
respec t  t o  l i n e a r i t y ,  temperature compensation, and cos ine  response. 

I t  was emphasized t h a t  a  log-book on each ins t rument  should  be kep t  
and which records  maintenance, c a l i b r a t i o n s ,  r e l o c a t i o n s ,  e t c .  

Re la ted  Maintenance 

General maintenance schedu l ing  i s  determined by the  environment o f  the  
s i t e .  L e v e l l i n g ,  c l e a n i n g  o f  t h e  dome, and dess i can t  checks should  
opt imumly be performed on a  d a i l )  bas i s  ( c e r t a i n l y  i n  a  Class I system) 
un less  t h e  environment i s  p a r t i c u l a r l y  benevolent .  An e v a l u a t i o n  should  
be made o f  the c o s t - e f f e c t i v e n e s s  o f  u s i n g  a i r  j e t s  f o r  dome c l ean ing :  
they work w e l l  i n  keeping domes f r o s t - f r e e  i n  the  A r c t i c  and should  
f u n c t i o n  w e l l  t o  c l e a r  away d u s t ,  snow, j e t  f u e l ,  o r  whatever else nrigkL 
obscure t h e  dome. However, t he  d e t a i l s  o f  c a l i b r a t i n g ,  w i t h  o r  w i t h o u t  
t he  a i r  j e t ,  need t o  be es tab l i shed .  The a i r  j e t  would e f f e c t  t h e  
o p e r a t i n g  t e m p e r a t u r e ' o f  t he  ins t rument  over  ambient.  A maintenance 
c h e c k - l i s t  must be dev ised  and k e p t  t o  c o n t r o l  procedures.  I t  must be 
s igned by t he  person respons ib l e  f o r  maintenance checks. . 

T r a i n i n g  

A  t r a i n i n g  manual should  be pub l i shed  f o r  personnel  a t  t he  s o l a r - r a d i a t i o n -  
m o n i t o r i n g  s t a t i o n .  These personnel  should  be mo t i va ted  t o  per form w i t h  
t he  d i l i g e n c e  necessary t o  o b t a i n  t he  most r e l i a b l e  and accu ra te  da ta .  
S t r i p  c h a r t s ,  w h i l e  o f  1 i m i t e d  use as an accu'rate da ta  source, a r e  
i n v a l u a b l e  f o r  r e c o r d i n g  bad da ta  as they  occur .  To t h i s  end, s t r i p  
c h a r t  speeds should  be decreased t o  2 cm/hr ( t h e y  need n o t  be ve ry  
accu ra te ) ,  and t r a i n i n g  manuals should  i 1 l u s t r a t e  examples o f  bad da ta  
c h a r a c t e r i s t i c s  as shown i n  s t r i p - c h a r t  p r i n t o u t s .  Thus, t he  s t a t i o n  
ope ra to r  w i l l  q u i c k l y  recogn ize  when something i s  amiss w i t h  t he  i n p u t ;  
an automated d a t a - a c q u i s i t i o n  system t i e d  d i r e c t l y  i n t o  a  c e n t r a l  p ro -  
cess ing  system migh t  a l l o w  a  week t o  pass before.  a  m a l f u n c t i o n ' i s  n o t i c e d .  

F i e l d  C a l i b r a t i o n  

Sensors - 
I n  c o n s i d e r i n g  sensors,  i t  was emphasized t h a t  t h e  o r i e n t a t i o n  w i t h  
r espec t  t o  n o r t h  o f  t h e  ins t rument  a t  t h e  s i t e  shou ld  be t he  same as 
i t s  o r i e n t a t i o n  when i t  i s  a t  t h e  c a l i b r a t i o n  f a c i l i t y .  S ide-by -s ide  
c a l i b r a t i o n s  should  be made a t  the  s i t e  on a  q u a r t e r l y  bas i s .  A f i e l d  
c a l i b r a t i o n  should  a l s o  be made p r i o r  t.0 sending an ins t rument  back t o  
a  c a l i b r a t i o n  f a c i l i t y .  T h i s  ac t . i on  would p r o v i d e  a .check  on the  i n s t r u -  
ment should i t  be damaged enough i n  t r a n s i t  t o  a f f e c t  i t s  performance. 

The p rocessor / recorder  sys tem'shou ld  a l s o  be c a l i b r a t e d .  The system 
should  be a b l e  t o  r ecogn i ze .nega t i ve  va lues  d u r i n g  c a l i b r a t i o n  t o  a  f i x e d  



i n p u t ;  such c a l i b r a t i o n  cou ld  be done a u t o m a t i c a l l y  any t ime  a f t e r  da r k .  
A f i x e d  i n p u t  would be produced f rom the  ins t rument  source t o  r un  through 
the  system back t o  t he  c e n t r a l  p rocess ing  f a c i l i t y  t o  p r o v i d e  an e ' lec t -  
r o n c i s  check-out .  

Cen t ra l  Process ing : 

T r a i n i n g  i s  needed f o r  c e n t r a l  p rocess ing  personnel  i n  t h e  r e c o g n i t i o n  
o f  bad da ta .  Personnel must be a b l e  t o  judge t h e  "reasonableness" 
o f  da ta .  Recorded da ta  should  be compared w i t h  D r .  Mach ta 's  model, o r  
the  e q u i v a l e n t ,  on an h o u r l y  bas i s  i n  o r d e r  t o  recogn ize  bad da ta  as 
soon as p o s s i b l e .  

A rch ived  da ta  should i n c l u d e  t he  c a l i b r a t i o n  va lues  be fo re  and a f t e r  
r eco rd i ngs  were made; a  y e a r ' s  da ta  should  have t h e  pre-and p a s t - c a l i -  
b r a t i o n  va lues  noted.  

Summa r v 

The c l a s s  o f  da ta  which i s  r e q u i r e d  determines t he  q u a l i t y  and, con- 
sequen t l y ,  t he  cos t  o f  the  5 i t e ,  the  ins t ruments ,  t he  maintenance schedule,  
and the  p rocess ing  requi rements .  Th i s  r e l a t i o n s h i p  i s  shown g r a p h i c a l l y  
below. 



PANEL 3 ,  SOLAR RADIATION DATA: 'ARCHIVE AND . . 
DISSEMINATION POLICIES 

Gene C l a r k ,  Chairman 
Frank Qu in l an ,  Cochairman, 
D .  k .  Chr i s tensen ,  A s s i s t a n t  

Data A r c h i v i n g  

A rch i ve  Formats - 

The m a i o r i t y  of panel members asreed t h a t  most da ta  user  needs would be 
served i f  s o l a r  r a d i a t i o n  da ta  i s  a r ch i ved  i n  i c c a l  s tandard  t ime r a t h e r  
than l o c a l  s o l a r  t ime .  Such a  t ime  base bes t  serves t he  needs o f  
a r c h i t e c t s  and s o l a r  energy eng ineers  because a l l  o t h e r  des ign  da ta  a r e  
a l r e a d y  a r ch i ved  on l o c a l  s tandard  t ime.  Convers ion o f  h o u r l y  i n s o l a -  
t i o n  t c t a l s  f'rom one t ime  base t o  ano ther  would i n t r oduce  (smal I )  e r r o r s  
un l ess  t he  convers ion  used a  f i l e  o f  r a d i a t i o n  da ta  w i t h  t ime  i n t e r v a l s  
much s h o r t e r  than an hour .  New NWS i n s o l a t i o n  da ta  w i l l  be a r ch i ved  
a t  1-minute i n t e r v a l s  a t  the  NCC and t h i s  s h o r t  i n t e r v a l  f i l e  w i l l  be 
ma in ta i ned  f o r  a t  l e a s t  two years .  Convers ion o f  t ime  base from t h i s  
1-minute da ta  w i l l  n o t  i n t r o d u c e  e r r o r s .  

Severa l  panel members no ted  t h a t  t h e r e  w i l l  be t he  f o l l o w i n g  requ i rements  
f o r  i n s o l a t i o n  da ta  a r ch i ved  on l o c a l  s o l a r  t ime :  

1 .  The World R a d i a t i o n  Center  (WRC) r e q u i r e s  l o c a l  s o l a r  t ime .  
2 .  C l i m a t o l o g i s t s  and m e t e o r o l o g i s t s  use l o c a l  s o l a r  t ime .  
3 .  A r c h i t e c t s  and eng ineers  can recogn ize  asymmetr ies i n  morn ing-  

a f t e r n o o n  i n s o l a t i o n  most e a s i l y  u s i n g  l o c a l  s o l a r  t ime .  
Major  asymmetry would a f f e c t  t h e  optimum s o l a r  c o l l e c t o r  
az imuth .  

I t  was suggested t h a t  t o  se rve  these and o t h e r  purposes an h o u r l y ' i n s o l a -  
t i o n  f i l e  based on l o c a l  s o l a r  t ime  b e ' c o n s t r u c t e d  from t h e  1-minute 
da ta  be fo re  these da ta  a r e  erased.  

Types o f  da ta  t o  be a r c h i v e d  - 

The panel  agreed t h a t  a t  l e a s t  t h e  f o l l o w i n g  d a t a  should be a r ch i ved :  

1. D i r e c t  normal i n s o l a t i o n .  A r c h i v e  t i m e - i n t e r v a l s  s h o r t e r  
than h o u r l y  a r e  j u s t i f i e d  by t h e  s h o r t '  t ime-cons tan ts  o f  
some o f  t h e  c o l l e c t o r s  and systems u s i n g  concen t ra ted  
i n s o l a t  ion.  

2 .  T o t a l  i n s o l a t i o n  on t h e  h o r i z o n t a l .  For  most purposes 
a r c h i v e  t i m e - i n t e r v a l s  s h o i t e r  than  h o u r l y  a r e  n o t  j u s t i f i e d  
Pbr chsse data .  

3 .  Ambient temperature and wind data  c o i n c i d e n t  w i t h  i tems 1  
and 2.  

4 .  T o t a l  ( g l o b a l )  and d i r e c t  normal i n s o l a t i o n  s p e c t r a l  i n f o r m a t i o n  
e s p e c i a l l y  s u i t e d  f o r  p h o t o v o l t a i c  c e l l s .  

5. T o t a l  ( g l o b a l )  i n s o l a t i o n  s p e c t r a l  i n f o r m a t i o n  e s p e c i a l l y  
s u i t e d  f o r  pho tosyn thes i s .  

6.  M inu tes  o f  sunshine should be a r ch i ved .  Recen t l y ,  t h i s  has 
been neg lec ted .  These d a t a  w i l l  se rve  as a  source o f  redun- 
dancy and q u a l i t y  c o n t r o l  f o r  b o t h  es t ima ted  and measured 
i n s o l a t i o n .  165 . 



Discussion - 

Divergent opinion was.expressed with regard to the need for direct 
measurement of total insolation on tilted surfaces. One point of 
view would archive measurements from tilted pyranometers viewing 
typical or artificial ground planes., In northern climates, a 
tilt of latitude +lsO above the horizontal would be representative 
of' winter-heat ing projects. 

In climates where solar air condit.t~ning may be practical a tilt 
I of latitude -15' would be representative. 

Another point of view considered all measurements made by tilted 
pyranometers as ,too specific for a parti.cular site to be of 
.genera 1 use. 

Divergent opinion was also expressed .with regard *to methods of 
measuring spectral information. Filtered pyranometers were 
generally preferred since they yield the most widely useful infor- 
mation. However, durable filter-domes for all required frequencies 
and band widths are not now available, Standardized silicon cells 
were also suggested for special purpose spectrum measurements. 

Detailed spectral information in the ultraviolet range would be 
useful, but instrumentation commercially available will not produce 
data worthy of archiving. 

It was noted that future users of spectral information wi 1 1  have 
diverse needs, and the following groups should be consulted before 
making the final choice of filter frequencies and band widths: 
photochemists, botanists, agronomists, agrobiologists, energy 
engineers and physicists involved with photovoltaics, climatologists, 
dermato.logists, epidemiologists. 

Action items - 
1 .  Input from the users of spectral information should be solicited 

before choosing filter frequencies and band widths. Filter-domes 
with new durability, frequency and band width characteristics may 
be needed. 

2. Further development of commercial instrumentation for detailed 
ultraviolet measurements should be stimulated. 

3. The role of circumsolar radiation in various types of concentrating 
collector systems and microclimates should be evaluated. If 
ci.rcumsolar radiation is found to be significant, further develop- 
ment of commercial circumsolar radiation instrumentation should be 
encouraged. 

4. Research should be funded which compares various approaches to 
.estimation of total insolation on tilted surfaces, These include 
estimation based on direct measurement of total insolation on a 
horizontal surface. (See item 5 below.) Also, estimation based on 
local observation of opaque cloud cover or sunshine duration. 



. . 

5 .  'Research should be funded t o  e v a l u a t e . t h e  e r r o r s  i nhe ren t  i n  t h e  
w i d e l y  used i s o t r o p i c  model f o r  d i f f u s e  s k y l i g h t  and t o  develop 
a  more ac'curate model f o r  the  d i s t r i b u t i o n  o f  s i c y l i gh t  over  the  
skydome. T h i s  w i l l  a l l o w  more accu ra te  e s t i m a t i o n  o f  t o t a l  
i n s o l a t i o n  on t i : l t e d  su r faces .  

6 .  I f  j u s t i f i e d  by the  r e s u l t s  o f  a c t i o n  i tems 4 and 5 above, t o t a l  
i n s o l a t i o n  on t i l t e d  su r faces  should be measured and a r ch i ved .  

Data D i  ssemlnat ion  

A r c h i v a l  p r a c t i c e s  

F i v e  t o  s i x  weeks between da ta  ineasurement and completed a r c h i v i n g  
was cons idered  sho r t  enough t o  serve. most user  needs, and t h i s  goal  
can be ach ieved by t he  N a t i o n a l  C l i m a t i c   center,(^^^). 

Sorne users  wi 1 1  h a v i  i~nmediate  need f o r  measured da ta ,  bu t  these 
needs should  be met o u t s i d e  the  d a t a - a r c h i v i n g  channel .  (See 
a c t i o n  i t em  below.)  

Computerized a r c h i v a l  da ta  should  be d isseminated i n  a l l  w i d e l y  used 
codes a n d ' f o r m a t s  so t h a t  use rs  a r e  n o t  r e q u i r e d  t o  purchase' new 
equipment i n  o rde r  t o  make use o f  t h e  da ta .  

A c t i o n  i tems - 

1 .  Local  o f f i c e s  o f  t h e  NUS should  cons ide r  f u r n i s h i n g  i n f o r m a t i o n  t o  
t he  media on t o t a l  i n s o l a t i o n  r ece i ved  d u r i n g  t he  day. U n i t s  
should  be kwh/m2. R a d i a t i o n  da ta  should  be es t imated  f rom c l oud  
cover  i f  no t  measured l o c a l l y .  ( ~ r .  L e s t e r  Machta 's  group a t  NOAA 
has developed a  model o f  i n s o l a t i o n  based on a  c l oud  cover  and 
p r e c i p i t a t i o n  which cou ld  be used as t h e  e s t i m a t i o n  t o o l . )  These 
da ta  would r a i s e  p u b l i c  awareness and serve  t h e  immediate da ta  
needs o f  some users ,  e.g. ,  system performance e v a l u a t i o n  f o r  

. . eng ineers  and i r r i g a t i o n  schedu l ing  f o r  fa rmers .  

2.  As a  p re face  t o  i t em  i, p i l o t  p r o j e c t s  shou ld  be conducted i n  o rde r  
t o  measure media response t o  t h e  a d d i t i o n  o f  s o l a r - r a d i a t i o n  da ta  
t o  t h e  weather r e p o r t .  T h e s e , p i l o t  p r o j e c t s  should be conducted 
i n  b o t h  r eg iqns  o f  h i g h  and low p u b l i c  i n t e r e s t  i n  a p p l i e d  s d l a r  
energy.  Data on r e g i o n a l  p u b l i c  i n t e r e s t  l e v e l s  i s  . a v a i l a b l e  from 
t h e  Techn ica l  T rans fe r  Program o f  t h e  So la r  D i v i s i o n  o f  DOE (ERDA)'  
and from the  N a t i o n a l  So la r  Energy I n f o r m a t i o n  Center (NSEIC)  . 

3. T y p i c a l  s o l a r  c l i r n a t o l o g i c a l ~ y e a r s  should  be cons t ruc ted  f o r  each 
o f  t h e  more . than  200 c i t i e s  f o r  which measured o r  es t ima ted  s o l a r  
d a t a  a r e  a v a i l a b l e .  T y p i c a l  year  c l i m a t o l o g i c a l  da ta  r e l e v a n t  t o  
s o l a r  system des ign  sh&ld be a r ch i ved ,  and. t h e i  r use should  be 
r e q u i r e d  i n  performance s t u d i e s  i n  a l l  p u b l i c l y - f u n d e d  s o l a r '  p r o j e c t s .  - 

'. Not o n l y  w i l l  t h i s  save des ign  c o s t s  assoc ia ted  w i t h  l o c a l  cho i ce  
o f  t y p i c a l .  years ,  bu t  i t  a1.s.o wi  11. assure t h a t  system des ign  a l t e r n a -  
t i v e s  a r e  eva lua ted  a g a i n s t  a  s i n g l e  c l i m a t i c  base l i ne .  

~. 
, . 



4. System performance based on t h e  U n i v e r s i t y  o f  Wiscons in ' s  F -char t  
program should  be w i d e l y  d isseminated.  T h i s  prog.ram should 
be updated w i t h  composi te,  t y p i c a l - y e a r  .data based on t h e  bes t  
c u r r e n t l y  a v a i l a b l e  s o l a r  da ta  (NOAA 'S  SOLMET and SOLDAY). 

5 .  As one method o f  d i s sem ina t i ng  solar-related.climatologica1 data ,  
a  new c l i m a t o l o g i c a l  a t l a s  should  be issued.  User o p i n i o n  on 
a t l a s  con ten ts  should  be s o l i c i t e d ,  and t h e  f o l l o w i n g  l i s t  o f  
da ta  can be used t o  s t i m u l a t e  user  o p i n i o n :  

o  Na t i ona l  i s o p h o t e s o f  t o t a l  d a i l y  i n s o l a t i o n  on t h e  h o r i z o n t a l  
f o r  average days o f  each month. These should  be based on 
es t imated  as w e l l  as measured data;  

o  Frequency d i s t r i b u t i o n s  o f  days w i t h  d a i l y  t o t a l  i n s o l a t i o n  
exceeding v a r i o u s  t h resho lds .  T h i s  can be p resen ted  as a  s e t  
o f  h is tograms f o r  s e l e c t e d  c i t i e s ' a s  w e l l  as i n  c h a r t  form. 
These se lec ted  c i t i e s  should  be t y p i c a l  o f  t h e i r  geograph ica l  
o r  demographic r eg ions .  

o  Data on d a i l y  t o t a l s  o f  d i r e c t  normal (beam) i n s o l a t i o n  c o r r e s -  
pond ing  t o  1 and 2 above. 

o  Hou r l y  p r o f i l e s  o f  t o t a l  i n s o l a t i o n  on t h e  hor i .zonta1 f o r  
average days o f  each month. These da ta  shou ld  be p resen ted  
g r a p h i c a l l y  on l o c a l  s o l a r  t ime  t o  r evea l  morn ing-a f te rnoon  
asymmetry. 

o  I s o c l i n e s  o f  pe rcen t  o f  e x t r a t e r r e s t r i a l  i n s o l a t i o n  on t h e  
h o r i z o n t a l  based on t h e  i s o c l i n e s  f rom 1 above. 

o  Frequency d i s t r i b u t i o n s  o f  pe rcen t  o f  e x t r a t e r r e s t r i a l  i n s o l a -  
t i o n  cor responding t o  2 above. 

o  Average month ly  "hours o f  sunshine" da ta  i n  t h e  fo rmat  o f  
1 above, 

o  Frequency d i s t r i b u t i o n s  o f  "hours o f  sunshine" pe r  day f o r  
each month i n  t he  format  o f  2 above. 

o  D a i l y  average ambient d r y  b u l b  temperature da ta .  

o  D a i l y  average ambient wet b u l b  temperature .data ( f o r  des ign  
o f  c o o l i n g  towers and evapo ra t i ve l y -a i ded  pass i ve  c o o l i n g  
systems).  

o  Hou r l y  p r o f i l e s  o f  d r y  b u l b  and wet b u l b  temperatures f o r  an 
average day o f  each month. 

o  Frequency d i s t r i b u t i o n s  o f  d a i l y  extremes i n  d r y  bu lb  and wet 
b u l b  temperatures f o r  each month. 



o Da i ' l y  average wind speed f o r  each month. 

o  A  p r o f i l e  o f  h o u r l y  average wind speeds f o r  an average day of  
each month. 

o  Month ly  in fo ' rmat ion  on- f requency d i s t r i b u t i o n s  o f  speeds o f  
2-minute sus ta ined  winds.  

6. Accompanying t e x t  f o r  t h e  a t l a s  should  i nc l ude :  

o  Exp lana t ions  o f  the  methods o f  a n a l y s i s  used t o  compute t he  
es t imated  s o l a r  da ta  appear ing i n  t he  a t l a s .  

o  l n f o rma t  i o n  on t he  t h resho lds  o f  "sunshine swi t ch"  ins t ruments  
used i n  obse rva t i ons  o f  sunshine d u r a t i o n  appear ing i n  t he  
a t l a s .  ( ~ h e s e . ' d e v i c e s  a r e  w i d e l y  pe rce i ved  a s  hav ing  h i g h l y  
v a r i a b l e  t h resho lds . )  

o  E s t i m a t e . o f  t he  p robab le  range o f  e r r o r  i nhe ren t  i n  bo th  
measured and es t ima ted  a t l a s  da ta .  

o  B r i e f  d e s c r i p t i o n  o f  t h e  procedures and ins t ruments  used i n  
obse rv i ng  t h e  a t l a s  da ta .  

o  Reference l i s t  o f  books and a r t i c l e s  which e x p l a i n  and i l l u s -  
t r a t e  a p p l i c a t i o n s  o f  the  a t l a s  da ta  t o ' s o l a r  system des ign .  

7 .  A d e s c r i p t i o n  o f  t he  proposed a t l a s  should be pub l i shed  f o r  comment 
i n  t h e  p r o f e s s i o n a l  j o u r n a l s  o f  o r g a n i z a t i o n s  such as ASHRAE, 
SMACNA, A I A ,  ASME, I S E S ,  SEIA, homebui lders a s s o c i a t i o n s ,  e l e c t r i c  
and gas u t i l i t i e s ,  me teo ro l og i ca l  and c l i m a t o l o g i c a l  a s s o c i a t i o n s ,  
a g r i c u l t u r a l  eng inee r i ng  a s s o c i a t i o n s .  

Mechanisms f o r  da ta  d i ssem ina t i on  - 
St rong suppor t  was expressed f o r  t he  l o c a l  d i s sem ina t i on  o f  da ta .  

These l o c a l  sources should  d i s t r i b u t e  da ta  which has been repackaged i n  
forms c s p ~ c  i s 1  l y  a p p r o p r i a t e  fo r  v a r i 0 1 . 1 ~  user  qroups, and l o c a l  sources 
should be a b l e  t o  unders tand user  needs. Federa l  groups w i t h  programs 
which cou ld  f u r n i s h  i n f o r m a t i o n  f o r  l o c a l  d i s sem ina t i on  a r e  t he  DOE (ERDA) ,  
Techn ica l  I n f o r m a t i o n  Center o f  Oak Ridge, Tennessee; the  DOE (ERDA) 
D i v i s i o n  o f  So la r  Energy Techn ica l  T rans fe r  Programs; and t he  NOAA- 
N a t i o n a l  C l i m a t i c  Center ,  A s h e v i l l e ,  N o r t h  Ca ro l i na .  

Data needs - 

Near- term da ta  needs a r e  desc r i bed  above. T h i s  sec t i on -  r e f e r s  t o  
longer  tecm needs no t  .now be ing  met by a r ch i ved  da ta .  A l though  a l l  o f  
t he  long- te rm needs cou ld  n o t ' b e  foreseen by t he  workshop pane ls ,  i t  
i s  c l e a r  t h a t  t h e r e  w i l l  be i nc reas ing  f u t u r e  needs o f  two k i n d s :  

o  Data f o r  l a rge -sca le ,  c o n c e n t r a t i n g  c o l l e c t o r  p r o j e c t s  u s i n g  
ve ry  h i q h  c o n c e n t r a t i o n  r a t i o s .  These p r o j e c t s  (e.g.  so lar -power  
gene ra t i on  p r o j e c t s  u t i l i z i n g  l a r g e  area h e l i o s t a t  f i e l d s )  may 



r e q u i r e  data on c i rcumso lar  r a d i a t i o n .  Future in fo rmat ion  
w i l l  be needed,on shor t - t ime scale v a r i a t i o n s  i.n d i r e c t  normal 
r a d i a t i o n .  

o  Data f o r  pho tovo l ta i c  p r o j e c t s .  More spec t ra l  data w i l l  be 
requ i red  f o r  f e a s i b i l i t y  s tud ies  of  pho tovo l ta i c  p r o j e c t s  
us ing s i l i c o n  and o the r  ma te r i a l s .  Spectra l  data f o r  t o t a l  
(g loba l )  i n s o l a t i o n  and d i r e c t  normal i n s o l a t i o n  should be 
measured separate ly  i n  o rder  t o  p red ic , t  performance o f  photo- '  
v o l t a i c  p r o j e c t s  us ing  concentrators.  



r e q u i r e  data on c i rcumso lar  radiat ion: Future in fo rmat ion  
w i l l  be needed'on shor t - t ime scale v a r i a t i o n s  . i n  d i r e c t  normal 
r a d i a t i o n .  

o  Data f ~ r : ~ h o t o v o l  t a i c  p r o j e c t s .  More spec t ra l  data w i  1 1  be 
requ i red  f o r  f e a s i b i l  i t y  s tud ies  o f  photovol t a i c  p r o j e c t s  
us ing s i l i c o n  and o the r  ma te r i a l s .  Spectra l  data f o r  t o t a l  
(g loba l )  i n s o l a t i o n  and d i r e c t  normal i n s o l a t i o n  should be 
measured separate ly  i n  order  t o  p r e d i c t  performance o f  photo- 
v o l t a i c  p r o j e c t s  us ing  concentrators.  



. . 
The momentum o f  .this. meeting, and f u t u r e  ones, must n o t  be l o s t  when 
we a l l  r e t u r n  t o  our o f f i c e s  and become invo lved i n  day-to-day a f f a i r s ,  
We have got  t o  l e t  the people back home, the dec i s ion  makers, the  p o l i -  
t i c i a n s ,  and the man i n ' t h e  s t r e e t ,  know what we discussed here and bow 
i t  r e l a t e d  t o  them. W e  do ng t  want t o  g i v e  them the irnpr$sslon t h a t  
these t.hree day's were simply another conference i n  which engineers and 
s c i e n t i s t s  t a l ked  i n  e s o t e r i c  equat ions and numbers. We must p o i n t  o u t  
t h a t  so la r  r a d i a t i o n  data i s  no t  being c o l l e c t e d  o r  needs ' t o  be c o l l e c t e d  
simply f o r  the sake of amassing arch ives .  Once the people kack.home . , 

understand.what we d i d  as techn ic ians  and po l  Icy makers here, they w i  1 1  
be more i n c l i n e d  t o  support l o c a l  e f f o r t s  t o  expedi te t h e . i n t r o d u c t i o n  
o f  so la r  energy ' i ,nto t h e i r  homes and businesses becauqe they w i l t  have 
found out ,  through us, t h a t  t h i s  energy a l t e r n a t i v e  Is t e c h n i c a l l y  
f e a s i b l e  and cost  e f f e c t i v e ,  

Again, I wish t o  thank. you f0.r a t tend ing  and I . l~ok , . fo rwa. rd  t o  seeing 
you a1 1 next year. ln '  add i t i on ;  I would 1 i k e  t o .  thank the  Unfvers i  t y  o f "  
Alabama i n  Huntsvi  1 l e  and NOAA f o r  t h e i r  c o n ~ r l b u t l o n s  t o  the svccess 

. . . .  o f  t h i s conference. . . 

D r .  Les ter  Machta, NOAA: I would l [ ke  t o  add my. thanks, and hereby 
dec lare  the  meeting over. fhank you very  much for comf.ng. 

. . . . 

. . 



Freder ick  Koomanof f , DOE (ERDA) 

I would l i k e  t o  thank a l l  o f  you f o r  a t tend ing .  We have a l l  learned 
something, and tha t  i s  the  f u n c t i o n  of  any k i n d  o f  a workshop. I would 
l i k e  t o  leave w i t h  you an admonit ion I f i n d  more and more necessary t o  
keep i n  mind as a r e s u l t  o f  t r a v e l i n g  over the  country .  We have he ld  
th ree  bas ic  workshops as p a r t  o f  my branch's  opera t ion  i n  environmental 
and technology assessment. We have been t o  c i t i e s  such as Dover, New 
Hampshire and met w i t h  a hundred c i t i z e n s  o f  t h a t  community from the 
plumber t o  the banker, from the u n i v e r s i t y  p ro fessor  t o  the  butcher ,  
the  baker and cand les t i ck  maker. We have done the  same t h i n g  i n  Eugene, 
Oregon and i n  Amherst, New Jersey. And one t h i n g  always seems ev ident  
and t rue :  the American publ i c  i s  saying, "We 1 i k e  s o l a r  energy and we 
want i t." I suspect t h a t  same p u b l i c  i s  saying t o  those o f  us who 
a re  approaching i t  too  s c i e n t i f i c a l l y ,  want ing t o  measure s o l a r  r a d i a t i o n  
down t o  four o r  f i v e  decimal places and t o  study and restudy and b u i l d  
and r e b u i l d :  "Get ou t  o f  our way, o r  we ' re  going t o  walk r i g h t  over 
you." I t  i s  there  and I f e e l  i t  i s  r e a l  and v a l i d .  

. . .  . , . 
. . . . 

When I f i r s t  went - t o  ERDA, I f e l t  t h a t  t h i s ? p h i  ,qsophywis  a very  . : 

important one, t h a t  the' 'Pres ident '  was the cha i rman ,.o'f.::the.:b.o.ard.,~f . .  . the ', . . 

corporat ion., .  t he  Congress was the  board of . .d . i  ~ector's,;, ,apd.. the 'publ  i ' c  'of..' . . 

t h i s  country  was the stockholders and t h a t  ERDA kas:a gt+at new ventgrk  
corpora t ion .  .L ike  any l a rge  business i t  was designed :to..take an idea : 
and t o  f i n d  out  i f  i t  was a marketable one w i t h  a "Return on Investment" 
t o  the American people. I t  i s  t h i s  phi losophy t h a t  we must keep. What 
I am t r y i n g  t o  say i s  t h a t  we a l l  have t o  move now, and. we have t o  move 
r a p i d l y .  We have t o  ge t  the  best  poss ib le  answers t o  our  "s tockholders"  
so t h a t  they can make some choices which a re  i n t e l l i g e n t  and so they w i l l  
no t  be r ipped o f f  o r  v i c t i m i z e d  by unscrupulous peddlars,  Le t  me add 
here tha t  we must a l s o  keep an eye on the  f u t u r e ,  w h i l e  we a re  concerned 
w i t h  present needs. . . 

dgain, I do want t o  thank you a l l  f o r  coming t o  t h i s  meeting. Several 
th ings  have been discussed which I  have not  thought about and which d i d  
no t  appear u n t i l  t h i s  workshop. We c e r t a i n l y  w i l l ' t r y  t o  t a k e ' a c t i o n  on 
them when we can. However, we must keep i n  mind the comment made here; 
which i s  very  t rue ,  t h a t  i f  the Federal Government cannot do i t  o r  should 
no t  do i t ,  then i t  w i 4 . l  have t o  be done a t  the  s ta te ,  county, o r  
munic ipal  l e v e l .  Conceivably, there  a re  s i t u a t i o n s  i n  which a c t i o n s  
w i l l  have t o  be undertaken by the  i n d i v i d u a l  t o  ge t  t h ings  moving o r  
accomplished. I f  we a l l  work together ,  however, I t h i n k  any th ing  i s  
poss ib le .  We w i l l  t r y  t o  have aaother meeting : i n  ,approximately a year 
from now.' I hope t h a t  the next meeting w i  1 1  a t t r a c . t  .more s t a t e  rep- 
resen ta t i ves  l i k e  those from Mary1,and and Ohio and 'the o thers  t h a t  were.  
w i t h  us here. 



The momentum o f  t h i s  meeting, and f u t u r e  ones, must no t  be l o s t  when 
we a l l  r e t u r n  t o  our o f f i c e s  and become;involved i n  day-to-day a f f a i r s .  
We have got  t o  l e t  the  people back home, the dec i s ion  makers, the  p o l i -  
t i c i a n s ,  and the man i n  the  s t r e e t ,  know what we discussed here and how 
i t  r e l a t e d  t o  them.: We do no t  want t o  g i ve  them the impr$ssion t h a t  
these th.ree days were s imply another conference i n  which engineers and 
s c i e n t i s t s  t a l ked  i n  e s o t e r i c  equat ions and numbers. We must p o i n t  o u t  
t h a t  so la r  r a d i a t i o n  data i s  no t  being c o l l e c t e d  o r  needs t o  be c o l l e c t e d  
simply f o r  the sake o f  amassing arch ives .  Once the people back home 
understand what we d i d  as techn ic ians  and p o l i c y  makers here, they w i l l  
be more i n c l i n e d  t o  support l o c a l  e f f o r t s  t o  expedi te the  i n t r o d u c t i o n  
o f  so la r  energy i n t o  t h e i r  homes and businesses because they w i l l  have 
found out ,  through us, t ha t .  t h i s  energy a l t e r - n a t i v e  i s  t e c h n i c a l l y  
f e a s i b l e  and cos t  e f f e c t i v e .  

Again, I wish t o  thank you f o r  a t tend ing  and I look forward t o  seeing 
you a l l  next year. I n  a d d i t i o n ,  I would l i k e  t o  thank the  U n i v e r s i t y  of  
Alabama i n  H u n t s v i l l e  and NOAA f o r  t h e i r  c o n t r i b u t i o n s  t o  the success 
o f  t h i s  conference. 

D r .  Les ter  Machta, NOAA: I would l i k e  t o  add my thanks, and hereby 
dec lare  the  meeting over.  Thank you very much f o r  coming. 
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AGENDA 

Second National Solar Radiation Data Workshop " 
Skyland, Virginia . . 

September 26-28,.1977. 

September 26, 1977 

INTRODUCTION 

General chairman, Dr.   ester Machta, Air Resources Laboratory, 
Environmental Research Labs, National' Oceanic and Atmospheric 
Administration (NOAA), Silver Spring, MD. 

Micheal R. Riches, SOLAR, ERDA (DOE). 

Keynote Address-Frederick Koomanoff , Environmental Resources 
Assessment Branch, SOLAR, ERDA (DOE). 

SOLAR RADIATION NETWORKS, WHY AND WHERE 

Netwo.rk Rationale for. ~oiar Energy Needs 
Davidchristensen and Gene Carter, Johnson Environmental 
and Energy Center, University o'f Alabama in Huntsville (UAH) 

Alternative Solar Radiation Networks. Satellite Data 
Dan ~arpley, Office of Operations, National Environmental 
Satellite Service, NOAA 

Alternates to A Ground-based Solar Radiation Monitoring Network 
Lester Machta and G, Cotton, Air Resources Laboratory, 
Environmental Research Laboratories, NOAA, Silver Spring,MD 

The. NOAA Network 
Bill Eggert; Data systems Division, National ' Weather 
service, NOAA 

The State of Mew Mexico Ne.twork and Solar ~adi'ation. Resource 
Assessment Project 

Ray Bahm, Bureau of Engineering.Research, University of 
New Mexico 

New .York State Solar Network 
Ron Stewart, Atmospheric Science Research Center, State, 
University of New York at Albany 

. . 

The.West Associates Solar Resource Evaluation project 
Nick Patapoff, Ssuthdrn California Edksoa, Rcsearch and 
Development 



Use of Synchronous Orbital Satellites 
Thomas Vonder Haar, Department of Atmospheric Sciences, 
Colorado State University 

Solar Radiation.Energy Source 'Comparison Using SOLMET Data 
E. S. Terry and Ron Schlagheck, System ~na1ysi.s & Inte-: 
gration Laboratory, NASA/Marshall Flight .Center, Hunts- 
ville, Alabama 

Natura1,Variability of Solar Radiation 
L. Machta and G. Cotton, Air Resources Laboratory, En- 
vironmental Research ~aboratories, NOAA, ,Silver Spring,MD. 

Puerto Rico's Monitoring Station at Mayaquez 
Kenneth Soders trom, Center for Energy and ~nvironmental 
Research, Mayaquez, Puerto Rico 

Hawaii's Micro-Climatic Problems and Solar Radiation Monitor- 
ing Network 

. . Paul Ekern, Department of Civil Engineering, University of 
Hawaii 

QUALITY CONTROL, INSURING GOOD DATA 

The NOAA/ARL Solar Research Facility Boulder, Co1,orado 
Ed Flowers, 'solar Radiation Instrumentation Calibration 
Facility, NOAA/Boulder, Colorado 

September 27, 1977 

Data Processing and Quality Control 
Processing and Quality Control of National Weather Service ' 

Radiation Data 
Wazd Seguin, Center for Experimental Design & Data Anal- 
ysis' (CEEDA) Environmental Data Service, NOAA/Washington,DC 

The Canadian Network 
Ron Latimer, Atmospheric.Environment Service, Downview, 
Ontario, Canada 

Data Quality Control 
Gene Carter, Johnson Environmental & Energy Center, The 
University of Alabama in Huntsville, Huntsville, Alabama 

Quality Controi 
~arvir:Wesely, Asqonne National Laboratory. Argonne,Illinois 

NWS Climatological Benchmark Station Prouram 
Lewis A. Pitts, Environmental Data ~e;vice, NO=/ Washington, 
DC 



Archiving and Dissemination Policies of ~rchivihg brganization~ 

Technical Information Center 
Phillip Rosser, ERDA/TIC, Oak ~idge, Tennessee. 

Technology Transfer Program of the Division of Solar Energy 
.Vincent Rice, SOLAR, ERDA (DOE) 

Energy Extension Service and Solar Energy Research Institute 
Ja'y Holmes, Office of Assistant Administrator for Solar,. 
Geothermal, and Advanced Energy Systems, ERDA (DOE) 

Charge to Panels 
Fred Koomanoff, SOLAR, ERDA (DOE) 

Panel Meetings 

Panel #1 - Networks, Why and Where 
Ronald Stewart, Chairman 
Mike Rigney, Co-chairman 
Gene Carter, Assistant 

Panel.# 2 - Quality Control, Insuring Good. Data 
Nick Patapoff, Chairman 
Ed Flowers and Ward Sequin, Co-chairman 
Jeremy Goddard 'and Bill Reid, Assistants 

Panel # 3  - Data Availability, Archkving and Public Dissemina-., 
tion 
Gene Clark, Chairman 
Frank Quinlan, Co-chairman 
Dave Christensen, Assistant 

, September' 28, 1977 

Panel Report by Panel Chairman 

Concluding Remarks 
Fred Koomanoff, SOLAR, ERDA (DOE) 
Dr. Lester Machta, NOAA 



APPENDIX C 

. c 

V a r i a b i l i t y  of So la r  Radia t ion  wi th  Geographical Locat ion . . 

C. Nagle and S. SethuRaman, BNL 
.Department of Energy and'Environment 

Atmospheric Sc iences  Div is ion  
 rookh haven Nat iona l  Laboratory,  Upton, N.  .Y. 11973 

Abs t rac t :  

The v a r i a b i l i t y  i n  s o l a r  r a d i a t i o n  rece ived  a t  t h e  e a r t h ' s  s u r f a c e  a t  

f i v e  geographica l  l o c a t i o n s  i n  t h e  United S t a t e s  i s  i n v e s t i g a t e d .  The d a t a  

cons i s t ed  of hour ly  v a l u e s . o f  s o l a r  r a d i a t i o n  f o r  a  per iod  of 15  yea r s .  The 

e f f e c t  of. l a t i t u d e ,  synop t i c  weather and geographica l  l o c a t i o n  on seasona l  

and annual  va lues  of s o l a r  r a d i a t i o n  is  s t u d i e d  and c e r t a i n  i n f e r ences  drawn. , 

Resul t s  i n d i c a t e  t h e  dependence of s o l a r  r a d i a t i o n  on synop t i c  weather  

p a t t e r n s .  

1. In t roduc t ion  

S o l a r  r a d i a t i o n  v a r i e s  g r e a t l y  w i th  t h e  l e n g t h  of day, ang le  of t h e  sun ' s  

r a y s  t o  t h e  ground and cloud co.verage. : T h e r e f o r e ,  r a d i a t i o n  should vary  s ig- '  

n i f i c a n t l y  w i t h  geographical  l o c a t i o n ,  a l t i t u d e ,  and weather . .  

A major sou rce  of s o l a r  r a d i a t i o n  d a t a  i s  t h e  NCC. This  o r g a n i z a t i o n  has  

c o l l a t e d  s o l a r - r a d i a t i o n  and r e l a t e d  meteoro logica l  parameters  f o r  over  26 USWB 

s t a t i o n s  f o r  varying pe r iods  s t a r t i n g  i n  1952. The program is  des igna ted  a s  
- 

SOLMET and d a t a  a r e  a v a i l a b l e  on t a p e  and punch cards .  

To f i n d  how s o l a r - r a d i a t i o n  d a t a  v a r i e s  w i t h  geographica l  l o c a t i o n  and 

l a t i t u d e ,  t h e  SOLMET d a t a  were .used  f o r  f i v e  s t a t i o n s  s e l e c t e d  f o r  t h e i r  

s p e c i f i c  geographical  l o c a t i o n .  The f i v e  s t a t i o n s  shown i n  Fig.  1 a r e  g iven  

, below wi th  t h e i r  l a t i t u d e s  t 



(1) Bismarck, North Dakota (46ON) 

(2) Fresno, C a l i f o r n i a  ( 3 7 O ~ )  

. . (3 )  Dodge C i ty ,  Kansas (3 7  ON) 

(4) Nashv i l l e ,  Tennessee (36ON) 

(5) S t e r l i n g ,  V i rg in i a  (38ON) 

2. Annual v a r i a t i o n  of s o l a r  r a d i a t i o n  a t  i n d i v i d u a l  s t a t i o n s  

Hourly observa t ions  of s o l a r  r a d i a t i o n  were used t o  o b t a i n  d a i l y  t o t a l  

r a d i a t i o n .  Seasonal  va lues  of t h e  mean and s t anda rd  d e v i a t i o n  of t h e  d a i l y  

t o t a l  g l o b a l  r a d i a t i o n  were computed f o r  e a c h - y e a r  from 1953 t o  1967 and p l o t -  

t ed  i n  Fig.  2  t o  6  f o r  s t a t i o n s  S t e r l i n g ,  Bismarck, Presno,  Dodge c i t y  and 

Nashv i l l e  r e s p e c t i v e l y .  . A l l  t h e  p l o t s  have a few common f e a t u r e s :  

(a )  The s p r i n g  and summer'seasons have approximately t h e  same amount o f .  

mean s o l a r .  r a d i a t i o n .  

(b)  The f a l l  and '  w in t e r  . seasons  ' mean va lues  group toge the r .  

. ( c )  Maximum v a r i a b i l i t y  occurs  i n  sp r ing .  

(d) Minimum v a r i a b i l i t y  occurs  i n  w i n t e r  except  f o r  Fresno where t h i s . o c c u r s  

i n  summer. 

I n  gene ra l ,  t h e  v a r i a b i l i t y  i n  s o l a r  r a d i a t i o n  was maximum f o r  t h e  s p r i n g  . 

with  t h e  va lues  decreas ing  f o r  summer, f a l l  and win t e r .  An except ion  t o  t h i s  

was Fresno,  C a l i f o r n i a  (Fig.  4 ) ,  where summer season had t h e  lowest  v a r i a b i l i t y  

and t h e  o t h e r  seasons  had roughly  t h e  same va lues .  This  is  c h a r a c t e r i s t i c ' o f  

t h e  dry  summer season of C a l i f o r n i a .  The mean observa t ions  f o r  Dodge C i ty ,  

Kansas (Fig.  5) show t h e  maximum v a r i a t i o n  from yea r  t o  year .  A c y c l i c  v a r i a -  

t i o n  i n  mean r a d i a t i o n  is  seen  f o r  t h e  15  yea r s  of d a t a  r epo r t ed  h e r e  a t  l e a s t  

f o r  s p r i n g  and summer wi th  a  t i m e  pe r iod  of about 5  yea r s .  The s t anda rd  devia- 

t i o n s  of s o l a r  r a d i a t i o n  a l s o  show t h i s  c y c l i c  v a r i a t i o n  w i th  t h e  maximum va lues  

correspnndi.ng t n  mj.nimi.im mean val.ues and v i c e  ve r sa .  The reason f o r  t h i s  



t y p e  of v a r i a t i o n  f o r  Dodge C i t y  i s  probably  due t o  t h e  v a r i a t i o n s  i n  t h e  

movement of s y n o p t i c  weather  p a t t e r n s  due t o  changes i n  l a r g e  s c a l e  meteoro- 

l o g i c a l  c o n d i t i o n s .  

3 .  comparison of o b s e r v a t i o n s  a t  d i f f e r e n t  l o c a t i o n s  

A s e a s o n a l  p l o t  o f  t h e  15-year a v e r a g e  mean d a i l y  t o t a l  g l o b a l  r a d i a t i o n  

f o r  Fresno ,  Bismarck, S t e r l i n g ,  Nashv%l le ,  and Dodge C i t y ,  shown i n  F ig .  7 ,  de- 

p i c t s  t h e  expected s o l a r - r a d i a t i o n  regime w i t h  peaks  i n  summer and t h e  lows i n  

w i n t e r  and f a l l .  Some r e l a t i o n s h i p . b e t w e e n  t h e  s o l a r  r a d i a t i o n  rece ived  a t  a  

s t a t i o n  and t h e  l a t i t u d e  a l s o  e x i s t s ,  p a r t i c u l a r l y  i n  w i n t e r  and f a l l  w i t h  B i s -  

marck, a  h i g h e r - l a t i t u d e  s t a t i o n ,  r e c e i v i n g  l e s s  s o l a r  r a d i a t i o n  t h a n  Fresno ,  a 

l o w e r - l a t i t u d e  ' s t a t i o n .  However, t h e r e  a p p e a r s  t o  b e  a more d i r e c t  r e l a t i o n s h i p  

between t h e  amount of g l o b a l  r a d i a t i o n  r e c e i v e d  on t h e  s u r f a c e  and s y n o p t i c  

p a t t e r n s  and/or  g e o g r a p h i c a l  l o c a t i o n  of a s t a t i o n .  I n  s p r i n g  and summer, 

d a t a  show t h a t  ~ a s h v i l l e  and S t e r l i n g ,  s t a t i o n s  g e n e r a l l y  a f f e c t e d  by t h e  same 

s y n o p t i c  p a t t e r n s ,  r e c e i v e  less radiation.than'Bismarck, which i s  l o c a t e d  a t  a 

h i g h e r  l a t i t u d e .  I n  w i n t e r  and f a l l ,  v a l u e s  o f  s o l a r  r a d i a t i o n  a r e  c l o s e r  to- 

g e t h e r  t h a n  i n  s p r i n g  and summer', showing t h e  e f f e c t  of widespread c l o u d i n e s s  

a c r o s s  t h e  Uni ted  S t a t e s  on t h e  amount of s o l a r  r a d i a t i o n  r e c e i v e d .  R a d i a t i o n  

r e c e i v e d  a t  Fresno i n  w i n t e r  and f a l l  is  less o r  t h e  same a s  t h a t  r e c e i v e d  a t  
. , 

Dodge C i t y ,  p robab ly  a s  a  r e s u l t  of a lmost  c o n s t a n t  c loud  cover  o r  p r e c i p i t a t i o n  

d u r i n g  t h e  r a i n y  s e a s o n  i n  C a l i f o r n i a .  , 

A s e a s o n a l  p l o t  of t h e  15-year average  s t a n d a r d  d e v i a t i o n  of t h e  d a i l y  

t o t a l  g l o b a l  r a d i a t i o n  f o r  t h e  5  s t a t i o n s  shown i n  F ig .  8 r e v e a l s  a  d . i r e c t  

r e l a t i o n s h i p  e x i s t i n g  between t h e  r a d i a t i o n  r e c e i v e d  and t h e  s y n o p t i c  and /or  

t e r r a i n  p a t t e r n s .  The p l o t  a c t u a l l y  i s  a  measure o f  day-to-day v a r i a t i o n  i n  , .  

r a d i a t i o n  r e c e i v e d .  

1. A t  each s t a t i o n  t h c  moct v a r i a b i l i t y  o c c u r s  i n  sp r ing ;  



2. There is  a  l a r g e  v a r i a t i o n  i n  t h e  day-to-day " r a d i a t i o n  rece ived  i n  

summer and s p r i n g  f o r  S t e r l i n g ,  Bismarck, Dodge C i t y ,  and Nashvi l le ,  

probably a s  a  r e s u l t  of summer thunderstorms and, sp r ing  f ron t - a l -  a c t i -  

v i t y .  This  c o n t r a s t s  w i th  t h e  low v a r . i a b i l i t y '  observed i n  summer a t  

Fresno due t o  t h e  absence of c louds dur ing  t h e  prolonged C a l i f o r n i a  

d ry  season. 

3 .  During f a l l  and win t e r  t h e  amount'of v a r i a b i l i t y  i n  r a d i a t i o n  re- 

ceived is  approximately t h e  same a t  a l l  s t a t i o n s  because of t h e  per-  

s i s t e n t  p a t t e r n s  of c louds and p r e c i p i t a t i o n  occu r r ing  r e g a r d l e s s  of 

geographica l  l o c a t i o n .  
. . 

4.  Conclusions 

The amount of s o l a r  r a d i a t i o n  a v a i l a b l e  a t  a  p a r t i c u l a r  l o c a t i o n  and i t s  
. . 

degree  of v a r i a b i l i t y  seem- t o  depend t o  a  l a r g e  e k t e n t  dn r . t he  s y n o p t i c  weather 
. . .  . . . . . . .  

p a t t e r n s .  ~ b n c e  t h e  s i t e  . e v a l u a t i o n  for' s o l a r .  energy. niay.:have t o  be done on a  
. . . . . .  

. . .  . . . . . . . .  
loca t ion- to- loca t ion  ' b a s i s ,  o r  a t  l e a s t  on a  s m i l i  :r.eg+onal. s c a l e  of s i m i l a r  

. . 

geographica l  p a t t e r n .  

S imi l a r  ana lyses  a r e  planned us ing  SOLMET d a t a  f o r  a d d i t i o n a l  USWB s t a t i o n s  

t o  s tudy  t h e  e f f e c t  of l a t i t u d e  and geographica l  l o c a t i o n  on t o t a l  g l o b a l  r a d i a t i o n  

rece ived  on a h o r i z o n t a l  s u r f a c e .  
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Fig. 2 Mean and standard deviation of daily total  global 
radiation for Sterling, Virginia 
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Fig. 3 radiation for Bismarck, N. Dakota 
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Fig. 4 Mean and standard deviation of daily total  global 

radiation for Fresno, California 
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Fig. 6 Mean and standard deviation of daily tota l  global 
radiation for Nashville, Tennessee 
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'TDWARD A NEW CLIMATIC 

REGIONALIZATION OF THE CONTIGUOUS 

U N I T E D  STATES 

Cort J. Willmott 

D e p a r t m e n t  o £  G e o g r a p h y  

U n i v e r s i t y  o f  Delaware 

Newark D E  1 9 7 1 1  

1. 1iVX"I'BDUCTION 

C l i m a t i c  c l a s s i f i c a t i o n  - r e g i o n a l  i z a t i o n  h a s  b e e n  
. . .  . . 

a n  e x t r e m e l y ' . . : : , p o p u l a r  . . e n d e a v o r  . o f  c ' l i m a t o l o g i s t s  
( .  :.. ... . . . . 

. . . . . . 

b l o s s o m i n g  . . i n  t h e  . . l a t e  1 8 8 0 ' s  a n d .  c o n t i n u i n g  t h r o u g h  

t h e  ' f i r s t  h a l f  o f .  c h i s  c e n t u r y  t o  t h e  p r e s e n t  ( B o r g e l ,  

1 9 6 9 ;  L e i g h l y ,  1 9 7 4 ) .  Even t h o u g h  t h e  p r e v i o u s  

l i t e r a t u r e  i s  v a s t ,  t h e  m a j o r i t y  o f  work i s  now 

i n a d e q u a t e  s i n c e '  m o s t  schemes a r e  b a s e d  upon 

t h @ o r e t i c s l l y  weak and/or a r b i t r a r y  dzcis ions  a b o u t  (1) 

t h e  n u i n b e r , o f . r e g i m e s  t h a t  e x i s t ,  ( 2 )  w h a t  c ' o n s t i t u t e s  

s b o u n d a r y ,  a n d / o r  w h e r e  i t  s h o u l d  De drawn ( 3 )  w h i c h  

p a r a m e t e r s  o f  c l i m a t e  s h o a l d  be u s e d  t o  c h a r a c t e r i z e  

c l i m a t e ,  3nd  ( 4 )  ' how t h o s e  p a r a m e t e r s  s h o u l d  b e  

s u m m a r i z e d  p r i o r  t o  t h e  c l a s s i f i c a t i o n  p r o c e s s  i n  o r d e r  

t h a t  b i a s  w i l l  b e  m i n i m i z e d .  My p u r p o s e  h e r e  is n o t  t o  

o u t 1  i n e  t h e  numerous  e x i s t i n g  c l i m a t i c  c l a s s i f i c a t i o n s  



o f  t h e  c o n t i g u o u s  Un i t ed  S t a t e s  ' b u t  r a t h e r  t o  make a  

c a s e  f o r  new and b a s i c  r e s e a r c h  w i t h i n  t h e  f i e l d .  

2. BACKGROUND 

Pe r  h a p s  t h e  most  w e  11 known c l i m a t i c  

c l a s s i f i c a t i o n  - .  r e g i o n a l i z a t i o n  is  t h e  m u l t i v a r i a t e  

scheme ( s )  deve loped  ,by ~ o p p e n  (1900)  and l a t e r  r e v i s e d  

by h i m s e l f  and o t h e r s  many t i m e s . .  U n f o r t u n a t e l y ,  t h e  

g r e a t  m a j o r i t y  o f  e x i s t i n g  c l i m a t i c  c l a s s i f i c a t i o n s ,  

s x e m p l i f i e d  h e r e  by Koppen l s  scheme,  a r e  now o u t d a t e d  

i n  b o t h ,  t h e i r  method o f  deve lopmen t  and f i n a l  form.  

Among t h e  mo'st con found ing  a s p e c t s  o f  . '  t h e  Koppen 

sys tem, ,  . f o r  example ,  a r e  i t s  r e l i a n c e '  upon (1) 

f u n c t i o n a l l y  i s o l a t e d  v a r  i a b l e s  s u c h  a s  a i r  t e m p e r a t u r e  

and p r e c i p i t a t i o n ,  and  ( 2 )  a r b i t r a r y  d e c i s i o n s  about '  

what c o n s t i t u t e s  a c l 1 m a t i . c  boundary ,  i . e .  K6ppen1s 

b o u n d a r i e s  a r e  p i a c e d  i n  zones  o f  " n a t u r a l "  v e g e t a t i o n  

t r a n s i t i o n .  >lore r e c s n t l y ,  c l i m a t o l o g i s t s  have  begun 

t o  c o n s i d e r  a d d i t i o n a l  c l i m a t i c  e l e m e n t s  s u c h  a s  d a y  

l e n g t h ,  r e l a t i v e  h u m i d i t y  and f r o s t ,  and t h e  methods  o f  

d e f i n i n g  b o u n d a r i e s  and /o r  c l i m a t i c  homogenei ty  h a v e  

become more r i g o r o u s .  O b j e c t i v e  p r o c e d u r e s  borrowed 

from t h e  f i e l d  o f  n u m e r i c a l  taxonomy a r e  now o f t e n  used 

( R u s s e l l  and Moore, 1976; S t e i n e r ,  1 9 6 5 ) .  For an  

e x c e l l e n t  d i s c u s s i o n  of  t h e  advancements  and 

p r i n c i p l e s  o f  n u m e r i c a l  taxonomy s e e  Soka l  ( 1 9 7 4 )  . L i k e  



. . 

t h e  m u l t i v a r i a t e  ' ~ l a s s i f  i c a t i o n s  .rn.eht$,oned . a b o v e ,  
. " . . . . . . 

r e c e ' n t  u n i v a r  = a t e  and /o r  s p e c i a l  s c h e m e s  have  

d e a l t  p r e d o m i n d t e l y  w'i th t h o s e  v a r i a b l e s  f o r  which d a t a  

were . r e a d i l y  a v a i 1 , a b l e  and t h e y  t o o  have  employed t h e  

methods  o f  n u m e r i c a l  taxonomy (Dyer ,  1975;  w i i l m o t t ,  
. . 

1977a)  . The . fundamen ta l  t r a n s f e r  p r o c e s s e s  and t h e i r  
. . 

a s s o c i a t e d  e n e r g y  v a r i a b l e s ,  e . g .  g ' l oba l  - and n e t  

r a d i a t i o n ,  .however ,  " a r k  s t i l i  be ing  i g n o r e d  e v e n  though  

many -d.ata a r e  n6w,. a v a i l a b l e  and a number of  ' p r o m i n e n t  

c l i m a t o l o g i s t s  a n d ' . m e t e o r o l o g i s t s  have  .po. int 'ed o u t  t h e  
. . . .  

need f o r  an' e n e r g y . .  ba sed  c l i m a t o l o g y  , ( L G E  ?.t a l l  1966;  

NWRC, 1 9 6 7 a ;  . . . . .  NWRC, :1 :967b;  NCC,  1977;  : : ~ : $ r j u n g ,  1976)  . ' .  
. . .  .,. 

. . . . .  . . .  . . . . . . . . .  
Only a .  v e r y :  few . . .  ;p:apcrk have  a  t t e m p : t & d . ,  " c i ek&. i f i c : a t  . . . .  i o n s  

. . .  . . .  . . . .  . . .  . . 
. . 

. . .  . . . . . .  of  t h e  , : .main: ' .enkrgy ' , 'v :ar  i a b l e s ,  and i n 1  i'mo'$.t . . . . . .  o f  t h e  
, . .  

' ;:.. : . . . . . . . . . . . .  . . .  . . . . . . . .  . .  . . :.,. 
above  : m e n t i o n e d  :$ tud '<es ,  a 1  1 of  t h e s e . e f z o . r  ts have  

. . 

used s u b j e c t i v e  .methods o f  c l a s s i f i c a t i o n  ( T e r j u n g ,  

1 9 7 8 ) .  T.he problem seems t o  be  t h a t  c l i m a t o l o g i s t s  

s t e e p e d  i n  ' t h e o r e t i c a l  and e m p i r i c a l  a p p r o a c h e s  t o  t h e  

a n a l y s i s  o f  e n v i r o n m e n t a l  t r a n s f e r  p r o c e s s e s  a r e  

g g n e r a l l y  ignorant abou t  t h e  n a t u r e  and v a r i e t y  o f  

o b j e c t i v e  p r o c e d u r e s  a v a i l a b l e  f o r  . c l a s s i ' f i c . a t i o n  - 
r e g i o n a l i z a t i o n  p u r p o s e s  whereas  c l i m a t o l o g ' i ' s t s  h a v i n g  

s u f  f  i c  i e n t  background i n  t h e  m a t h e m a t i c a l  and 

s t a t i s t i c a l  .methods o f  n u m e r i c a l  taxonomy' a r e  , -  n o t  w e l l  

t r a i n e d  o r  i n t e r e s ' t q d  i n  e n v i r o n m e n t a l  . t r a n s f e r  

p r o c e s s e s  o r  e n e r g y  v a r i a b l e s .  A s  a r e s u l t ,  w e  need 
. . 

. . ..' 

t o '  combine t h e .  t heo ' ry  snd  methods .  o f  a n , .  energy-based  



c l i m a t o l o g y  and n u m e r i c a l  taxonomy i f  w e  a r e  t o  l e a r n  

more a b o u t  t h e  fundamen ta l  c h a r a c t e r  and s p a t i a l  

d i s t r i b u t i o n s  , o f  o u r  c l i m a t i c  e n e r g y  r e s o u r c e s .  

3 .  SIGNIFICANCE 

O b j e c t i v e l y  d e f i n e d  u n i v a r i a t e  and mu1 t i v a r  i a t e  

r e g i o n a l i z a t i o n s  o f  t h e  s i g n i f i c a n t  e n e r g y  v a r i a b l e s ,  

e . g .  g l o b a l  r a d i a t i o n ,  a t m o s p h e r i c  c o u n t e r  r a d i a t i o n ,  

t e r r e s t r i a l  r a d i a t i o n ,  s e n s i b l e  h e a t  . f l u x ,  l a t e n t  h e a t  

f l u x  and ground h e a t  f l u x ,  p r o m i s e  t o  u p g r a d 3 o u r  

a b i l i t y  t o  make informed judgements  i n  two i m p o r t a n t  

I n  t h e  f i e l d  o f  s o l a r .  d w e l l i n g '  d e s i g n ,  i f  "good" 

g s n e r a l  d e s i g n s  a r e  t o  be d e v e l o p e d ,  a r c h i t e c t s  mus t  

f i r s t  have b o t h  a n  a c c u r a t e  p i c t u r e  o f  . t h e  number and 

c h a r a c t e r  of  c l i m a t i c  r e g i m e s  i n  t h e  Un i t ed  S t a t e s  a s  

w e l l  a s  t h e i r  s p a t i a l  e x t e n t .  S t a t i o n s  which e p i t o m i z e  

e a c h  r eg ime  o r  r e g i o n  c a n  t h e n  be  o b j e c t i v e l y  s e l e c t e d  

( s e e  W i l l m o t t ,  1977b)  and e n e r g y  e f f i c i e n t  and /o r  s o l a r  

h o u s e s  c a n  be  d e s i g n e d  i n  a c c o r d a n c e  w i t h  e m p i r i c a l  and 

s i m u l a t e d  i n f o r m a t i o n  f o r  e a c h  c h a r a c t e r  i s t i c  s t a t i o n ' s  

c l i m a t e .  U n f o r t u n a t e l y ,  t h e  g e n e r a l  l a c k  o f  s u c h  

i n f o r m a t i o n  h a s  r e s u l t e d  i n  t h e  d e s i g n  o f  d w e l l i n g  

t y p e s  on  t h e  b a s i s  o f  i n a p p r o p r i a t e  c l i m a t i c  

c l a s s i f i c a t i o n s .  A r e c e n t  government  p u b l i c a t i o n  ( H U D ,  



1 9 7 6 ) ,  f o r  example ,  p r e s e n t s  s o l a r  d w e l l i n g  d e s i g n  

c o n c e p t s  f o r  " t h e  c l i m a t i c  r e g i o n s  o f  t h e  Un i t ed  

S t a t e s "  even  : t hough  t h e  f o u r  r e g i o n s  r e f e r r e d  t o  a r e  

b a s e d .  upon ~ o p p e n ' s  scheme a n d ,  t h e r e f o r e ,  c o n t a i n  

v i r t u a l l y  no  c o n s i d e r a t i o n  o f  t h e  mos t  i m p o r t a n t  

c l i m a t i c  v . a r i a b l e  -- s o l a r  r a d i a t i o n  ( f i g u r e  1) .  

Othec  v a r i a b l e s  a r e  c o n s i d e r e d  by HUD ( 1 9 7 6 ) ,  b u t  t h e i r  

a n t i q u a t e d  n o t i o n  o f  " c l l m a t e ,  i n  mos t  c a s e s ,  i s  t h e  

p r imacy  fo rm-g iv ing  f a c t o r '  o f  e a c h  s u g g e s t e d  house  

d z s i g n  ( H U D ,  1976: 9 7 ) .  

of  . e q i a l  p l a n n i n g  i m p o r t a n c e ,  o b j e c t i v e  

i n f o r m a t i o n  a b o u t  t h e  d i s t r i b u t i o n  o f  , c l i m a t i c  r e g i m e s  

s h o u l d  s i g n i f i c a n t l y  a i d  NOAA and o t h e r  a g e n c i e s  

conce rned  w i t h  d a t a  c o l l e c t i o n ,  management and 

d e s s i m i n a t i o n  i n  the s e l e c t i o n  of  s t a t i o n  s i t e s  which ' 

d o  n o t  c o l l e c t . r e d u n d a n t  d a t a  a n d ,  a t  t h e  s a m e  t ime, 

a r e  . l o c a t e d  i n  s u c h  a way t h a t  s i g n i f i c a n t  s o u r c e  

r e g i o n s  o f  c l i m a t i c  v a r i a t i o n  a r e  a d e q u a t e l y  

r e p r e s e n t e d  i n  t h e  s t a t i o n  ne twork .  p r e l i m i n a r y  , . 
. . 

r e s u l t s  i n  an  ongoing  r e g i o n a l i z a t i o n  p r o j e c t  c o n c e r n e d  

w i t h  i d e n t i . f y i n g  t h e  minimum number and l o c a t i o n  o f  

p r e c i p i t a t i o n  r e g i m e s  and s t a t i o n s  i n  C a l i f o r n i a ,  f o r  . '. 

example ,  s u g g e s t  t h a t  a p p r o x i m a t e l y  9a p e r c e n t  o f  t h e  

S t a t e ' s  t o t a l  . p r e c i p i t a t i o n  v a r i a t i o n  c a n  b e  

a n t i c i p a t e d  by  measur  i ng  p r e c i p i t a t i o n  a t  a b o u t  f i v e  

s i tes  ( see W i l l m o t t  (1977a)  f o r  p r e l i m i n a r y  f i n d i n g s ) .  





I f  ou r  r e s u l t s  c o n t i n u e  t o  c o n f i r m  t h e  p r e l i m i n a r y  

f i n d i n g s ,  t h e  c o s t  a s s o c i a t e d  w i t h  t h e  c o l l e c t i o n ,  

management . and p u b l i c a t  i o n  o f  C a l i f o r n i a  

p r e c i p i t a t i o n  r e c o r d s  from some 684 s t a t i o n ?  c o u l d  b e '  

s i g n i f i c a n t l y  r e d u c e d .  O the r  f  i n d i n y s  a s s o c i a t e d  , w i t h  

a  r e c e n t  c l i m a t i c  c l a s , s i f i c a t i o n  - .  r e g i o n a l i z a t i o n  of  

t h e  c o n t i g u o u s  Un i t ed  S t a t e s ,  ba sed  on r a d i a t i o n ,  

s u g g s s t  a  much d i f f e r e n t  a l i g n i n e n t  o f .  r e g i m e s  and t h e i r  

r e p r e s e n t a t i v s  s t a t i o n s  t h a n  h a s  s o  f a r  been p roposed  

( W i l l m o t t ,  1977b)  . .Had s i m i l a r  a n a l . y s z s  b e e n  worked 

on s o l a r  r a d i a t i o ' n  d s t a  f o r  t h e  c o n t e r m i n o u s  Un i t ed  

S t a t e s  p e r h a p s  t h s  l o c a t i o n  and number o f  s t a t i o n s  i n  

our  "new" s o l a r  r a d i a t i o n  network c o u l d  have been  more 

o b j e c t i v e l y  c h o s e n .  Among t h e  c l a s s i f i c a t i o n s  t h a t  

c u r r e n t l y  e x i s t ,  a  few a p p e a r  t o  p o i n t  t h e  way t o  t h e  

" b e t t e r "  schemes o f  t h e  f u t u r e .  

4 .  FIRST EFFORTS 

I n s p i r e d  i n  t h s  e a r l y  s i x t i e s  by '  t h e  ' work o f  

economic - r e g i o n a l  s c i e n t i s t s  ( e:g. B e r r y ,  1 9 6 9 ) ,  a  

number o f  c l i m a t o l o g i s t s  a p p l i e d  t h e  r e l a t i v e l y  , 

o b j e c t i v e  methods  .of  n u m e r i c a l  taxonomy t o  c l i m a t i c  

v a r i a b l e s  f o r  p u r p o s e s  o f  c l a s s i f i c a t i o n  - 
. . 

r e g i o n a l  i z a t i o n .  Al though t h e  l i t e r a t u r e  i n  n u m e r i c a l  

taxonomy was r a p i d l y  d e v s l o p i n g  d u r i n g  t h i s  p e r i o d ,  i t  

a p p e a r s  t o  have  been  l i t t l e  known t o  c l i m a t o l o g i s t s  



( ~ o k a l  and S n e a t h ,  1 9 6 3 ) *  The f i r s t ,  and p e r h a p s  b e s t  

known m u l t i v a r i a t e  e f f o r t  was by S t e i n e r  ( 1 9 6 5 ) ,  who. ' 

i d e n t i f i e d  t e n  c l i m a t i c  r e g i o n s  i n  t h e  c o n t i g u o u s  

Un i t ed  S t a t e s :  u s i n g  a p o t p o u r r i  o f  a v e r a g e d  c l i m a t i c  , 

v a r i a b l e s  ( f i g u r e  2 ) .  H U D  (1976)  would have  been  

b e t t e r  a d v i s e d  t o  u se  S t e i n e r  ' s  c l a s s i f i c a t i o n .  S t e i n e r  

employed a  c o m b i n a t i o n  of methods  which i n c l u d e d  f a c t o r  

a n a l y s i s ,  d i s t a n c e  g r o u p i n g  , and d i s c r i m i n a n t  a n a l y s i s .  

A number o f  o t h e r s  have f o l l o w e d  S t e i n e r  and a  few 

l a t e r  a p p l i e d  s i m i l a r  t e c h n i q u e s  t o  t h e  c l a s s i f i c a t i o n  

o f  s i n g l e  v a r i a b l e s  w i t h  t h e  a d d i t i o n  of a n  e x p l i c i t  

c o n s i d e r a t i o n  f o r  t h e  time d i m e n s i o n  ( D y s r ,  1975;  

W i l l m o t t  1 9 7 7 a ) .  Growing o u t  o f  t h e  e a r l y  t a x o m e t r i c  ' 

c l a s s i f i c a t i o n s  o f  c l i m a t e  a s  t hey -  a r e  r e p r e s e n t e d  by 

S t e i n e r ' s  wo:rk., . and  t h e  more t h e o r e t i c a l  p o s i t i o n s  

a r g u e d  by ~ e r j u n g :  (1976)  and o t h e r s ,  a  r e c e n t  s t u d y , b y  

W i l l m o t t  (1977b)  a t t e m p t e d  t o  c l a s s i f y  f u n d a m e n t a l  

e n e r g y  v a r i a b l e s  by means o f  n u m e r i c a l  t axomet r  i c  

methods.  The r e s u l t s  and methods  o f  t h a t  s t u d y  w i l l  

s u b s e q u e n t l y  be  b r i e f l y  d e s c r i b e d  h e r e  a s  a  p o s s i b l e  

example  o f  f u t u r e  work. 

Using s i x  h o u r l y  s u r f a c e  ' s y n o p t i c  and d a i l y  

r a d i o s o n d e  i n f o r m a t i o n  from 6 2  s t a t i o n  l o c a t i o n s  i n  t h e  

c o n t i g u o u s  Un i t ed  S t a t e s  and 1975,  d a i l y  t o t a l s  o f  t h e  

main s u r f a c e  r a d i a t i o n  b u d g e t  t e r m s ,  i .e. a b s o r b e d  

s o l a r  r a d  i a . t i o n ,  a t m o s p h e r i c  c o u n t e r  r a d i a t i o n ,  and 



t e r r e s t r i a l  , r a d i a t i o n ,  were  s i m u l a t e d  ove'r . t h e  y e a r  

' u s ing  an h o u r l y  . d t  by  a  m o d i f i e d  v e r s i o n  of a  

" c o m p r e h e n s i v e  e n e r g y  and m o i s t u r e  b u d g e t  programme" 

(Vowinckel  'and O r v i g ,  1 9 7 2 ) .  I t  s h o u l d  be  n o t e d  t h a t  . '  

t h e  u se  o f  a s m a l l  d t ,  e . g .  o n e  h o u r ,  is e s s e n t i a l  t o  

t h e  identification of  d i u r n a l  p a t t e r n s  a n d ,  

s u b s e q u e n t l y ,  t o  an  a c c u r a t e  e s t i m a t i o n  of  d a i l y .  

t o t a l s .  To d o  o t h e r w i s e  is t o  assume t h a t  t h e  d i u r n a l  

v a r i a t i o n  i n  w e a t h e r  from p l a c e  t o  p l a c e  is b o t h  random 

and  i n c o n s e q u e n t i a l  t o  t h e  d e f i n i t i o n  o f  c l i m a t e .  

Fo l lowing  t h e  s i m u l a t i o n  p h a s e ,  P - mode p r i n c i p a l  

components  a n a l y s e s  and Ward ' s  (1963)  g r o u p i n g  

a l g o r i t h m  were a p p l i e d  t o  t h e  r e s u l t a n t  a n n u a l  

r a d i a t i o n  r e c o r d s  i n  o r d e r  t o  g r o u p  t h e  s t a t i o n  r e c o r d s  

i n t o  r e l a t i v s l y  homogeneous c l a s s e s .  The s i m i l a r i t y  

c o e f f i c i e n t  s e l e c t e d  f o r  a n a l y s i s  was t h e  c o v a r i a n c e  

c o e f f i c i e n t  b e c a u s e  i t  d o e s  n o t  d e s t r o y  t h e  m e t r i c  a s  

t h e  c o r r e l a t i o n  c o e f f i c i e n t  d o e s .  R e g i o n a l  b o u n d a r i e s  

were  t h e n  l o c a t e d  by . s  prox ima l  mappirig' a l y u r i t h m .  . The 

e i g h t  r a d i a t i o n  r e g i m e s  w h i c h  emerged a r e  ( C l )  a  

s e a s o n a l l y  humid' mid - e a s t e r n  r eg ime ,  (C2) a  m i l d l y  
. . 

s e a s o n a l  s o u t h e a s t e r n .  r eg ime ,  (C3) a  s e v e r e  w i n t e r  

n o r t h e a s t e r n  r eg ime ,  (C4) a  d r y  s o u t h  - c e n t r a l  

r e g i m e ,  (C5) a s o u t h  - c e n t r a l  t r a n s i t i o n a l  r eg ime ,  

(C6) a c o a s t a l  r eg ime , .  (C7) a d r y  s e v e r e  w i n t e r  n o r t h  - 
c e n t r a l  r eg ime ,  and (C8) a  d r y  up land  - d e s e r t  r e g i m e  

( f i g u r e  3 ) .  The s t a t i o n s  t h a t  e p i t o m i z e d  each o f  t h e s e  



r e g i m e s  were a l s o  o b j e c t i v e l y ,  s e l e c t e d .  -- 'by a ' d i s t a n c e  

e v a l u a t i o n  a lgor i ' thm ( W i l l m o t t ,  1977b: 1 4 8  - 1 4 1 ) .  

S i n c e  . t h e  c o i n b i n a t o r i a l  u s e  o f  p h y s i c a l  c l i m a t i c  

p r i n c i p l e s  and n u m e r i c a l  taxonomy y i e l d s  : a  more 

t h e o r e ' t i c a l l y  s a t i s f y i n g .  and p r o b a b l y  more a c c u r a t e  
. . 

d e f i n i t i o n  of  t h e  d i s t r i b u t i o n  o f  c l i m a t e s ,  much more 

work n e e d s  t o  be u n d e r t a k e n  a s  t h e  o n l y  example  o f  s u c h  

c l a ~ s s i f i c a t i o n s  ( W i l l m o t t ,  1977b)  is  based  upon a mere 

6 2  s t a t i o n s  a n d  a s i n g l e  y e a r .  Moreover ,  t h e  

d i s 2 o s i t i o n  o f  t h e  r a d i a t i o n  b u d g e t  s h o u l d  e n t e r  i n t o  

t h e  c l a s s i f i c a t i o n  p r o c e s s , ,  i . e .  w e  s h o u l d  c o n s i d e r  

b o t h  t h e  t e m p o r a l  and s p a t i a l  p e r t u r b a t i o n s  o f  t h e  

e n t i r e  s u r f a c e  e n e r g y  b u d g e t .  Such c l a s s i f i c a t i o n s  a r e  

e s s e n t i a l  i f  we a r e  t o  make informed judgements  on 
. . 

s u b j e c t s  which a r e  d i r e c t l y  o r  i n d i r e c t l y  i n f l u e n c e d  by 

c l i m a t e .  

5 .  SUMNARY AND RECOMMENDATIONS 

P r e v i o u s  1 i t e r a t u r e  is b r i e f l y  r ev i ewed  and 

c h ~ r a c t e r  i i e d  a s .  i n a d e q u a t e  . f o r  the c o n t e m p o r a r y  u s e s  

w h i c h  a r e  b e i n g  made o f  c l i m a t i c  c l a s s i f i c a t i o n s  - 
r , e g i o n a l i z a t i o n s .  A s  a  r e s u l t ,  i t  is s u g g e s t e d  t h a t  

f u r t h e r  work b e  u n d e r t a k e n  which combines  t h e  most 

a p p r o p r i a t e  t e c h n i q u e s  from t h e  f i e l d  o f  n u m e r i c a l  

taxonomy and t h e  p r i n c i p l e s  o f  p h y s i c a l  c l i m a t o l o g y  
. . 

( i . e .  s u r f a c e  - boundary  l a y e r  e n e r g y  a'nd m o i s t u r e  



budge t  c l i m a t o l o g y ' )  i n  o r d e r  t o  * d e f i n e  o b j e c t i v e l y  t h e  
. . 

number and s p a t i a l  e x t e n t  o f  c l i m a t i c  r e g i o n s  i n  t h e  

c o n t e r m i n o u s  u n i t e d  S t a t e s .  U n i v a r i a t e  a n d / o r  s p e c i a l  

.purpose  c 1 a s : s i f  i c a t i o n s  o f  s ' i g n i f  i c a n t  c l i m a t i c  

p a r a m e t e r s  a l s o  need t o  be r i g o r o u s l y  d e r i v e d .  Such 

c l a s s i f i c a t i o n s  s h o u l d  f a c i l i t a t e  b o t h  t h e  d e s i g n e r s  o f  

e n ? r g y  e f f i c i e n t  a n d l o r  s o l a r  d w e l l i n g s  a s  w e l l  a s  

a g e n c i e s  i n v o l v e d  i n  d a t a  c o l l e c t i o n  . TWO p r e l i m i n a r y  

c l a s s i f i c a t i o n s  o f  t h e  c o n t i g u o u s  Un i t ed  S t a t e s  a r e  

p r e s e n t e d  and d e s c r i b e d  and i t  is s u g g e s t e d  t h a t  t h e y  

. r e p r e s e n t  f i r s t  e f f o r t s  i n  t h c  f i e l d .  
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