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MEASUREM,ENTS OF, DIFFUSE SOLAR RADIATION AT BLUE .HILL 
OBSERVATORY 

I. F . .HAND AND F. A~ WoLLASTON 

Sol~r Radiation Field T~sting Unit, Weather Bureau Office, Boston, Mass. 

[Manuscript Received July 3, 1950; Revised Manuscript Received January30, 1951] 

··ABSTRACT 

, . Records of diffuse radhttion,,have been obtaine9. ftt ·Blue Hill Observatory continuously ' 
smce October 28, 1945, by ~eans of a pyrhelio;meter ~quipped with an occulting ring which: 
shades the receiving surface .from the sun but permits practically all of the diffuse tadiation 
to impinge upon the instrument~ The results of the first four years of record are summa~ized 
in tabular and graphical form. The difficulties of obtaining precise measurem~nts and the 
limitations of the instrumental equiprrieht are described .. 

A selected bibliography on diffuse radiation is included. 

INTRODUCTION 

Diffuse radiation is the scattered~soh1r radiation 
received by the earth from the atmosphere. This 

. ·scattering is caused by· the gas molecules, water 
' vapor, dust particles·, and clouds in the atmos­

phere, whichalso acco.unt for'a certain loss~ in the 
incoming solar radil:l,tion by absorption and refiec­
tl.on back to space. 

Landsberg [1] estimates that, for a whole year, 
58 percent of the '• total solar and sky radiation 
received from the sun on the. whole ear:th's.surface 

'.is direct, with the remaining.42 percerit sc~ttered 
· (diffuse) radiation. At Blue Hill Observatory, 

Milton, Mass., 4 years of measured data to be 
presented in this paper show the diffuse .to be. 38 
percent of the· total radiation received on a hori­
zontal surface. Ratios of diffuse to totalradiation 
are dependent up.on the latitude and elevation of 
an observing station ·and vary d~'ily· -With the 
amount of cloudiness and. the amount. of atmos­
pheric pollution. , On ·high ~ountains, as for 
example Mount Evans, Colo., at an· elevation· 
of' 14,259 feet, the diffuse radiation: from cloud-

' less ski~s anwunts · to only 4 to 5 percent of 
the total sol~r and sky radiation received on. a 

.·horizontal·surface at noon i:p:midsummer.1 .Com-

parispn of ·the :Niount' Evans data with the data 
from a station such as Blue. Hill shows that values 
of diffuse radiation during .Cloudless condi.tions 
are much smaller at high .elevations than at sea 
level or at comparatively low altitudes. Cloudi­
ness is the predominate factor in causing daily 
variations in the ratio of .the diffuse to total radi.:. 
ation; the cloudinessitself is dependent upo:Jtl such 
factors as time . of year, time of day,. local oro­
graphy, nearness to large bodies of water, and 'the 
synoptic weathtir situation. Over large industrial 
cities, the diffuse component of the total radiation 
is a· high. perqentage of the total radiation,· even 

'with skies ne~rly free of water vapor, due to the\ 
atmospheric pollution from industries [2]. Such 
pollution is often so severe that the sun may be 
viewed with the naked eye throughout ,the day,· 
and appears as a distorted red disk. Volcanoes 

. [3], dust. storms [4], ~nd forest fires' [5] are other 
occasional causes of increased perc.entages of the 
diffuse component .~f .the total radiation. 

PURPOSE .oF~ THE MEASUREMENTS 

· Knowledge of the distribution of solar radiation 
is essential in the study of the heat balanceofthe 
·a.tmosphere and in nl.any other researches con­
ducted by meteorologists~ Illuminati:ti.g engineers 
and archit~cts who calculate the mmirp.umrequire· 

(l) . 



'"~\ '(~y;:~\<_';~ 

!' 
, . " . I 

'', I I ',• I' ' 
.. ···. · ... · ·.. ·.. .. . .. .· . . . I 

ments: of light. r'eceived on desks, work benches, 
and wails ma:v .plan the dimensions and artange­
ments of their windows with great ac4uracy 
through the use of data of diffuse radiation.! The.·. 

-use oftliese data ~n c~njuncti9n with valuesiof the 
amount of IlluminatiOn from the sky [6, 1 7, 8] 
should avoid the necessi~y of planning w?-11dow 
surfaces 1nany times too large, since, for ex~rnple, 
the amount of diff.use radiation received tltrdugh 
north windows when certain types of clouUs are 
present is often many times that receive4 with 
cloudless skies. The increasing attention I being 
given to the possibility of house-heating bJt solar 
radiation ];las also initiated an interest i!nf the 
·amount of diffuse radiation received, as welj as in 
the total amount of ra<:liation received on v1arious 
vertical and inclined ·surfaces~ Photogra!phers,· 
artists, plarit physiologists, paint manufacturers, · 
and many others arealso :iJlterested in these, data. 

The purpose of this paper is· to present ~he re-:­
sults of measurements of diffuse radiation repeived 
on a :Q.orizontal surface at Blue Hill Ohseryat.ory 
from o.ctober 29, 1945~ through October 2S, j1949.2 

Followmg the summary of thefour year's d,ata, a 
description of the method and equipme1ht for 
measurement' and an investigation of pr4blems 
encountered_ in measurement are briefly pre~ented 

, to aid users of the data in understanding ~imita-
tions in the accuracy of the records. : 

I 
I' 

SUMMARY OF FOUR .YEARS' DA'I'lA 
l 

. .·. I 
·Table 1, .summarizing the measurements[ made 

from Octpber 29, 1945; through October 28,!1949, 
at Blue. Hill Observatory, includes the fol1owing 
data: ' I 

For each. day during the 4-year p'eriod: : 
1. Daily value of diffuse radiation=D i 
2. Daily value of total solar and sky jradia-

ci®=T . 
For each we~k during the 4.;.year period: i 

3. Weekly mean daily value of diffus~ radi-
ation=D= (1£n)'2D 

1 

4. Weekly· mean daily value of tota~ solar 
and sky radiation- T. (1/n)'JJ T I . 

5. Weekly ratio'of diffuse to total solar a~d sky 
radiation= (D(T) ·X 100%. ('2D/'2!T) X 

.100% where the summations in it~ms 3, · 
4, and 5 are overthe n daily value's d.uring 

., the. week (i. e.,< n ' . .7 .or 8).. 



received on a horizontal surface' (expressed in langleys 
(See p. 2 for explanation of computations of means.) 

\ 

<Ill 

1945 1948' 1949 1945-49 

Weekly 

:0 T .f5/'T D T 'D/"T D T B/'T mean 
ratio 

c~'D/~T) 

ly ly ly ly ly % ly ly % % 
Jan .. 1 47 202 103 86 90 26 

2 34 233 42 35 36 66 73 
3 44 209 i7 91 91 55 175 
4 57 197 169 61 62 53 155 
5 63 190 208 70 92 13 13 
6 88 88 176 87 87 33 112 
7 17 17 84 65 68 56 172 

M~ans 50 162 114 61 71 75 95 46 117 39 51 

8 88 172 51 208 76 196 46 185 
9 50 -50 37 245 57 66 76 88 

10 52 197 70 193 76 195 54 63 
11 53 208 84 87 46 238 79 158 
12 32 32 76 189 86 90 96 104 
13 33 211 55 228 21 23 53 210 
14 72 193 41 41 62 87 68 176 

Means 54 152 36 ()9 170 35 61 128 48 68 141 48 41 

15 70 70 81 81 50 258 42 251 
16 37 259 45 45 128 155 67 182 
17 129 129 96 211 50 55 24 29 
18 95 95 59 210 74 ' 130 . 27 36 
19 51 251 84 206 73 257 40 51 
20 117 \ 20 24 24 57 229 41 297 
21 41 21 50 194 36 36 92 116 

Means 77 145 63 139 45 67 160 42 48 137 35 44 

22 107 113 50 255 60 62 256 
23 39 277 95 178 98 111 251 

. 24 148 148 89 150 71 78 34 49 
25 81 154 77 188 133 140 24 32 
26 105 112 109 212 58 281 50 70 
27 96 277 59 63 146 169 84 122 
28 145 209 62 229 51 286 25 27 

Means· 103 184 56 77 182 42 88 161 55 43 60 72 53 

Jan.29 70 290 94 100 138 174 54 286 
30 55 55 49 49 55 296 48 300 
31 27 27 91 230 50 311 19 19 

Feb.1 86 222 41 288 99 232 74 281 
2 '78 204 238. 105 239 46 321 
3 59 295 50 294 63 314 71 297 
4 45 336 84 84 64 64 49 49 

Means 60 204 68 174 39 82 233 35 51 222 23 31 

5 69 303 118 224 154 285 106 .202 
6 49 49 90 230 152 205 124 275 
7 103 195 96 168 80 290 37 40 
8 109 328 69 88 103 281 61 338 
9 83 83 262 56 337 101 269 

10 78 ,318 . 142 229 168 278' 124 188 
11 46 '297 52 317 186 250 96 291 

Means 77 225 34 94 209 45 128 275 47 93 229 41 42 

12 37 338 44 357 Ill 234 79 348 
13 98 98 69 347 14'5 176 122 164 
14 36 36 104 282 77 107 156 209 
15 92 180 109 122 83 367 92 99 
16 126 272. 90 116 146 253 116 116 
17 120 258 150 161 77 192 61 400 
18 81 330 44 358 47 350 61 386 

Means 84 216 87· 248 35 98 240 41 98 246 39 

19 230 39 396 236 103 301 
20 133 ' 108 274 222 102 104 
21 423 108 '108 349 107 343 
22 276 320 54 79 80 
23 43 375 366 350 349 
24 95 95 75. 389 365 80 379 
25 43 389 135 209 113 •. 46 46 

Means 71 283 ' 93 275 34 241. 42 86 209 35 
26 142 142 101 410 109 64. 64 
27 47 47 201 323 306 56 429 
28 183 240 348 39 66 66 

Mai·. 1 66 416 363 149 108 114 
2 136 172 35 35 460 ,. 66 458 
3 71 406 147 156 101 121 429 

.4 91 363 185 302 190 '79 457 
Means 105 255 134 245 55 193 60 80 288 28 

*The tenD. "lang1ey" is used iu place of the niore cumbersome phrase "gram calories per squar~ centimeter." This substitution ·has been recommended 
by a group of officials directly concernedwith the use of this value and the term already has receiv:ed recognition among workers in the study of solar radiation 

and rel.ated fields, ' 
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ly ly 

1_60 307 
112 350 
148 253 
176 270 
111 204 
:60 477 
160 211 
132 297 

~ 

78 465 453 
94 414 457 

101 401 57 
115 115 452 
74 458 474 

174 260 296 
72 486 385 

101 372 '27 -368 

142 490 62 ' '510 
77 472 96 430 

. 72 490 185 334 
67 525 158 430 
68 544 158 491 
72 535 101 101 

': 89 106 172 229 
84 452 133 361 

173 440 340 67.. 558 
78 538 514 87 456 
90 513 474 33 33 

124 504 228 101 183 
236 346 509 63 575 
108 576 598 119 490 
213 412 474 110 509 
146 476 448 83 400 

149 359 
161 174 
174 174 
200 244 
176 287 
221 545 
200 438 
183 317 

118 135 
288 500 
198 352. 
240 469 
218 233 
196 543 
216 226 
211 351 

130 
119 
127:. 
106 
170 

96 
212 
137 



T 'D/'T D D T T 'D/'T D 

----- ------
ly ly ly ' ly % ly ly % ly ly 

Mayl4 312 530 171 230 72 82 186 586 
15 112 112 . 79 759 96 103 218 677 
16 313 359 175 649 326 257 301 592 
17 203 203 201 661 182 29Q 239 623 
18 .124 It, 124 . 84 84 100 164 237 627 
19 235 460 514 184 295 269 579 
20 279 541 230 361 '107 645 46 46 

Means 225 333 157 457 34 138 262 53 214 533 40 46 

21 190 210 164 176 212 .96 787 
'22 163' 777 106 106 66 204 222 

23 78 745 177 276 142 275 478 
24 135 724 154 622 659 " 233 608 
25 185 671 243 . 396 146 695 167 606 
26 228 366 227· 682 292 415 201 623 
27 ', 129 129 130 721 '180 205 37 37 

Means 158 509 ' 31 172 425 172 319 54 173 480 36 39 

28 98 98 251 568 380 ' 324 409 
29 298 391 230 628 667 259 540 
30 189 678 156 4B4 ;573 236 503 
31 220 601 176 649 90 144 769 

June 1 . 135 135 206 652 106 161 712 
2 80 80 327 453 297 146 730 
3 137 683 112 136 555 121 763 

Means 165 381 43 208 510 382 60 199 624 32 42 

June i56 216 99 791 288 547 99 774 
208 387 224 248 578 ' 242 608 

. 162 704AA 263 606 94 105 78 793 
195 533 202 222 . 80 122 191 682 
235 571 45 60 75 86 ;181 728 

255 360 154 150 177 723 
772 168 707 98 100 285 688 

191 482 40 179 457 39 148 334 179 714 25 35 

222 488 228 640 200 222 208 701 
178 274 132 712 '309' 374 207 547 
205. 242 136 746 161 169 151 722 
148 702 245 315 71 74 312 520 
114 720 206 636 170 ' 687 . 207 632 
131 705 255 577 296 447. 154 695 
175 642 177 639 292 526 255 590 
167 539 31 197 609 32 214 356 214 6;30 34 37 

145 145 247 322 185 646 207 572 
81 768. 252 508 176 687 242 508 

136 694 258 508 85 93 228 577 
298 319 126 770 141 707 223 599 

423 92 780 198 694 119 387 
121 714 147 771 344 494 107 775 
163 677 139 161 132 144 197 682 
157 553 28 180 546 33 180 495 189 686 32 

681 237 434 . 210 480 231 577 
560 211 647 154 726 108 764 
630 189 691 243 652 234 . 376 
593 16.0 664 241 299 218 603 
660 230 666 246 552 188 745 
395 170 671 223 537 356 600 
300 241 624 142 642 185 650 

178 238 
198 545 36 205 628 33 204* 516* 217 616 36 

2 203 359 86 727 724 126 707· 
3 111 736 301 675. 710 264 606 
4 137 737 272 496 670 220 f\,97 
5 182 662 258 686 464 149 '7'.15 
6 285 478 283 591 566 230 617 
7 664 203 670 64.2 124 775 
8 130 710 231 271 735 99 'i165 

Means '175 . 614 29 234 588 636 173 687 

210 34 .. 9 172 7.30 
242 546 168 248 
284 408 256 662 
268 517 314 580 
264 622 211' 230 
271' 557 239 655 
231 631 217 243 

51 253 519 225 478 47 



T f5/'T D T f5/'T D T 

ly % ly ly' % ly ly ly 
761 278 399 104 680 424 
746 204 474 214 642 232 

'•igg 250 516 246. 560 498 
170 181 283 472 526 

502 284 338 20~ 611 466 
122 122 293 439 . 254 454 684 

' 198 198' 160 178 . 103 674 398 
120 506 24 234 361 65 200 585 461 

288 321 251 373 191 282 733 
598 96 654 302 573 741 

251 348 568 141 649 138 
155 568 . 198 602 281 499 671 

515' 212 581 198 290 656 
682 227 368 218 383 474 

166 618 188 590 120 659 639 
217 464 47 195 528 37 207 477: 579 

269 444 14.0 639 139 646 191 405 
287 382 242 406 136 615 216 223 

28 28 139 . 699 191 203 266 488 
119 119 120 695 208 489 286 35i 

606 262 572 277 428 193 198 
259 476 175 630 264 316 128 136 
214 428 213 597 274 408 341 449 
196 313 63 184 606 30 213 4!4 48 232 322 

6 228 529 139 654 175 204 341 
7 . 31 31 214 445 190 577 171 577 
8 185 495 249 394 134 640 173 621 
9 145 594 130 161 132 583 168 59.3 

10 200 271' 212 501 140 585 138 620 
11 214 544 519 164 555 205 495 
12 232 354 1.52 625 157 162 119 135 

Means· 176 402 44 183 463 40 156 472 33 164 507 

13 149 1 189 173 576 173 203 144 156 
14 81 81 205 518 206 574 166 '673 
15 211 622 214 497 88 624 220 541 
16 284 375 70 \ 83 153 562 173: 544 
17 286 393 230 289 207 474. 217 606 
18 137 596 226 383 194 516 228 297 
19 54 54 241 475 258 368 167 549 

Means 172 330 52 194 403 48 183 474 39 188 481 

20 232 499 65' 72 377· 141 656 
21 284 446 242 278 540 114 667 
22 238 394 110 586 465 113 '636 
23 62 62 141 554 372 226 514 .. 
24 164 567 116 569 474 204 316 
25 129 585 136 541 469 lbO 616 .I 
26 250 50(\ 132 252 501 149 579' 

Means 194 436 135 408 457 48 150. 569 

27 28 28 134' 356 401 163 532 
28 112 540 201 242 380 209 471 

'29 193 230 178 494 468 13'7' 154 
30 301 366 203 476 413· 254 466 
31 181 536 142 441 116 219 ' .322 

Sept . .I 144 531 91 526 576 201 354 
2 188 380 41 40 423 63 618 

Means 164 373 141 368 420 35 178 417 43 

3 513 544 422 119 531 
4 569 •560 295 106 '568 
5' 445 275 473 191 473 
6 544 326 429 223 435 
7 475 311 496 256 333 
8 191 338 506 253 394 
9 128. 528 456 123 176 

Mean.s 409 412 442 ·36 182 416 44 

10 524 331 
u 476 335 
12 501 464 
13 303 436 
14 130 463 
15 328 494 
16. 271 508 

Means 362 433 



ly ly ly ly 
137 151 342 359 
181 226 433 508 
77 431 436 469 
77 445 423 364 

116 370 417 50 
150 370 419 93 
64 64 93 262 255 

114 294 124 390 25 300 

146 298 55 495 292 47 499 
129 216 182 230 315 80 412 
.53 446 118 404 322 54 473 
55 409 86 412 414 192 287 
50 404' 114 364 223 135 218 
55 396 lfO 392 258 84 431 
51 405 74 392 227 17.5 333 

120 367 33 106 384 28 293 53 110 379 

8 120 293 310 59 59 '1.26 145 
9 130 388 394 70 345 114 116 

10 181 233 '380 100 319 10{) 341 
11 52 397 401 128 131 118. 236 
12 146 175 408 164 204 63 . 392 
13 44 400 330 90 310 68 384 
14 50 384 412 125 133 40 410 

Means 103 324 379 105 214 91 289 

15 91 330 387 101 299 97 117 
16 85 310 368 70 3{)2 39 413 
17 113 • 307 369 82 311 89 356 
18 56 56 252 21 21 152 244 
19 49 389 156 67 359 95 358 
2G 125 288 341 151 82 330 
21 55 359 375 123 149 45 346 

Means 82 291 28 321 24 78 250 86 309 . 28 

22 53 345 388 70 289 73 82 
23 46 338 312 122 123 42 354 
24 88 281 340 3 3 56 67 
25 . 81 302 336 19 19 158 220 
26 120' 143 250 71 74 97 139 
27 110 300 302 58 292 35 362 
28 122 136 102 274 57 270 52 331 

Means· 89 264 34 98 317 31 57 153 73 222 

29 116 194 117 153 67 72 102 262 
30 82 233 112 181 42 44 55 295 
31 106 243 67 231 . 48 52 63 270 

Nov. 1 50 317 72 304 58 94 118 253 
2 132 199 64 64 31 312 48 305 
3 80 208 76 76 100. 235 109 216 
4 9' 9 108 165 59 62 16 16 

Means 82 200 41 88 168 52. 58 124 47 73 231 42 

5 104 208 37 313 94 96 131 
6 44 287 48 296 54 78 80 
7 89 182 74 272 147 49 119 
8 64. 246 45 45 5.7, 51 252 
9 125 158 97 131 236 109 222 

10 37 37 90 208 288 53 ·53 
11 50 .50 40 40 . 183 3.5 266 

Means 72 167 . 43 62 186 33 151 44 .67 160 42 

12 53 53 248 11 98 104 
13 52 52 270 266 26 26 
14 27 27 175 274 69 259 
15 ·84 177 219 257 113 145 
16 69 163 270 174 59 212 
17 107 128 63 262 28 28 

• 18 52 61 202 270 40 236 
Means 64 94 207. 29 216 '62 144 

250 47 205 
220 12 12 
156 71 17.5 

24 46 46 
186 7 7 
172 14 14 
102 12 12 
159 30 67 



ly 
80 
84 

160 
9 

196 
132 
123 

52 112 52 

. 128 204 76 101 
199 181 71 156 
83 197 47 55 

172 201 30 197 
201 205 24 220 
151 164 70 86 
217 140 27 27 
164 185 49 120 

146 
197 
31 

181 
133 
186 
192 

24 152 

220 218 221 
130 227 129 
78 .28 231 
94 65 151 

203 107 132 
18 233 57 

159 226 39 
29 118 13 

116 51 61 153 121 
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'FIGURE L-Annualmarch of the ratio of diffuse radiation to total solar and sky :radiation received ~:q a horizontal surface at Blue Hill Observatory,Milton, 
Mass. The plotted values are weekly means of the ratio1 computed from daily measurements from November 1945 · through October. 1949 by the 
formula ClfD/'Z T) X .100%, where 15. and Tare ~eekly means of the daily values of diffuse and total radiation and the summations are over the four values 
for a given weekly period ~or the 4 years ofrecord. · 

diffuse radiation to total solar and 
sK.y radiation shows a rather steady decrease in 
.the ratios as· the percentage of sunshine· increases. 
(See table 2 and fig. 2.) 

METHOD: OF MEASUREMENT . 

INSTRUMENTAL EQUIPMENT, 

plane ..is in the plane of the apparent path of the 
sun's diurnal march across, the sK.y. The ring is 
moved up or down'.on its two parallel supporting 
pipes, without ·changing the. position of its plane· 
in space., to allow for the seasonal change in declina­
tion of the sun. The angle of the two supporting 
pipes depends vpon the latitude of the station, and, 
once estaBlished, needs no furtJ:ler .adjustment. 
The ring ·is checK.ed at least once daily to make. 
·certain tll.at it is shading properly, although, on 
the average, adjustments are necessary only once 
every 4 or .5 :days. Cl9se to the summer and, 
winter·· solstices, when the. sun's maximum alti.::. 
tude is changing very little from· day to day, 
adjustment is required only .once every 7 or 8 
days; neartbe,spri:o.g a~d fall equinoxes '\\)'hen the 
sun's maximum· altitude shows most daily ch,fmge, 
adjustment. is required at least once every 2 days~ 

The pyrheliometer is mounted at· the center of 
the occulti:rut. ring so that thro"l{ghout ~he year its 
·average ~istance from the ri11g is 20 inches. ·Com:.. 
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12 

88 
4 

100 86 81 
13 7 8 

100 S5 70 
9 7 

bined with the 2-inch diam~ter of the pipe forming 
the occulting ring, this gives 'a· ro to 1 ratio for 
the distance of .the shade from the target to the 
diameter of the shade. This· cqrresponds .to the 
distance/diameter ratio generally used in previous 
diffuse radiation measurements. It is perhaps 
·worth noting. in passing that the same ratio of 10 
to 1 has been adopted as standard in the instru:.. 
tnents used in this country. fo;r measuring direct 
solar radiation at normal incidefi;ce [ 11, 12 J. · 

The receiver employed for these measurements 
is a 50-junction Eppley 180° pyrheliometer of the 
same general type as the 10-junction pyrheliom­
eters [10] used for obtaining meas.urem:ents of 
totaL solar and sky radiation at all stations in t4e 
Weather Blire·au network. A 50-:-junction pyrhe:­
liometer. was chosen· for this. work since quanti ties . 
. of diffuse radiation received are generally small, 
.necessitating a sensitive instn,1.ment. ·Except for 
two short periods during experimenting andstand­

. ardizi1Ig procedures, the same Eppley p.)rrheliom­
.eter (No. 516) bas been ill. continuous service from 
O?tober .1945 to the present time. ·· 
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70 
4 

68 
4 

71 29 
9 9 

73 36 34 
7 7 11 

68 40 34 
13 8 14 

52 58 50 41 31 
4 6 7 16 10 

75 63 ,54 45 32 
8 9 10 13 10 

77 67 57 
2 9 6 

73 58 54 
6 7 10 

55 
7 

54 
5 

45 
9 

52 
84 

A Leeds and Northrup micromax potentiometer 
with b wo scales serves as a recorder. The use of this 
dual scale is necessary owing to the greatrange of 
diffuse radi'lt!ori received with different amounts 
of cloudiness . and the relatively high response of · 

· the pyrheliometer (7 .58 millivolts per langley per 
minute). .The potentiometer has a switching de.;. 
vice whereby the full-scale ·deflection may be .. 
changed .from 3 to 15 millivolts as needed. ·The 
3-millivolt scale is used whenever possible in order . 
to recor'd \he more minute variations of the radi.;. 
ati6n and to make fuller use· of the record paper; 
the .Hi-millivolt scale is used when the trace ap-. 
proaehes the top of the chart. For example, on 
overcast days when all the radiation received is 
diffuse, but with the ·overcast thin enough to 
·transmit a Jarge amount • of radiation, th~ voltage 
generated exceeds 3 millivolts, necessitating a 
change to the .15-millivolt scale. Nearly all the 
measurements have. been obtai:J?-ed on the potenti­
ometer describ(jd' above, except during a few short 
periods when the record was sw.itched to. other. 
potentiometers for comna:~;:ative purposes. 

' , < ,' ,, , ••• 'J . ~-
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PERCENTAGE OF POSSIBLE SUNSHINE 

FIGURE 2.-Ratio of diffuse radiation to total solar and sky radiation received 
on a horizontal surface plotted against percentage of possible sunshine; at 
Blue Hill Observatory, Milton, Mass. The plotted values are means of the 
ratio, COlll.puted from.da.ily measurements from November 1945 through 
October 1949 by the fonnula 1/n 'Z(D/T) X 100%, where the summation is 
over then daily values of.theratio D/ Tin each category of possible sunshine 
dur.ing the .4 years. • , 

EXPOSURE OF EQUIPMENT 

The ideal. exposure for a 180° pyrhe~iometer is 
· unobstructed horizon in all directi~ns, 

to the 

FIGURE 3.-0cculting device for shading the pyrheliometer from directrays 
of the sun. Adjustment is required about every 2 to 10 days, depe11ding 
on season, to allow for the annual march of the sun. · · 

a perfect one. . However, the pyrhelio1neter is 
. shaded fro1n direct solar radiation intentionally, 
so it is felt ·that the radiation lost· through the 
small area of the sky obsc1lred by the miscella:q.e­
ous apparatus makes very little difference in the 
amount of diffuse radiation received by the pyr~ · 
heliometer. Errors in the potentiometer, pyrhe­
liometer, and in the evaluation of, the record 
could . together •. account. for the loss of/a much 
large~ percentage of radiation .·than. the'\ sma!l , 
amouut lost by ·. the imperfect exposure. All 
pieces of the above-mentioned equipment are 
painted a light .. blue gray so that reflected radia· 
tion from it helps compensate for. the radiatio11 
lossfro:m theobstructed portion of the sky .. · 

Pyrheliometers recording. total solar and sk:y 
radiation on a horizontal surface at this station 
are located south of the obstructions. mentioned 
'above and. are ~haded only from a small a:rnount 
of scattered radiation from the .northern half of 
the sky: . They are free at all tinws to receive the 
direct radiation from the sun .and the>scattered 
radiationJrom ·the southern half of the sky, the 

. brighter half. 
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INVESTIGATIONS OF PROBLEMS 
ENCOUNTERED 

COMPARISON. OF RECORDS . ; 

Comparisons of total radiation with d,iffusEJ 
radiation on those pvercast days when position of· · 
sun is not evident should show equal values for 
any chosen time interval, but ~uch comparisons 

· obtain,ed from records at Blue Hill Observatory 
show . considerable differep.ces on. some days. 
Ov:ercast~day·comparisons covering 4 y~ars {1946-
49) show yearly averages, for the ratio diffus~ t() 
total radiation of 90, 88, 96, and 100 percent; 
ratios on individual days for the period range from 
60 to 2·10. percent, while. most of the ratios lie . 

. betwe~n? approximately, 85 and 1~0 perc(3nt .. 
The 60 percent. occurred on May 17, 1948.,· with 
values. of 171.1 ly. for the tot~l and 102.4 ly: fot · 
the diffuse; the 210 percen.t occurred on ,N ovem.­
ber 20, 1948, with. corresponding values. of 12.3 
and 25.8 ly. In all cases, ratios\ considerably 
greater than 100 perCeJ1t tended· to accompany 
low radiation values where small differences appear 
large when expressed as percentages. . 

In order 'to obtain a consistent diffuse radiation 
.record, it was necessary to compare all ho:urly 
values of the. diffuse with the total solar and· slvy 
radiation· reco:rd at the station; and the diffuse 
was reduced to agree with the total wherever' .the 
former w_as ·found to be greater, While.:it is felt 
that .the diffuse. record is probably the .more accu­
rate of the two, the total radiation record has been 

··~in continuous operation at the station for 'a great 
· many years and to commence a correction· at this 
ti~e would interfere with the' consistency of the 
record. Since July 14, 1948, the total solan and 
sky' radiation record has been ohtained from a 
new. pyrheliometer and new potentiometer, .and 
it and the diffuse radiation record have been .in 
considerably better agreement. 



comparisons. 
type of pyrheliometer is consistent in its behavior, 

·its construction introduces some c9mplications 
worthy of mention. There is a· certain amount of 
disagreement ain.ong pyrheliometrists as to . the 
error introduced by such factors as the angle.of the 
solar rays striking the spherical glass covering 
around the receiving surface, the effect of reflec­
tions from the glass, and the fluctuations of the .. · 
temperature ofthe outside air. No attempt has 
b~en made i:ri connection with this stndy to inves­
tigate these factors; but such studies were.made by 
the National· Bureau of Standards [14] and by 
MacDonald· [15]. 

Differences in sensitivity. of. the pyrheliometers 
produce an important effect on the potentiometers 
upon which the measurements are recorded. . In 

·a comparison ;~vhere one pyrheliometer is approxi­
mately five times as sensitive as another, one in­
strument will be recording in· 'the vicinity of five 

·times as high a millivolt value as the other. 
Obviou:sly, 'an error of even. a fraction of a scale 
line,. whether due to the equipment or to the ana- · 

, lyst, will make a much greater percentp,ge error on 
the lesssensitive equipment. · · 

RESPONSE AND ACCURACY. OF 
POTENTIOMETERS 

In a 'comparison of 50-junction and 10-junction 
. pyrheliometers,. all differences are not necessarily 

due to the pyrheliometers themselves, but may· 
. also :be due to the potentiometers upon which they 
· are :recorded. Test~ rp.ade by introducing a 
kJ;J.own potential from. a portable potentiometer 
show that it·req~ires approximately 6.05 millivolt 

. to start most continuously recording potenti­
ometers operating after they have been register­
ing zero :radiation.4 With th~. 50-junction pyrhe­
liometer recording diffuse :radiation, the· 0.05 

millivolt representE? only 0.0066 langley.of ihcom~ 
ing radiation, while with the 10-junctio:n instru.­
ment recor,di.ng total radiation it represents 0.0302 
langley. This initial lag of the potentiometer has 
littl~ effect on the. total langley received in a day, 
but has a considerable effect in any hourly com­
parisons. near. sunrise. 'Some poteptiometers\also 
show a: reluctance to return to zero at sunset, 
maintaining a slightly off-zero,position for an hour 
or more after sunset. The point at which the in.:. 
strument stops in its descent appears to be where 
the incoming radiation falls· below approximately 
0.05 millivolt in voltage intensity .. Under str,ch 
conditions, comparisons during the sunset hour . 
are. of little value: 

Inaccuracy or a difference in the sensitivity of 
the recording potentiometers could be a possible 
explanation for .the lack of agreement ·between 
records, so the recorders· in. use were checked 
against two portable potentiometers and against 
each other. The manufacturer specifies an .ac­
curticy of ±0.06 millivolt for their continuously 
recording potentiometer, and our tests verify this 
figure. It should be pointed out, however, that 
with the small radiation values usually obtained in 
diffuse and overcast-day total radiation measure­
ments, an error of ± 0.06 millivolt can be signifi.:. 
cant, especially if combinedwithother unavoidable 
errors occurring in the recording and analysis of 
the records. 

COMPARISONS. OF EQUIPMENT 



h~~he;r than for 0. A. comparison of· the percent­
age deviation and the percentage of possible 
br!ght sunshine on each of the days covered in the 
two series showed that· the largest percentage 

· devia·tiom; generally occurred with high percent­
ages of cloudiness. Analysis of this difference 
for. a longer period has been impossible at Blue . 
Hill becauseallrecording equipment at the station 
is in constant use and cannot be spared for testing 
purposes without interrupting some record. 

J;n order to dete.rmine what·differences to expect 
Be~ween records made with dissimilar equipment, 
corppitrisons ·were made between: (1) Two 50-
junction pyrheliometers; Nos. 516 and 439, and 
(2) , the 50-jun.ctjon No. 516 and a 10-junction 
pyrheliometer, No. 498. (No. 516 is the pyrheli-
omete~ used to record.diffuse radiation; No. 498 
'is the pyrheliometer used to record total radiation). 
r_rhese tests were made on two clear days, JUly 2 
a'nd 8j 1948, with the ocoulting ring so adjusted 
that the sun shone directly on the receiving surface 
()f the. diffuse pyrheliometer and both instruments 
.were thus recording totaL radiation for the test 
period: .·.Simultaneous readings were obtained 
Jrom bpth records at specified moments and their 
ratfbs were computed. In the fil'st comparison 
(62:r~adings), the ratio of No. 516 to No. 439 was 
lDO>percent; in the second (80 readings), the. ratio 
of. N(). 516 to 498 was. 93 percent. Although 
brief,· the comparisons indicate that there is much 
clos~r agTeeD;lent between records made with 
similar equipment thanwith dissimilar equipment. 

SHADING BY OCCULTING RING 

of the oc~ulting ring 'would be difficult to deter;- . 
mine because of its va-riation with the amount of 
cloudiness; since it is such a smalr'amount under 
any conditions, ·no adjustment of factor has been 
made to compensate for it in the evalua,tion.of tll.e 
record. The frequency of. cases when the diffuse. 
has recorded more radiation than: tJ:!_e total, in spite 
of this excess shading, indicates that other factors· 
often more than compensate for it. Reflections· 
from . the glass cover of· the pyrhelio:Illeter, ,the 
occulting· ring and surrounding objects, .. the 
extra sensitivity of the 50-junction pyrheliomet.er 
recording the. diffuse radiation, the lesser .effect of 
the lag in starting of the potentiometer on .the .. 
record made with the 50-junction pyrheliome.ter, ·· 
and the g:feater accuracy obtainable in the 
analysis of the diffuse record because. of its fewer 
sudden: variations may all have such a compensat-

, ing effect. 
The effect· of incomplete shading on the amount 

of diffuse radiation recorded .varies· in prop()rtiori 
to .the amount of receiving surface of the.pyrheli­
ometer that is exp0sed to direct sunlight~ Trials 
with deliberate' exposure of varying areas of 
receiving surface indicate that i(direct solar radia- · 
tion impinges upon both the black.absorbing, and 
white reflecting rings, (see [13, 16] for descriptio~ 
~f instrument) the recorded radiation intensity 
shows a sudden increase, while if.only the outer 
reflecting ring is . exposed, no effect is noticeable. 
Due . to the difficulty of determining the exact 
percentage of the receiving · su~face exp9sed · to 
di~ect radiation, it .is impracticable to attempt to · 
obtain a quantitative correlation with the increase 
in radi~tion recorded. The fact that such inco:rn.:. 
plete shadirigis seldom obvious on the trace is the 
chief reason why daily checks are made on 'shading 
conditions, \even though the diurnal change in 
solar declination does not n'ecessitate a daily 
change in the.position of the' occulting ring. . 

ACCURACY OF ANALYSIS OF RECORD.S 
""'" 
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Comparisons between the diffuse 
total. on days when the latter shows.great 

.·.·y~t;rl3~tl0n obviously are affected by the difficulty 
of the reduction of the tdtal radiation record~ 

CONCLUSION 

Results of measurements of diffuse radiation 
received on a horizontal surface at Blue Hill 
Observatory from October 29, 1945, through Octo­
ber 28/1949, have been presented. For the 4-year 
period, the diffuse radiation was38 percent .of the 
total solar and· sky radiation received on a hori­
zontaJsurface~ Y ear""to-year percentages showed 
remarkable consistency. The annual march of the 
ratio. of diffuse to total radiation. was irregular but 
showed a tendency to be slightly higher in winter 
thitn i:U summer. As expected·, the ratio of diffuse 
to t.otalrf,tdiatiori, when plotted ag~inst percentage 
of( possible. sunshine, showed a rather steady 
decrease with increasing sunshine, though, with 
only 4 years data, a comp!etely smooth curve 
could not h~ve been obtained; It is hoped that 
the curve may be replotted in the future when 
mor~ data may be incorporated. 

The instrumental. equipment used in obtaining 
the measurements has heen described and the 
problems encountered investigated hriefly. It is 
concluded that the method of measurement of 
diffuse radiation· here described gives results that 
are>o£ equal accpracy with other radiation measure-
ments being made currently. Present-day equip-

. ·ment to .-measure> radiation ·has some important 
limitations, and the effect of the limitations on.the 
radiation measurements made at Blue Hill has . 
heen discussed, along with some limiting factors 
that are· peculiar to the diffuse radiation equip.., 
ment alone~ Various comparisons between dif- · 
ferent records and different equipment led to the 
following tonclusions: 

l. The variability of sky conditions will have 
an effect on all radiation records~with uniform 
f;ky conditions (clear or overcast) yielding a more 
accurate' record than skies with intermittent 
cloudinesf)-,-:-both because of the sensitivity of the 
receiving equipment and because there is. less 
<;liffieulty in the graphical evaluation oLthe record. 

QIU.JcQIUJ.v~~· values tend to be more accurate 
low for tP,e same reasmis-sensitivity of the 

"""1-''-UJ.\.J,LI..U and greaterease in I:ecord evaluation. 
· pyrh(3liometers· .. themselves have.· some 

.~~~·~.u.u<;c,u~'-'.u"' that are iilherent in the design: of the 
the principal limitation being· the 

necessity for enclosing the receiving surface in a 
glass sphere. Each individual pyrheliometer dif­
f~rs from others in its sensitivity and the 50- and 
10-junction pyrheliometers differ, with the 50.­
junction being more· sensitive and more accurate. 

'3. The poten.tiometers may)introduce small 
errors in the record with low radiation values for 
two reasons: the lag in the initial response of the 
potentiometer, and the fact that the specified 
accuracy limit of ±0.06 millivolt might have a 
significant effect on very low values. 

4. The more similar the equipment used in any 
comparison of records, the finer the degree of 
accuracy that will be obtained. The dissimilari­
ties in the equipment used to, obtain the ratios of 

· diffuse to total radiation in this paper are felt to 
be the cause of the. discrepancies shown. 

5. While the angular area of the sky 'cut off by 
the occulting ring is about 5 percent of the total 
area, and .while the actual· percentage of radiation 
cut out may be slightly more, comparisons and 
tests made.· by the ·authors indicate ·that other 
factors (reflections from the glass pyrheliometer 
cover or surrounding objects and the extra sen­
sitivity of the diffuse equipment) almost always 
compensate, and very often over-compensate for 
the loss. 

Because of the number of variables present in 
the procedure of measuring radiation and the 
seemingly impossible task of determining•ho:w the 
variables combine to influence the values at spe­
cific times, particularly for past records, no quan- · 
titative evaluation of possible errors has been 
attempted here, except for the comparisons made 
between the records on totally overcast days. In 
these comparisons the radiation measured was 
identical but the equipment was dissimilar . and 
the daily ratios of diffuse to. total radiation varied 
mostly between 85 and ·110 percel).t, while yearly 
ratios varied between 88 and 100 percent, These 
figures should give a good estimate of the· m~xi­
mum magnitude of discrepancy to be expected in 
the comparisons in this paper and in those made 
under similar conditions. Although the compari- . 
sons were made under fairly uniform sky condi­
tions, it ·is estimated that differences. would be 
approximately the same under. nonuniform sky 
conditions since they are chiefly· of an instru­
mental nature .. Individual days may show con­
siderable deviation, butalong-term average\Vould 
be expected to show a ·high perc~ntage of agree,., 
menL · 



The. r~hitionship. of diffuse radiation to the . 
radiation has been of interest to . 
and physicists for.~nany years, in 

, 'd~terminations of the heat balance of the 
sphere. Ntimerous calculations have been m~de· 
and .a few measurements obtained, but .. most of the 

· latter ·have beeri ·over short periods only. The 
di:ffi6ulties ·of obtaining precise measurements of 
diffuse radiation have made it one of. the least­
investigated subje~ts in radiation studies. Ex­
perimentation wlth equip1nent for such measure­
ments'has lagged far behind similar experimenta­
tion for measurement of direct radiation .and total 
radiation, and there is a need for more wor.k in 
this field. Continu'ous measurements are needed 
~n widely scattered regions in order to obtain a · 
complete picture of thisimpor:tant portion. of our 
incoming radiatio:n. It is to be hoped· that· such 
measurements may be undertaken and that further 
experimentation will be made with' radiation 
·equipment. 
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