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.,, DOE/NASA Technical Memorandum 

ASHMET - A COMPUTER CODE FOR ESTIMATING INSOLATION INCIDENT ON TILTED SURFACES 

SUMMARY 

A computer code has· been developed to estimate the amount of solar insolation 
indident on the surfaces of several types of collectors. Both.tracking and 
fixed position collectors have been included. Climatological data for 248 U.S. 
locations are built into the code. This report describes the methodology of 
the code, its input and output. 

I. INTRODUCTION 

In designing or analyzing a solar system, the principle question to be answered 
is how much of the available solar energy can the system deliver to loads •. 
This fraction of available energy is dependent on several parameters: amount 
of solar energy available, type of collectors used, efficiency of system heat 
exchangers, system losses, etc. The primary driver is, of course, the solar 
energy available (energy incident on. the surface of the collector array) to 
the system. This report describes a computer code, ASHMET; developed by MSFC 
to analytically estimate the solar energy incident on the collector array sur-
face cover. 

Twu versions of ASHMET exist. Hoth versions utilize the same basic methodology: 
ASHRAE relationships [1] are used to obtain clear day total daily insolation 
incident on the collector surface for a representative day (defined in ASHMET 
as the 21st day or the month) of each month of the year; the clear day total 
(direct + diffuse + reflected) daily insolation is then multiplied by a clear­
ness index to obtain the typical or average daily insolation. The clearness 
index was derived from SOLMET measured insolation [2] and the ASHRAE c'lear day 
insolation. ·In reference 2 average daily total'insolation on a horizontal sur­
face for 248 U.S. locations are given for each of the 12 months of the year. 
These data were divided by the ASHRAE clear day in~olation at the same geograph­
ical loc.ation and the resulting tables built into ASHMET as clearness index. 
The assumption is made here that the clearness index does not change with 
collector tilt angle or azimuthal orientation. 

Major differences between the two versions are in the procedures for breakout 
of direct and diffuse insolation. Version I uses the ASHRAE relationships of 
reference 1; Version II the correlation of Liu and Jordan [3]. Version II 
resulted when comparisons of incident radiation to tilted surfaces obtained 
using the ASHRAE relationships for separation of direct and diffuse components 
to similar data obtained using the Liu and Jordan correlation indicated ~igni­
ficant differences in the two sets of data for some geo~~raphic locations. · 
Since, at present, insufficient data is available to verify either of the 
methods, and since the Liu and Jordan procedure. is widely used in the solar I 

industry, it was decided to add the Liu and Jordan methodology to ASHMET as 
an option. 



Both versions have the capabil~ties of calculating incident solar radiation 
on the collector surface for six types of collectors: 

(1) Fixed position flat plate collector - total insolation 

(2) Monthly tilt adjusted flat plate collector - total insolation 

' ' 

(3) Beam tracking collector (sun tracker - direct insolation only) 

I 

(4) Fixed azimuth tracker - direct insolation only (tracks in plane 
of tilt, rotating about tilt axis) 

(5) Fixed position flat plate collector - direct insolation 

(6) Monthly tilt adjusted flat plate collector - direct insolation only. 

In type (2) and (6) the monthly tilt angle adjustment is accomplished by 
setting the tilt equal. to latitude minus declination using the deciination 
angle for the 21st day uf Lh~ month. Additionally~ Version II of ASHMF.T has 
a type (7), which allows calculation of direct insolation to a collector 
rotating about its east-west axis. The angle of rotation is chosen such that 
the angle of incidence between the sun vector and the normal to the collector 
surface is minimized. (NOTE: Type (4) of both can be used to obtain the same 
results as type (7) of Version II with some j.udicious manipulation of input 
data. However, for the casual user of ASHMET it was felt that a straight­
forward option for this' specific type of collector would be less confusing. 
Also, the methodology is greatly simplified, reducing computer time.) 

The following two sections give the details of methodology used in ASHMET~ 
Input and output for the code are described in Appendix A and computer listings 
of ASHMET I and ASIIMET II in Appendix B. 
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II. 'ASHMET I METHODOLOGY 

A. Total Insolation to a Fixed Position Collector 

Clear day hourly total insolation to a tilted surface are obtained from the 
ASHlAE relationships [2]: 

+ h TOTAL, CLR DAY= (A) cos 8 
e B/sin {3 

(A) (C) cos 8 
e B/sin {3 (1) 

Where: A, B, and C are monthly varying coefficients taken from Table 1 in 
chapter 22 of reference 1. 

e is the angle of incidence the sun's rays form with the collector 
surface (relative to the surface normal) defined by 

cos 8 = cos S sin {3 + sin S cos 'Y tan L sin {3 . (2). 

- sin S cos 'Y sin 5/cos L + sin S sin 'Y cos 6 sin w. 

a is the solar altitude (angle between direction of sun and local 
horizontal) given by 

sin {3 = cos L cos 6 cos w + sin L sin 6 

P - Diffuse Reflectance of Solar Radiation 
1·- Local Latitude 
·o- Declination Angle 
S - Slope of Collector Measured from Horizontal 
w - Hour Angle, Solar Noon Being Zero 

(3) 

y - Collector Surface Azimuth Angle (0-due south, minus -east, positive 
-west). 

In equation (1) the first term on the right hand side represents the direct 
insolation received, the second term the diffuse and the third the ·reflected 
component. The declination angle, 8, is obtained from a table [1] fo·r:- the 
21st day of each month. · 

Using.equation (1) hourly insolation distribution incident bn the tilted 
surface is calculated for the 21st day of each month of the year and summed 
for the day: 

I S.S. HOUR · 6 P.M. . 

H TOTAL, CLR DAY= (h TOTAL, CLR DAY). dt ~ L . h TOTAL, CLR DAY . (4) 

t = S.R. HOUR 6 A.M. 

3 



The clear day daily total is then multiplied by a clearness index to obtain a 
typical day's insolation for each month. The clearness index was derived from 
the SOLMET insolation data (to a horizontal surface) of. reference 2: mean 
SOLMET daily horizontal total insolation for each month' of the year was divided 
by the clear day total horizontal insolation calculated by equation (4) for each 
of the geographic locations presented in reference 2. These data were incor­
porated in the ASHMET program. It is assumed that the clearness indexes derived 
for horizontal data are applicable to tilted surfaces. 

B. Total Insolation to a Monthly Tilt Adjusted Collector 
. . . 

On any given day the daily direct insolation incident on a fixed position 
collector will be maximized if the collector tilt angle is set equal to the 
latitude minus the declination. ASHMET, therefore, has an option for setting 
the collector tilt angle equal to the desired site latitude minus the declina­
tion angle for the 2ls t day of each month. Once the tilt angle is calculated 
the program proceeds as for the total insolation to a fixed position colle~~or 
option described prPviously. 

C. Beam Tracking Collector 

This option provides the direct insolation incident on the surface plane of a 
sun tracking collector. Clear day direct ins'olation (for incidence angle 
8 = 0°) is obtained from the ASHRAE equation: 

H BEAM, CLR DAY= 

SUNSET HR. 

[ A/eB/sin {j] dt 

t"" SUNRISE HR. 

(5) 

Typical daily beam insolation (for the 21st day of each month) is calculated by 
multiplying the clear day value by the average daily percent sunshine (% SS) 
for that ·month and the location desired. The percent sunshine was derived as 
follows. 

·It is assumed, as suggested by several authors, that the typical daily inso­
lation can be represented by 

HTOTAL =[F) [HTOTAL,CLRDAY] 

F=c[a+b(%SS)] 

The coefficients a, b, and c were determined from the SOLMET insolation data 
and the annual mean daily percent sunshine data of reference 4 . As expected 
the coefficients varied from location to location within the United States. 

4 
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However, areas of constant coefficients could be determined from the data. 
These areas are delineated in Figure 1 along with the values of a, b, and c 
for each area. 

Equation (6) is now solved for the percent sunshine:. 

0 /0 SS = [( 
HTQTAL ) I 

HTQTAL, CLR DAY /c 

In equation (7) the term HTOTAL/HTOTAL is the previously discussed , CLRDAY 
clearness index derived from the SOLMET data. 

(7) 

The use of equation (7) to calculate the average daily percent sunshine cir­
cumvents two problem areas. First, the necessity of adding a second·table of 
data to the program (monthly average daily percent sunsh.ine for 248 geographic 
locations) is avoided. Secondly, the sunshine data of reference 4 covers only 
one-fourth of the 248 locations for which insolation data is available. Thus 
considerable extrapolation of the sunshine data would be necessary if all the 
SOLMET sites were to be included. It was felt a more accurate approach would 
be to define areas of constant coefficients a, b, and c of equation (6) from 
the sunshine data of reference 4 and then use the SOLMET insolation data per 
equation (7) to define percent sunshine for locations not covered by reference 4. 

D. Direct Insolation to a Fixed Azimuth Tracker Rotating About its Axis 

With this option direct insolation to the surface of a collector rotating 
about its'axis is calculated. Orientation of axis is determined by specifying 
its azimuth and tilt angles (input by program user). 

Similar to the previously discussed collector systems the.daily distribution of 
clear air hourly direct insolation for the typical,day of each month is first 
calculated from the ASHRAE equation: 

hoi RECT, CLR DAY = 

WHERE: 

A cos() 

eB/sin/3 

1.0- [sin {3 sinS- cos {3 cos S cos (AZs + AZ)] 
2 

5 
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A¥. is the collector longitudinal axis azimuth angle measured from due south 
with east negative and west positive. A¥. is the solar azimuth angle and is 

s 
obtained from: 

AZs =sin -1 cos & sin wl 
cos t3 j 

(10) 

The typical daily direct insolation for each month is now obtained by multi­
plying the clear day insolation by the percent sunshine term described in the 
previous section on beam trackers. 

E. Direct Insolation to Fixed Position and Monthly Tilt Adjusted Flat 
Plate Collectors 

Calculations for these systems proceed the same as for the calculation of the 
total insolation incident on their surfaces with one exception: typical daily 
incident insolation is uutained by multiplying the ASHRAE cle~r nAy direct 
radiation by the percent sunshine term of subsection B rather than the clearness 
index of subsection A. 
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III. ASHME! !I METHODOLOGY 
\ 

... 
The basic ASHMET II methodology is the same as that of ASHMET I with the 
exception of the breakout of horizontal diffuse and direct insolation for 
fixed position collectors (including those with monthly ·tilt adjustment). 
For these collector systems the breakout of horizontal diffuse and direct 
insolation is taken from the correlation of Liu and Jordan [3] instead of 
the ASHRAE methodology. Calculations of incident insolatio_n for beam. track­
ing and azimuth tracking surfaces remains ·unchanged. 

Frrim the Liu and Jordan correlation clear day diffuse insolation to a hori­
zontal surface is: 

(
hDIFF ) . · 

hTOTAL HRLY, HORIZ, CLR. DAY . 
. = 1.39-4.027 (KT) + 5,531 (KT)2 - 3.108 (KT)3 

Where: 

(
HTOTAL . ) 

KT:::: HEXTRATERRESTRIAL DAILY, HORIZ 

The clear day direct insolation component is then: 

(hom) HRLY, HORIZ = (hTOTAL) HRLY, HORIZ, CLR DAY 

- [h:~ ;J( hTOTA~ )] HRL Y, HORIZ, CLR DAY 

Total clear day hourly to a tilted surface is obtained as in the ASHMET I 
program: 

(hTOTAL)HRLY,CLRDAY = (hDIR) HRLY,HORIZ COSO 

+ ( hDIR + hDIFF} HRLY, HORIZ ( 1-,sS) 

+ (hDIFF )HRLY, HORIZ' (1 + ~osS) 
·c~lculation of the typical insolation incident on tilted surface for each 
month of the year then proceeds as in ASHMET I: typical total insolation 

(11) 

(12) 

. (13) 

by multiplying the clear day daily total to the tilted surface by the appro­
priate clearness index; typical direct insolation by applying the percent 
sunshine term to the clear day direct insolation component. 

7 



Additionally, ASHMET II has a seventh collector type option: ·direct insolation 
. incident on a horizontal surface rotating about an east-west axis in a north­
south direction. For this case the clear day daily direct component is (for 
the 21st day. of the month): 

HolR, CLR DAY = 

SUNSET HR. 

[Ale B/sin f3] [ 1 - (cos 6 cos w)2]% dt 

t =SUNRISE HR. 

(14) 

(HOTE: The previously discussed option of a fixed azimuth tracker rotating about 
its axis may also be used to obtain incident insolation for the case. However, 
the casual user of ASHMET may not be sufficiently knowledgable of the program 
methodology to uAe the fixed azimuth tracker option in this manner; also, com­
puter time will be saved by using equation (14).) 
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NOMENCLATURE 

Monthly varying coefficients of equation (1); A-apparent 
solar irradiation at air mass = 0; B-atmospheric extinction 
coefficient, C-diffuse radiation factor 

Coefficients defining the percent sunshine function of 
equation (6) 

Collector azimuth 

Solar azimuth 

Monthly insolation per unit surface area 

Hourly insolation per unit surface area 

Local latitude 

Sunrise 

Sunset: 

Collector slope, measured from local horizontal 

Solar time, hours 

Solar al ti.tude 

Collector !?Urface angle, 0°-SOuth, -90n-east, +90°-west 

Declination angle 

Angle of incidence f:unnt:!u sun and collector ourface normals 

Diffuse reflectance of solar radiation 

Hour angle, solar noon heing zero 
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APPENDIX A 

ASHMET INPUT 

ASH11ET is pregramrned for interactive use with a comp1.1ter and a remote terminal. 
Once theprogram is started the user will f_ind ASHMET self-explanatory. 
Questions concerning P'rogram options are asked and input parameters are called 
for with explanations of the parameters. A sample input case is shown in 
Figure 2. 

The input data consists of 

1. Latitude of desired location (format - F9.4) 

2. Slope of collector measured from the horizontal (format - F9.4) 

3. Azimuth of collector surface (0° south, minus-easterly facing, plus­
westerly facing) (format - F9.4) 

4. Type of collector-beam tracker, fixed position flat plate, etc. 
(Program informs the user of co~e number to be used for each type.) 

5. Ground reflectance -(if desired) 

6. City location number from 'T'able 1. 

If city location desired is not listed in the table. the user has the option of 
inputing twelve monthly values of clearness indexes (ratio of monthly typical 
day's total insolation to clear day insolation in percent) in the format ~2F4.0. 

ASHMET OUTPUT . 

A sample output is shown. in Figure 3 and should be self-explanatory. The 
type of collector system called for is.output along with the other required 
input data (latitude, slope, etc.). Monthly clearness indexes will be output 
only if they are input by the user. Insolation output includes the hourly 
clear day incident insolation, clear day and typical daily ,insolation for each 
month. 
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APPEHDIX B' 

ASIKT I 

DIPIEI'ISIOtt AU2 ),JU2),t~C liU,DEC•l2 ),RU.t.TU2 ),Dl.VSUPIC 12 ), 
1~tl2l,TiftEC13>,1TACl3),5LKMZC13)6HRLYRDt13,12l,DIFRADC13) DiftENSIOH IRADC13l,DIRRADt13l,HORZR t1J),REFRDtl3l 

DIPIEHSION DECLC12>,TTILTC12> 
DiftENSIOH PCTSSC12>,DLPRSftC12l 
REAL LAT 

C ASHRAE COHSTAPtT DATA 
DATA Al39t. ,385, ,376., 368., 358. ,:J.t5,, 3.f4._,351., 365,, 37B. ,387. ,3911 
DATA 81.142, .144, .156, .18, .196, .295, .2137, .2011; .177, .16, ·,1<49, .1<421 
DATA Cl.858, .86, .871, .897, .'121, .134, .1:~6 •• 12c, .892, .873, .863, .8571 
DATA DECI-28.,-18.8,8.,11.6,28.,23.4S,a0.6,1c.3,8.,-18.S,-19.8, 

1-23.45/ . 
DATA TIPIEI' 6API',' ?Art',' BM','' 9API','10Aft','11M','12PPI',' JPrl' 

1,' 2P"',' 3PPI',' 4Pft',' SPPI',' 6Pft'l 
DAYA REFLT1t.,8.,8.,8.,e •• e.,e.,e •• e.,e •• e.,e., 
DATA DAVS131.,28.,31.,38.,31.,3e.,31.,31.,38.,31.,38.,3l.1 
DATA N I'H'I 
DTR•57.29578 
YRITEU,999> 

899 FORMTUX, 'DEFINE OUTPUT DEVICE·'/' INPUT l FGR TERI'IINAL OR' 1 
I' INPUT 6 FOR LINE PRINTER'> 
0PEHCUNIT•6,HARE•'PRINT.LST',TVPE•'NE~') 
READC1,484l HC>UT 

c 
C READ DATA FOR SITE 
c 

1 URITEU,2> 
2 FORPIATClX,'IHPUT LATITUDE DEG') 

READU,3>LAT 
3 FORPIATCF9.4l 

URITEU,4 l 
4 FORftATC1X,'IHPUT TILT AHCLE FROft HORI~OHTAL DEG'> 

READU,:HTILT 
YRITEC1,5> 

5 FORRATC1X,'IHPUT AZIPIUTH AHGLE DEG 8 DUE SOUTH+ YEST- EAST'> 
READCl,3lAZI 
YRITEC 1,555 l 

555 FORAATClX,'IS GROUND REFLECTANCE DESIRED? CV OR Hl') 
READ Cl,9UR · 
IF CIR.EQ.N)GO TO Be 
YRITEU,&> 

6 FORRATClX,'PRELOADED VALUES OF GROUND REFLECTANCE ARE') 
I.IRITEU,7HREFLTCil,l•1,12l • 

7 FORftATC1X,l2F3.2l . 
WRITEC1,8l 

I FORRATC1Xi'IS CHANGE DESIRED? CY OR N)') 
REAIH 1,9> A 

8 FORMTUA1) 
IFCIA.EQ.N> GO TO 84 
URITEC 1,18 > 



.. 

II FCIIMTUX. 'lfiiUT 12 IIIOftTHLY UM.UES OF IIEFUCTMCE') 
READ<I.?I)CIEFLTCJ).J•I.12) 

?I FCIIMTU2F3.iU 
GO TO 14 

• DO 13 1•1 11 
13 REFLTCI)•t.t 

:1 r~~h=1~~DO YOU DESIR£ CLOUD COUER CALCUlATIONS? CY Olt H)') 

~~~~E~~H~GO TO II 
YIITEU <401) 

4 .. FORMTcixt'IS CITY LOCATION tUIJER KMOIDI? CY OR H)') 
READU 9) L 
IFCIL.EQ.N)CO TO II . 

411 WITEU,4tiU · 
412 FORftATClX,'INPUT CITY LOCATION HUftiER') 
413 READC1,484)L0C 

c 

414 FORMTU4l 
415 CALL SUNSHHCLOC,PCTSS,KSSftl 

GO TO lt 

II YIITEC1,91 l 
91 · FORMTUX,'PRELOADED UALUES OF PERCENT SlmSH:PtE ARE'} 
82 FORRATC1X,12F4.1) 

URIT£(1,92)CPCTSSCI),I•1.12l 
YIITEU.t8> 

~~!£;!A~oo TO 11 
SIS URITEU.83> 

83 FCIIMTCUC.'INPUT 12 tamfi.Y UALUES OF PERCENT SUttSHIP£ IN YHOL£ tiJ 
1111015') 
READ<1.821>CPCTSSCI).J•I.12) 

li!l FORMTU2F4.1J 
HSft•l 

C 14 YIITEU.I2l . 
C 12 FOIMTUX.'JfiiUT LOCATION CLOUD COVER RODIFJEA FUC FROft MP') c I' 1 PERCENT SUNSHINE IIIL TIPLIER I, 
C I' 2 F T£RIII UITH .65 IIULTIPLJER'I' 
C . I' 3 F PRifiE UJTH • ?I IIIL TIPI.IER'" 
c· I' 4 F PRINE TIRES 1.1• 
C I' 5 CLEM AIR lNSOLATIOit') 
C I' 6 F PRIRE TilES loiS') 
C REAIU1,12JQSII 

lt YIITEU.U) , 
11 FOIMTC,!!t.'S£1.£CT TYPE OF COLLECTORI'I'' 1 IEM TRACKER'' 

I' 2 FIM» POSITION fLAT PLATE UITH TOTAL INSOUTJOff'" 
I' 3 AZIIIITH TRACCER - DIRECT INSOLATION ONLY'" 
I' 4 IIOitTHl.Y TILT RDJUSTED FLAT PlATE UJTH TOTAL IHSOLATION'" 
I' S fllCED POSJTIOit FLAT PLATE - DIRECT IHSOLATIOII om.v•" 
1• 8 IIIOimfi.Y TILT ADJUSTED F\AT PLATE - DIRECT INSOLATIOit OMLV') 
RDDU.12 >KIND 

aa FOMATua• 
CM.I. EJIASI 

C ITAIT 1111 
DO 12 Jel.ll 
DO 21 J•lf13 

21 HILYIDCJ. , ... 



22 Dl. YSUIU I ) •e. 
YRfiiXSfl•t. 
YRPRSit•t. 

C SET ~ TRIG COHSTAHTS F'OR lfi'U1 IIJAIERS 

c 

c 

UT•LATI'DTR 
CLAT•COSU.AT l 
SLAT•SINU.AT l 
TUT•SUTI'CLAT 
TIL T•TIL T I'DTR 
CTLT•COSCTILU 
STLT•SINCTILT l 
AZI•AZI/DTR 
CAZ•COSUIZI) 
SAZ•SIIHAZI l 
JOOC• .sau .-CTLU 
DIFJU'V•l.-XXX 

DO 1888 A•l,12 
ITIA•8 
REFRPY•XXxtREFLT<ft) 
DECLCAJ•DECCAli'DTR 
SDECL•Sl"CDECLCPtll 
CDECL•COSCDECLCPtll 

C DAILY LOOP FOR 6 ~ TO 6Pft 
c 

c 

c c . 
25 HRLYRDCITIA,ftl•BRAD<IYift> 

CO TO 49fl 
c 
C FlAT PLATE 

5I TALAPY•CTLY1SBTA+STLTICCAZICCTLATISBTAl-!S!ECLI'Cl.AT))+SAZtCDECLI 
~~~L> 
IFCTALftPY>Sl,Sl,52 

Sl DIRRRD<ITIPIJ•9. 
DIFRADUTJPI)"I• 
RURDC ITIPt Jsl. 
GO TO 53 

52 DI~~(JTIAJ•IRADCITIAJITALRPY 
54 DIFRADCITJA)aJRAD<ITXAlSCCftJIDIFAPY 

H~CITIAJG~~DCITlftJICCCPtl+SITAJ 
R£FRDCITIA)•HQRZRDCITI~)aa£f~ 



53 11ft. 'IRDC ITUI.II J•DIIIMDC IT Ill J+DIF'MDC ITIII J+REFRJ( IT I" J 
QO TO 481 · . c 

C . ROTATING AZJIIUTH TMCICIIIG COLLECTOR 
c 

75 TALIIPY•CTLTISITA+STLTICCAZICCTLATISITAJ-CSDECL/CLATJJ•SAZICDECLI 
1SfRtGLJ 

16 ~~~~~~~1fTiftJ) 
CSLRAZ•COSCSLRAZCITI"JJ 
SC!•CBTASSSLRAZ 
S3•C8TASCSLRAZ 
P•STLTISBTA+CTLTISAZIS2-cTLTICAZIS3 
UI•SBTA-PISTLT 
U2•S2-PICTLTISAZ 
Y3•-CS3+PICTLTICAZ) 
CTH•CSBTAIWl+S~-S31U3)/$QRTCW1tW1+W21U2+W31U3J 
HRLYRDCITI".IIJ•IRADCITI"liCTH 
CO TO 499 

C ~LY TILT ADJUSTED 
C CALCULATE TILT FROn LAT-DECL 

c 

lll TILT•LAT-DECLC"J 
TTILTCIIJ.OTILT 
CTLT•COS<TILT J 
STLT•SIHCTILTJ 
IFCICIHD.EQ.6JCO TO la5 

111 XXX•.SICl.-CTLTJ 
DIF.V•l. -XX)( 
REFIIPY•XXXIREFLTC"J 
CO TO 58 

C SET DIFF'USE AHD REFLECTED TO ZERO FOR FLAT PLATE DIRECT ONLY 
125 REF...,•t. · 

DIFIIPY•t. 
CO TO 50 



GO To csea.sea.513.M4.AS.SI&It:IItD 
&II URJTECIIOUT .5U I - rom~~,.~hW..t DATAIU 1

) . · . 

&U FOIIIATC.I1'23X• 'DIRECT JNSOLATIOII FOI EM tM:ICIIC C01.LECTCIIS •--·~ _,, 
521 .. ITEUIOUT .531 I tAT . 
531 FOIIIAtcnSX,'LATITUDE•' F9.41 

GO TO &81 
Sl2 URITECNOUT,SI21 · 

URITEUCOUT 91181 
512 FCIRMTCI'~,'TOTAL SOUR IHSOLATIOII FOR Fl~ POSITIOII COLLECTORS 

I - 8TUtVSQFT -, ) 
542 .. ITECIIOUT,SS2) LAT,TILT AZJ 
552 FCIRMTCI'SX,'LATITUIIE•' Fi.4.&X, 1 TILT• 1 Fe.4..&X,'AZifiiTH-' F9.4) 

522 IFCJR.EQ.")GO TO &et 
URITECMOUT,S32)CR£FL~~J·l,l2) 

532 FORMTCI'SX,'IIOII'THLY IW'~.t.CTMCE ""UES ARE 'U2F3.2H 
GO TO 688 

513 URJTECIIOUT.Sl31 
URI T£ CIIOUT 998) 

513 FORMTCntmc. 'DIRECT SOUR INSOl.ATJOII ~OR ROTATIIC AZIIIITH TIMCICI" 
IG COLLECTORS - ITliVSQfT -• l 

523 .. ITE<IIOUT.SS2l LAT.TILT.AZI 
GO TO 681 

514 .. JT£<~.514) 

514 =~~~t'lOTAL SOUR IHSOtM'IOII FOR DTHI.Y TILT ADJUSTED COL 
ILECTORS (TIL •LAT-DECLI - ITUtVSQFT -• I · 

524 URITEUtOUT .534) LAT AZI . 
534 FORMTCI'SX.'LATliiiii•• F9.4,5X.t'AZIIIITH•' Fl.4) 
544 URITECNDUT,SS41CTTJLTCCI,I•I 1~1 
554 FORRATCI'SX,'TILT'3X&f&.I~~.IL~~F.S.IL~~FS.I~£f&·l• 

13X.FS. !LFC,FS.a.3X.f~.l,;p.ftJ.ll• ;M,f~-.l.;p.f5.t.;p,f~.l) . . ,GQTO~ 
SIS URITECNOUT.SlS) 
. URJTEc~ara, . 
SlS"~~'!J~CT SOI.M INsoLATIOII FOR FlXED POSITICIII COLLECTOR 

QOTO~ . . 
5I& URITECNDUT,SI&I 

&II ~~~§x.,~IJECT SOlM l..sotATIOII FOR IDmfi.Y ~ILT ADJUSTED cO 
ILLECTCIRS CTI~oT•LAT-DECLI - I1'UVSIFT -') -· : 
GOTO~ . 

811 IFCIC.£0.1110 TO 111 · . . 
.. ITECIIDUT •1 ILOC . - .. . · . 

Ill FCIIMTV.IA,'IDITHLV CLGUD CCMR ADJUSnEJir UAWU ARE FOR em 10. 
I 'CI3U · · 

Ill .. ITECIIDUI'.Ill) 



ill FCIIMTC uSX, 'TilE JM FD fWI _.. MY JUt£ 
I JULY MJC SEPT OCT NOU DEC' u) 

DO 112 1•1.13 . 
612 URJTEUIOUT,613) TJPEUJ c•LYRDCJ 10 IC•1,12) · · 
613 FORRATC 5X,A4,3!LFS.t,lX£FS.t,3M,fS.t,3X-LFS.t,3X,FS.I,3X,FS.I,3X, 

IFS.!£~~f.S.t,3X,f~.t,3X,F5.1,3X,FS.I,3X,f5.1) 
URJ~CnuuT,613) . 

613 FORMTV4X, 'MXJ .... CLEAR AIR DAILY JNSOLATIOtt - JTUISQFT' J 
c 

614 URJTECNOUT,61SJCDLYSURCJJ,J•l,12) 
615 FORMTC 4X,'DLYSft',CX,F6.1,2X,F6.1,2X,F&.t,2X,F&.8,2X,F6.t,2X,F6.1 

1,2X,F&.t,2X,F&.e,2X,F6.1,2X,F6.t,2X,F&.8,2X,F6.1J 
URJYECHOUT ,686 JYRIOCSft 

686 FORPIATC<tX,'MXUUt YEARLY IHSOLATIOH - ITU.tSQFT- •'Fli.IJ 
IFCJC.EQ.NJGO TO 699 
URITECNOUT ,617 J 

617 FORMTC.I<tX, 'PROIAIL£ DAILY IHSOLATIOtt DUE TO CLOUD COUER' J 
WRITECNOUT,6t5JCDLPRSftCIJ,I•1,12J 
YRITECNOUT,6t8JVRPRSR -

&IB'FORRATC<tX,'PROIABL£ YEARLY IHSOLATION- BTU.tSQFT- •'F18.8J 
c 

699 CALL TPAUSE 
URITEC1,711J · 

71t FORMTUX, 'IS ANOTHER RUH DESIRED? CY OR HJ' J 
READtl,?ll)II · 

711 FORMTC 1A1 J 
IFCIJ.EQ.NJ CLOSECUH1T•6,DISPOSE•'PRINT'J 
IFCII.EQ.HJ STOP 
IF CNOUT.EQ.&J URITEC&,Bt8J 

811 FORMTUHU 
~LL ERASE 
GO TO 1 
EltD 
SUIROUTlttE SWtSIItU.OC, PCTSS, ICSSft) 
DINENSlOtt PCTSC1<t 2<t8) 
DlftENSION PCTSSC12>

6
PCTXC1<t,81J,PCTYCl<t,68J 

EQUIUALENCECPCTSC1, 1J,PCTXC1,l)J 
EQUIUALENCECPCTSC1,181J,PCTYC1,1JJ 
DATA PCTS.f ' 

A58.,S9.,63.,71.,12.,73.,71.,74.,74.,76.,71.,62.,33.S7.2., 
162. ,&3 •. ,66 •• 12·., 72 •• 71. ,67. ,69., 71., 7&., 72. ,64.,38.68,2., 
CS9.,&1.,&S.,12.,73.,75.,72.,74.,73.,17.,73.,64.,32.31,2., 
D65.,64.,&& •• 68.,74.,79.,81.,81.,78.,78.,7<t.,&9.,35.33,3., 
E62 •• 63.,ss •• &s •• ?S.,at.,79 •• at •• 71.,71.£13 • .t~·il".7J,J •• 
FS3.,84.,89.,99.,1t4.,1e<t.,97.,91.,112.,wa.,V4., 7.,33.<t3,6., 
G86.,84.,88.,16.,112.,1e<t.,81.,81.,1t1.L!i••97•L!1•.t~·65L6., . 
H86.,as •• n.,n.,113.,te<t.,st.,s3.,a •• »7.,9S., ... ,~.s~.t-·• 
J85,,14,,89,,97.,1t1.,113.,82.,82.,11t.,IS!tD7~89.,3S.~L&'L 
J8?.,8?.,93.,111.£!86.,li7.,9&.,D9.,1t3.,1uw • .t~··91~32.~t7,ti., 
159.,58.,62.,71 •• -~ •• 74.,71~71 • .t-7&.,?2.,6&.,ti4.,4t.va-L6 • .t 
L67.,7t.,81.,89.,97.,116.,1~ •• 1~ •• 114.,85.,83.,69.,~.4~,&., 
Rll ...... 87.,8&.,89 •• 114 •• ll2 •• 113.,1t3 •• ;?.,D2.,86.,35.61-L&., 
1112 •• ae •• a.,;? •• tll.£!15.!.t 112. ,113 •• s..-• .t-98• .L!l· L!7. ,34 • .-r ,6 •• 
011 •• ?& •• 79 •• st •• ae •• BJ~ •• ~.,ea •• n •• ss •• Q.,~;~: •• ~.67,6 •• 
1&1.,&4.,GB.,71.,71.,73.,68~65. 1?f.r67.,62.,6t.,41.8!L&., P61.,67 •• 11. ,11.,1?.,1t3 • .t!-=-!.t.1~. ,aos •• 97.,02 •• 62 • .t--... 77 ,6 •• 
f/f17,, 75., 79.,12.,81.,8t •. ,R.,R.,I&.,I3.,83.,81.,33.a:c:,6., 
R??.,15.,81.,12.,11.,81.,GI.,II •• I6.,13 •• 84.,1t.,33.93,& •• 



' 

S63.,6S.,69.,?8.,a&.,92!t182.,1et.,99.,8V.,74.,7t.,41.J!L6., 
T84.,8S.,91.,98.,113.1 !Ub•,99.,98,L1t4.,99,,;&,,8t,,J4.77,6., 
uss.,7e.,?S.,BJ.,B6.,~ •• v1.,se.,9~ •• s4.,79.,73.,37.73,&., 
U77.,76.,8t.,82,,78,,78,,82,,83. 182,,82,,84,,82,,34,12,6,, 
U&1.,6S.,73.,84.,93.,99.,1ts.,18~.,183.,91.,75.,66.,48.15,6., 
XS9.,&5.,77.,87.,VS.,112.,116~114.,104.,93.,78.,63.,38.S2,6., 
Y?B.,76.,79.,81.,78.,78.,85.,~ •• 86.,84.,85.,82.,32.73,6., 
11167. ,&9. '75. ,83.,87. ,91. ,94. ,93. ,94. ,IS. I 79 •• 72. ,37 .62,6.' 
173.,72.,78.,82.,83.,89.,92.,91.,89.,88.,84.,81.,34.;t,&., 
C7t.,71.,77.,84.,£8.,93.,96.,9S.,94.,86.,88.,74.,37.42,6., 
D39.,83.,82.,84.,83.,st.,87.,98.,9&.,97.,VS.,94.,38.82,7., 
E88.,81.,82.,83.,84.,89.,gt,,91.,96.,96.,93.,92.,39.7S,7., 
F78.,78.,81.,85.,88.,SS.,94.,93.,98.,;6.,91.,87.,39.65,7., 
aae., 79. ,s3. ,87. ,93. ,sa. ,97. ,97., 1·02. ,97. ,SJ4. ,89. ,39.12, 1., 
~7. ,81; ,sa. ,85., 84. ,sa. ,91. ,92., 97. ,ss. ,9-4 •. , 91. ,33.28, 1., 
ISS.,SS.,55.,59.,62.,&4.,6S.,64.,67.,67.,58.,55.,41.93,5,, 
JS7.,S7.,60.,64.,67.,72.,71.,71.,73.,72.,66.,58.,38.85,2., 
IC59. ,&e. ,62. ,65. ,67,, 71., 72., 72., 73., 72. ,67 • ,61. ,39.67 ,S., 
LS2.,64.,69.,78.,81.,76.,71.,7l.,74.,79.,76.,66.,29.7S,2., 
~8. ,68 •• 72., 78 •• 76., 78 •• 78. '71., 71. '71 •• 74. ,69. ,29.18,2 •• 
H&7.,67.,72.,77.,7&.,72.,78.,72.,?t.,7a.,74 •• ss.,3e.se,a., 
074.,79.,81.,81.,79.,7&.,75.,76.,72.,72.,75.,73.,24.55,2., 
PS8. ,&9 •• 12., 76., 12. ,&6., 78. ,68. ,67., 78., 73., 73. ,25.88,.2., 
078. ,69., 73 •• 78., 77 ., 78. '71. '78., 71., 73 •• 77. '72. ,28.55,2.;' 
R65.~65,,78.,76.,75.,72.,68.,71,,73.,77.,75.,68.,38.38,2., 
S69. ,69., 73 •• 79., 11., 11. ,69.,69. ~ 11., 75., 11., 12. ,.27 .97 ,a., 
T66.,66.,78.,74.,72.,G6.,79.,7G.,GS.,66.,71.,78.,26.6S,2., 
US9.,6e.,&4.,71.,72.,72.,71.,73.,72.,75.,73.,63.,33.65,2., 
U61.,62.,65.,73.,72.,72.,78.,71.,71.,76.,75.,67.,33.37,2., 
U61.,61.,66.,73.,73.,73.,78.,73.,72.,77.,75.,66.,32.7t,2., 
X62.,sa.,&7.,74.,72.,7e.,7e.,69.,6s.,74.,74.,&7.,3a.tJ,2., 
V63.,&4.,64.,68.,74.,89.,82.,82.,88.,81.,73.,64.,48.78,3., 
A66.,66.,6S.,S1.,73.,U9.,83.,82.,82.,83.,75.,68.,41.53,3., 
B64.,6S.,66.,71.,72.,74.,81.,77.,73.,69.,61.,59.,42.58,3., 
C68.,67.,67.,69.,75.,81.,83.,84.,83.,83.,74.,69.,43.15,3., 
0&8.,&&.,&6.,71.,75.,81.,84.,84.,83.,83.,77.,69.,42.48,3., 
E61.,69.,75.,83.,S8.,94.,104.,181.,104.,94.,28.,7e.,43.57,7., 
FS1.,55.,62.,67.,74.,77.,94.,91.,91.,79.,62.,5S.,<6.38,7., 
G&&.,71.,78.,sa.,ss.,s4.,104.,toa.,te4.,;s.,s4.,73.,~a.92,7., 
H&a.,67.,71.,7s.,se.,84.,s7.,ss.,s3.,81.,&9.,6a.,37.e7,3., 
158. ,58. ,62. ,65., 78., 7&., 77., 78., 78 •• 7&. ,65. ,57.· ,41. 78,3., 
J68.,62.,62 •• 65.,69.,75.,77.,77.,78 •• 77.,68.,68.,41.45,3., 
K61.,62.,G2.,6&.,73.,81.,81.,89.,81.,79 •• 71.,62.,39.83,3., 
LSS.,S7.,68.,6S.,78.,75.,7S.,76.,75.,7&.,66.,S7.,33.C8,5., 
1'61 •• sa ... s4 •• sa. ,66., 71•, 11., 12., 73., 11. ,57 •• se. ,41.ee,s •• 
NS2.,S4.,56.,61.,66.,71.,71.,73.,74.,72.,61.,S2.,39.73,S., 
048. ,51. ,55. ,62. ,68., 73., 73., 75., 74., 71. ,57., 48.-, 41. 70,5., 
P72.,72.,73.,74.,76.,81.,GS.,83.,88.,7V.,75.,?1.,39.S7,3., 
a79.,77.,77.,!a •• c1.,69.,9a.,~e.,91.,91.,es.,83.,37.77,4., 
~1.,75.,76.,C3.,Cl.,C9.,G2.,91.,91.,92.,C3.,&S.,39.37,4,, 
sss.,&7 •• G7 •• 72.,75.,aa ... a4.,84.,s3.,83.,7s •• 71.,3~.e7,3., 
f?S.,72.,73.,77.,79.,86.,C8.,&9.,87.,8?.,83.,79.,37.65,3., 
US3. ,54. ,57 .• ,64. ,68., 72., 73., 74., 74., 73. ,64., 56, ,38.03,2;, 
VSJ.,S4.,58.,64.,67.,72.,72.,74.,74.,73.,64.,S6.,~8.18,2., 
vss. ,61.,65., 78., 72., 73. ,68., 71., 71., 76. ,69. ,&1. ,38.53,2·., 
X53.,57.,&2.,&S.,72.,75.,71.,78.,72.,81.,S8.,5S.,la.17,2., 
vss.,63.,&&.,74.,76.,7&.,7t.,7a.,74.,77.,7s.,s4.,23.es,a., 
A&t.,G2.,65.,68.,73.,78.,79.,81.,78.,81.,74.,65~,32.47,2., 



156.,56.,57~ 1 61. 164.,&1.,11.~67.,74.,7t.,61.,59.,42.37,5., cse.,se •• sa.,ss.,S?.,71.,72.,7t.,73.,72.,&7.,&t.l38.tll2., 
D&lo ,&1.,62, 161• ,&a., 72o# 7lo 1 72o # 74o 1 12., ?to ,&2.;.38.2112• I , 

E&a.,&a.,ss.,&&. ,a., 11., 75., 75 •• 77 •• 73.,64.,&& .......... a •• 
F&S.,67.,18.,&&.,64.,68.,71.,71.,71.,&4.,57.,63.,46.87,2., 
Q62.,66.,66.,66.,&&.,67.,68.17t.,68.,&S.,S&.,58.,44.8112., 
H57.,56.,5&.,59.,62.,65.,66.,67.,69.,61.,58.,SB.,43.&5,5., 
151.,53.,61.,65.,68.,72.,?6.,74.,71.1&S.,53.,48.,45.t7,3., 
JSI.,S3.;56.,63.,68.,71.,73.,71.,73.,71.,57.,51.,42.42,3., 
IC41. ,51.,54.,61. ,66. ,65., 72., ?1., 71. ,67. ,53~,47. ,42.17 ,3., 
L45.,52.,58.,64.,68.,74.,68.,7&.,74o 1 7lo 157.,47.,42.88,3., 
ft38.145.,58.,64.167.171.,75.,72 •• 65.,63.,46.,48.,47.17,3 •• 
152.~8.,63.,66.,67.,68.,74.,71.,63.,57.,47.,47.,46.57,3., 
122l~:at./ . . 

DATA PCTX/ 
N48.,SS. 163.,64.,68.,7t.,74.172.,61.,&2.,51.,51.,46.47,3., 
042.,48.,51.,64.1&1.,73.177.,75.,71.,65.,51.,45.,44.73,3., 
P61.162.,64.,64 •• 6&.,68.175.173.,7t.,61.158.,6t.,46.83,3.1 
Q62.,65.,67.,69.17e.,72.,78.,78.,75.17t.~st.,64.14B.57~3·~ 
R63.,65.,65.,66.,69.,74.,79.178 •• 77.,75.,66.,62.,44.8813., 
561.,62.163.164.,67.173.,76.,76.,75.,73.,64.,61.,43.92,3., 
T61. ,62. ,&2. 166 •• 73 •• 79. ,83. ,83. ~··I 79 •• 71. ,63. 138.82, 3 •• 
U66o ,64. ,64. ,69o 1 13o 1 79.,83.182• .. se. # 79.116. ,69o ,38.31 .. 3 •• 
U64.162.,64.,68.,73.,78.,81.,82.,79.,78.,73.,61.,37.23 .. 3., 
Y63. 162. ,64.168 •• 73 •• 79. ,81. ,88 ...... 79.1 72 ... 63 ... 38. 7513.1 
XS9 ... 61. 166 ... 72.,75.,77.,75.176.175.,77.171.,63 ... 32.32 .. 2., 
YSB.Ist.,64 ... 7e •• 72 ... 74.,7t.,74.,72.177.,7t.~&a.,32.33 .. 2 •• 
161.,63.,67.,72.,75.177.,75.,77 •• 78 ... 76.,68.158.,32.33 .. 2.1 
A7t.,67 • .. 12.1 71., 77. ,.83. ,SJ&.,S.S ... E. ,81.181., 79. ,45.8114 ... 
111.,68.172.171.177.,79.183 ... 81 ... 18.,87.,84.,79.,48.6814.1 
C13.1 73. I 16.175 •••• ,82 ... SIS ... 84 ... 84. ,81. 184. ,81. ,45.25,4.1 
DS&.~6s ... 11.,7t.,74.,79.,81.1ee.,a •• 87.,82.176.,48.22 .. 4.1 
E68.,68.,73.17t.,75.181.,85.,82.,89.,81.,8l. 172.,47.4814., 
111. I 18o180o 182• 182• ,83.,83.,81o 182~ 177 •1 ?to 1&8o .. 48o55,4ol 
F64.,&S •• ?t. I ?t •• 75. I 78.,84.,81. ,81. ···~ 18 •• 73.146.6114.1 

- 155.,64 ... 7lo I 17o 1 18o # 71o ,82. 181• 1•• 1 72ol55o 14lo ,48.28,4., 
G&&.,64.17t.,68.,73.171.,t3.,81.,18 ... 85.181.175.14?.ts,4.1 
H68.,67.,72.,72.,76.,83.1t3 ... 83.182.,81.113.,71.146.4314.1 
148.153.,61.,65.,72.174.,14.,81.,87.,7&.,64.155 •• 46.12,4., 
J63o 1&2o ,66. I 71o I 1lo1 'Mo# ?lo. ?to 1 71o # 75., 75. 161• ,35.43,2o 1 
K61.,61.,66.~75·~?6.,77.,75.,74.,7&.,74.176. 16&.,35.2712., 
LS2.162.,6&.,72.,72.,73.,72.173.,73.,76.,75.,61.,35.22,2.1 
ft&S.,65.,61.,76.,75.,73.,72.,71.,74.,76.,78.,71.,34.81,2., 
fl&4o ,63. o67ol 12ol 13o, 74o 113,1 74.·, 74., ?6 ... 76o ,68o ,36 •• ,2.1 
062o ,61. ,64., 1lo1 1lo1 ?to I ?to 1 1fo1 72o 113,1 13o ,&&.,35.17 12o # 

P72.171.,72.,61.,74.,78.,88.,81.,11.115.,78.,15.,46.17,4.1 
114.,71 •• 71 •• 71 •• 71.,81.,88.,85.,11.,7&.,67.,61.,41.12,4., 
864.,65.,61.,18.,74.,71.188.,8&.,14.,12.,71.,&1.,46.81,4., 
165.,64.,67.,71.,7& ... 7&.,85.,16.,15.,84.,75.,71.,48.27,4., 
172 ... 71.,71.,12.,84.,14.,83.,81 •• 13 •• 71.,71 •• 11 •• 41.17,4., 
573.,68.,11.,75 ... 71.,85.,11.,17 •• 1&.,17.,82.,77.,41.87,3., 
T?t., 71., 72., 72 ... 74.,11.,83 ••••• 77 •• 71., 71.,61.,41.15,3., 
U71.,61.,11.,11 •• 74.,11.,83.,14.,79.,81.,73 •• 71 •• 41.37,3., 
U?7.,78.,73.,7&.,11.,81.,11.,18.,18.,11.,15.,13.,41.13,4., 
U71.,73.,73.,74.,71.,85.,81.,11.,12 •• et.,l4.,12.,41.17,4., 
X57.,55.,51.,11.,63.,65.,&7.,1&.,11 •• 67.,51.,56.,43.2t,& •• 
... ,64. ,64. ,&So 1&1 o ,61., 71o ,61. ,61. ,-62. ,64. ,6lo,38o 45,5o 1 

Y51.,51.,11.,&4.,&5.,67.,67 •• 61.,71.,7l.,&&.,&l •• 41.t3,5., 



A&t •• ssa •• st •• &t •• && •• a •• 11 •• 78 •• ?2:t. 12 •• ss.t.~· .c.~· ?t.s •• 
BBB •• ss •• sa •• es.,il.,tt1.t.!7··a;.,t~ •• toe •• u. •• ~~ •• 3S.es,~ •• 
C87 •• 8a.,a4.,87.,a&.,9t •• ~ •• 81.,8S:t.86.,94 • .c.i2·.c.~·•s.4., 
D87.,as.,as •• ~ •• 85.,1tl • .c.!7·.c.!B·.c.!~~~tl.,w7 •• ~ •• 36.75,4., 
E85.,84.,88.,83.,5S.,i9.,~.,»B •• ~r •• ~.,i3.,89.,33.41,4., 
~81.,88.,82.,DB.,88.,1ee.Laa.,es • .c.!8.,DB • .c.88•t.gJ.~3.23,4 •• 
G87.,83.,86.,SJ.,al •• 8~ •• w2.,93.,~ •• 14 •• w3.,wt •• ~.t8,4., 
H85.,83.,84.,92.,D&.,98.,89.,9t.,98.,87.,84.,89.,3S.tt,4., 
176.,77.,ae •• a4.,98.,8&.,1e~ • .c.!l4··••7.,tt1~91~83~.c.48.83,7., 
J8.4. ,81 •• as •• sa. ,n. ,85!L86 •• w. ,111 .,tea. ,w. ,w. ,;sv.as. 1 ~ 
K88 •• aa •• sa.,99.,t8l.,t~ •• tet.,1t2.,tt7 •• tea.,98.,92.,36.~.s., 
LBS.,as •• ve •• ss •• tee.,tt4.,ttt.,ttt.,tt3.,tea • .c.-99.,92 •• 4e.e7,7., · 
~3.,83.,88.,95.,99.,182.,106.,187.,111.,185.,~.,88.L39.58,7., 
K89.,aa •• sJ.,va.,tee.,tes.,tos •• te7.,ttt.,te7.,1ee.,s~ •• lB.e7,7., 
076.,77.,81.,87.,93.,97.,te&.,le5.,188.,1t1.,SI.,83.,48.98,7., 
P83.,8S.,9l •• V7.,1et.,tt3.,184.,184.,188.,183.,97.,93.,36.9S,7., 
QSS.,SS.,56.,68.,62.,66.,69.,68.,&9.,6&.,SS.,S4.,42.75,5., 
R4S.,45.,~8.,56.,59.,64.,66.,65 •• &6.,62.,49.,43.,42.22,S., 
S43.,44.,St.,59.,63.,69.,7t.,69.,68.,63.,49.,43.,42.93,S., 
ts. .• st.,&J.,&t.,65.,7e.,7t.,7e.,ss •• ss.,se •• se •• 44.se,s •• 
US3.,S3.,58.,62.,64.,68.,78.,69.,69.,64.,S3.,52.,44.93,2., 
USS.,S4.,57.,69.,G4.,65.,67.,67.,69.,68.,S9.,54.,4t.78,5., 
use •• ss.,st.,&4.,66.,68.,7e.,7t •• 73.,72.,&s •• &t.,4e.?7,s., 
X45.,45.,52.,68.,64.,69.,71.,69.,69.,64.,St.,44.,43.12,S., 
Y47.,46.,5t.,6t.,62.,68.,78.,69.,69.,63.,49.,44.,43.12,5., 
A47.,4s.,sJ.,se •• ss.,7t.,7t.,72.,73.,69.,ss.,4s.,4e.sa.s •• 
tst.,sa.,ss.,st.,&s.,?e.,7e.,72.,72.,7t.,&a.,sa.,J&.e7,s., 
C44.,4&.,st •• se.,62.,78.,72.,7t.,7t.,67 •• s3.,44.,4t.4e,s •• 
D4B.,4s •• sJ.,s9.,64.,72.,&9.,73.,72.,7t.,S7.,49.,4e.ee.s., 
ESl.,S3.,5S.,62.,66.,7t.,71.,73.,74.,72.,68.,52.,39.98,S., 
rse •• sa •• ss •• sa.,&B.,7t.,73.,73 •• 73.,7t •• s7.,se.,4t.se.s •• 
G43.,44.,49.,S7.,62.,67.,69.,68.,68.,66.,51.,43.,41.27,5., 
K78.,68.,78.,73 •• 74.,81.,83.,84.,81.,81.,79.,73.,35.48,3., 
I66.,64.,6&.,69.,7t.,76.,88.,81.,77.,78.,75.,69.,36.28,3., 
J4G.,49.,SJ.,sa •• ss.,62.,7e.,?e.,75.,&s.,s7.,se.,4&.ts,s., 
~62.,68.,73.,70.,78.,81.,93.,91.,26.,77.,6S.,S9.,44.S3,6., 
L62.,ES.,G8.,75.,81.,87.,98.,S6.,97.,87.,7S.,S9.,43.5S,6., 
A48.,S8.,64.,73.,88.,87.,98.,96.,93.,78.,69.,S8.,42.37,6., 
NSS.,7&.,&t.,ea.,74.,7s.,a4.,82.,82.,74.,66.,&e.,43.42,&., 
ose.,S4.,&3.,7a.,??.,sa •• ss .• s3.,94.,Bt.,s3.,ss.,4s.ss.s., 
P44.,49.,54.,G8.,6?.,68.,82.,78.,76.,65.,SS.,48.,45.68,6., 
Q65.,65.,78.,77.,83.,B7.,98.,95.,8&.,8S.,76.,71.,44.27,6., 
R4i.,SS.,6t.,69.,73.,7S.,st.,88.,81.,62.,52.,45.,43.22,6., 
S45.,58.,56.,63.,69.,71.,n&.,C2.,82.,67.,56.,49.,44.92,6., 
TS?.,S?.,ss.,&a •• &4.,&7.,?t.,69.,7e •• ?e •• sa.,s?.,4e.ss.s •• 
U41.,45.,52.,61.,6S.,71.,73.,66.,78.,65.,4i.,48.,42.88,5., 
US7.,57.,59.,62.,6S.,68.,71.,69.,71.,71.,62.,58.,41.22,S., 

DATA PCTY' 
uss •• sa •• se.,63.,ss.,&9.,&9.,7e.,7t.,71 •• 6s.,&e.,39.BB,s •• 
X46.,4S.,Sl.,58.,63.,G2.,62.,62.,68.,62.,5S.,46.,41.58,5., 
Y51.,S2.,SS.,S9.,&3.,67.,S9.,G8.,69.,69.,5S.,Sl.,41.33,5., 
A7a.,?2.,7S.,77.,?2.,?3.,76.,7&.,73.,72.,75.,72.,18.43,3., 
CSi.,6S.,Gt.,6G.,SB.,G9.,7t.,78.,69.,68.,63.,S9.,41.17,5., 
csa. ,57. ,57. ,61. ,as. ,&7. ,G?. ,68.', ;e •• 11 •• ea. ,ss •• 41. 73,5 •• 
DS9.,Ge.,&s.,73.,72.,7a.,;a.,68.,7t.,?4.,75.,6&.,32.;e.2 •• 
E63.,&3 •• &7. ,74 •• 73., 74 •• 72 •• 73 •• 73 •• 76., 77. ,69. ,33.95,2 •• 
F63.,62.,66.,72.,7S.,73.,72.,88.,73.,?6.,76.,66.,34.98,2., 
G&s •• &l.,&s., 11., rs •.• u. ,B7 •• :n •• es. ,84 •• 77 •• ts. ,44.38,4 •• 



'I 

H?l.,67.,?1~.74.,71.,14.,11.,82.,11 •• 11 •• 13 •• 75 •• 44.31,4 •• 
1?1.,61 •• ?1.,72.,?5 •• 11 •• 11.,11 •• 82 •• 11.,14.,?1 •• 44.15,4 •• 
J67.,65.,66.,7t.,?S.,II.,I6.,8S.,I4 •• 14.,??.,?1.,43.57,4., rs. .• ss.,se.,ss.,67.,st.,&a.,?t.,st.,72 •• &7.,sa.,35.13,2 •• 
LSS.,S&.,61.,68.,7t.,72.,71.,72.,72.,74.,&1.,59.,35.12,2., 
RSI.,&e.,64.,78.,73.,77.,??.,?8.,?&.,78.,71.,&3.,35.15,2., 
N51.,52.,56.,66.,71.,74.,74.,75.,72 •• 72.,62.,52.,35.12,2., 
073.,71.,?6.,77.,71.,84.,84.,83.,81.,88.,81.,??.,32.43,3., 
P7?.,78.,82.,16.,8&.,88.,89.,11.,11.,11.,81.,88.,35.23,3., 
064. ,64.,67. ,67 •• 71., 71. ,82.,81., 78., 78 •• 73 •• sa. ,31.31,3., 
RSI.,61.,65.,71.,7S.,82.,87.,84.,?8.,??.,61.,62.,25.81,3., 
561.,62 •• 65.,67.,72.,81.,8& •• 51.,81.,78.,72.,64.,27.??,3., 
T6S.,65.,61.,68.,73.,81.,83.,83.,81.,?1.,7S.,71.,32.85,3., 
U68.,68.,73.,78,,71.,?7!L88.,81.L76ii78,,76~72o,29o37L~'' 
U87.,87.,91.,99.,111.,1~ •• 96.,17., ··"~W7.,91~31 ... ,4., 
U64.,65.,68.,68.,73.,82.,84.,85.,81.,81.,~ •• 7 •• ~.83,3., 
xss.,6s.,69.,73.,78.,B3.,ae.,ae •• 71.,82.,73.,64.,29.38,3., 
YS6.,59.,61.,63.,69.,72.,71.,71.,71.,74.,63.,61.,29.18,3., 
AS2.,63.,65.,68.,72.,78.,83.,88.,77.,77.,71.,64.,27.52,3., 
865.,65.,69.,71.,76.,81.,84.,84.,81.,78.,71.,67.,27.53,3., 
C85.,82.,86.,92.,93.,9S.,94.,9S.,I2.,12.,92.,88.,33.65,3., 
DS6.,62.,65.,68.,72.,78.,78.,79.,75.,Be.,73.,66.,31.23,3., 
EB4.,82.,88.,12.,94.,97.,93.,94.,11.,92.,92.,88.,31.13,3., 
FS8.,61.,63.,67.,72.,77.,72.,73.,?4.,76.,?1.,62.,29.15,3., 
C73.,71.,76.,77.,79.,83.,83.,83.,79.,88.,81.,77.,31.37,3., 
H64. ,65. ,&a. ,67., 73., 79. ,83. ,82., ?8., 77 •• 73.,68. ,29.53,3., 
165.,64.,67.,68.,72.,88.,81.,83.,88.,88.,76.,7e.,33.72,3., 
J64.,64.,68.,67.,69.,ae •• 8J.,83.,?1 •• 78.,74.,7e •• 3t.&a,J., 
K71.,78.,72.,74.,78.,84.,85.,84.,82.,82.,88.,76.,33.97,3., 
L87.,84.,88.,92.,16.,1ee.,ss •• ss.,te3.,1e2.,1e1.,92.,37.7t,7., 
1184. ,88.,85.,81.,16. ,182. ,98.,98., 10&., 182. ,105. ,81.,37. 71,7 •• 
H?t., 74.,88.,84.,13. ,17., tea. L.!l1. ,184. ,11. ,87., 76.,48. 77,1., 
063 •• sa. ,66., 72 •• 73., 76 •• 73 •• 7~., 74 •• 74 •• 75. ,68. ,36.81,2., 
P&t.,51.,63.,&a.,69.,71.,7t.,7t.,72.,71.,7t.,63.,37.st,a., 
Q62.,61.,64.,68.,61.,71.,78.,71.,73.,74.,72.,65 •• 37.32,2., 
RS1.,51.,SS.,51.,63.,66.,61.,68.,68.,63.,51.,48.,44.47,2., 
S42.,46.,52.,51.,66.,65.,77.,73.,74.,61.,53.,46.,46.97,6., 
T42.,47.,53.,61.,69.,71.,11.,77.,74.,63.,S4.,45.,47.4S,6., 
U51.,57.,65.,71.,78.,81.,9&.,13.,93.,81.,6S.,SS.,47.SB,6., 
US1.,58.,6t.,&S.,66.,65.,67.,64.,66.,51.,51.,48.,48.38,6., 
W49.,57.,61.,78.,81.,84.,15.,93.,84.,?S.,56.,46.,46.18,6., 
X41.,52.,SI.,64.,72.,7t.,81.,77.,78.,65.,61.,54.,48.35,6., 
YSS.,Gt.,69.,?5.,81.,83.,SS.,93.,84.,82.,&7.,SI.,46.57,6., 
RS2.,G4.,64.,6S.,67.,72.,76.,75.,73.,72.,62.,&1 •• 44.87,J., 
161.,&1. ,65.,66.,68., 73., 76., 75.·, 74., 11 •• sa. ,61.,44.41,3., 
C62.,63.,64.,65.,&8.,73.,76.,77.,75.,72.,64.,&1.,43.1?,3., 
D64.,65.,6S.,63.,19.,74.,?7.,71.,77.,74.,62.,&1.,43.13,3., 
ES9.,SI.,62.,&S.,?I.,?S.,78.,78.,77.,74.,&4.,51.,42.1S,J., 
F49.,49.,53.,51.,&4.,67.,&&.,67.,&1.,&1.,&1.,51.,31.37,2., 
CS2. ,54. ,57 .,&1.,66. ,&&. ,66. ,64.,&&. ,63. ,57. ,52. ,38.12,2., 
HS2.,53.,S&.,&l.,67.,7t.,?t.,70.,71.,71.,&3.,SS.,38.37,2., 
151.,53,,57,,&2,,&&,,69,,71,,&1,,18,L!4•L-54'L~Io631.27,2., Jl3.,81.,12.,13.,87.,95.,181 •• 1t1~1~ •• ~ •• ~ •• 1.,42.18,4., 
115., ... ,71 •• ?1 •• 71.,81 •• 88.. ..~ •• 15.,11.,11.,41.11,4 •• 
LI4,,87,,11,,14,,13,,10,,D2,,11o,lloL!$o•81•••1••42•1114~ 
R14,,1J,,8S,,I7,,12,,a,,111o.t!I1.!J.lfto,ll2o,8So,llo..e..! ... ,4., 
N?l •• n .• 71 •• 11 •• 7S •• u .• l3 •• v-, ••••• n.,ll .• ??.,44. 77,4., 
013.,?8.,75 •• 77.,7& •• 11 •• 11.,11 •• 13 •• 77 •• 11.,12.,44.42.4., 



C
DO 500 I.1.12

SH PCTSS(I)•PCTS(I,LOC)
KSSM•PCTS(14,LOC)

C
RETURM
DID

PIP)

W
L\D



c 

c 
c 
c 

AStltET II 

DINENSION AC12) ICl2),CCl2l,DEC<l2),R£FLTCl2),DLYSURt12), 
tDAVSCl2),TifiEC1Sl,8YAC13),5LftAZCl3)L-~YRDC13,12)LDIFRAD(l3l, 
ICLRDIR<J3)L~LRDIFC13l~~SURC1~JLCLNnunC12lLCLRTOTC13,12l 

DiftENSION BNADCI3),DJMKADC13l,"VKZRDC13),R£fRDC13) 
DINENSION DECLCl2l,TTILTCl2l 
DIREMSIOH PCTSSC121~DLPRSRCI2) 

Bl~~f8: ~:~~~~,,2, 
DifEttSION SIIFHI<l3,12) 
REAL LAT . 
AstllAE COtiSTAIIT MTA 
DATA A/391,,385.,376.,368.,358.,345.,344.,351.,3&5.,378.,387., 

1391./ 
DATA J/,142,.144,.156,.18,.196,.215,.287,.281,.177,.~6,.149,.142/ 
DATA C/.158,.16,.t71,.197,.121,.134,.13&,.122,.892,.173,.863,.857/ 
DATA DEC/-ae •• -1e.a,e.,t1.6,28.,23.~s.2e.6,t2.3,e.,-te.s.-t9.s, 

l-23.45/ 
DATA TINE/' GAR',' 7AR',' &Aft',' 9Rft','11Aft','11Aft','12P"'•' 1Pft' 

a '2Pft' ' 3Pft',' 4Pft',' SPft',' 6Pft'/ DATA REFLT/e.,e.,e •• e •• e •• e.,e .• e •• e •• e •• e •• e., 
DATA DAYS/31.,2S.,3J.,38.,31.,38.,31.,31.,Jt.,31.,38 •• 31./ 
DATA DAY/l7.,47.,75.,115.,1JS.L162.,198.,228.,258.,~.,318.,344./ 
DATA SC/44],,43;.,432.,425.,41u.,416.,416.,423.,4a&.,434.,448., 

1444./ 
DATA H /'H'/ 
DTR•S? .29578 
URITEU,9SHU 

1ft FORMTUX,'DEFIM£ OUTPUT DEUICE'/' Ifii\JT l FOR TERRIML OR'/ 
I' IlfPUT 6 FOR LINE PRINTER') 
OPEMCUNIT•6,NARE•'PRIHT.LST',TYPE•'NEU') 
R£ADU,4t4) NOUT . 

1 
2 

READ DATA FOR SITE 

.. ITEU,2) 
FOIRATCIX1 :JNPUT LATITUDE DEG') 
R£ADU,3 lLRT 

.3 FOIIMTlF8.4l . 
.. ITECl.4) 

4 FORRATCIXL'IMPUT TILT RHGLE FROft HORIZONTAL DEC') 
READC1,3)TILT 
WRITEU,S) 

5 FORMTCUC, 'INPUT AZIIIJTH AHQLE DEC t DU£ SOUTH + WEST - EAST') 
ft£.AJIC1,3)AZI 
llftiVEU,SSS l 

555 FORMTUX,'IS GRCUID R£Fl.£CTMCE DESIIID" CV OR")') 

~~~!t~~~'QO TO II 
URITEU,Sl 

6 FoaATUX.,'PRElOMED VAUJES OF ClMIUND RUL&CTIVU ME') 
Hl11tC1,7lCI£FLTC!),J•l~l2) 

1 FGIIATCIK,11F3.8) 

/ 



- ' 

c 

.. ITEC1.8) · 
8 FORRATC1Xf'IS CHANGE DESIRED? CV OR H)') 

READU,SI) A 
8 FORIIATUA1) 

IFUA.EQ.") GO TO 84 
WRITEU.UU . - . 

18 FORMTUX. 'IIPUT 12 ROIITHI.Y VALUES Of" RtFLECTAfiCE') 
READC1.71)(R£FLTCI>.I•1.12> 

71 FORRATU2F'3.2> 
GO TO 84 

89 DO 83 1•1,12 
83 REFiTCIJ•t.t 

84 ~I1EU,81) . . . . 
81 FORMTUX, 'DO YOU DESIRE CLOUD COVER ~LCUI.ATlCtfS? ·cy Clf H)'> 

READC1,9HC 
IFCIC.EQ.HJGO TO 888 
URITE C1, 4~8 > 

488 FORMTC1X, 'IS CITY LOCATI~ tam'IER I:HCWH'? CY em Hl' J 
R£ADU,9UL 
IF<IL.EQ.N)SO TO 91 

481 YRITEC1,482J 
482 FORPIATC 1X, 'INP\JT CITY LOCATIOtt fUllER') 
483 READC1.4&4JLOC 
484 F~ATC 14) 
485 CALL SUNSHH<LOC.PCTSS,KSS"> 

GO TO 18 

9t .URITEU,9U 
91 F~TClX,'P~ELOADED UALUES or PERCENT SUNSHINE RR£') 
92 F~ATClX,12F4.8) . 

YRITEC1.92>CFCTSSCIJ,I•1,12J 
WRITE U, 8) 
READC1,9liA 
IF<IA.EQ.NJGO TO 18 

95 IIRITEU,93J 
93 FORMTUX, 'If~ 12 AOHTHLY IAAToUES Of P~Ja:HT S!."HSHI~ IN ~L£ HU 

lftBERS' J 
READ<1,921J<PCiSSCIJ,I•1,12J 

921 FORMTU2F4.t> 
KSSPI•l 

C 94 YRITE<1,82> 
C 82 FORMTClX, 'Im'IIT LOCATION CLO\JD COUEA ftOniFIEP. F'U:C FROA MP' > 
C I' l PERCENT SI.IQSHIHE PAJL TIPLIER '.1 
C I' 2 F fERpt \UTH .GS FWil.TIPLI!::R '.t 
C I' 3 F FRIRE YITH .71 AULTIPLIER'.t · 
C ·I' 4 F F~ih£ Tir-ES 1.1' 
C I' S CLE~ AIR n:501.ATIOH') 
C I' G F PRihi TIRES 1.05'> 
C READC1,12lKSSft 

. GO 'i"O 11 
/ 

888 DO 839 A•l,l2 
PCTSSCFU•lot. 

an ccmrru 
lt WI'i"EU,IU · 
U F~TUX.t 'SU£CT Tvt'E OF COU.ECT<ma 'I" 1 CEAII TR~ICER' .1 

I' 2 Fl~u FOSI'i'Ia?t FLClT Pl.A'l'IE YITH TOT~L li~~LATION'" 
a • 3 ~ZIRlnH ~!!IJI - Dlr.ICT IKSOLATEO C:.J. v ·" 
I' 4 J;OilfiQ.Y TILT WtOlG FLAT Pt.A'i'E UITilt YO"''AL IHSOI.ATIOft'.f 



I' S FIMED POSITIOft Fl.AT PUT£ - DIRECT INSOUTIOit Olft.Y'' 
I' 6 IIOHTHLY TILT ADJUSTED FLAT PUT£ - DIRECT IMSOLATIOit Olll.Y'' 
I' 7 TILT TRACaeltiG COHCEHTRATOR-£1'W AXIS ALIGIIEHT-DIRECT 
IIHSOLATIOH OHl.Y') 
READ<t,12 )ICIHD 

12 FoaMTU2> 
CALL ERASE 

C START RUM 
DO 22 1•1,12 
DO 21 J•1,13 

21, HRLYRDCJ,I>•I. 
CLRSlllll>•l. 

22 DLYSlllll>•t. 
YRIIXSII•t. 
YRPRSII•t. 
CLRYR•8. 

C SET UP TRll: COMSTAHTS FOR INPUT t:LJiii)ZRS 

c 

c 
c 
c 

LAT•LATI'DTR 
CLAT•COSCLAT> 
SLAT•SIHC LAT) 
TLAT•SLATI'CLAT 
TIL T•TILT ;DTR 
CTLT•COSCTILT) 
STLT•SIH<TILT) 
AZI•AZI;DTR 
OAZ•COS<AZI> 
SAZ•SII'UAZI ) 
XXX•.Sil1.-CTLT> 
DIFPIPY•1.-)()()( 

DO 1 ... 11•1.12 
ITIII•8 
R£F'IIPY•XXXIREFLTU') 
DECLlii)•DEClft)I'DTR 
SDECL•SIMlDECLlll)) 
CDECL•COSCDECLlft)) 

TOTAL DAILY HORIZONTAL RADIATION CALC. 

HDLVHZ•I.I 
DO 918 IHR•-6,6 
HRHCL•1S.IFLOATCIHR>I'DTR 
CHRHGL•COSCHRNGL> . 
SITA•CLATICDECLICHRNGL+SLATISDECL . 
IFCSITA .GT. l.I>SBTA•1.8 . . 
IFCABS<SITA) .GT. l.I>SITA•-1.1 
IFCSITA-.11 )811 811 VII . ' · 

911 DH•<ACII>I'EXP<8Cft)l'56fA))I(CCII>+SITA>ICPCTSSlll)l'll8.) 
HDLYHZ•HDl. YHZ+DH 
CLRDAY•KDLVHZI'CPCTSSCII)I'lll.) 

918 COHTii'IIE 
c 
C DAILY LOOP FOR I M TO &PII 
c 

DO SM ITII•-&,&,1 
ITIII•ITIII+l 
CADUTIIU•t. 
~·l&.:FLORTCITII) 



KlltGL•HIICGVDTR 
~L•COSC~L) 
~L•SIHCY.~L) 
SBT~•CIA'i':CCC:Cl.~L+SLATISDECL 
IFCSITA .GT. 1.8)SiTA•1.8 
JFCAISCSITA) .GT. I.)SJTA•-1.1 

· C CHEC IF SUH IS IF . ·, 
IFCSITA-.Il)SI.S!L2t 

2t JTACITJR)•ASINCSITAl 
CBTA•COSCBTACITJR)) 
TEST•CDECL~L/CBTA 
IFCTEST .GT. I.IJTEST•I.t 
IFC~~SCTEST) .GT. l.l)?iST•-1.8 
SIAAZC ITUI l•ASIIU'ri:Sf.) 
IRADCITiR)•ACA)/£XPCBCR)/SBTA) 
GO ro cas.se. ?S.tee.tcs.tee. nu::nm 

C 8EM TRAaCER 
c 

c 
25 HRLVRDCITIR.R)•IRADCITlft) 

GO TO 49i 

C FIAT PlATE 
St TALRPY•CTLTISITA+STLTICCAZICCTLATISJTA)-CStZCL/CIATJ)tZAZICDECLI 

lSHRIOGL) 
ECC•l.O+ .033:COS C6.28318S:IIHIYCRV365 •. I 
C~SR·-TLATI$D£CL/CD£CL 
H«SR•ACOS ( CMrCSR) 
S~$R•Siim~SR) 
R5UBD•C3.141$~/24.JICCHRNCL-CKRSRJ 

l/ ( SKRSR-tQSRJ:c;QSR) 
HEX•C24./3.1415SCSJISCCftJI£CCICCLATICCECLl£MRSR 

~ l+HRSRISLATISOECL) 
~ XKT•HDLYHZ/KEX 

HORZRDCITJ")·~~DCITIR)J(CCftl+SBTAl 
HD~DCJTJR)IC1.39-4.1271XKT~.S3l:XXTlY.XT-

l3.1CBIXKTSXKTIXIT) 
HI•NORZRDCITIRJ-HD 
CLRKT•CLRDAY/ttEX 
CLRHD•HORZRDC ITIR )I( 1.39-4 .8271CUUCT+';. S31tC:LmCTICLRKT 

l-3.1181CI.RJ(TICLKTIC1.RKT) 
CLRHD•CLRHDIRSUID 
ECCHOR•ECCISCCR)ISITA 
CLRHD•.3841(CCHOR-.416IHORZRDCITIR) 
IFCCLRHD.GT .HORZRDC JTIR) lCLAHD•HORZRI)( IT Ill) 
CLRHI•HORZRDCITJR)-cLRHD 
IFCTAtftPV)Sl.St.S2 

~~ DIRRADCITIR)•I. 
DIFR~C I Tift )•I. 
REFRDC ITIR )•1. 
CLRD!RCITJR )•I. 
CLRDJFCITJR)•I. 
CO TO 53 

52 DI~ADCITJft)•WIIfALAPY/SITA 
CLRDI~CITJR)•CLAHI1T~LAPY/SITA 

54 DIFAADCITJR)•KDIDIFftPY 
CLRDIFCJTIR)•CLRMOIDIFftPY 

55 SRJU JTJR )•HCIRZRD CJTifU'~IRif!IC"r,.,._ 
53 KRLYRDCJTIR.R)•DiaRADCITIR)+DlFRRDCitiR~CJTlft) 



c 
c 
c 

c 

CLRTOTCITift.ft)•CLRDIRCITift>+CLRDIFCITlft)+IEFRDCITift) 
GOT0411 ' 

ROTATIItG AZIIIITH TRACKINQ COLLECT~ 

75 TALRPY•CTLTISBTA+STLTICCAZICCTLATISJTA)-CSDECL/CLAT))+SAZlCDECLI 
1 SHRI'tCL) . 

76 ~~=~~~~~!zifrx",, 
. CSLRAZ•COSCSLRAZCITIIU) 

52•CBTAISSLRAZ 
S3•CBTAICSLRAZ 
P•STLTISBTA+CTLTISAZIS2-CTLTICAZIS3 
Ul•SBTA-PISTLT 
U2•52-PICTL TISAZ 
U3•-CS3+PICTLTICAZ) 
CTH•CSBTAIU1+521Y2-S31Y3)/SaRTCU11U1+U21U2+WCIU3) 
HRLYRDCITift,")•IRADCITift)ICTH 
GO TO 49SJ 
It-'S TILT TRACKER 

77 CTHETA•SQRTCl.&-CDECLICDECLISHRHGLISHRHCL) 
BRADC!Tlft)•ACft)/EXPCBCPI)/SITA) 
HaLVRDCJTift,ft)•JRADCITIPI)ICTHETA 
CO TO 499 

C ~LY TILT ADJUSTED 
C CALCULATE TILT fROft.LAT-DECL 

c 

118 TILT•LAT-DECLCft) 
TTILTCPI>•TILT 
CTLT•COSCTILT) 
STLT•SIHCTILT) 
IFCKIND.EQ.6)G0 TO 125 

111 XXX•.SIC1.-CTLT) 
DlFlPY•I.-XXX 
REfftPV• XXXIRO"L TCPI ) 
GO TO 58 

C SET DIFFUSE MD REFLECTED TO ZERO FOR FLAT PLATE DIRECT Otn.Y 
125 RERPY•I. 

DlfftP'I•I. 
GO TO 5I 



co TO cse1.S&2.583,.584.ses.se&,.st7liCIHD 
511 I.IRI'i'£Cf.OUT,SIU 

l'Jll'l'ECt10UT ,.938 J 
998 FO~T(//JSX.'IIlSOLRAD DAT~III'> 
511 FORMTCN23>VDIIC£CT IHSOLATIOH FOR IEAII ltiAClrtiG COLLECTORS 

I - 81UVSQFT -') -
521 URITEUCOUT ,.531) LAT 
531 FORMTCNSX,. 'LATITUDE•' F9.4l 

CO TO 688. 
512 ~ITE<KCUT,S12J 

URIY£H;OUT ,998 J 
512 FGRAATCn23X,. •TOTAL SOLAR It:SOUTIOH rem FIXED POSITIOH COLLECTORS 

I - BTUH/SQFT - I ) . 

542 URI'i'ECr.ouT ,552 > LAT TILT AZI 
552 FO:mATUSX. 'LATIME•' F9.4,.5X,. 'TILT•' F9.4,.SX, 'AZII'IJTH•' F9.4 > 

522 IF<IR.EQ.HJGO TO 608 
t:RITECNOOT .S32H~FLTCJ J,J•l,.12l 

532 F~TC/SX,'nGHTKLY REFLECT~E UALUES ~ 'C12F3.2)) 
GO TO set 

503 URI'i'EHWUT,513) 
URIYECNGUT ,9gJ) 

513 FO~TC//18X,.'DIRECT SOLAR IHSOLATIOM FOR ROT"'IHG AZI~H TRACKIN 
iG COLLECTORS- BTUH/SQFT -') 

523 URITEUtOUT,.552J LAT. TJLT.AZI 
CO TO 618 

514 URIT£<~~514> 
- WiiT£(1'WUT ,.SJn) 

514 FORRAT(//13X.'TOTAL SOLAR IHSOLATIOH FOR ~tV TILT ADJUSTED COL 
ILECTaRS ·cTJLT•LAT-IitCL) - ITUH,..SQFT -• I 

524 ~ITECNOUT,.534> LAT,.AZI 
534 F~TCISX,.'LATITUCE•' F8.4,SX.'AZIRUTH•• Fl.~> 
544 ~ITECNOUT,554)CTTILTCC>.K•1 12) 
554 FcmMTC/SX• 'TILT'3X.tFS.1L..~Js.1,.3XLF5.1..3X£F5 .1,.3X,FS.1, 

t3X.F5.1,1)C,.F5.1,.3X,.f5.1,.;JA.t~.1.3X,.t5.1,.:;x,.tS.1,.3X,FS.I > 
GO TO Si~:i: 

515 URITECHOUT,.S15) 

SIS r~~~mx-t'~IRECT SOLM INSOLATION Ft-. FIXED POSITION COLLECTOR 
IS·.- I'T'UtVSGf -• > . . . 

GO TO 542 
. I 

\ 



5I& URJT£(M0UT,S16l 

516 r~~~~{'~IRECT SOLM INSOLATIOft FOR ftOIITHLY TILT ADJUSTED CO 
ILLECTORS CTI T•LAT-DECL> - ITUfVSQFT -•) 

GO TO 524 
587 URITECNOUT .sea) · 
588 FORMT U lliXt..~P.!!~ECT lttSOLATIOft FOR SOLM ALTITUDE TRACICIHC COLLEC 

lTORS FACING 5UUTH- ITUISQFT'l 
URITECNOUT ,n&l 
URITECNOUT ,sne>LAT 

878 FORRATCIISX,'LATITUDE•',F8.4) 
618 IFCIC.EG.H>GO TO 611 

URITECNOUT,&el>LOC 
611 FORMT(I',ISX,'IIOfiTNl.Y CLOUD COUER ADJUSTI1ENT VALlES ME FOR CITY HO. 

I 'U3) l 
611 URITECNCUT,611l 
611 FORftATC IISX,'TiftE JAH FEB ~ APR ftAY JUNE 

I JULY AUG SEPT OCT NOV DEC'II) 
DO 951 1•1,13 
IFCICJHJ).EQ.t.OR .ICIItD.EQ.J.OR.ICIHD.EQ'. 7)00 TO 682 
WRITE<NOUT,68J) TIAECI~, <CLRTOT<I,IC>,IC•1,12> 
GO TO 958 . . 

612 IIUTECHOUT,683> TIPECI) ,CHRLVRDCI,ICl,IC•1,12) 
958 COifTII'IJE 
683 FORRAT< SX,A4,3X,FS.8,3X,FS.t,3X,FS.8,3X,FS.I,3X,FS.t,3X,FS.0,3X, 

IFS.8,3X,FS.8,3X,FS.t,3X,FS.8,3X,FS.t,3X,FS.tl 
URITECHOUT,613) 

613 FORMT(I4X, 'IWCIIUt CLEM AIR DAILY INSOLATIOH - ·BTU,SQFT' l 
IFCICIND.EQ.I.OR.ICIHD.EG.J.OR.ICIND.EQ.?lGO.TO 614 
DO 951 1•1,12 
HftTHftXCI>•CLRRONCil 

851 DLYSUftCI)•CLRSUftCI> 
684 URITECHOUT,&eS>CDLYSUNCI>,I•1,12l 
615 F~TC 4X,'DLYSR',2X,F6.t,2X,F6.t,2X,F6.1,2X,F6.t,2X,F6.8,2X,F6.8 

1,2Xtf6.8,2X,F6.1,2X,F6.1,2X,F6.t,2X,F6.1,2X,F6.1l 
URin. UCOUT, 687) I 

687 FORftAT(4X, 'MXI .... CLEM AIR ftOHTHLV IHSOLATIOH-ITUI'SQfT') 
WRITECHOUT,686lCHRTMRXCil,l•1,12) 
IFCICIHD.EQ.1.0R.ratm.EQ.3.0R,ICJHD.EQ. ?)GO TO 777 
YlftXSIII•CLRYit 

Tn WRITE< NOUT ,61& >VMXSPI . 
61& FORMT(4X, 'MXIIUI VEMLY INSOLATIOft - ITUI'SQFT - • 'Fll.l) 

IFCIC.NE.HlGO TO 618 . 
69& FCIRMTC11X,F6.1,2X,F6.t,2X,F6.1,2X,F&.t,2X,F6.t,2X,Fi.t,2X, 

1F6.1,~iE6.t,2X,F&.t,2X,F6.1,2X,F&.t,2X,F6.1l 
GOTObW . 

688 URITEUtOUT,A7) 
U7 FORMTV4X, 'PROIMLE DAILY IHSOLATIOII DUE TO CLOUD COUER') 

URITECNOUT,615)(~(J),J•I,12l 
lltiTECNOUT,US) . 

· US FORMTC4X, 'PROIMI.E ROHTMLV IIISOLATIOII DUE TO CLOUD COUER 
1-ITU/SGFT I ) 

llt1TECHOUT,61S)CHRNTHCI),J•I,12) 
lltl\'t(raJT ,Gil )v.RSfl 

.. FORMTC<OX, 'FitOIAILE VEMLV INSOLATICN - ITUISGFT - •'Flt.t> c 
at CALL TMJSE 

lltJT£(1, 781) 

I 



1~ FORMTUX,'IS ~ RUH DESIRED'~ CY Cit IU' > 
liEADl 1, 711 Ul 

111 FORMTC1A1) 
IF <II .EQ.H, Ct.OSEUJHIT•&IDISPOSE• 'PRitiT I , 

IF <II .EQ.H J STOP 
IF CNOUT .EQ.&J YtiTECI,BIIJ 

set FOIIMT C lHU 
CM.L ERASE 
CO TO l 
EHD 
SU~OUTir.E SUNSHNCLOC~PCTSS~lSSNJ 
DihENSION PCT$(14 248) . . . 
DlnlhSION PCTSSCtaJLPCTXC14,81J~PCTYCi4,68J 
EGUIUALENCECPCTSU~vl J,PCTXU, l > > 
EGUIUALENCECPCTSCt~lllJ~PCTYCl,IJJ 
DATA PCTSI' 

RSS.,S9.,6J.,11. 1 72. 113.~7t.,74.,74.~76.~71.,52.,33.S7~2·, 
ts2.,63.,S6.,72.,72. 171.~67.,69 •• 71.,76.,72.,G4.,33.6C~2., 
C~9.,G8.,GS.,72.,73.,75.,72.,74 •• 73.,7?.,73.,&4.~32.38,2.~ 
CS5.,64.,66.,69.~74.,79.,81.,81.,78.~78.,74.,G9.,3S.33~3.~ 
EG2.,&3.,6S.,68.~75.,88.,7U.,88.,78.~79.,73.,G6.,34.73~3., 
F83.,84.,89.,99.,184.1104.,g?.,98.,102.,98.,94.,87.,33.43,6., 
G86.,84.~88.,96.,102.,104.,SI.,Ea.,ltl.,99.~.L!l•,34.6S,6., 
HeS.,ss •• ~a.,ss.,te3.,t04.,9t.,93.,gs.,97.,~~ •• ~~ •• 32.t2,6., 
Iss.,a4.,U9.,97.,tet.,te3.,92.,G2.,tee •• ~ •• 97.,89.,35.e2,6., 
J87.,B7.,93.,181.,1CS.,l87.~SS.~ •• l03.,103.,97.,ca.,32.67,6., 
~59.,59.,62.,78.,72.,74.,71.,71.,76.,72.,6!··64.,48.9!£6., 
L67.,7t.,se.,as •• s7.,lcs.,tos.,~ •• ~04.,9~ •• a3.,G9.,~~.•2,&., 
·RB8.,88.,87.,96.,99.,1G4.,1G2.,tl3.,103.,97.,9a.~CS.,3S.68,6., 
NSa.,st •• §8 •• 97.,toa.,tG;.,tca.~tc3.,to4.L-93.,93.,B7.,34.s7,6., 
07S.,76.~r~ •• st.,£3.,BJ.,£2.,sa.,cs.~ss.,~~ •• sa.,33.67,6., 
rst.,64.,68.,7e.,7t.,73.,&9.,&s.,?e.,s7.,Ga •• ~ •• •e.se,s., 
PS8.,67.,88.,98.,97.,103.,165.,1¢S.,l65.,97.,82.,62.,lS.77,6., 
Q77.,f5.,79.,C2.,Ce.,Qt.,CJ.,CJ.,CS.,C3.,C3.,te.,33.e~,6., R??.,;;.,sa •• sa.,ca •• ca.,C3.,s9.,tl.,83.,C4.,at.,33.s3,6., 
ssJ.,GS.,69.,?a.,&a.,ea.,toa.,tca.,sJ •• cJ •• ?4.,7a.~••·za.s •• 
YB4.,as •• sa. ,ss. ,teJ.,tcs. ,99. ,,a., 104 .• ~s;~. ,cs. ,ca. ,34. 77 ,6., 
usa.,?e.,;s.,sJ.,c~ •• se.,st.,ca.,~~ •• C4.,79.,73.,37.73,6., 
U?7.,7G.,St.,e2.,78.,18.,C2.,83.,C2.,t2.,84.,C2.,34.12,6., 
~t.,GS.,?3.,84.,93.,99.,lOS.,l03.,~aJ.,9l.,i;.~s&.,<3.15,6., 
XS9.,&s.,77.,B?.,ss.,to2.,tes.L•o• •• to..,sJ.,?a.,&J.,Ja.sa,s., 
Y78.,7&.,79.,Bt.,78.,7i.,&S.,cu.,cs.,84.,ts.,ce.,32.7l,&., 
~7.,Gi.,75.,03.~a?.,t3.,94.,SJ. 104.,~ •• 79.,72.,37.S~,6., 
D73.,7a.,;g.,ea.,s3.,cg.,ea.,st.,C9.,sa.~84.,ca •• J4.ca,s., 
C71.,7t.,77.~S4.,89.,SJ.,C6.,SS.,S4.,£3.,e3.,74.,37.42,6., 
czg.,aJ.,e2.,B4.,C3.,~a •• a7.,ca.,ts.,97.,t;.,94.,lS.£2,7., 
ES8.,81.,C2.,83.,84.,CS.,SI.,9l.,ta.,es.,S3.,t2.,39.75,7., 
F7s.,zs.~sl.,c;.,sa.,ss.,o4.,eJ.,sa.,ss.,91.,87.,39.G~L7., 
~.,,a.,C3.,87.,S3.,CB.,97.,87.,L02.~?.,94.,8i.L-39.1~L7., 
ta7. ,ss.,ea.,cs.,e4. ,c2.,9t.,ca! ,97 •• ~.,94.,91 •• ~.s .. as, 7., . 
I5$.,SS.,55.,59.,6a.,64.,6S.,54.,67.,67.,5S.,55.~~~.9J,S., 
JS?.,S?.,C3.,G4.,67.,72 •• 7t.,?t.,73.,72.,e&.,58.,3i.CS,2., 
159.,St.,62.,GS.,67.,7t.,72.,72.,73.,72.,67.,61.,33.67,S., 
LSa.,64.,69.,78.,8t.,7&.,7l.,?t.,74.,?.D.,76.,ES.,29.75,2., 
ltUio ,G!J, 1 "i'a, ,1tJo 176, ,78,, 73.171 ;, 71o 1 ?lt 174 •• 63, ,29,18,2o 1 

~ •• G?.-;?2., 11., ?s •• ?a., ;a., ?2. ~;~ •• ?a., ?4 •• GS.,:::s.5:'>,2., 
074 • ., 79. ,et.,st., 19.~ ;s., 75., ;s ..• ;a. ,nJ., ;.;. , ?l. ~e4.C3,2., 
F~ •• C03., ~-n., -ra., 73 •• cs., ;J. ,£J •. ,a7. ,10 •• ?3 ... 73. ,r;;;.~.a. ~ 



Q'7t.161o. 73o I 18o1 77ol ?to I 11•1 1to1 7lol 73o I 77 o I ?2.128oSS12•1 
165.1&5.1?1.17&.115.172.161.171.173.177.175.1&8.,31.3812•1 
561 •• 61.,73 •• 11.178 •• 71 •• 69.161.,71.175.,77 •• 72.127.17,2 •• 
T&&.,&&.,71. 174.172. 1&&.,7t.,7t.,&&.,&&.,7l.,7t.,26.68,2., 
ust.l&e.l&4 •• 71 •• ?2 •• ?2 •• 71.,73.1?2.175.173.1&3.,33.&5,2.1 
ust. 1&2. 1&S •• 73.~?2.~12·~7e.,7t.~7t.,7&.~75.,&?.,33.37~2·· 
Y&lo ,&lo 166 o 173.1 73o 1 73o 171, 1 73o 1 72o I 77 o I 75 • ·"• ,J2o '7812• 1 xsa.,sz •• &7 •• 74.,72.~1t··7e •• st •• ss.,74.,74.,&7.,32.t3~2·· 
Y63.,64.,64.,68. 174.,8t.~82.,82.,8t.,81.,73.,64.,4t.78,3., 
A&6.,&&.,6S.,Sl.,73.,81.,83.,82.,82.,83.,75 •• 68.,4l.S3,3., 
164.,&&.,66.,71.,72.,74.,81.,77.,73.,6t.~&l.,St.,42.&t,3., 
C68.,67.,67.,69.,7S.,8l.,83.,84.,83.,83.,74.,&9.,43.1S,3., 
D68.,&&.,66.,71.,7S.,8l.,84.,84.,83.,83.,77.,69.L42.48,3., 
E&l.,69.,75.,83.,91.,84.,lt4.Ll81.,1t4.,t4.,81.,71.,43.57,7.1 
FS1.,S5.,62.,67.,74.~77·•84•,w1.~91.,7t.,62.,S6.,46.38~7., 
G66.,78, 178.,82,,18,,94.,lt4.L!82,Lit4.,98.,84,,73,,42,Q2,7,, 
H62.,6?.,71.,76.,88.,84.,8?.,~ •• ·~··81.,69.,62.,37.17,3., 
1SS.,S8.,62.,6S.,78.,76.,77.,78.~78.,76.,6S.,S7 •• 41.78,3., 
J&e.,62.,62.,65.,69.,75.,77.,77.,78.177.,68.168.,41.45,3., 
l61.,62.,62.,6&.,73.,88.,81.,88.~81.~7t.,71.,62.,39.83,3., 
LS5.,57.,68.,6S.,7t.,75.,75.,7&.~7S.~76.,&6.,57.,38.88,5. 1 
RSe •• sa.,s4.,&e.,&&.,7e.,7t.,72.,7J.,?t.,s?.,5e.,4t.ee,s.~ 
NS2.,54.,56.,61.,6&.,7t.,7t.,73.,74.,72.~61.,52.,39.73,5., 
048.,51.,55.,62.,68.,73.~73.,75.~74.,71.,57. 148.,41.78,5., 
P72.,72.,73.,74.,76.,8l.,BS.,83.,8t.,?V.,75.,71.,39.57,3., 
079 •• 77 •• 77. ,82. ,81. ,89.,98 •• 98. ,91. ,98. ,86. ,83 •• 37.77 ,4 •• 
RS1 •• 75 •• 7&·. ,se. ,81. ,8t.,saa •• 11. ,11. ,92 •• sa. ,86. ,39.37 ,4 •• 
SS9.,67.,67.,72.,7S.,Bt.,84.,84.,83.,83.,78.,71.,39.07,3., 
T75.,72.,73.,77.,7t.,B6.,88.,81.,87.,87.,83.,11.,37.6S,3., 
US3.,54.,S7.,64.,68.,72.,?3.,74.,74.,73.,64.,56.,38.83,2., 
US3.,54.,58.,64.,67.,72.,72.,74.,74.,73.,64.,56.,38.18,2., 
uss •• se.,ss.,?t.,72.,73.,&s.,71.,71.,?&.,69.,&1.,Jt.s3,2 •• 
XS3.,S7.,62.,65.,72.,75.,78.,7t.,72.,88.,68.,58.,3t.17,2., 
Y61.,63.,66.,74.,7&.176.,71.,72.,74.,77.,71.,64.,29.i8,2., 
R68.,62.,65.,68.,73.~78.,11.,81.~78.,81.,74.,65.,32.4?,2.~ 
JS&.,S6.,57.,6t.~&4.~&t.,78.,67 •• 74.,71.,6t.,59.,42.37~5., 
cse.,se.~62.,65.,&7.,7t.,72.,71.,73.~72.,&7.,&1.,3t.ts.z •• 
D6t.,68.162.,67.,69.,72.,71.,72.,74.,72.,7t.l62.,38.28,2 •• 
E62.,62.,65.,&&.,69.,71.,75.,75.,7?.,73 •• 64.,&&.,44.8t,2., 
F65.,67.,71.,&&.,64. 168~,71.~71.,71. 164. 157. 163.,46.87,2., 
G62·~"·~"··"·~"·~S?··"··?•.~&a.~65.,56.~5s.,44.~e~z •• 
KS7.,S&.,S&.~St.~62.,65.,66.~&7.~69.~68.,58.~58.~43.65,5.~ 
ISt. ,53.1&1.165.169., 72. I 1&.1 74.1 71.165.153.1'48.,45.17•3·. 
JSt.~53.,56.~&3.~68.,71.,73.,71 •• 73.~7t.,S?.,S1.,42.42,3. 1 
r47.~5t.~S4.,61.~66·~&S·~72.~71.,71.,67. 153. 1 47.,42.97•3·, 
L45.,52.,58.,&4.,6t.,74.~68.~76.,74.~7t. 1&7. 1 47.,42.811 3., 
fOI, ,4So ,&8ol64o ,67o 1 ?lo1 ?Sol 72o ,65, ,63.,4&.,41, ,47.17 13,1 
152.~.1&3.,6&.167.,61.174.,7t.,&3.1&7.,4?.,47.14&.57,3.1 
122lc:A • .I 

DATA PCTX.I 
N4t.,ss.~63.,&4.~&1.~7•·~74•,72·~&?.~62.~se.~se. 1 4&.47~3·~ 
042.141.151.,64.,61.,73.177.175.171.1&5.151.145.,44.73,3 •• 
P61.~12·~&4·,&4·~68.~&1·~75·•73••7t•I&I.~St.,&t.,46.1313. 1 
GS2.,65.~67.~61.~7t.,72.~78.~78.~75.,7t.~&e.,64.,48.S7,3., 
R&l.~es.~ss·~"·~st.,74.~7t·~78.~77.,75.,&&.,62.~44.81~3., 
!SI.IG2.163.164.167.173.176.178.175.173.,G4.,81.143.92,3.1 
TGI.,E2.,62.,&&.~73.~?S·~83.~83.,DI.~71· 171. 1&3. 1 31~8213. 1 
u;&.,G4.~G4.,Gt.~73·~11·,Dl·~&a.~lt·~78.~76.,6t. 13t.31~3., 



U&4.,62. ,64.,69., 73 •• 71.,81.,82 •• 71 •• 71 •• ?3.,67. ,3'7 .23,3., 
WS3.,62.,64.,&8.,?3.,?1.,11.,t3.,11.,71.,72.,63.,38.7S,3., 
XS9.,&1.,CS.,12.,75.,17.,15.,76.,1S.,17.,7t.,63.,32.32,2., 
v-oa.,se.,64.,?t.,?2.,74.,?1.,?4.,?2.,77.,?1.,62.,32.33,a., 
161.,63.,67.,?2.,?5.,17.,75.,17.,18.,76.,61.,59.,32.33,1., 
A78.,67.,72.,?1.,7?.,83.,a&.,I5.,12.,81.,8S.,71.,4S.Bt,4., 
J?t.,68.,12.,?l.,17.,71.,83.,8l.,SI.,81.,84.,71.,48.61,4., 
C73.,73.,?6.,75.,81.,82.,8&.,84.,84.,81.,84.,81.,4S.25,4., 
D66.,6S.,?t.,?t.,?4.,78.,9t.,~e.,B9.,81.,82.,76.,48.22,4., 
[68.,&8.,73.,71.,?5.,81.,85.,82.,89.,88.,81.,72.,47.48,4., 
171.,7s.,sa.~sa.,sa.,83.,a3.,at.,£2.,77.,7e.,68.,4s.ss,4., 
F64.,65.,78.,78.,?5.,78.,94.,8S.,S8.,86.,79.,73.,4&.68,4., 
JSS.,64.,7s.,77.,78.,78.,ga.,G9.,ce.,?a.,ss.,~8.,48.ae,4., 
GS&.,&4.,71.,68.,73.,71.,93.,SI.,B8.,85.,£8.,?5.,47.GS,4., 
KS9.,&7.,?a.,7a.,7&.,83.,93.,93.,;a.,ca.,S3.,7s.,46.43,4., 
148.,S3.,61.,GS.,72.,74.,04.,C9.,8?.,76.,64.,55.,46.82,4., 
JS3.,62.,G&.,7t.,7e.,7e.,71.,7e.,71.,75.,7s.,s7.,3S.43,a., 
KGI.,61.,66.,75.,76.,77.,75.,?4.,7&.,74.,76.,6&.,l5.27,2., 
Lsa.,ea.,es.,7a.,7a.,73.,72.,73.,73.,7&.,75.,&7.,~s.aa,2., 
K&S.,&S.,69.,76.,75.,73.,72.,78.,74.,76.,78.,7S.,34.S8,2., 
N64.,&3.,&7.,?2.,73.,74.,73.,74.,74.,76.,76.,&9.,3&.08,2., 
062.,6S.,64.,71.,78.,78.,7t.,78.,?2.,73.,?3.,66.,35.87,2., 
P7a.,7t.,72.,SB.,?4.,79.,sa.,C9.,87.,ss.,78.,75.,4&.77,4., 
174.,79.,78.,?9.,?8.,8t.,88.,65.,18.,7&.,67.,68.,48.12,4., 
Q64.,65.,68.,69.,74.,77.,C&.,£&.,84.,82.,71.,69.,4S.ga,4., 
R&S.,64.,67.,71.,75.,76.,SS.,&&.,SS.,84.,75.~7S.,48.27,4., 
172.,78.,79.,82.,84.,84.,93.,91.,83.,79.,78.,78.,48.17,4., 
S73.,69.,78.,75.,77.,BS.,CB.,87.,86.,87.,82.,?7.,<t.97,3., 
T7t.,71.,72.,72.,74.,7a.,s3.,£8.,77.,?&.,71.,&9.,<a.ss,J., 
U7l.,68.,68.,69.,74.,8t.,83.,84.,79.,81.,13.,71.,41.37,3., 
U77.,72.,?3.,7&.,78.,86.,&a.,S9.,89.,st.,SS.,83.,41.13~4., 
U?B.,73.,73.,74.,7a.,ss.,s1.,sa.,ga.,se.,c4.,na.,41.a7,4., 
XS7.,55.,56.,61.,G3.,G;.,&7.,es.,G8.,67.,S8.,5S.,43.28,S., 
r5t.,64.,64.,6S.,G7.,69.,7a.,G9.,Gg.,G2.,G4.,GS.,l9.45,S., 
Y59.,53.,6t.,S4.,6S.,67.,67.,G8.,71.,71.,e5.,61.,<~.03,S., 
ASI. ,58. ,61. ,64.,66.,68., 71., 71., 72., 72. ,G;. ,CG.,<3. 7a,s., 
asa.,ss.,ua.,GS.,98.,tes.L~ •• s;.,!c~ .• 1C3.,~a.,s3.,3;.os,4., 
C87.,82.,84.,81.,86.,9t.,~.,91.,g~.,SO.,S4.L02.,36.<S,4., 
na7.,cs.,ca.,~a.,ss.,1et.L!7··98.,1C2.,tC3.,~7.,~a.,zs.;;.4., 
E85.,84.,88.,93.,&5.,99.,~ •• SS.,97.,SS.,93.,C9.,33.<3,4., 
Fee. ,88. ,sa.,98. ,99 •• tee.,92. ,;s. ,98. ,sa.t.93. L93. L-33.23,.4., 
G81.,83.,BS •• s9.,sa.,94.,C2.,93.,95.,94.,93.,s1.,~.18,4., 
Mos.,c3.,G4.,ta.,ts.,ca.,cs.,~a.,ga.,97.,94.,c,.,~;.sa,4.L 
17&.,77.,st.,84.,CQ.,SS.,104.L!04·,197.,181.,~3 •• C3!,<9.2~,7., 
JC4.,0I.,CS.,CB.,EI.,E5.LCO •• ~».,I07.,1C2.,C3.,C9.,~J.23t7•t. 
~aa.,sa •• oa •• ~3.,to3.,tc~ •• sot.,tca.,to7.,tca.,t3.,sa •• ~~.e •• s., 
LCS.,CS.,£&.,tS.,tC8.,1Q4.,1tl.,llS.,St3.,1C3.,E;•~2.L<a.e7L?., 
r.33.,03.,S8.,G5.~89.,102.,1CG.,t~7.,111.,1CS.,~~.,~!L~9.~t67.L Pi:ll.,ea.,o3.,es.,tct • .t.tos •• tcs • .r.ta7 •• us • .r.tG7 •• tc3 •• "':, •• za. 7.7., 
07S.,?7.,81 •• U?.,S3.,u7!LlC3.,S~5.,1C3.Ll~I.,C~.L03 •• 40!E3L7.L 
PCS.,SS.,91.,97.,1C3.L!~·•104 •• 104.,tc~.~~03.,;7.,03.,W4.~5,7., 
C$ •• ~~.,ca. ,s,. ,e.,t:.~ •• c~ •• o ... s. ,ss ..... i. ,ti4. ,<a. r;,s .• 
R4S.,<S.,<a.,c~ •• 69.,64.,ca.,G&.,es.,ea.,<~ •• 43.,~a.ca,s., 
S43.,44.,ss.,sa.,63.,69.,7s.,61.,68.,63.,<9.,43.,~a.93.s •• 
TS4.,81.,G3.,61.,G5.,7t.,7S.,7t.,6S.,59.,5t.,53.,44.GI,5., 
US3.,53.,59.,ea.,G4.,£8.,7t.,G9.,68.,G4.,S3.,C.S.,44.S3,2., 
UJi.,G4.,5?.,Ge.,G4.,GS.,G? •• G?.,G9.,63.,C9.o54•,<~.;a,s., 
~ •• cJ.,a1.,04.,e&.,cJ.,rJ.,?J.,73.,7~ •• cs.,at.,(3.??.s., 



: .. ~ .. 

X45.,4S.,52.,11.,&4.,&1.,?1.,61.,11.,84.,SI.,44.,43.12,S., 
Y4?.,4&.,51.,61.,62.,61.,?1.,61.,61.,&3.,48.,44.,43.12,S., 
A47.,4e •• s3.,St.,&S.,?I.,?t.,72.,73.,18.,ss •• ~s •• .-.aa.s., 
151.,52.,55.,61.,65.,71.,71.,72.,72.,71.,&8.,52.,36.17,5., 
C44.,46.,St.,61.,62.,71.,72.,71.,71.,6?.,53.,44.,~1.4t,S., 
D48.,48.,53.,58.,&~ •• 72.,&8.,73.,72.,71.,57.,~9.,4t.II,S., 
E51.,53.,SS.,6a.,&&.,71.,71.,73.,74.,72.,68.,52.,31.81,S •• 
Fst.,sa •• ss.,6a •• ss.,7t.,73.,73.,73.,7t •• s7.,5e •• ~t.&e.s •• 
G~3.,44.,4e •• s7 •• sa •• s7.,61.,&S.,&S •• &&.,st.,43.,~t.27,s., 
H71.,68.,7e.,73.,7~ •• st.,83.,s~ •• s1.,ss.,?l.,73.,35.4t,3., 
166.,64.,66.,61.,71.,7&.,18.,81.,77.,78.,75.,&9.,3&.21,3., 
J4&.,49.,53.,58.,65.,62.,71.,?1.,75.,65.,57.,51.,46.1S,&., 
K62.,68.,73.,7&.,78.,81.,83.,81.,8&.,77.,6S.,S9.,44.83,&., 
L62.,65.,68.,75.,81.,87.,98.,86.,87.,87 •• 75.,&9.,43.58,6 •• 
ft48.,S8.,64.,73.,81.,87.,98.,96.,93.,78.,61.,58.,4a.37,6., 
NSS.,76.,61.,68.,74.,7&.,84.,82.,82.,74.,66.,61.,~3.~,&., 
cse •• s~ •• sJ.,?e •• 77.,82.,96.,93.,14 •• ss.,&3.,ss •• ~5.&a,6., 
P44• ,49. ,54. ,&e. ,67 .,68. ,sa •• 78 •• 76. ,65. ,55.,48 •• ~s.&e,& •• 
065. ,ss., 11 •• 77. ,83. ,87 •• n .• as. ,96.,85 •• 7&., 71. ,44.27 ,6 •• 
R49.,ss •• st.,s9.,73.,75.,98.,ss •• st.,62.,sa.,4s.,43.22,& •• 
s.s •• se.,ss.,63.,&9.,7t.,ss.,8a •• s2.,&7.,ss •• 49.,44.92,6 •• 
m. ,57 •• s9 •• sa. ,&4. ,6? •• 78. ,&9 •• 1e. ,18 •• sa .. ,57 •• 4e.ss,5., 
U41. ,45.,5a. ,61 •• ss •• 71 •• 73. ,66 •• 71. ,65.,49.-,48.,42.18,5., 
US7.,57.,59.,62.,65.,68.,71.,69.,71.,71.,62.,58.,48.22,S./ 

DATA PCTY .t . . , 
U58.,ss.,&e •• &J.,ss •• s9.,69.,78.,7t.,7t.,ss.,se.,38.BB,s •• 
x46.,46.,st.,ss.,SJ.,&a.,sa •• sa.,&B.,&a.,ss.,4&.,4e.se,s •• 
VS1.,52.,SS.,S9.,&3.,67.,68;,68.,69.,68.,55.,51.,41.33,5., 
A72.,72.,75.,77.,72.,73.,76.,7&.,73.,72.,15.,72.,18.~3.3., 
IS9.,&S.,6t.,&&.,68.,&a.,78.,7e •• s9.,68.,&3.,59.,4t.t7,s •• 
CS8.,57.,57.,61.,65.,67.,67.,68.,7t.,71.,62.,S9.,41.73,5., 
D59.,&e.,65 •• 73 •• 72., 71 •• 78.,68., 78., 74.,15.,66.,32.st,a •• 
E63.,63.,67.,74.,73.,74.,?2.,73.,73.,76.,77.,69.,33.85,2., 
F63. ,62.,66., 72., 71., 73.,?2;,88., 73., 76., 76. ,66.,34.81,2., 
G&5.,63.,65.,71.,75.,81.,87.,87.,86.,84.,77.,85.,44.38,4 •• 
fnt.,67 •• 71 •• 74 •• 78. ,84.,81 •• 82. ,81. ,88. ,83 •• 75.,44.31,.4 •• 
171.,69 •• 11. ,12 •• 75. ,s1.,a.,ve·. ,SJZ •••• ,84., ?1.,44.15,4 •• 
J67.,&S.,66.,?1.,75.,81.,16.,85.,84.,84.,77.,71.,43.57,~ •• 
KS4.,ss.,s9.,&&.,6?.,st.,68.,7t •• 69.,72.,6?.,SB.,JS.e3,a., 
LSS •• ss.,se.,&B.,?e.,72.,7a.,?2.,?2.,?~ •• 68 •• se •• 35.82,2., 
RS8.,61.,&4.,7t.,73.,77.,77.,79.,?&.,78 •• 7t.,63.,3S.es,a •• 
NSt •• sa.,ss •• &&.,7t.,?4.,7~ •• 75.,7a •• 7a •• sa.,sa •• 3S.t2,a •• 
073.~71.,7&.,77.,71.,84.,84.,83.,81.,81.,88.,77.,32.43,3 •• -
P77.,78.,82.,8&.,86.,18.,89.,81.,11.,81.,Dt.,88.,35.23,3., 
164.,64.,67.,67.,71.,78.,82.,81.,78.,?1.,73.,68.,31.31,3., 
RS8. ,61.,65., 71., 75.,82.,87.,84., 71., 77.,61.,62.,2S.N,3., 
&&I. ,sa. ,65. ,6? •• 12.,u. ,es. ,st •• n •. , 11., 72.,64. ,21. 77 ,3., 
1'65.,65. ,61.,68., 73. ,81. ,83.,83.,11 •• 78 •• 75., 71.,32.85,3 •• 
usa.,68.,73.,?1.,?1.,77~~se~~~~~76~71~76~?2.,21.J7~~··. 
U37.,87.,91.,81.,111.L!ua·,~~U7.,~.~~~¥7~11!t31; .. ,4., 
lct4.,65.,68.,61., 73 •• ~.,84.,u~· ,11. ,c •• , 7t~., -,.. ,;sc.83,3., 
xss.,ss.,61.,73.,71.,BJ.,ee •• et.,?l.,ca •• 73.,a.. •• ae.31,J., 
YSS.,se.,&l.,l3.,68.,72.,71 •• 71.,7t •• 74.,63.,61.,28.81,3., 
~ •• 63.,65.,&8.,?2.,71.,83.,et •• 77.,77.,71 •• 64.,27.52,3., 
I&S.,ES.,61.,7l.,?&.,lt.,84.,C4.,81.,71 •• 71.,67.,27.53,3., ces.,ca.,ES •• sa.,l3.,ea.,a...,es.,82.,Da.,l2.,11.,33~ss.3., 
DGS.,sa.,es.,&a.,ra.,;a.,ra.,79.,75.,et.,73.,&&.,3t.23,3., 
El4.,ca.,ea.,ea.,D4.,87.,13.,84.,e1.,ea.,Ga.,ll.,3t.l3,3., 



c 
511 

c 

PIP> 

FSI.,61.,63.,&?.,72.,77.,72.,?3.,?4.,7&.,11.,62.,29.85,3., 
G73.,?1.,76.,?7.,78.,83.,83.,83.,?1.,81.,81.,17.,31.37,3., 
H54o,6So ,68.,67 0113,1 18o ,83.,82.,?1, 171 o 1 73o ,68.,28.531 3o, 
165.,64.167.,sa •• 72.,ea.,as.,83.,11.,81.,76.,7e.,33.?213., 
J64o ,64, ,68. ,6? o ,69o,81o 183o ,83o ,?lo 118 o 174 o 1 ?to ,31,.621301 
r71.,71.172.,74.,18.,84.,8i.l84o,82oL82"L!I••7&•,33oi7-L3~L 
L87.1a4.,BB •• aa.,e&.llet.,ts •• as •• se~ •• 1vc.llt1.,aa •• ~7.-~~7., 
RB4.,88.,as.lse •• D&.Itea.,;a.lea •• se& •• 1oa.,ses.L88.137.7tL7., 
1111. I 74. ,n. ,s4.,sa:J.,SJ7 ., sea. I 1e1.1 '"'· .a.,a7 •• 7&. ,41. 77. 7. I 
063.,62.16&.,72.173.176.173.,73.,74.174.,75.1&8.136.0112., 
Fet.,s9.1&3.163.1C3.,7s.l;e.,7e.l72.171.17a.ls3.137.sa~a., 
asa.,&t.l&4.1&a.ls9.171.17e.,71.,73.174.,7a.,ss.l37.la,2., 
~s.,s1.,ss.,s9.,&3.,&s.,&9.,68.,&a.,s3.1se.l4a.l44.4712., 
542.14&.152.,59.,6&.,65.,?7.,73.,74.,61.,53 •• 4&.146.971&.1 
T42.147.,53.161.,69.,73.191.177.,74.,63.,54.,4S.,47.4S,6., 
U51.157.16S.I71.,78.,8a.,CS.,93.193.,81.16S.ISS.I47.58,&., 
U51.158.161.,6S.I&6.,6S. 167.,64.,66.,S9.,51.143. 148.33,&., 
W49.157.,69.178.,81.184.195.,93.184.,75.,S6.,46. 146~CJ,6., 
X49.152. 159.,&4.,?2.178. 181.,?7.,18. 16S.,61. 154. 143.3516., 

.YSS.I61.,69.,?5.181.183.,9S.,g].I94.,82.167.1Sg.,4o.S7,&., 
AS2.,&4.,&4.1&s.l&?.,72.1?&.,75.1?3.172.,6a.l&e.,44.B7,3., 
868o 161o 165o 166,,68,, 73o 1 76o 1 75,, 74o 178, 162o 161.-,44,48,3 •• 
CG2.,63.164.,GS.,68.,73.,76.177.,75. 172.,64.,68. 143.87,3., 
DS4. 165. ,65. 163. ,69 •• 74. I 77. I 18., 17 •• 74. ,62. ,68. ,43.13,3 •• 
Ess.,s9.,ea.,s5.,78.,75.,78.178.177.174.,&4.,58.,42.95,3 •• 
F49.,49.1S3.,59.,64.167.166.167.,69.,69.,61. 151.,38.37,2., 
GS2.1S4.157.161.,66.,6&.166.164.,66.,63. 157.,52. 138.92,2., 
HS2.153.,56.,63.,&?.,78.171.171.,71.,71. 163.,55. 138.37,2., 
IS8.,53.,S7.,62.,66.,69.,71.169.,69. 1 64.L~4. 1 49.L39.27,2., 
J33.,8t.,82.183.,87.,S5.1181.Lltl~IQ3.1wv.l94.,v1.,42.92,4. 1 
~eas. ~se. I ?9. I 78., 78.,cs. 188. ,u .• ~ .• gs. ,st. ,sa. 14t.et,4., . 
L84.,87.1B8.184.183.1£a.I92.,81.,88.,85.,81.,81. 142.C8,4., 
ft84.183.1ES.IB7•1~.,Ua.II81.,10l.LIQS.,102.1SS.,91.,41.6114.1 
H7t.l&7.17t.,7e.,7S.,ea.laJ.,s3.,g~ •• s?.,Bt.,?7.,44.77,4., 
063.,72.,75.,77.,76.,82.189.,88.,83.177.,68.,62.,44.42,4.~ 

DO see 1•1,12 
PCTSSCI)•PCTSCIILOC) 
KSSft•PCTSCI4,LOCJ 

RETllll 
DID 



c..v 
c.n 

NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 

45 

STATION AND STATE 

BIRMINGHAM, AL 
MO~ILE, AL 
MONTGOMERY, AL 
FT. SMITH, AR 
LITTLE ROCK, AR 
PHOENIX,AZ 
PRESCOTT,AZ 
TUCSON, AZ 
WINSLOW,AZ 
YUMA,AZ 
ARCATA, CA 
BAKERSFIELD, CA 
CHINA LAKE, CA 
DAGGETT,CA 
EL TORO,CA 
EUREKA,CA 
FRESNO, CA 
LONG BEACH, CA 
LOS ANGELES, CA 
MT. SHASTA, CA 
NEEDLES. CA 
OAKLAND,CA 
PT. MUGU, CA 
RED BLUFF, CA 
SACRAMENTO, CA 
SAN DIEGO, CA 

SAN FRANCISCO, CA 
SANTA MARIA, CA 
SUNNYVALE, CA 
COLORADO SPRINGS, CO 
DENVER, CO 
EAGLE, CO 
GRAND JUNCTION. CO 
PUEBLO, CO 
HARTFORD, CT 
WASHINGTON, DC 
WILMINGTON, DE 
APALACHICOLA, FL 
DAYTONA BEACH, F L 
JACKSONVILLE, FL 
KEY WEST, FL 
MIAMI, FL 

ORLANDO, FL 

·TALLAHASSEE, FL 

TAMPA, FL 

TABLE 1 ASHMET PROGRAM CITY LIST . 
LAT.'V

0 
NO. STATIDr~ AND STATE LAT.'V

0 

33.57 46 W. PALM BEACH, FL 26.68 
30.68 47 ATLANTA, GA 33.65 
32.30 48 AUGUSTA,GA 33.37 
35.33 49 MACON,GA 32.70 
34.73 50 SAVANNAH, GA 32.13 
33.43 51 BURLINGTON, lA 40.78 
34.65 52 DES MOINES, lA 41.53 
32.12 53 DUBUQUE, lA 42.50 
35.02 54 MASON CITY, lA 43.15 
32.67 55 SOUIX, CITY, lA 42.40 
40.98 56 BOISE,ID 43.57 
35.42 57 LEWISTON,ID 46.38 
35.68 58 POCATELLO,ID 42.92 
34.87 59 CAIRO,IL 37.07 
33.67 60 CHICAGO,IL 41.78 
40.80 61 MOLINE,IL 41.45 
36.77 62 SPRINGFIELD, IL 39.83 
33.82 63 EVANSVILLE, IN 38.00 
33.93 64 FORT WAYNE, IN 41.00 
41.32 65 INDIANAPOLIS, IN 39.73 
34.77 66 SOUTH BEND, IN 41.70 
37.73 67 CONCORDIA, KS 39.57 
34.12 68 DODGE CITY, KS 37.77 
40.15 69 GOODLAND. KS 39.37 
38.52 70 TOPEKA, K:S 39.07 
32.73 71 WICHITA, I<S 37.65 
37.62 72 LEXINGTON, KY 38.03 
34.90 73 LOUISVILLE, KY 38.18 
37.42 74 BATON ROUGE, LA 30.53 
38.82 75 LAKE CHARLES, LA 30.17 
39.75 76 NEW OR LEANS, LA 29.98 
39.65 77 SHREVEPORT .. LA 32.47 
39.12 78 BOSTON, M.~ 42.37 
38.28 79 BALTIMORE. MD 39.18 
41.93 80 PATUXENT RIVER, MD 38.28 
38.85 81 BANGOR, ME 44.80 
39.67 82 CARIBOU, ME 46.87 
29.75 83 EASTPORT, ME 44.90 
29.18 84 PORTLAND. ME 43.65 
30.50 85 ALPENA,MI 45.07 
24.55 86 DETROIT, Ml 42.42 
25.80 87 FLINT, Ml · 42.97 
28.55 88 GRAND RAPIDS, Ml 42.88 
30.38 89 HOUGHTON~ Ml 47.17 

27.97 90 MARQUETTE, Ml 46.57 

NO. STATION AND STATE LAT.'V0 

91 SAULT STE. MARIE, Ml 46.47 
92 TRAVERSE CITY, Ml . 44.73 
93 DULUTH,MN 46.83 
94 INTERNATIONAL FALLS, MN 48.57 
95 MINNEAPOLIS-ST.PAUL, MN 44.88 
9G ROCHESTER, MN 43.92 
97 COLUMBIA, MO 38.82 

98 KANSAS CITY, MO 39.30 

99 SPRINGFIELD, MO 37.23 

100 ST. LOUIS, MO 38.75 

101 JACKSON, MS 32.32 

102 MERIDIAN, MS 32.33 

103 VICKSBURG, MS 32.33 

104 Bl LLINGS, MT 45.80 

105 CUT BANK,MT 48.60 

106 DILLON,MT 45.25 

107 GLASGOW, MT 48.22 

108 GREAT FALLS, MT 47.48. 

109 HAVRE,MT 48.55 

110 HELENA,MT 46.60 

111 KALISPELL, MT 48.20 

112 LEWISTON, MT 47.05 
113 Ml LES CITY, MT 46.43 
114 MISSOULA, MT 46.92 

. 115 ASHVILLE, NC 35.43 
116 CAPE HATTERAS, NC 35.27 
117 CHAR LOTTE, NC 35.22 
118 CHERRY POINT.~C 34.90 
119 GREENSBORO, NC 36.08 
120 RALEIGH-DURHAM, NC 35.87 
121 BISMARK, NO 46.77 
122 DEVILS LAKE, NO 48.12 
123 FARGO, NO 46.90 
124 MINOT; NO 48.27 
125 WILLISTON, NO 48.17 
126 GRAND ISLAND, NE 40.97 
127 LINCOLN, NE 40.85 
128 NORTH OMAHA, NE 41.37 
129 NORTH PLATT, NE 41.13 
130 SCOTTSBLUFF,NE 41.87 
131 CONCORD, NH 43.20 
132 ATLANTIC CITY, NJ 39.45 
133 LAKEHURST, NJ 40.03 
134 NEWARK, NJ 40.70 
135 ALBUQUERQUE, NM 35.05 



TABLE 1 CONCLUDED . 
NO. STATION AND ST~TE LAT.'V

0 
NO. STATION AND STATE LAT.'V0 

NO. STATION AND STATE LAT.'V0 

136 CLAYTON, NM 36.45 180 HARRISBURG, PA 40.22 223 NORFOLK, VA 36.90 
137 FARMINGTON, NM 36.75 181 PHILADELPHIA, PA 39.88 224 ~ICHMOND, VA 37.50 
138 ROSWELL, NM 33.40 182 PITTSBURG, PA 40.50 225 ~OANOKE, VA 37.32 
139 TRUTH OR CONSEQUENCES, 33.23 183 WILKES-BARRE- 226 ~UR LINGTON, VT 44.47 

NM SCRANTON, PA 41.33 227 JLYMPIA, WA 46.97 
140 TUCUMCARI, NM 35.18 184 SAN JUAN, PR 18.43 228 SEATTLE-TACOMA, WA 47.45 
141 ZUNI,NM 35.10 185 BLOCK ISLAND, Rl 41.17 229 SPOKANE, WA 47.58 
142 ELKO, NV 40.83 186 PROVIDENCE, Rl 41.73 230 TATOOSHISLAND,WA 48.38 
143 ELY, NV 39.28 187 CHARLESTON, SC 32.90 231 'WALLA WALLA, WA 46.08 
144 LAS VEGAS, NV 36.08 188 COLUMBIA, SC 33.95 232 WHIDBEY ISLAND, WA 48.35 
145 LOVELOCK, NV 40.07 189 GREENVILLE- 233 YAKIMA,WA 46.57 
146 RENO, NV 39.50 SPARTANBURG, SC 34.90 234 EAU CLAIRE, WI 44.87 
147 TONOPAH, NV 38.07 190 HURON, SO 44.38 235 GREENBA Y, WI 44.48 
148 WINNEMUCCA, NV 40.90 191 PIERRE, SO 44.38 236 LA CROSSE, WI 43.87 
149 YUCCA FLATS, NV 36.95· 192 RAPID CITY, SD 44.05 237 MADISON, WI 43.13 
150 ALBANY, NY 42.75 193 SOU IX FALLS, SO 43.57 238 MILWAUKEE, WI 42.95 
151 BINGHAMTON, NY 42.22 194 CHATTANOOGA, TN 35.03 239 CHARLESTON, WV 38.37 
152 BUFFALO, NY 42.93 195 KNOXVILLE, TN 35.82 240 ELKINS,WV 38.92 
153 CANTON, NY 44.60 196 MEMPHIS, TN 35.05 241 HUNTINGTON, WV 38.37 
154 MASSENA, NY 44.93 197 NASHVILLE, TN 35.12 242 PARKERSBURG, WV 39.27 
155 NYC (CENTRAL PARK), NY 40.78 198 ABILENE, TX 32.43 243 CASPER, WY 42.92 
156 NYC (LA GUARDIA), NY 40.77 199 AMARILLO, TX 35.23 244 CHEYENNE, WY 41.01 
157 ROCHESTER, NY 43.12 200 AUSTIN, TX 30.30 245 LANDER,WY 42.80 
158 SYRACUSE, NY 43.U 201 BROWNSVILLE, TX 25.90 246 ROCK SPRINGS, WY 41.60 
159 AKRON-CANTON, OH 40.92 202 CORPUS CHRISTl, TX 27.77 247 SHE~IDAN, WY 44.77 
160 CINCINNATI, OH 36.01 203 DALLAS, TX 32.85 248 YELLOWSTONEPARK,WY 44.42 
161 CLEVELAND, OH 41.40 204 DEL RIO, TX 29.37 
162 COLUMBUS, OH 40.00 205 EL PASO, TX 31.80 
163 DAYTON,OH 39.90 206 FORT WORTH, TX 32.83 
164 TOLEDO, OH 41.60 207 GALVESTON, TX 29.30 
165 YOUNGSTOWN, OH 41.27 208 HOUSTON, TX 29.98 
166 OKLAHOMA CITY, OK 35.40 209 KINGSVILLE, TX 27.52 
167 TULSA, OK 36.20 210 LAREDO, TX 27.53 
168' ASTORIA, OR 46.15 211 LUBBOCK, TX 33.65 
169 BAKER, OR 44.83 212 LUFKIN, TX 31.23 
170 BURNS, OR 43.58 213 MIDLAND-ODESSA, TX 31.93 
171 MEDFORD, OR 42.37 214 PORT AUTHUR, TX 29.95 
172 NORtH BEND, OR 43.42 215 SAN ANGELO, TX 31.37 
173 PENDLETON, OR 45.68 216 SAN ANTONIA, TX 29.53 
174 PORTLAND, OR 45.60 217 SHERMAN, TX 33.72 
175 REDMOND, OR 44.27 218 WACO, TX 31.62 
176 ROSEBURG, OR 43.22 219 WICHITA FAIL.LS, TX 33:97 
177 SALEM, OR 49.44 220 BRYCE CANYON, UT 37.70 
178 ALLENTOWN, PA 40.65 221 CEDAR CITY, UT 37.70 
179 ERIE. PA 42.08 222 SALT LAKE CITY, UT 40.77 



N.DAKOTA 

S. DAKOTA 

KA SAS 

A.lltzorvA. 
IVEWMEXICO 

OKLAHOMA 

4' 
AREA a :·b' c TEXAS 

2 0.30 0.65 1.00 

3 0.30 0.70 1.00 

4 0.30 0.70 1.10 

5 0.30 0.65 0.95 

8 0.30 0.70 1.05 

7 0.30 0.70 1.15 

F~GURE 1. AREAS OF CONSTANT COEFFIC liNTS IN EQUAT~ON (6). 



DEFINE OUTPUT DEVICE 
INPUT 1 FOR TER~INAL OR 
INPUT 6 FOR LINE PRINTER 
1 . 
INPUT LATITUDE DEG 
38.85 
INPUT TILT ANGLE FROM HORIZON1TAL DEG 
se. _ . . ... 
INPUT AZIAUTH ANGLE DEG 8 DUE SOJTH + Y~ST - EAST 
-18. 
IS GROUND REFLECTANCE DESIRED? <V OR Nl 
N . 
DO VOU DESIRE CLOUD COVER CALCULATIONS? (V OR Hl v ' . 
IS CITV LOCATION HUABER KHOYH? <V OR H> 
v 
INPUT CITV LOCATION NUMBER 
36 
SELECT TVPE OF COLLECTOR: 
1 BEAPI TRACKER 
2 FIXED POSITION FLAT PLATE UITH TOTAL INSOLATION 
3 AZIPIUTH TRACKER - DIRECT !NSOLATION ONLV 
~ MONTHLY TILT ADJUSTED FLAT PLATE UITH TOTAL INSOLATION 
S FIXED POSITION FLAT PLATE - DIRECT INSOLATION 'ONLY 
6 "ONTHLV TILT ADJUSTE~ FLAT PLATE - DIRECT INSOLATION ONLV 
2 



.. 
--··· --··------ -. ._.......,..... -· ..... ·--- -· 

TOTAL SOLAR IHSOUITIOtt FOil FIXED POSITJOtt COLLECTOitS - ITIJVSGFT • 

aaMSttET DATAnl 

LATITUDE• 38.8SN . TILT• se ..... AZIIIJTH• -11.1MI 

ftOttTHLY CLOUD COVER ADJUSTMNT UALUES ME FOR CITY H 36 

TitlE JAH fEI MR APR MY JUt£ JULY MJC SEPT OCT IIOU I DEC 

6M 8. •• •• 15 • 23. 24. 23. 15. •• 8 • •• • • 7M •• • 
29. 76. 86. as. 83. 84. 83. 69. 26. •• • • 

8M 113. 151. 166. 161. 151. 145. 147. 15<4. 157. 143. tee. 71. 
9M 287. 234. 238. 222. 217. 198. 282. 215. 227. 224. 282. 188. 

18M 268. 289. 289. 267. 248. 237. 242. 259. 277. 279. i!64. 254. 
UM 311. 318. 316. 292. 271. 258. 264. 282. 313. 388. 296. 287. 
12P" 384. 321. _318. 293. 271. 259. 265. 284. 3tS. 311. 289. 292. 
1Pft 281. 297. 295. 272. 251. 241. 246. 264. 283. 288. 277. 2?1. 
2Pfil 234. 2St. . 249. 238 • 213. 284. 219. 223. 239. 242. 238. 222. 
3Pft 163. 183. 185. 172. 159. 153. 157. 167. 177. 176. 161. 149. 
4Pft 78. 181. 118. 183. 96. 93. 95. 181. 184. 96. 68. 48. 
SPft e. 13. 32. ' 34. 33. 32. 34. 35. 31. 12. •• • • 6Pft 8. •• •• ••• •• •• • • e. •• •• • • • • 

c.:> MXIIUI CLEAR AIR DRILY JttSOLATIOtt - ITU/SGFT 
t.O DLVSR 1931. 2186. 2272. 2145. 21115. ua. UI6SJ. 2181. 2172. 2185. 1a&. 1781. 

MXIfUI YEARLY IHSOLATIOtt - ITU/SQFT - • 7438SJ9. 

PROIAILE DAILY. IttSOLATIOtt DUE TO CLOUD COVER 
DLYSft 1111. 1246. 1363. 1373. 1343. 1Jn. 13SJI. 1477. 1586. 1516. 1251. 1133. 
PIOIMLE VEMLY IltSOUITIOtt - lnJ/SQFT - • 481997. 

FIGURE 3. , SAftPLE OUTPUT FOR ASHftET <FRO" REftOTE f,ERfti.NAL) 



APPROVAL 

ASHMET - A COMPUTER CODE FOR ESTIMATING INSOLATION 
INCIDENT ON TILTED SURFACES 

BY Robert F. Elkin and Ronald G. Toelle 

The information in this report has been reviewed for technical 
content. Review of any information concerning Department of Defense or 
nuclear energy act~vities or·programs has been made by the MSFC Security 
Classification Officer. This report, in its entirety~ has been determined 
to be unclassified. 

T. P. Isbell 
Director, Systems Analysis and Integration Laboratory 

~ ~ Wil~nk, Jr. L_4 72' 
Manager, Solar Energy Applicm:luns P .l'uj l;!l.: L~ 




