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ABSTRACT

Direct beam eolar radiation is presented in graphical
and tabular form for hourly, daily, and yearly values for
seven slopes on each of 16 aspects from the Equator to 60
degrees north in 10-degree increments. Theoretical equations
necessary for the calculations are given. Solar altitude
and azimuth during the day and year are also presented for
the same latitudes.
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INTRODUCTION

Solar energy is by far the most important climatic factor. There are many
situations in which accessible information concerning solar intensity might be used. For
example, it is a significant parameter in ecological problems dealing with silviculture,
entomology, pathology, and fire control. ‘

Optimum use of solar energy requires knowledge of the exact location of the sun
and the magnitude of insolation at any time of the day and year. Tables and graphs have
been prepared which give the sun's location (that is, altitude and azimuth) as a function
of latitude, time of day, and year (Smithsonian Institution 1958, Hutchinson and Cotter
1955), More recently, computer programs have been written which give not only the
sun's location but also direct solar radiation on a horizontal surface (Robertson and
Russelo 1968, Furnival et al. 1969). However, direct solar radiation on a horizontal
surface may not be as useful as radiation on sloping surfaces or vertical walls. = Such
tables have been prepared by Frank and Lee (1966) and Fons et al. (1960). These tables
present either daily solar radiation values or coefficients which have to be multiplied by
direct solar radiation on a horizontal surface for specific aspects, slopes, and latitudes.
Such tables are of limited use because of the range of latitudes and slopes presented and
because additional calculations are required. Therefore, computer programs were modi-
fied and written to calculate direct solar radiation on selected slopes and aspects in
10-degree increments from the Equator to 60 degrees north., These results are pre-
sented in tabular form and as graphical plots of hourly and daily values.

THEORY

Theoretical derivation of the necessary equations has been given by Byram and
Jemison (1943), Fons et al. (1960), and Frank and Lee (1966), among others. These
equations are presented here for completeness. A sample surface is located in the
Northern Hemisphere as shown in figure 1. The sun is directly overhead at point p on
meridian 7q with a declination §. The sample surface is located at latitude ¢, point 7y
on meridian mq which has an hour angle # from the meridian Ig. The surface cfgi
has a slope o from the horizontal jo, a deviation of 6 from the vertical ¢d, and an
aspect g from the north no.

The sun's rays are striking the surface at r with an altitude angle Sok, called
4, from the horizontal. The altitude 4 is given by:

sin 4 =sin ¢ sin § + cos ¢ cos § cos 4 ;
and the azimuth 4Z from the nbrth, where 42 = Z + 90 degrees, is given by: -
sin AZ = - cos § sin % /cos 4.
The solar intensity I on the surface cfg: is:
I =1 pl/sind g g
where
sin g = sin 4 cos a - cos 4 sin a sin (Z-p).



I, is the radiation at the top of the atmosphere on a surface normal to the sun's
rays and p is the atmospheric transmission coefficient.

A computer program, written by Furnival et al. (1969), calculated direct solar
radiation at the top of the atmosphere on a surface parallel to the earth's surface. This
program was modified to calculate direct solar radiation at the earth's surface on any
slope and aspect, at latitudes from 0 to 60 degrees north, with any atmospheric trans-
mission coefficient. ;

RESULTS AND DISCUSSION

Hourly solar radiation was computed for: slopes in 15-degree increments rang-
ing from level to a vertical wall; 16 aspects, in 22-1/2-degree increments; 20 selected
days of the year; latitudes, in 10-degree increments, from 0 to 60 degrees north; and
atmospheric transmission coefficient of 0.9. The possible combinations are detailed in
table 1. Other options may have been desirable but were too costly. At latitudes greater
than 60 degrees, where the sun does not set on certain days, the computations become
more difficult and so were omitted.

The atmospheric coefficient of 0.9 was selected because it was representative
of conditions on the top of a mountain, about 1,500 m., on a clear day. Other values
would be useful for some areas where atmospheric pollution is severe. List (Smithsonian
Institution 1958) presents seasonal totals of direct solar radiation with different atmos~
pheric coefficients at many latitudes. These values may be useful for comparison.

The hourly computations for the selected days are displayed in four ways as: (1)
isograms of radiation drawn on graphs of time versus slope for specific days, aspects,
and latitudes, (2) daily totals in tabular form for specific days, aspects, and latitudes,

(3) isograms of daily totals versus days for specific latitudes, and (4) annual totals in
tabular form for specific slopes, aspects, and latitudes. The details of display are dis-
cussed in the following section,

The computed values apply only to surfaces on level terrain where sunrise and
sunset are not restricted by topographic features. Many applications of the radiation
values are in city or mountainous areas which have limited day length, Other computer
programs can be utilized for these special applications._l./ Knowledge of the solar
altitude and azimuth as a function of the time of day and day of year is required to com-
pute solar radiation for these areas. List (Smithsonian Institution 1958) presents, in
convenient graphical form, solar azimuths and elevations for the same days and latitudes
as listed in table 1. For completeness, the graphs are duplicated here (figs. 51—57)._2.

1/ Ross Lake Solar Program, Forest Meteorology, College of Forest Resources,
University of Washington.

2/ Courtesy of the Smithsonian Institution Press, Washington, D.C.



EXPLANATION OF FIGURES AND TABLES

Isograms of direct solar radiation (hourly values drawn for every 10 and labeled
for every 20 cal. cm. '2) were drawn on graphs of time (hours) versus slope (degrees)
for each of the nine aspects and each of the 8 days at the seven latitudes. For conven-
ience, all of the graphs for a specific day and latitude have been reduced and displayed
together (figs. 2-36). Some subfigures are labeled double because the east and west
aspects are mirror images with respect to solar radiation. The degree of slope is denoted
across the bottom of each graph. The reader should note that:

(1) the left axis radiation values (zero slope) for each graph for a given day are
the same for the same hours of each day,

(2) the south-facing walls (right axis of subfigure south) are in sunlight when the
north-facing walls (right axis of subfigure north) are not,

(3) the east-facing slopes are in sunlight while the comparable west-facing slopes
are not,

(4) the hours of daylight decrease from summer (fig. 21) to winter (fig. 17), and

(5) the degree. of slope receiving the most radiation increases from summer to
winter as the sun's altitude decreases.

The second method of presentation of the radiation data is in tabular form. The
hourly values were accumulated to form daily totals., These are presented in tables 2-8
as a function of degree of slope and aspect for each of the 20 days and for each latitude.
(See table 1 for days of equal value.)

The daily totals of solar radiation for selected.north-, east-, and south-facing
slopes were plotted versus day of the year (figs. 37-50). There are two graphs for each
latitude, one containing the isograms for level, north 30-, north 60-, north 90-, and
east 30-degree slopes, and the other containing isograms for east 60~, east 90-, south
30-, south 60-, and south 90-degree slopes. These graphs can be used for quick com-
parison of various slopes and aspects; it should be noted that the values for the east and
west slopes are equal. The latter half of the year can be assumed to be symmetrical
to the first half.

Annual values of solar radiation for each slope and aspect are given in tables
9-15. Small errors exist in these totals because it was assumed that the period from
December 22 to June 22 was identical to the period from June 22 to December 22. This
error is small compared with variations in atmospheric transmission coefficients and in
determining the slope and aspect of a particular surface.

Solar altitude and azimuth for the seven latitudes are given in figures 51-57
The user should refer to table 1 for the approximate date of the various declinations.
For example, the declination of -5 degrees occurs on March 8 and October 6. Figure 51
shows the solar azimuth at 10:00 a. m. on either of the above dates to be 100 degrees and
the elevation to be 60 degrees above the horizon. Intermediate latitudes can be linearly
interpolated. '
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Table 1.--Input data from which hourly values, daily and yearly totals
of direct solar radiation were computed using the atmospheric
transmission coefficient of 0.9

Approximate date Declination Latitude Slope Aspect
-------- Degreggeee—eeee-

December 22 -23°27" 0 0 N
Jan. 21-Nov. 22 -20° 10 15 NNE-NNW
Feb. 9-Nov. 3 -15° 20 30 NE-NW
Feb. 23-0Oct. 20 -10° 30 45 ENE-WNW
Mar. 8-Oct. 6 -5° 40 60 E-W
Mar. 21-Sept. 23 0° 50 75 ESE-WSW
Apr. 3-Sept. 10 +5° 60 90 SE-SW
Apr. 16-Aug. 28 +10° - -- SSE-SSW
May 1-Aug. 12 ~ +15° -- -- S
May 21-July 24 +20° -- -- --
June 22 +23°27" -- - --




Table 2.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at O degrees north latitude

LATITUDE 0 OEGREES NORTH, DEC. 22

SLOPE
(DEGREES)

15

45

60

75

90

LATITUDE

SLOPE
(DEGREES)

15

30

45

60

75

98

LATITUDE

SLOPE
(BEGREES)

15

30

45

60

75

90

714

574

406

. 216

uh

NNE
NNMW

714
587
429
283
111

15

0 DEGREES

N

73
609
449
262

81

NKE
NNW

733

619

470

307

153

40

0 DEGREES

754

652

508

335

147

NNE
NNKW

75%

660

527

214

85

20

NE
Nb

716

614

491

242

147

81

ENE
LLL]

T1h

652

567

471

372

280

19¢

ASPECT
E
L]

714

695

646

576

490

397

302

NORTH, JAN., 23

NE
NN

733

6&k

527

400

276

17€

101

ENE
¥Nu

733

677

595

soe

399

302

216

ASPECT
E
L]

733

715

664

592

505

409

311

NORTH, FEBe 9
ASPECTY
E ESE

NE
N§

754

680

574

452

328

217

134

ENE
HNN

754

706

€29

536

435

334

241

754

738

683

809

520

421

321

ESE
WSH

714

736

716

662

581

479

368

ESE
wSH

733

750

726

664

579

#75

363

HSH

754

761

727

661

569

463

353

SW
714
770
779
735
650
531

395

SE
SW

733
779
776
722
638
508

373

SE
Sk

754
782
764
698
595

470

‘SSE

SSH

Tih

795

823

79%

711

580

509

SSE
SSHW

733

813

770

674

533

359

SSE
SSW

754

798

788

724

614

744

804

840

818

761

613

443

733

828

791

700

$81

385

754

804

79%

740

€31

478

293

(cal. em™2 day'])‘

LATITUOE

SLOPE
(DESREES)

0
15
36
45
60
75

L-11]

LATITUOE

SLOPE
(DEGREES)

15

30

45

75

90

0 DEGREES NORTH, FEBe 23
-ASPECT

N

766
€87
562
402
217

35

MNE
NNW

766

€92

578

433

275

134

46

0 DEGREES

N

771

717

€14

469

294

102

NNE
NNW

771

719

€24

491

338

188

81

LATITUDE O DEGREES

SLOPE
(DEGREES)

15

30

45

60

75

90

769

741

€63

539

379

193

NKE
NNW

769

741

667

549

404

259

123

NE
NW

766

707

612

h9€

374

258

1863

NORTH,

NE
NK

771

729

646

538

W17

299

195

NORTH, MAR. 21
ASPECT

769

Thh

676

57¢

461

339

230

ENE
WNK

T7€€

726

€55

565

L1-0)

361

263

ENE
WNH

771

740

€76

590

499

385

284

ENE
HNW

769

748

€91

610

512

407

303

E
L

766

T46

694

620

529

429

327

MAR. 8

ASPE
E
L]

771

699

624

533

432

330

769

749

697

622

531

431

329

ESE
WSH

768

764

723

651

557

450

3h1

cT
ESE
HSH

71

760

712

635

539

432

325

ESE
WSH

769

749

693

612

514

409

365

SK

766

778

Thb

668

559

433

307

SE
SH

771

766

T1€

630

516

391

271

SE
Su

763

746

680

584

467

344

235

SSE
Ssk

766

757

677

551

394

23%

SSE
SSu

71

770

718

621

484

326

179

SSE
SSH

769

Thi

672

556

412

257

128

766

792

764

685

558

396

202

771

772

721

478

302

197

769

Thi

€47

389

204



Table 2.--Daily values of direct solar radiation computed for selected slopes, aspects, and days

at O degrees north latitud e--CONTINUED
(cal. em=2 day™")

LATITUOE 0 DESREES NORTH, APR, 3 LATITUDE O DEGREES NORTH, MAY 21
ASPECT ASPECT
SLOPE N KNE  NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE s
(DEGREES) NNH NN NNN L] WSH SH SSHM (DESREES) NNW NW  WNN L] WSW SW SSH

0 789 759 759 759 759 759 759 759 759 0 692 692 692 692 692 692 692 €92 €92
15 758 756 753 748 740 73¢C 720 711 709 15 763 756 735 708 674 639 607 584 574
30 704 783 701 699 689 668 640 620 610 30 782 768 733 683 627 561 497 443 423
45 603 604 615 623 645 583 534 490 470 45 747 728 682 627 559 471 376 289 246
60 461 669 503 528 525 485 416 340 299 60 662 638 5986 Sh7 A76 378 255 163 75
75 287 314 380 423 #26 382 299 192 110 75 §32 505 480 449 386 285 165 37 [}
90 9% 171 263 318 325 282 196 84 0 a0 365 340 353 343 29u 203 94 2 0
LATITUDE O DESREES NORTH, APRs 16 LATITUDE © DESREES NORTH, JUNe 22

ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE L] NNE NE ENE E ESE SE SSE S
(DEGREES) KNW  NK  WNMW L] WSW  SW SSM (DEGREES) NNW NN NNK ¥ HWSH SH SSW

0 Thh The 744 Tuu 74& T4 Tihh 744 744 [} 668 668 668 668 668 €68 668 668 668
15 767 763 754 742 725 706 689 675 670 15 753 745 722 690 €5t 611 575 549 538
30 737 730 719 704 675 638 598 566 S5S1 30 786 771 729 670 605 531 460 402 380
45 858 551 BAN 630 602 551 486 427 397 45 766 Thh 668 620 539 441 338 247 203
60 §33 527 538 539 514 453 367 274 219 60 694 666 609 Shk 59 348 227 104 41
75 372 375 446 435 417 353 255 136 39 75 S7h 543 4S7 A9 372 262 138 14 L}
90 186 220 294 329 318 258 162 48 [ 90 415 383 370 345 283 186 76 0 0

LATITUDE 0 ODEGREES NORTH, MAY 1

ASPECT
OFSREES) ' hmk Ww e % ok o Sk
0 722 722 722 722 722 722 722 122 722
15 769 763 748 728 703 676 651 632 625
30 764 753 730 696 654 603 550 506 488
45 706 692 667 632 583 514 433 358 323
60 601 585 568 S4& 498 417 315 207 143
75 455 439 449 443 403 321 208 83 [
90 277 277 325 337 307 231 12¢ 26 ]



Table 3.--Daily values of direct solar radiation.computed for selected slopes, aspects, and days
at 10 degrees north latitude

(Cal. cn? day™ 1)

LATITUDE 10 DEGREES NORTH, DEC. 22 LATITUDE 10 CEGREES NORTH, FEB. 23
ASPECT ASPECT
SLOPE N NNE NE  ENE E ESE SE SSE s SLOPE N NNE NE  ENE 3 ESE SE SSE s
{DEGREES) NNW KW WNW L] WSH SW SSW (OFGREES) NNNW NW WNW L WSH SW SSHW
0 609 609 609 609 609 609 609 609 609 L} 712 742 712 712 712 712 712 712 712
15 456 466 496 540 6591 642 684 712 723 15 603 €12 633 662 6% 725 789 765 772
30 273 304 370 457 549 637 T13 767 787 30 455 474 525 586 €47 699 739 767 779
45 9 147 253 372 491 598 €4 770 798 L5 279 318 405 496 579 641 6387 718 733
€0 0 31 154 290 420 535 635 720 754 €0 91 170 288 402 497 558 %96 621 637
75 ] 0 89 217 342 450 537 621 659 75 0 64 194 311 406 459 479 483 498
90 0 0 48 153 262 352 415 479 519 90 0 22 122 228 312 352 352 322 325
LATITUDE 10 DEGRSES NORTH, JAN., 21 LATITUOE 19 DEGREES NORTH, MAR, 8
ASPECT . ASPECT :
SLOPE N NNE NE ENE E ESE SE SSE § SLOPE N NNE NE  ENE 3 ESE SE SSE S
(DEGREES) NNn NW WKW L} HSw  SW  SSW (DEGREFS) NNW NW WNW L] WSH SH  SSW
0 641 641 641 641 B41 641 E41 641 641 0 737 737 737 T3T 737 737 737 137 71X
15 %97 £08 536 577 623 669 707 733 73 15 650 €56 673 695 718 740 757 768 773
30 322 350 412 493 580 660 727 775 794 30 519 535 574 623 670 706 732 749 756
45 138 189 292 406 519 616 700 765 790 45 354 387 458 535 600 b42 667 681 688
€0 0 61 190 321 445 S47 632 702 733 60 167 232 340 439 514 554 568 566 573
75 0 5 1164 243 363 458 529 592 627 75 0 109 235 343 420 451 448 422 H19
90 0 0 €6 174 278 357 W04 L41 477 99 0 b4 154 252 322 343 322 263 2%;7
LATITUODF 10 DEGREES NORTH, FEB. 9 LAYITUDE 10 DEGREES NORTH, MAR. 21
ASPECT ASPECT
SLOPE N NNE NE ENE £ ESE SE SSE s SLOPE N NNE NE ENF E ESE SE SSE S
(DEGREES) NNW NW WNNW L] HSW SW SSH (DEGREES) NNW NN WNW L} nSsH SW SSw
] 671 6581 561 661 681 6581 681 681 681 L} 756 756 756 756 756 756 756 756 756
15 553 564 589 624 663 702 733 754 762 15 694 697 708 722 737 749 758 763 766
30 392 415 472 Su44 618 684 738 776 792 30 585 595 620 656 687 707 716 722 724
45 205 2%56 349 45k 553 633 698 746 767 45 436 456 510 570 614 635 638 633 633
€0 33 114 241 364 475 557 €17 665 690 €0 257 202 391 473 £26 543 532 507 498
75 0 30 4154 279 388 462 507 539 566 75 61 162 279 373 429 438 &9 356 330
an 0 7 93 203 298 358 379 380 4OM 90 i} 74 186 277 329 330 235 203 139

10



Table 3.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 10 degrees north latitude -conTivUED

(cal. em 2 day™1)

LATITUDE 10 DEGREES NORTH, APR. 3 LATITUTFE 10 DEGRZES NORTH, MAY 21
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE ° S sLopPe N NNE NE ENT  E EFSE  SE SSE S
(DFGREES) NNH NN WNW W WSW SW SSW (DEGREFS) NNW  NW MWNW W WSW SW SSW

0 767 767 767 7€7 767 767 767 767 T€7 ] 769 759 759 759 759 759 753 759 7SQ
15 731 732 736 742 748 751 751 750 751 15 708 793 779 759 737 743 690 672 667
30 645 €48 662 682 696 693 632 688 684 30 783 774 750 719 €63 638 590 551 531
45 515 524 SE9 99 622 622 €03 579 570 45 715 701 674 B47 607 545 471 403 370
60 350 372 439 501 532 525 489 443 417 60 5a8 581 566 552 515 443 37 246 190
75 161 221 323 398 432 419 365 289 238 75 4.0 422 440 445 414 339 230 106 27
a0 10 111 220 298 330 313 A7 147 49 90 2t2 252 314 337 313 241 136 19 0
LATITUDE 10 DEGREES NORTH, APR. 16 LATITUDE 10 DEGREES NORTH, JUN. 22

ASPECT ASPECT .
SLOPE N NNE NE ENE E ESE  SE SSE S sLoPE N NNE NE ENE E ESE SE SSE S
(DEGREES) NNW  NW WNW W HSW  SH SSW (DFGREES) NMN  NH WNW K NSW SW SSW

0 771774 ?7TA7TY TTL YL WL 7174 M 0 707 76T 747 T6T Ta7  T4?T 4T 74T 747
15 7€0 753 756 755 751 745 738 731 730 15 802 796 778 752 725 695 €68 647 641
30 697 634 698 701 698 686 €64 649 639 30 802 790 758 718 671 617 560 515 494
45 586 586 603 620 623 602 563 525 505 45 768 731 692 650 595 522 438 361 325
60 435 441 485 523 531 503 444 378 342 €0 643 622 588 557 504 419 A3 203 147
75 255 281 381 418 431 397 322 227 156 75 493 470 460 450 404 317 199 70 4
90 57 152 252 314 328 292 22 99 0 90 311 289 333 341 304 222 113 2 0

LATITUDE 10 DEGREES NORTH, MAY 1

ASPECT
sLoPE N NNE NE  ENE € ESE SE SSE S
(DFGREES) NNHW NH WNW W WSW SW SsSH

0 759 T7€9 TEI 769 769 763 79 763 769
15 783 780 771 761 748 733 718 705 702
30 73 737 727 713 694 665 630 603 588
45 653 €45 642 636 €18 577 519 467 439
6N F19 511 523 540 526 476 397 314 264
75 349 348 402 636 425 370 278 1464 85
a0 1%5 198 283 328 323 268 173 55 0
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Table 4.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 20 degrees north latitude
(cal. cm~2 day~1)
LATITUDE 20 DEGREES NORTH, DEC, 22 LATITUGE 20 DEGREES NORTH, FFB, 23
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SF SSE S
(DEGREES) NNW  NW WNN W WSM  SW SSK (DEGREFS) NNW  NW WNW W WSW SW SSW
[} 492 492 492 492 692 492 492 492 492 ] 634 634 63t 634 636 634 3% 634 634
15 327 339 374 423 478 533 581 613 624 15 501 511 537 574 617 658 €93 715 724
30 150 182 255 348 447 S45 €30 692 714 30 336 360 420 496 576 649 706 748 T4
45 5 51 156 278 403 528 639 724 755 45 150 205 305 415 519 608 679 731 752
60 ] 0 87 215 351 484K €07 706 744 60 0 82 208 335 450 540 €10 664 689
75 0 0 49 162 293 420 S35 641 683 75 0 25 136 264 372 456 512 551 579
90 [} 0 28 118 230 338 435 531 575 90 0 10 88 193 289 357 392 407 430
LATITUDE 20 DEGREES NORTH, JAN. 21 LATITUDE 20 DEGREFS NORTH, MAR. 8
ASPECT ASPECT
SLOPE N NNE ME  ENF £ ESE SE SSE £3 SLOPE N NNE NE ENE £ ESE SE SSE s
(DEGREES) NNW NW WNW W WSW SN SSW (DEGREES) NNW NW WNN W WSH  SW SSW
[} 533 533 533 533 533 533 533 533 533 0 677 €77 677 677 677 677 €7 677 677
15 374 385 417 464 516 569 614 645 656 15 562 571 593 625 660 694 722 739 746
30 19% 226 298 387 481 575 654 743 734 30 408 423 483 550 618 677 721 753 Tek
45 29 85 190 342 433 S50 653 732 761 45 229 274 365 465 557 628 681 716 730
60 0 8 115 244 376 499 611 702 737 60 40 136 262 380 483 554 601 630 647
75 o 0 €5 185 311 429 531 623 6€3 75 0 B5 478 299 399 462 493 506 519
90 o o 37 134 243 342 422 502 Suk 98 [] 25 148 223 311 360 369 354 356
LATITUDE 20 OEGREES NORTHs FEB. 9 LATITUDE 20 DEGREES NORTH, MAR. 21
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE FE ESE SE SSE S
(DEGREES) NNW NN WNW W NSW  SW SSW (DEGREES) NNW NW WNW W WSH  SW SSW
] 587 587 587 587 587 587 587 587 587 o 716 746 716 716 716 746 716 716 716
15 44l 451 479 520 568 616 €57 684 694 15 623 €28 647 672 699 724 743 756 761
30 265 294 359 442 529 613 €82 734k 753 30 487 502 545 600 653 697 726 747 TSk
w5 84 163 247 363 475 579 €7 734 761 45 317 350 #29 514 588 640 672 688 695
60 0 39 158 288 411 518 610 685 716 60 127 200 315 423 508 558 581 585 589
75 0 6 98 220 338 440 520 588 624 75 0 95 224 334 419 459 U466 443 443
90 0 0 59 153 262 346 405 451 488 90 0 47 151 250 325 353 340 294 2€7
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Table 4.--Daily values of ‘direct solar radiation computed for selected slopes, aspects, and days
at 20 degrees north latitude --conTinuED
(Cal. cm~2 day-1)

LATITUDE 20 DEGREES NORTH, APR. 3 LATITUDE 20 DEGREFS NORTH, MAY 21
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S sLoes N NNE NE ENE E ESE SE SSE S
(DEGREES) NNW  NW WNN W NSW  SW  SSK (DEGREES) NNW nw WNW W WSW SW SSW

[ 748 748 748 748 748 748 748 748 748 ) 800 8u0 800 800 800 800 800 800 800
15 679 682 693 711 729 745 757 764 T€7 15 804 802 795 785 774 762 750 743 741
30 562 571 600 643 681 708 722 731 734 30 754 749 738 729 715 693 665 643 631
45 408 426 488 557 611 641 653 652 650 45 652 646 639 642 634 602 555 509 463
60 226 270 371 462 526 553 52 534 522 60 506 498 517 540 536 497 428 353 311
75 28 143 266 366 431 449 431 387 359 75 326 321 386 431 431 385 300 198 132
99 & 75 184 275 333 340 305 233 175 90 123 181 273 323 324 276 185 67 L]
LATITUDE 20 DEGREES NORTH, .QPR;S::CT ‘ LATITUDE 20 DEGREES NORTH, lesgém
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE €

(DEGREES) NNW NN WNN W WSH  SW SSW (DEGREES) NNW NN WNW W WSW  SH SSH

0 772 772 7?2 772 712 772 M2 7172 772 0 0D 800 800 800 800 800 800 800 800
15 726 728 732 741 751 758 762 764 766 15 824 818 807 792 774 756 739 729 725
30 631 €33 651 677 699 710 741 709 7907 30 786 779 759 740 71k 682 645 616 €01
45 492 500 541 591 €25 636 627 610 690 45 698 €88 668 656 631 586 527 472 4bi
60 320 340 420 493 536 541 517 479 453 60 562 549 544 551 532 478 37 313 264
75 126 195 307 392 437 434 32 327 282 75 387 373 443 448 #26 366 271 157 90
990 21 104 213 295 335 3264 267 174 97 - 90 186 209 291 330 318 259 159 37 (i

LATITUQE 20 DEGREES NORTH, MAY 1

ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S
(DEGREES) NNH  ° NW WNW L] WSH-  SW SSW

4 790 790 790 790 790 790 790 790 790

15 769 768 767 766 766 764 759 757 757
30 695 €94 698 705 711 705 €92 680 672
45 574 573 593 619 633 622 %95 561 542
60 414 416 €9 519 539 5-22 476 418 385
75 226 253 348 414 436 412 37 261 201
ae 56 140 242 311 332 302 226 119 34
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Table 5.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 30 degrees north latitude
(€al. em=2 day-1)

LATITUDE 30 OESREES NORTH, DEC. 22 LATITUDE 30 DEGREES NORTH, FEB. 23
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE  SE SSE S
(DEGREES) NNW- NW WNK. W NSW SHW SSK (DESREES) NNH NN WNW W WSW  SW SSW
0 362 362 362 362 362 362 362 362 362 0 536 536 536 536 536 536 536 536 536
15 198 212 247 297 355 411 459 492 504 15 386 396 425 470 519 569 612 640 650
30 41 73 146 236 338 436 525 589 612 30 209 239 309 396 4B6 574 645 701 720
45 0 0 77 188 314 441 558 645 677 45 3% 100 206 326 442 552 6h4 713 Tkl
68 0 B 41 145 280 418 552 658 697 60 0 26 135 262 388 502 599 677 711
75 0 0 24 116 241 378 509 625 669 75 . 0 7 87 205 326 435 524 595 632
90 ] 8 16 87 197 316 437 550 596 a0 0 2 57 154 258 349 418 478 511
LATITUDE 30 DESREES NORTH, JAN, 21 LATITUDE 30 DEGREES NORTH, MAR. 8
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE S
(DEGREES) NNW NM WNW W WSH SW SSH (DEGREES) NNW NN KNW W NSH SH SSW
0 410 K10 410 &20 410 41U 410 410 410 0 594 594 594 594 594 594 594 594 59
15 2kt 259 295 345 402 456 504 S37 549 15 455 466 494 534 579 623 660 683 692
30 76 114 187 279 381 479 565 628 650 30 287 313 377 460 Sk 622 682 727 743
45 0 13 107 225 352 478 590 675 707 45 100 164 272 387 496 593 669 722 743
60 [} 0 63 180 313 448 576 677 716 60 0 64 187 318 437 535 612 857 693
75 6 39 140 269 401 528 632 675 75 8 27 130 253 368 460 526 569 595
90 0 0 25 107 218 333 442 544 589 90 0 14 90 193 292 368 413 437 457
LATITUDE 30 DEGREES NORTH, FEB., S LATITUDE 30 DEGREES NORTH, MAR. 21
ASPECT : ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE S
(DESREES) NNH  NH WNW W WSW SH SSH (DEGREES) NNW  NW WNW W WSW SN SSH
[ 478 478 478 478 478 LT 478 478 478 0 651 651 651 651 651 651 651 651 651
15 317 328 363 411 465 517 564 595 606 15 530 538 563 598 636 673 702 721 728
30 141 175 249 341 439 532 611 672 693 30 373 393 452 524 598 663 740 T4t 756
45 0 52 158 277 402 521 624 792 732 45 190 238 338 446 545 624 681 718 731
60 0 6 97 222 354 481 534 685 722 60 9 115 245 370 W78 558 512 62 657
75 0 0 63 174 301 423 531 621 662 75 0 56 174 297 402 473 513 530 538
ag [} 0 39 132 242 345 &34 515 558 LT ¢ 31 123 228 318 375 394 385 363
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Table 5.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 30 degrees north latitude -ConTINUED
(cal. cm~2 day-1)

LATITUDE 30 DEGREES NORTH, APR, 3 LATITUDE 30 DEGREES NORTH, MAY 21
ASPECY ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE. NE ENE E ESE SE SSE S
(DEGREES) NNW N NNH W WSW SH SSW (DEGREES) NNW NN NNW W WSN  SH SSH
a 703 703 703 703 703 703 703 703 703 a 816 816 6816 816 816 816 4815 816 816
15 602 608 627 655 686 714 735 750 756 15 789 789 798 792 793 793 792 791 789
30 461 475 S21 E83 643 €92 727 749 757 30 709 709 712 726 736 736 729 716 711
45 287 318 405 499 582 642 661 701 707 45 579 579 599 635 €58 655 634 602 585
80 95 17& 300 &1% 508 56€ 598 606 608 60 411 411 471 535 565 554 516 460 429
75 5 81 217 333 423 473 487 479 468 75 214 246 354 430 461 641 384 301 249
90 1 53 152 255 332 368 361 327 297 90 79 1w7 254 327 353 326 252 1ak 76
LATITUDE 30 DEGREES NORTH, APR. 16 : LATITUOE 30 DESREES NORTH, JUNe 22
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE. SE SSE S SLOPE N NNE NE ENE € ESE SE SSE S
(DEGREES) NN¥ NN WNW W NSW SW SSK (DEGREES) NNN  NW WN¥ W WSH SN SSW
] 746 746 TAE T T4 T4b T4E 746 746 (1 833 833 833 833 833 833 833 833 833
15 667 671 683 702 725 745 759 770 774 15 825 823 819 816 810 804k 796 790 786
30 542 550 583 €31 677 711 733 746 750 3¢ 760 757 753 755 751 739 722 700 692
45 381 397 465 5&4 609 €50 671 675 674 45 64t 640 643 664 671 652 617 573 551
60 193 238 350 452 527 565 575 565 553 60 483 478 513 560 574 547 492 422 387
75 32 130 256 360 435 463 456 422 398 75 290 292 389 452 468 K32 357 258 206
90 11 75 181 273 338 353 325 267 219 90 119 179 280 345 358 316 226 108 42

LATITUDE 30 DEGREES NORTH, MAY 1

ASPECY
SLOPE N KNE NE ENE E ESE SE SSE S
(DEGREES) NNB NN WNN L] HSW SW SsM

0 783 783 783 783 783 783 783 783 783
15 727 730 736 746 758 769 777 783 786
30 622 626 ©b6k4 6T& TO04 723 732 73&4 735
45 474 480 525 S84 530 650 653 642 633
60 294 310 403 486 540 556 545 515 492
75 94 176 294 386 L4l 647 419 364 325
90 31 103 208 291 338 334 288 207 143
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Table 6.--Daily values of direct solar radiation computed for selected slopes, aspects, and days

at 40 degrees north latitude .
(Cal. em=2 day-1)

LATITUDE 40 DEGREES NORTH, DEC. 22 LATITUOE 40 OEGREES NORTH, FEB. 23
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE £ £ESE SE SSE S
(DEGREES) NNN  NW MNW  ®  WSN  SH SSH (DEGREES) NNW  NW WNW W WSW  SW SSH
[} 229 229 229 229 229 229 29 229 229 0 423 423 423 423 423 423 423 423 423
15 82 96 128 173 223 275 321 351 382 15 261 273 309 358 413 466 543 545 556
30 ] 2 5S4 127 214 306 390 449 470 30 86 124 202 295 395 488 570 629 651
45 0 0 21 98 203 320 433 517 546 45 0 30 126 244 369 489 593 671 702
60 0 0 9 78 188 316 &7  S43 584 60 ] 6 85 203 33k 462 576 €68 705
75 [] [ 5 63 163 295 430 543 583 75 0 2 60 163 290 416 528 618 660
90 [] 0 3 46 138 253 3/6 501 542 90 0 0 41 130 239 348 &b 527 570
LATITUOE 40 DEGREES NORTH, JAN. 21 LATITUDE 40 DEGREES NORTH, MAR. 8
ASPECT ~ ASPECT
SLOPE N NNE NE ENE E ESE SE SSE. S SLOPE N NNE NE ENE £ ESE SE SSE S
(DEGREES) NNW  NW NNN W WSW  SW SSN : (DEGREES) NNW.  NW WNW W WSW  SH SsH
0 278 278 278 278 278 278 278 278 278 0 491 491 491 491 491 491 491 491 491
15 123 136 171 218 272 327 ;3 405 41k 15 336 348 379 426 478 529 573 602 612
30 0 21 87 i70 262 357 hik 504 526 30 160 192 268 360 454 Su4b 618 673 692
45 (] [ 42 135 249 370 &85 569 600 &5 [] 74 180 300 421 534 628 697 724
60 [] 8 24 110 230 361 492 595 633 60 [ ] 24 123 248 377 497 596 674 707
75 [} ) 15 89 200 335 468 581 623 75 [ ] 11 88 202 326 440 535 605 642
90 0 8 11 68 169 287 414 527 570 90 [] 6 61 159 266 363 439 493 533
LATITUDE 40 DEGREES NORTH, FEB, 9 LATITUDE 40 DEGREES NORTH, MAR. 21
ASPECT ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE S
(DEGREES) NNN NN WNW W WSW  SHM SSW (DEGREES) NNH  NM MNW W WSW  SW  SSW
0 353 353 353 353 353 353 353 353 353 ] 564 564 564 564 564 564 564 564 564
15 189 204 240 290 347 402 " 449 482 493 15 420 431 461 503 551 598 636 659 669
30 31 68 1uk 235 335 430 517 578 600 30 248 276 346 435 523 606 668 713 729
45 ] 4% 84 194 317 440 S51 634 666 4s 59 134 248 372 485 6587 €66 719 738
60 ] 0 53 161 290 423 S48 647 686 60 0 60 181 313 436 541 621 675 698
75 0 0 37 132 254 337 512 616 659 75 0 3& 136 258 376 474 545 589 610
90 0 0 27 104 213 329 443 543 588 90 8 22 99 204 306 388 &39 466 48D
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Table 6.--Daily values of direct

LATITUDE 40 DEGREES NORTH, APR. 3
‘ASPECT

SLOPE
(DEGREES)

15

30

45

60

75

90

633

506

344

158

10

NNE
NNW

€33

514

363

207

104

60

38

LATITUDE 4D DEGREES

SLOPE
(DEGREES)

15

39

45

60

75

694

584

435

256

&0

14

NNE
NNH

694

591

[y

284

153

90

LATITUDE 40 DEGREES

SLOPE
(DEGREES)

15

30

45

€0

75

90

N

753

668

537

370

177

32

NNE
NNW

753

672

546

383

224

139

93

633

539

425

318

234

176

130

ENE
MNW

633

577

433

365

300

235

£
L]

633

618

584

537

478

408

329

NORTH, APR. 18
ASPECT

694

610

496

379

284

210

154

NORTH,

NE
NW

753

687

581

460

353

267

197

ENE
WNW

694

639

565

482

405

330

256

E
L]

694

674

632

576

506

426

MAY 1
ASPECT

ENE
LLL

753

708

&34

551

463

380

297

E
L]

7§3
732
€88
626
549
460

364

ESE
WSH
633
657
654
623
565

487

392

ESE
WSW

694
705
689

645

486

382

ESE
WSH

753
755
727
673
594
496

385

688

706

686

625

19

SE
SW

694

731

731

€92

SE
SHW

solar radiation computed for selected slopes, aspects, and days
at 40 degrees north latitude --CONTINUED

SSE
SSH

633

709

740

724

658

555

416

SSE
SSN

694

749

7586

717

SSE
SSH

753

785

766

705

599

462

305

633

718

763

737

724

633

499

337

753

787

71

763

586

437

263

(cal. em-2 day-1)

LATITUDE 40 DEGREES NORTH, MAY 21

SLOPE
DEGREES)

15

30

45

60

75

Qe0

811

753

643

489

302

122

70

NNE
NNW

811

755

648

496

312

193

1390

LATITUDE 40 DEGREES

SLOPE

(DEGREES)

15

30

&5

60

75

90

843

802

705

561

378

175

a8

NNE
NNW

843

803

707

564

382

23%

154

NE
NW

811

762

665

542

423

324

242

ENE
LLL]

811

775

702

614

520

h23

330

ASPECT

E
N

- 811

799

736

668

582

485

380

NORTH, JUN. 22
ASPECT

NE
NN

843

805

715

589

462

353

264

ENE
WNN

843

811

733

645

546

Wiy

343

E
L]

843

819

762

685

594

491

382

ESE
WSW

811

802

760

693

602

494

376

ESE

NSH

843

825

774

697

599

484

362

326

239

SSE
SSW

811

815

769

683

557

403

240

SSE
SSW

843

828

765

664

526

365

199

811

814

768

673

532

37:

19

843

827

761

650

498

326

447
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LATITUDE 50 DESREES NORTH

SLOPE

(DEGREES)

15

30

W5

75

9

Table 7.--Dailll values of direct

105

NNE
NNW

105

12

LATITUDE 50 DEGREES

SLOPE

(DEGREES)

15

30

&5

75

S0

151

24

151

36

LATITUDE 50 DEGREES

SLOPE

(DEGREES)

15
30
45
60
75

90

18

222

7%

NNE
NNW

222

105

34

DEC. 22

105

67

4

35

30

19

ASPECT

1058

104

105

106

102

95

84

NORTH, JAN, 21
ASPECT

NE
NW

151

65

19

ENE
LLL

151

103

77

63

53

46

36

151

149

150

149

144

132

117

NORTH, FEBe 9

NE
L L]

222

121

sS4

28

18

12

10

ENE
WNN

222

167

128

106

8¢

7

61

ASPECT
E
L]

222

218

215

208

200

179

156

ESE
HSH

105

145

175

195

204

200

181

ESE
WSH

151

195

230

251

259

250

226

ESE
MSH

222

269

305

323

325

271

SN

185

179

241

286

316

299

SE
SK

154

236

304

353

377

377

351

SE
SW

222

315

387

W32

&9

438

397

solar radiation computed for selected slopes, aspects, and days

at 50 degrees north latitude

SSE
SSu

108

203

287

351

391

404

390

SSE
SSH

151

263

358

W28

463

478

455

SSE
SSW

222

345

465

515

549

546

5066

105

211

303

373

419

436

423

151

273

377

455

515

492

222

356

466

Shi

585

586

548

(cal. cm-2 day-1)

LATITUDE Su DEGREES

SLOPE

(DEGREES)

15

30

45

60

75

90

295

135

NNE
NNW

295

150

33

3

LATITUDE 50 DEGREES

SLOPE
(DEGREES)

15

30

45

60

75

%0

373

211

38

3r3

223

34

20

LATITUDE S0 DEGREES

SLOPE
(OEGREES)

15

30

45

60

75

90

456

298

119

RNE
NNHW

456

310

157

60

32

21

15

NORTH, FEBe
NE ENE
NW  WNW

295 295
186 235
105 193
64 164
46 143

34 123

28 10¢

NORTH, MAR. 8
ASPECT

NE ENE
NW  WNNW

373

259

162

108

76

58

43

373

309

255

218

188

158

128

23

ASPECT

E
L]

295

292

€
N

373

365

354

340

316

280

238

NORTH, MAR. 21

456

344

238

167

128

101

77

ENE
WNN

456

393

336

290

253

214

178

ASPECT

E
L}

456

447

35

415

384

341

288

ESE
HSH

295

347

382

boo

396

371

324

ESE
wSH

373

413

h48

bik

408

349

ESE
NSHW

456

sgo

526

529

505

459

389

SE

29%

392

466

509

517

496

ol

SE
SH

373

466

531

564

558

523

451

SE
SH

456

545

600

623

604

555

467

SSE
SSH

295

425

526

590

615

597

539

SSE
SSH

373

499

641

649

612

535

SSE
SSH

456

573

653

688

677

620

526

295

436

548

622

653

640

583

373

510

612

872

687

578

456

5384

€71

713

706

651

552



Table 7.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 50 degrees north latitude --conTivUED
(cal. cm-2 day-1)

LATITUDE 50 DEGREES NORTH, AFR;sgecT LATITUDE 50 DEGREES NORTH, MAY 21
ASPECT
(OEGREES) ' MWK NN b W hon  ow sew ©iGREES) | Nme NE sNw W Wew  Sh Ssw
0 544 541 S61 541 541 541 541 5k1 541 [ 78¢ 780 78C 780 780 780 780 780 780
15 392 402 433 478 529 577 616 642 652 15 6392 696 710 731 759 784 802 5812 817
30 217 243 319 &ik 506 593 558 702 719 30 556 565 595 654 712 753 788 800 798
45 27 114 234 359 478 584 665 718 737 45 382 395 471 573 656 709 737 741 737
60 4 64 178 310 437 547 630 685 705 60 182 23& 372 492 S84 B35 649 637 626
75 0 43 140 264 386 489 565 609 624 75 101 164 2395 443 497 537 535 503 478
LT 0 31 109 215 321 408 464 495 502 90 68 124 230 331 399 423 393 343 308
LATITUDE 50 DESREES NORTH, “PR;s;:cT LATITUDE 50 DEGREES NORTH, Ju"lsgscr
(EGREES) | KNN  NW WNE 6 Wew  on Sen (ORaEEs) | MmNk bme % how Sk ssw
L} 618 €18 618 618 618 618 618 618 618 1] 830 830 830 836 830 830 830 830 830
15 485 49% 519 559 604 645 672 702 7190 15 762 765 713 788 807 824 835 842 845
30 319 336 402 489 575 650 706 740 754 30 642 6§48 566 712 798 792 807 409 807
45 131 182 303 426 537 629 636 T34 747 45 478 487 536 626 695 733 742 733 726
60 28 106 236 369 487 580 644 679 683 60 282 304 &27 539 617 649 643 614 599
75 16 73 186 311 424 510 563 584 584 75 156 214 341 W53 524 5&k 518 A68 Ah1
90 7 52 145 252 349 418 451 452 k41 30 109 160 268 364 419 422 376 301 262

LATITUDE 50 DEGREES NORTH, MAY 1

ASPECT
SLOPE N NNE NE ENE E ESE SE SSE S
(DESREES)' NNW NW  WNN L] NSH SW SSW
0 102 760 700 760 700 700 700 700 700
15 588 595 614 BA7 683 717 T4k 780 785
30 435 448 498 575 649 708 752 774 789
45 253 274 387 502 603 676 723 743 746
60 87 166 305 437 544 616 655 664 662
75 49 117 245 369 470 533 557 550 6832
90 35 87 192 299 383 429 434 402 377
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Table 8.--Daily values of direct solar radiation computed for selected slopes, aspects, and days
at 60 degrees north latitude
(cal. cm~2 day-1)

LATITUCE 60 DEGREES NORTH, DEC. 22 LATITUDE 50 DEGRTES NORTH, FEB. 23
ASPECT ) ASPECT
SLOPE N NNE NE ENE  E  ESE SE SSE S SLOPE N NNF NE TN E ESE SE SSE S
{DEGREES) NNH NN WNW W WSW  SW SSH (DEGREES) NNW  NW WNW W WSW  SW  SSW
0 15 15 15 15 15 15 15 15 1S ] 164 164 164 164 164 164 154 164 184
15 0 [ 0 3 15 29 42 50 53 15 28 L2 74 115 164 210 253 282 292
30 0 0 0 1 146 42 66 82 88 30 0 0 30 92 168 250 326 381 400
45 0 0 0 1 17 514 85 109 117 (%] 0 0 19 81 172 274 375 453 U481
.
60 ] 0 [ 0 18 57 99 128 137 60 ] 8 13 73 170 286 402 495 529
75 0 4 ] ¢ 18 59 106 138 149 75 0 6 11 66 159 278 402 503 541
90 (4 0 0 8 16 57 106 139 150 90 [i] 0 g 54 143 252 34 477 516
LATITUDE 50 OEGREES NORTH, JAN, 21 LATITUNE 50 DEGREES NORTH, MAR, 8
ASPECT ASPECT
SLOPE N NNE NE ENE £ ESE SE SSE S sLoP: N NNE NE ENE E ESE  SE SSE S
(DEGREES) NNW  NW WNW W NSW  SW SSK (DEGREFS) NNH  NW WNW W WSW SW SSHW
0 B 41 41 41 w1 81 41 41 4 9 20k 244 244 244 254 244 b 2b4 24k
15 i o 2 19 42 68 92 107 113 15 87 107 139 188 242 296 341 373 384
30 1] 0 0 12 46 91 135 166 177 30 D 15 76 156 247 338 419 476 498
45 0 ] 0 10 49 108 170 213 228 45 0 3 53 142 249 364 4569 548 579
60 ] 0 0 9 50 118 193 246 264 60 0 2 43 129 246 372 489 582 619
75 0 0 0 7 49 120 203 262 282 75 0 1° 3% 118 228 356 479 576 618
Q9 ] 0 0 & 45 114 199 260 281 90 0 0 30 99 204 319 436 531 574
LATITUDE 60 DEGREES NORTH, FEB. 9 LATITUDE 60 DEGREES NORTH, MAR. 21
ASPECT ASPECT
SLOPE N NNE N ENE E ESE SE SSE S SLOPE N NNE NE ENE E ESE SE SSE S
(DEGREES) NNK NW  WNW W WSW SH SSH (DEGREES) NNW NW  WNW W WSH SH SSH
0 8 98 98 98 98 98 98 98 98 i} 333 333 333 333 333 333 333 333 333
15 L] € 29 61 98 139 173 198 206 15 169 183 221 273 330 384 431 462 473
30 0 0 7 46 104 172 237 284 300 39 0 58 139 233 331 424 505 561 581
43 ] [ 3 40 110 197 285 350 374 45 ¢ 23 182 210 331 448 549 622 €50
60 0 L] 3 38 110 210 314 393 422 €0 0 15 8% 193 320 447 557 640 674
73 1] 0 2 33 106 208 321 409 441 75 0 12 71 173 29 422 534 615 6%3
ag ] 0 2 28 97 192 307 397 430 ao i g EQ 147 269 372 474 551 586
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Table 8.--Daily values of direct solar radiation computed for selected slopes, aspects, and
at 60 degrees north latitude --conTivuED

LATITUDE 60 DEGREES NORTH, APR. 3

SLOPE
(DEGREES)

15

30

45

60

75

L1

429

267

88

5

NNE
NNW

429

279

126

60

41

31

24

LATITUDE 60 DEGREES

SLOPE

(DEGREES)

15

30

5

60

75

90

LATITUDE 60

SLOPE
(DEGREES)

15

30

45

60

75

Q90

N NNE

NN

524 24
373 383
197 219
46 116

26 84

19 67

13 55

DEGREES

N NNE

NNW

625 625
401 499
323 340
134 188
74 137

55 110

39 87

NE
NW

u29
314
215
163
135
114

92

ENE
WA

429

364

315

285

259

229

194

ASPECT

E
L]

429

421

417

410

390

355

307

NORTH, APR. 16
ASPECT

NE
NW

524

414

238

2082

172

141

NORTH,

NE

NW

625

524

606

320

2€7

227

187

ENE
WNW

524

462

407

367

335

295

252

£
]

524

515

504

491

464

420

361

HAY 1

ENE
WNW

625

564

499

451

405

357

300

ASPECT

E
W

€25

611

592

$66

527

472

ESE
WSH

429

476

509

524

512

474

411

ESE
HSH

564

592

597

573

525

448

ESE
WSH

625

€54

667

859

621

558

467

SHW

429

520

571

493

SE
SW

657

676

SE
L

825

SSE
Ssw

429

550

635

€80

679

633

548

SSE
SSH

524

631

697

723

701

633

528

SSE
Ssw

625

709

754

754

707

617

489

]

429
S€1
€55
704
705
658

566

524

638

738
714
642

525

762
761

710

474

(cal. em-2 day-1)

LATITUDF 60 DEGREES NORTH, MAY 21

SLOPE
(DEGREES)

15

45

60

75

90

N

733

625

474

291

163

122

98

NNE
NNW

733

€31

487

176

141

LATITUDE 60 DEGREES

SLOPF
(DEGREES)

15

30

&5

60

75

90

N

8p2

716

582

408

248

193

156

NNE
NNH

8p2

724

£91

421

295

238

195

NE
NH
733
649

525

421

ENE
WNW

733

678

606

545

491

430

359

ASFECT

E
L

733
714
684
649

599

&
£
N

NORTH, JUN. 22
ASPECT

NE
N

802

733

615

493

418

358

297

ENE
WNW

802

753

677

609

548

479

400

3
L]

802

781

743

701

642

564

467

ESE
WSH

733

746

721

669

588

482

£SE
WSH

802

806

793

757

693

€02

486

days

SE
SW

733
7”3
786
72
700
604

W7

SE
SW

802
825

818

455

SSE
SSH

733
789
804
773
700
586

437

SSE
SSH

802
835
830
779
688
5690

401

21

733

792

808

774

696

s71

418

802

837

832

776

681

541

380



Table 9.--Yearly values of direct solar radiation computed for selected slopes

and aspects at O degrees north latitude
{cal. em2_ year-1)

ANNUAL POTENTIAL RACIATION

LATITUDE 8 DEGREES NORTM
ASPECTS SLOPE (DEGREE)

[ ] 15 30 45 60 75 L1
N 266271 256334 229516 187660 135307 83900 43995
NNE / NN¥ 266271 256597 230996 192003 140473 95031 53373
NE 7 Nw 266271 257979 234879 201447 161632 118098 82560
ENE / NNW 266271 258801 238959 210727 176834 140440 104574
E/ W 266271 260019 241296 213236 183612 148798 113425
ESE / WSN 266271 259361 240078 212076 178282 141855 105791
SE 7 SW 266271 261862 237051 204145 164560 123132 84929
SSE 7 SSH 266271 258176 233925 195919 148568  YNT?7  SP7L9
s 266271 258012 232740 192201 140671 88911 47252

Table 10.--Yearly values of direct solar radiation computed for selected slopes
and aspects at 10 degrees north latitude

(cal. cm? year'])

ANNUAL POTENTIAL RADIATION
LATITUDE 10 DEGREES NORTH

ASPECTS SLOPE (DEGREE)
0 15 38 45 60 75 90

N 261965 262164 206245 187690 105146 63357 300289
NNE / NNW 261965 243249 209419 164709 115810 72519 40205
NE / NN 261965 246112 217384 180345 140062 101891 69483
ENE / WNW 261965 250274 22%'&66 197719 164061 129373 26166
E/ W 261965 254935 237031 211500 180610 146614 111894
ESE / WSW 261965 258964 243388 218066 185958 149742 112461
SE 7 SW 261965 261728 2466536 2149193 132699 141054 99587
SSE / SSW 261965 263223 24 8257 217949 175634 126713 79536

S 261965 264061 248269 216702 174396 117984 72667



Table 11.--Yearly values of direct solar radiation computed for selected slopes
and aspects at 20 degrees north latitude

LATITUDE 20 DEGREES NORTH

ASPECTS

NKNE /7 NNW

NE 7/ N¥W

ENE / WNMW

n
~
x

ESE /7 WSHW

SE / SW

SSE 7 SsSw

249369

2469369

243369

249369

249369

249369

249369

249369

249369

(cal. cm-2 year'])

ANNUAL POTENTIAL RADIATION

15

219652

221412

226473

233768

241992

249935

256243

260492

262107

SLOPE (DEGREE)

30 45 690
175631 122819 77514
180504 132450 86881
192752 153907 115866
208961 479137 147375
225062 201375 172872
238871 217760 188672
2648389 228023 196278
255199 233695 198527
256993  234¢08 197870

75

41185

51202

82833

116007

161269

154584

157035

153206

168988

20

14880

27913

56588

86LL1

108516

117834

114599

103707

96923

Table 12.--Yearly values of direct solar radiation computed for selected slopes
and aspects at 30 degrees north latitude

LATITUDE 30 DEGREES NORTH
ASPECTS

NNE 7 NNW

NE 7/ NW

ENE / WNW

]
~
x

ESE / WSK

SE / SW

SSE / SSk

228498

228998

228998

228998

228998

228998

228998

228998

228%98

(cal. em~2 year-1)

ANNUAL POTENTIAL RADIATION

15

191181

193787

200880

211217

222803

233857

243088

249277

251410

SLOPE (DEGREE)
45 60
141938 93370 54585
140426 101812 83939
164701 127474 94741
186275 158918 131503
208487 182636 154189
228865 212889 188686
243293 230963 205901
253512 24179% 215287
257090 245235 217802

75

24533

36375

68680

104854

136621

158766

171372

176287

176410

se

9291

21647

48453

79751

107166

124259

130713

129124

125613
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Table 13.--Yearly values of direct solar radiation computed for selected slopes

LATITUOE 40 ODEGREES NORTH
ASPECTS

NNE / NNW

NE /7 NHW

ENE / WNW

ESE / WSW

SE 7 SH

SSE 7 SSW

and aspects at 40 degrees north latitude

201947

201947

201947

201947

201947

201947

201947

201947

201947

(Cal. cm2 year-1)

ANNUAL POTENTIAL RADIATION

15
158569
161753
170272
182693
196743
210420
221738
229203

231739

SLOPE (DEGREE)

30

109293

115743

134282

159363

185602

209707

229278

244788

246356

45

68691

76364

101682

13€240

170586

200575

224469

239559

244610

60

35676

45321

76253

114381

151501

182540

206725

221816

226325

75

14296

27491

57241

93292

128594

157822

178720

190753

194083

0

8075

18235

42286

72747

103446

126960

152449

149109

149746

Table 14.--Yearly values of direct solar radiation computed for selected slopes
and aspects at 50 degrees north latitude

LATITUDE 50 DEGREES NORTH
ASPECTS

NNE / NNW
NE / NW

ENE 7 WNHW
ESE / WSH

SE / SW

SSE / SSH

24

169828

169828

169828

169828

169828

169828

169828

169828

169828

(cal. cm~2 year~1)

ANNUAL POTENTIAL RADIATION

15

124666

1281056

137288

15059¢

165904

180801

193182

201357

204293

SLOPE (DESREE)

30 W5 60
82782 48011 22240
88193 55562 33159
104883 79522 62012
130706 113523 97962
158681 149080 135898
184942 181€78 170478
206476 208569 198275
220488 228999 216670
225158 231811 222792

75
12272
23182
49125
82748
118559
151768
175068
196404

199215

90

8410

17061

38297

66776

98199

126043

147813

160145

16328¢



Table 15.--Yearly values of direct solar radiation computed for selected slopes
and aspects at 60 degrees north latitude

(cal. em~2 year-1)

ANNUAL POTENTIAL RADIATION
LATITUDE 60 DEGRZES NORTH

ASFECTS SLOPE (CEGREE)
0 15 30 45 60 75 90

N 135941 96813 61924 34001 19553 14824 11711
NNE NNW 135941 99480 66930 41292 29335 23506 18929
NE /7 NMW 135941 107188 81395 64044 53842 45761 37822
ENE /7 WNW 135941 119111 104440 9407¢ 85025 74867 62965
E/ W 135941 133288 130203 126125 118704 107026 91477
ESE / WSW 135941 147272 154877 156417 151032 138302 118357
SE 7 Sk 135941 158862 174569 181149 177270 163716 140167
SSE / SSHW 135941 166463 187604 196841 194026 178905 152643
S 135941 169028 191733 20208¢€ 199718 183742 156459
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Figure 13.--Isograms of hourly values of direct solar radiation for various slopes at
20 degrees north latitude on February 23 and October 20, For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time aXiS) « « v ¢ v 4 ¢ ¢ o ¢ ¢ 4 0 0 s 0 0 v 0 b 0 e b e 0 a 43

Figure 14.--Isograms of hourly values of direct solar radiation for various slopes at
20 degrees north latitude on March 21 and September 23, For westerly exposures,
the time is read from top to bottom (left time axis); for easterly exposures, the time
is read from bottom to top (right time axiS) . o v v ¢ ¢ ¢ e ¢ ¢ o + o e 0 0 s 0o s 0000 44

Figure 15, --Isograms of hourly values of direct solar radiation for various slopes at
20 degrees north latitude on April 16 and August 28. For westerly exposures, the time
is read from top to bottom (left time axis); for easterly exposures, the time is read
from bottom to top (right time axiS) « v v v 4 v v ¢ v e o 0 s s ¢ 0 s o s 0 s 0 0 s o v oo 45

Figure 16.--Isograms of hourly values of direct solar radiation for various slopes at
20 degrees north latitude on June 22. For westerly exposures, the time is read from
top to bottom (left time axis); for easterly exposures, the time is read from bottom
10 top (Tight time aXiS) o o ¢ ¢ o ¢ o ¢ o ¢ o ¢ o o o e o o o o s s s s o s s e e o s s e e e 46

Figure 17.--Isograms of hourly values of direct solar radiation for various slopes at
30 degrees north latitude on December 22. For westerly exposures, the time is read
from top to bottom (left time axis); for easterly exposures, the time is read from bottom
to top (right time axiS) « ¢ ¢ ¢« o ¢ ¢ ¢ o o s o o o s o 6 ¢ o o o s ¢ o s s s s e o o s s s s 47

Figure 18.--Isograms of hourly values of direct solar radiation for various slopes at
30 degrees north latitude on February 23 and October 20. For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axiS)s o o o o o o ¢ o o ¢ o o s s o s s o s 0 0 o 0 0 0 48

Figure 19, --Isograms of hourly values of direct solar radiation for various slopes at
30 degrees north latitude on-March 21 and September 23. For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axisS) . . v v ¢ ¢ v ¢« v o o o s 6 o 0 s s 0 0 0 0 s v o 49

Figure 20, -~Isograms of hourly values of direct solar radiation for various slopes at
30 degrees north latitude on April 16 and August 28. For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axiS) . « « « ¢ o « ¢ ¢ o ¢ o s ¢ ¢ ¢t s 0 s ¢ a6 s oo 50

Figure 21, --Isograms of hourly values of direct solar radiation for various slopes at
30 degrees north latitude on June 22. For westerly exposures, the time is read from
top to bottom (left time axis); for easterly exposures, the time is read from bottom to
top (right time axiS) « o o o ¢ o ¢ o ¢ o o ¢ ¢ o ¢ s o s o 6 s s s s 0 s st s s e s s s 0 s o 51

Figure 22, -~Isograms of hourly values of direct solar radiation for various slopes at
40 degrees north latitude on December 22, For westerly exposures, the time is read
from top to bottom (left time axis); for easterly exposures, the time is read from
bottom to top (right time aXiS). v o « v o o ¢ o o o o o o ¢ 0 o 0 e o s s 0 0 60 68 a0 oo 52

Figure 23.--Isograms of hourly values of direct solar radiation for various slopes at
40 degrees north latitude on February 23 and October 20. For westerly exposures,
the time is read from top to bottom (left time axis); for easterly exposures, the time
is read from bottom to top (right time axiS) « v v o ¢ o ¢ o ¢ o o ¢ o 0 s 0o s 0 s s s a0 o 53

Figure 24, --Isograms of hourly values of direct solar radiation for various slopes at
40 degrees north latitude on March 21 and September 23. For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time aXiS) « o« o o o o ¢ o o o s s s e s s s e s oo oo es. 54
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Figure 25, -~Isograms of hourly values of direct solar radiation for various slopes at
40 degrees north latitude on April 16 and August 28, For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axiS)s « o o ¢ ¢ ¢ ¢ o ¢ ¢ o o o e o o o s 0 s 0000

Figure 26.--Isograms of hourly values of direct solar radiation for various slopes at
40 degrees north latitude on June 22, For westerly exposures, the time is read from
top to bottom (left time axis); for easterly exposures, the time is read from bottom
totop (right time axXisS) o« o & 4 o ¢ ¢« o ¢ o e v o o o ¢ o s s o ¢ 0 0 06 00 0 s s s 000

Figure 27, -~Isograms of hourly values of direct solar radiation for various slopes at
50 degrees north latitude on December 22, For westerly exposures, the time is
read from top to bottom (left time axis); for easterly exposures, the time is read
from bottom to top (right time axis) « o o 4 ¢ ¢ o o o ¢ o ¢ ¢ o s 0 6 06 06 0 0 6 00 00 o0

Figure 28.--Isograms of hourly values of direct solar radiation for various slopes at
50 degrees north latitude on February 23 and October 20, For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axis) . ¢ v ¢ ¢« o 4 ¢ ¢ o o s 0 ¢ 6 0 6 0 0 s 0 0 0 o

Figure 29, --Isograms of hourly values of direct solar radiation for various slopes at
50 degrees north latitude on March 21 and September 23. For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time aXiS) . v o o ¢ ¢ o « o o ¢ o o s o o 0 oo s 0 0 s o

Figure 30.--Isograms of hourly values of direct solar radiation for various slopes at
50 degrees north latitude on April 16 and August 28, For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axis) . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o 0 o 0 o s 0 s s s 0 o

Figure 31.--Isograms of hourly values of direct solar radiation for various slopes at
50 degrees north latitude on June 22. For westerly exposures, the time is read from
top to bottom (left time axis); for easterly exposures, the time is read from bottom
to top (Tight time aXiS) « o o o o o o o s o o 6 ¢ ¢ ¢ s 0 5 o s s s 0 s 0 08 0 s e oo 00 e

Figure 32, --Isograms of hourly values of direct solar radiation for various slopes at
60 degrees north latitude on December 22, For westerly exposures, the time is
read from top to bottom (left time axis); for easterly exposures, the time is read
from bottom to top (right time axis) o« o « o s o ¢« ¢ o s s ¢ ¢ o o 0 ¢ s s 0 00 0 s 000

Figure 33.--Isograms of hourly values of direct solar radiation for various slopes at
60 degrees north latitude on February 23 and October 20. For westerly exposures, the
time is read from top to bottom (left time axis; for easterly exposures, the time is read
from bottom to top (right time axis) « v o v o ¢ ¢ s ¢ ¢ o o 0 ¢ o 0 ¢ 0 0 o e 0 o s 0 o o

Figure 34.--Isograms of hourly values of direct solar radiation for various slopes at
60 degrees north latitude on March 21 and September 23. For westerly exposures,
the time is read from top to bottom (left time axis); for easterly exposures, the time
is read from bottom to top (right time axiS) v o « ¢ ¢ ¢ o ¢ ¢ ¢ o ¢ o o o 0 0 0 0 s 0 0 o s

Figure 35, --Isograms of hourly values of direct solar radiation for various slopes at
60 degrees north latitude on April 16 and August 28, For westerly exposures, the
time is read from top to bottom (left time axis); for easterly exposures, the time is
read from bottom to top (right time axiS) . & ¢ ¢« v o ¢ ¢ o o ¢ o o s s 0 0 0 s 0 0 0 0 s

Figure 36.--Isograms of hourly values of direct solar radiation for various slopes at
60 degrees north latitude on June 22. For westerly exposures, the time is read from
top to bottom (left time axis); for easterly exposures, the time is read from bottom
totop (right time axisS) v o ¢ o v ¢« v 0 o o ¢ o 0 o 0 ¢ 0 o s s s o s o o 6 s s s s s 00 o
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Figure 1.—lllustration of the angles necessary for the theoretical calculations of solar radiation on a particular
surface in the Northern Hemisphere.
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Figure 2.—Isograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly
exposures, the time is read from bottom to top (right time axis).
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Figure 3.—Isograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from hottom to top (right time axis).
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Figure 4.—Isograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from hottom to top (right time axis). :
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Figure 5.—Isograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 6.—Isograms of hourly values of direct solar radiation for various slopes at 0 degrees north latitude on
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,
the time is read from hottom to top (right time axis).
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Figure 7.—Isograms of hourly values of direct solar radiation for various slopes at 10 degrees north Iatitqde on
December 22, For westerly exposures, the time is réad from top to bottom (left time axis); for easterly
exposures, the time is read from hottom to top (right time axis).
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Figure 8.—Isograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 9.—Isograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 10.—Isograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 11.—Isograms of hourly values of direct solar radiation for various slopes at 10 degrees north latitude on
June 22, For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,
the time is read from bottom to top (right time axis).
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Figure 12.—Isograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly
exposures, the time is read from bottom to top (right time axis).
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Figure 13.—Isograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 14.—Isograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 15.—Isograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 16.—Isograms of hourly values of direct solar radiation for various slopes at 20 degrees north latitude on
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,

the time is read from bottom to top (right time axis).
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Figure 17.—Isograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly
exposures, the time is read from hottom to top (right time axis).
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Figure 18.—Isograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).

48




TIME (HOURS)

S SSW/SSE SW/SE
0 30 60 90 o 30 60 % o 30 60 90

SLOPE (DEGREES]

Figure 19.—Isograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on
" March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from hottom to top (right time axis).
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Figure 20.—Isograms of hourly values of direct solar radiation for various slopes at 30 degrees nurtth latitpde on
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 21.—Isograms of hourly values of direct solar radiation for various slopes at 30 degrees north latitude on v
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,
the time is read from bottom to top (right time axis).
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Figure 22.—Isograms of hourly values of direct solar radiation for various slopes at 40 deqrees nqrth latitude on
December 22. For westerly exposures, the time is read from top to hottom (left time axis); for easterly
exposures, the time is read from bottom to top (right time axis).
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Figure 23.—Isograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);

for easterly exposures, the time is read from bhottom to top (right time axis).
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Figure 24.—Isograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude'on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 25.—Isograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to hottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 26.—Isograms of hourly values of direct solar radiation for various slopes at 40 degrees north latitude on
June 22, For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,
the time is read from hottom to top (right time axis).
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Figure 27.—Isograms of hourly values of direct solar radiation for various slopes at 50 deqrees nqrth latitude on
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly
exposures, the time is read from bottom to top (right time axis).
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Figure 28.—Isograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 29.—Isograms of hourly values of direct solar radiation for various slopes at 50 degrees north Ial.titude on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 30.—Isograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to bottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).
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Figure 31.—Isograms of hourly values of direct solar radiation for various slopes at 50 degrees north latitude on
June 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly exposures,
the time is read from bottom to top (right time axis).
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Figure 32._—Isograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on
December 22. For westerly exposures, the time is read from top to bottom (left time axis); for easterly
exposures, the time is read from bottom to top (right time axis).
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Figure 33.—Isograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on
February 23 and October 20. For westerly exposures, the time is read from top to bottom (left time axis);
for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 34.—Isograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on
March 21 and September 23. For westerly exposures, the time is read from top to bottom (left time axis);

for easterly exposures, the time is read from bottom to top (right time axis).
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Figure 35.—Isograms of hourly values of direct solar radiation for various slopes at 60 degrees north latitude on
April 16 and August 28. For westerly exposures, the time is read from top to hottom (left time axis); for
easterly exposures, the time is read from bottom to top (right time axis).

65



\ .
©° o
J » o
b W P
73
»wi{S &
O
—
* n
R R N o
o
o

AON000;

00000000000000000000

~ - - - — - o~ P4 P-4 - - -

00000000000000000

./, N\N\D i

___________

ude on
exposures,

orth [atit

erly

axis); for ea

arious slopes at 60 degrees n

bottom (left timg

forv

adiation

axis).

is read from top to

lar r
p (right time

res, the time

ad from bottom to to

ly exposu

22. For westerl

the time is re
66

36.—Isograms of hourly values of direct so

Figuyre
June



1000
[cJcp. 3
gn
g
XD
22

800

600

POTENTIAL INSOLATION CAL /CM*DAY
200 4

O A—b Tt
JAN 'FEB'MAR 'APR 'MAY ' JUN '
MONTH

o

0

Figure 37.—Isograms of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at

0 degrees north latitude.
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Figure 39.—Isograms of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at
10 degrees north latitude.

E6D A 560
€90 . X S90
S30

*
]
(U]

10

890

600

200

POTENTIAL INSOLATION CAL /CM *pay

o+ VR
JAN "FEB'MAR 'APR 'MAY ' JUN '
MONTH
OO

Figure 38.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south
30-, south 60-, and south 90-degree slopes

at 0 degrees north latitude.
%  E60 A S60
o EN X S0
© S0

1000

600 800

200 400

POTENTIAL INSOLATION CAL/CM *pay

O+ H—H—T—7
JAN TFEB"MAR 'APR “TMAY ' JUN

MONTH
10°
Figure 40.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south

30-, south 60-, and south 90-degree slopes
at 10 degrees north latitude.
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Figure 41.—Isograms of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at
20 degrees north latitude.
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Figure 43.—Isograms of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at
30 degrees north latitude.
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Figure 42.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south
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at 20 degrees north latitude.
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Figure 44.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south
30-, south 60-, and south 90-degree slopes
at 30 degrees north latitude.
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Figure 45.~1sograms_of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at
40 degrees north latitude.
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Figure 47.—Isograms of daily values of direct
solar radiation on level, north 30-, north
60-, north 90-, and east 30-degree slopes at
50 degrees north latitude.
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Figure 46.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south
30-, south 60-, and south 90-degree slopes
at 40 degrees north latitude.
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Figure 48.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south

30, south 60-, and south 90-degree slopes
at 50 degrees north latitude.
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Figure 49.—Isograms of daily values of direct
solar radiation on level, north 30-, north

60-, north 90-, and east 30-degree slopes at
60 degrees north latitude.
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Figure 50.—Isograms of daily values of direct
solar radiation on east 60-, east 90-, south

30-, south 60-, and south 90-degree slopes
at 60 degrees north latitude.
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Figure 51.—Solar altitude and azimuth for selected days of the
year at 0 degrees north latitude.
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Figure 52.—Solar altitude and azimuth for selected days of the
year at 10 degrees north latitude.
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Figure 53.—Solar altitude and azimuth for selected days of the

year at 20 degrees north latitude.
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Figure 54.—Solar altitude and azimuth for selected days of the

year at 30 degrees north latitude.
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Figure 55.—Solar altitude and azimuth for selected days of the
year at 40 degrees north latitude.
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Figure 56.—Solar altitude and azimuth for selected days of the
year at 50 degrees north latitude.
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Figure 57.—Solar altitude and azimuth for selected days of the
year at 60 degrees north latitude.
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