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SOLAR ALTITUDE EFFECTS ON ICE ALBEDO*

S. J. Bolsenga

The albedos of many natural surfaces, such as soils and
crops, are known to be affected by solar altitude, but similar
processes have not been well documented for ice surfaces. A
limited set of ice albedo data shows that the effects of solar
altitude are not nearly as pronounced as those attributed to many
other natural surfaces. Surface geometry, direct-diffuse radiation
balance, and spectral balance all contribute to these differences.

1. INTRODUCTION

In a series of measurements of the total (sun + sky radiation, 300-
3000 nm) albedo of ice (Bolsenga. 1977), the influence of solar altitude
on ice albedo was apparent in some cases. Graphs of all days of data plotted
against true solar time (TST) are shown in figure 1. The data were taken
from various types of ice surfaces under different atmospheric conditions.
The purpose of this study was to subject the data set to machine computations
designed to isolate the effects of solar altitude.

Idso et al. (1974, 1975) described the diurnal variation of the albedo
of a field of Avondale loam soil and noted three catagories of character-
istic daily albedo variations. When the soil is wet, the change in albedo
is symmetrical about solar noon, being high early and late in the day and
low near noon. The second stage occurs during drying when the albedo rises
dramatically. The final stage occurs after drying when the albedo is again
symmetrical about solar noon,,but  with all values higher than the wet soil
values. To relate the values solely to soil water content, Idso et at.
plotted albedo VS. the zenith angle for both wet and dry soils (figure 2).

2. DATA REDUCTION

A computer program was written that (1) computed albedo from the
incident and reflected pyranometer readings, (2) computed TST from local
standard time (LST), (3) calculated solar altitude (y). (4) computed zenith
angle from solar altitude, and (5) produced graphic plots of albedo vs.
zenith angle. A listing of the program is an appendix to this report. TST
was calculated by using

TST = LST + 4(As - 1) + E,

*GLEfU Contribution No. 149.
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where
A* As = meridian of the observer and standard meridian,

respectively, and
E = equation of time.

The solar altitude, y, at the time of each observation was determined
from

sin y = sin $ sin 6 + cos $ cos 6 cos h,

where
+ = latitude,

(2)

6 = declination of sun,
h = hour angle, (TST - 1200) . 15'.

3. ANALYSIS

In the first group of computer runs, all over-ice radiation data
were used, including some at extremely low solar altitudes, where accu-
racy was questionable because of possible instrument error caused by
low light levels. Figures 3-8 are machine generated graphs of all
albedo data vs. TST. Data that are obviously in error owing to low
light levels are shown near the end of the day on January 27, 1976
(figure 6). Figures 9-15 are computer plots of albedo VS. zenith angle,
using the same data. Figure 15 combines all days of data on one graph.

In the next group of computer runs, all data at y < loo were re-
moved. It is known that a certain amount of good data were removed with
the bad, but it was felt that this step would be justified if large
amounts of data could be processed from a refined technique. The plots
are shown in figures 16-22, with figure 22 representing the combined
data set. It is obvious from figure 22 that the data do not separate
into the well-defined curves shown in figure 2.

Differences between the ice albedo curves and the soil curves shown
in figure 2 could be because the curves in figure 2 do not include data
from days when the albedo rises dramatically owing to drying of the soil
surface (personal communication, S. B. Idso). To mOre closely approxi-
mate the conditions applied to that data set, we eliminated one measure-
ment day when the average temperature during the ice measurements was
above 0°C (February 24, 1976). Above-freezing temperatures prevailed
for several days before these measurements. A layer of water formed on
the ice during the day, but low nighttime temperatures had solidly
frozen this layer by the morning of the measurements. Temperatures were
mild during the day, causing the ice surface to partially melt. The
albedo decreased rapidly from 48 percent at 0847 TST (y - 27'1') to 21
percent at 1239 TST (y = 36O52') (figure 1). Mean temperatures for all
measurement days are shown in table 1. Figure 23 shows all the measure-
ments with low solar altitudes and data from February 24, 1976, deleted.
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Table l.--Average temperature8 during measurement period by meaeurement days

Date Temperature ("C)

January 8, 1976 -11.8
January 15, 1976 -10.7
January 22, 1976 -10.1
January 27, 1976 -5.6
February 3, 1976 -11.6
February 24, 1976 6.6

The lack of similarity between figures 2 and 23 seems to indicate
'significant differences between this work and the work by Idso et al.
It is felt that the most basic difference is the nature of the surfaces
from which the albedo values were measured.

The soil surface studied by Idso et aZ. was a uniformly plowed
field. The individqal  agglomerates of soil varied widely in size and
shape, but they remained in the same position, undisturbed except for
irrigation, during the entire study. The surface could, therefore, be
classified as a near Lambertian reflector. In contrast, the ice sur-
faces in this study varied for most of the measurement days. Most of
the tine no effort was made to reoccupy a measurement site. The ice
surfaces, with one exception (February 3, 1976) could also not be clas-
sified as Lambertian. Numerous occasions of specular reflection were
noted at low solar altitude (sun glint). For the measurements of
February 3, 1976 (figure l), the ice surface was originally snow-covered,
refrozen slush, but when the snow was cleared, a significant amount of
granular snow adhered to the ice that could not be removed by sweeping.
The remaining snow contributed both to the higher albedo and to the
diffuse nature of the reflected radiation. The measurements are clearly
different from the others in figure 23 and have been removed in figure
24 to obtain more uniform conditions over all measurement days as with

~the soil measurements.

Two days of data (January 8 and 15) collected over the same ice
surface are shown in figure 25. No dependence of the albedo on zenith
angle is shown. The graph is, in fact, similar to one shown by Coulson
and Reynolds (1971) for a blacktop surface (figure 26). They attribute
the lack of dependence on "the virtual lack of shadows on the relatively
smooth surface of the blacktop." Coulson and Reynolds measured the
dependence of the albedo of various surfaces including soils and crops
011 solar altitude and concluded:

Surfaces of a complex nature which contain many Interstices
within the structure generally show a decrease of reflectance

27
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with increasing sun elevation. It is probable that this
feature is caused by a significant part of the incident
radiation being trapped within the interstices, in a manner
similar to that in other types of optical traps.

It would thus appear that flat ice surfaces show much less albedo vari-
ation with changing solar altitude than more complex surfaces. On the
other hand, ice surfaces with sufficient relief (brash ice for example)
might well exhibit daily variation with solar altitude. The orientation
of individual plates of ice in a brash field could, however, cause a
lack of symmetry about 1200 TST. A similar lack of symmetry was noted
by Diamond and Gerdel (1956) for measurement of snow albedo in northern
Greenland. Mean morning and afternoon albedos showed that albedo was
higher in the afternoon than in the morning on both clear and cloudy
days (table 2). The differences were attributed to etched patterns in
the snow due to wind erosion, which exhibited vertical to undercut
surfaces. This caused shadows, depending on sun angle.

Table 2.--Mean vaZues of atbedo in the morning and afternoon (from Diamond
wzd Gerdel, 1956)

Solar time
0500-1100

Solar time
1300-1900

Clear day 0.77 ,0.87

Cloudy day 0.80 0.86

All days of record 0.80 0.85

Many of the measurements were made over ice surfaces cleared of
SILO". Cleared areas were of sufficient size to eliminate snowbank
effects from the ice albedo results. However, on the first morning of
the measurements (January 8, 1976) a small ice surface was cleared by
shoveling and sweeping. In order to check the effects of the nearby
snow cover on the albedo, a larger area was cleared in the afternoon.
The albedo dropped significantly, indicating that albedo values from the
smaller cleared area were unrepresentative. The morning albedo values
are not included in any of the previous plots, but are shown in figure
27. A definite dependence of albedo on zenith angle is apparent. The
effect is most likely due to shading of the measurement surface at low
sun angle by the banks of snow (about 30 cm high) left after clearing
the ice. The albedo variation due to shading might well be similar to
that observed for soils and crops.
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Coulson and Reynolds (1971) found a significant increase in soil
albedo at solar altitudes from 10" to 20'; lower albedos were noted at
solar altitudes from 0" to 10'. Similar results were also noted in this
study as shown by figure 6 (January 27, 1976), where a steady rise in
albedo was followed by an abrupt drop. All the lower readings occurred
at solar altitudes less than 5'. The Eppley Corporation, manufacturer
of the instruments used, has indicated that measurements at solar alti-
tudes of less than 10" could be in error since the capability of the
thermopile might be exceeded due to low light levels. It is felt that
these measurements are accurate to about 5"-7' owing to special care in
measurement technique and measurement of output by a precision portable
potentiometer. It is therefore concluded that the abrupt drop in albedo
shown in figure 6 and in several figures in Coulson and Reynolds'
study was due to instrument error.

The rise in albedo prior to the drop is another matter. Bolsenga
(1977) in describing the January 27, 1976, measurements states:

The increase in albedo near the end of the day with decreas-
ing solar altitude is likely due to the effects of increas-
ing diffuse sky radiation which is relatively rich in visible
light (i.e., incident flux component due to direct solar
radiation becomes progressively smaller and diffuse com-
ponent relatively larger). If the ice albedo is high in the
visible spectrum, as with snow, the albedo of the ice could
be expected to increase at increasingly lower solar altitudes
under clear skies (Liljequist, 1956, p. 88). The limited in-
formation available indicates that the albedo of ice similar
to slush ice and snow ice in the visual spectral range is
high but that this would not be the case for clear ice
(Ssuberer, 1938).

Coulson and Reynolds offer the following explanation for both the in-
crease and the decrease:

The reflectance of most surfaces appears to reach a maximum
st sun elevations of 10-20'. This apparent reflection
maximum, while not completely understood, is probably the
result of a combination of two effects. First, observations
show that most surfaces have a higher reflectance for light
incident at a large zenith angle than for that at more nearly
normal incidence. This would explain the decrease of reflec-
tance with increasing sun elevation for the portion of the
curve subsequent to the maximum. Second, the ratio of direct
to diffuse light undergoes a rapid shift at low sun elevations.
Obviously, the incident light is entirely diffuse when the sun
is below the horizon, and since the major part of the diffuse
flux is from zenith angles which are not large, the reflectance
of the surface is relatively low at that time. This is shown
by the curves. As the sun increases in elevation, the relative
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contribution of diffuse light decreases with respect to
direct light, and since the direct light is incident at
a large angle, it is more strongly reflected than is the
diffuse light. This explains the increasing reflectance
observed at low sun elevations. Finally, the two oppos-
ing effects will just balance each other, thereby pro-
ducing no change of reflectance, at some elevation of the
SM. This point of maximum reflectance is seen by the
curves to occur at a sun elevation of 10-20'.

Coulson and Reynolds' interstitial trap, diffuse vs. direct radi-
ation explanation and SOlWenga'S  diffuse vs. direct radiation, spectral
reflectance explanation are only in partial agreement. However, it is
fair to speculate that soil and crop surfaces are influenced primarily
by interstitial trap effects and secondarily by diffuse-direct and
spectral effects. Smooth ice surfaces are influenced primarily by the
diffuse-direct balance and spectral effects and only slightly by shading
effects due to the lack of relief of such surfaces.

It also appears likely that shading has a greater effect on the
albedo of any surface than the diffuse-direct balance and associated
spectral effects. This conclusion was derived after examining the
apparent conflict between the measurements of January 27 (figure 19),
which seemingly show a rather large albedo increase with zenith angle,
and all of the other measurements (particularly those of January 8-15).
The increase of January 27 is the only case indicated by the measure-
ments that compares favorably with the large soil increases noted by
Idso et al. However, an analysis of the cloud patterns prevailing
during the period of measurement on January 27 shows that the cloud
regime changed from variable cloudy to nearly clear skies at a zenith
angle of about 74". The albedo increase of about 6 percent at that time
is probably due to the diffuse-direct radiation balance and associated
spectral effects as influenced by cloud cover changes. If the albedo
changes on January 27 can be considered as two separate regimes, before
and after clear skies, one finds no ice albedo changes that can be
compared to those noted in soils. The lack of variation in ice albedo
might be explained by lack of shadowing. The weak dependence of ice
albedo on solar altitude (as compared to the results reported by Idso et
aZ.) noted in some data here is probably caused by variation in the
spectral reflection as influenced by the diffuse-direct radiation bal-
snce . It thus appears that soil and crop albedo are strongly influenced
by solar altitude, whereas ice albedo is only weakly influenced by
comparison and that the major influence on soils and crops might well be
shadowing effects. Clearly, much additional study with a larger data
base is warranted.

4. CONCLUSIONS

Six days of albedo data collected from a variety of ice surfaces on
an inland lake were processed to determine solar altitude effects on ice
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albedo. When albedo values were plotted against zenith angle, the data
failed to produce the smooth curves presented by Id80 et aZ. (1975).
The principal reason for the lack of agreement is that measurements for
the studies by Idso et ~2. were all taken over one surface where shading
effects occurred due to individual agglomerates, whereas these measure-
ments were from various smooth surfaces with little shading effects. If
the measurements are taken over the same ice surface, possible variations
in the physical properties of the surface from day to day also tend to
cloud comparability. The ice measurements showed characteristics nore
similar to those of blacktop than to those of soils or vegetation aa
measured by Coulson and Reynolds (1971). The differences are attributed
to the flat and impervious nature of the ice as opposed to crops, soils,
and undercut snow surfaces. Physical reasons for the soil-crop vs. ice
differences in albedo behavior at low solar altitudes include surface
geometry, direct-diffuse radiation balance, and spectral balance of the
radiation.

Future studies on ice should include a lengthy series of measure-
ments over a single ice surface. However, the results of this study
emphasize that each series of measurements would be site specific.
Separate curves would be necessary to represent the various ice types,
such as pancake ice, ball ice, snow ice, etc. The same situation is
likely with different soil and crop surfaces. Certain ice types such as
brash ice would closely approximate soil conditions, but would require
separate measurements for each individual field because of the orienta-
tion of individual ice blocks. Considerable additional work is needed
to understand these phenomena.
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APPENDIX

COMPUTER PROGRAM FOR

PROCESSING ALBEDO DATA
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PROGRAM  AL8E3r)(  I N P U T ,  OlJTPfJT.  TAPES=INPUT,TbPE6=OlJTPUT.  TQPEZ 1
C INIT!LIZATIobl  O F  R L L  ‘?;lRl~El.E:~

DIflENSION SSA:6305),ALL(6003i
R E A L  LAI,LST,~MT,LON,MIt~.t~lfi

12 = 0
srt.75.
Yll-83.717
LAT=42.3
COR=4+(SN-YN)
COR=CDR/kO
DEC=57.2957:958
RAD=.017453293
LoT=LAT*RAD
C U L L  INITT: 960)
RE+D(5>102)  ISWTCH

kz 1 0 2  FO?~~T<ISJ
D O  11 11=1>50
XA = .3.
RR = 0.

C REaD I N  T H E  D E C L I N A T I O N  (A.R.C), E (F+CJ.  T H E  T I M E  Ci)RRECTION

C FCICTQR. 9ND T H E  DATE  O,F THE ‘~~S~ERVRTION.
RE~3~5.l0~~~,R,C,F..C~O~D~TE,ZEC,MIN~CED.NIM
I F  ;E~OF(5))  39,l

1 C O N T I N U E
C COYVERT DECLI!qRTION  I N  D E C R E E S ,  :lIN. I A N D  S E C .  T O  DECINCIL  D E G R E E S

AK = 1.
I F :A.LT.O.) A K  = C-1.)
& = AcdK

D =R+8/63+C/3600
D = D*CIK

C SINIL?RLY  CO:3’IERT  T H E  T I M E  I N T O  DEClNilL H O U R S .
LllT = ZEG+NIN/CD.
L O N  = GED+NIM.‘60.
C O R = <4.+iSN-LDN))/60.
LRT = LRT+RAD



C

C

C

%
C
C
C
C
C

FK = 1.
I F  (F.LT.0.)  FK=(-1)
F=F*FK
E =F+C/63
E = E / 6 0 .
E * E*FK
C O N V E R T  DECLINRTIDN  T O  RRDIONS
D = DrRRD
O U T P U T  H E R D E R S
URITE(6,202)  DRTE
YRITE(6,201)
RE>'?  !N Tk:E r!nT!!

N=3
.I = $
ISTaRT : 1
D O  14 KK:l.l.:~.:!

J = J+I
R E A D  i5.131) S,T,R(J),X;J,~R~~X~,lD~~
s = NJURS
T = fllH!liEG
R = REFLECTEL,
X = INCIDEtilT
IDX I S  A N  INDICRTOR  THAT N O  DATA FDLLOUS

2  I F  (IDX.CT.0)  C O  T O  9
I F  ;XtJ).E9.3.)  G O  T O  2 0

GO TO 30
2 0  C O N T I N U E

IJ = 4
IC = ?I-ISl?RT*l
xa = i a i I C
RA = HA/Ii:
D O  4 0  I A  = ISIORT>N
IJ = IJ+l
X(1X) = X(1X)-<IJ*XR)
R(H) = !?(IX?-(IJ*RA)
RR<(X)  = PCI%,/?.Ol
RX(IX) = X(1X,/6.01
AL;IX) = RR:IX)/RX(IX)

,., ,-



40
24L(IX) = aL<Ix)
CONTIN~JE
I ST 4 R 1 = N.+ 1
J = J-l
GO TO 10

3 0
C

C

C

C

C

C

0” C

C

C

C

C

1 0
C

9

COfJT  IN!JE
CO’J-II  l!iE NIJIEIER O F  ORSERV4TlON5 RT THIS ST4TIDN
N=N+l
CORRE;T T H E  I  !!?E
T=T+O
C 0 !i ‘I E R T i 0 :Y. 4 i S I 4 i,i D 4 F: il T I ?I ! I ::I DE C I :I 4 L Ii 0 U R S
L~ST=S+i/5a>
C~LCULIIIE  TH’JE S O L A R  T I M E
TSl( J )=LSl+CBR+E
C4LCUL4lE 1HE H:1lJR 4Nr;LE  O F  T H E  S U N
N(J) = (TST(J!-l2.)*15.*RAD
C4LCUL4lE SOLdR 4LTI:!lDE
S4a=SI!l:L4T~rSIN~DirCOS~L~r~~Cil5iDi*C0S~N~J~~
S4;J)=ASIMISAA)
C~L~ZUL~TE  REFLti;TED  4ND INCli~E;dT  R4:~I4lION
R R :  I) = Yi.!)c’?.Ol
RX( .J ) i ir’i .J ) .i .; !:, ,

c 4 L 1: II L 4 1 E a L 9 E D 9
4 L ; J ) = q P < J ‘1 ! R 7: : J )
2 4 L : .J ! = u : i ! i
COWIERT  ilI.:4~ 5131If1HY0  I l3F 4113 TRIUE SOL4R TIME T O  H O U R S  L nINUlES
fl<J) = T?lL’
“(.J > I (,:<;,+c.‘?‘.,,: ,! ,-~I,,, J ai. ‘./
K(J) = ,.Ci!
L(J)= i;r~‘r;LST-~(Jj)4.5)

C O N V E R T  SDLCIR  43CLE  F R O M  RADItiNS lil D E G R E E S
SAC . J  )=S4( J )tDFG
A S  J E L L  45 T H E  HOfUR A N G L E
H(J) = H(JjrDEC
CO!+TIN!JE
O U T P U T  dLL DATA I N  14RULAR  FOHII
DO 50 IO = l&H
4L; 10)=4L06~AL~10))



r--___ _, ..,~_ ._____  .~._..,_..~~,..  . .._ ..,~.~_~~_ --~ ,..

I( IO),SA(I~)>N~10)
CONTINtJE50

C
C
C

300

C

30s

C

:: C

C

C

C

C

C

C

C

C

NOit T!ifir  CtLL 3BSERV~TIONS  FROH  O N E  D A T E  aRE T A B U L A T E D ,  E N T E R
PLOTTINS  SECTlOt  O F  T H E  Pt?OGt?Att
D O  3$i ll:l,!l
12 = It+1
SSA(I?j  = 5o.-sacIj
FILL<  12) = 7L( I j
C A L L  BINITT
HEaDER  LhBEL F O R  EbCN P L O T
KLt4*DSTE
CSLL K~'~?6~il".CLfl,I~DE~
G 0 T rJ ( 3 , ,, , 3 3 .I , I 1 I: , 3 .‘1 Y ‘5 1 5 :! I r N
COUTltItJE
CifLi NOTATE1;10>0>10,  IaDE >
COJ',ERT  RRRRf; T O  STGttlOCIRIt  FOR?  F O R  T H E  P L O T T I N G  P A C K A G E

CQLL  ?IPTS(ti!~  'qi
ClliL 3PTc;i  1:3i. NY1
POI?(T  PLCtl
C A L L  LI,NEi-:"
TRI9H';LES  FOP S'r'!!lPClLE
CALL  SYIYPL:?;
hT T H R E E  1EHIrl.Z  !4ORflrl~  'SIZE
CRLL  SIZEPi.7)
ESTASLISH  T H E  LIMITS O F  THE Y 3x1s S O  ThUT THEY  A R E  COfiSISTENT
CIlLL DLItlY<O,,.S3)
SIIIIL~RLY, T H E  X A X I S
C AL L D L I El !: I :; > 2 9 >
PLQT  T H E  fiRRA'IS...flLBEDO  V S .  TF!lJE  Sl?LAR  TItlE
CRLL  cNEcK;TTT,a:)
CALL  DS?LdY(TST.f>L,
GET H;\RpC@?Y
CIILL HDCOP?
ERSSE T H E  ??CREE!J
C AL L NEIIIPAI;
P U T  A R R A Y S  G~k<:K  I N T O  T H E I R  O R I G I N A L  FORtl
CCltL FItdITl<3,76:>
CI?LL  ?IP!SIaL- f!j

’
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G O  T O  3?6
310 CONTINtJE

D O  3?:, I=l,t.t
3 2 0  SfiI I) = 90. -S3(1 )

C SDRT  TY! D,3lA
clili~ ns34T; 34, AL. 14)

C PREPGQE  FOR T1(E SECOHO  PLnT ,
COLL  HINITT

C TIT1E..
CclLL NOT~TEil2O,O,lO.IADE  ?

C E T C .
CIILL  LItiE<-4,
CRLL  j’i?t@LC  3 >
COIL SIZES;  ,?)
CCILL nPTscss.4)
CCILL :IPTSI’tiL,  ‘I)
CclLL  DLIMYi-?.50:-0.20)
CfiLL DLIM:<i50.  ,90. 1

is
C P L O T  ALBED’I  V S .  Z E N I T H  A N G L E

CRLL  CHECC’,Scl. A L  1
C(ILL DSPL&‘i<Sr,nL:

C E T C . .
C(ILL HDCOPY
CRLL  N E U P R C
c o  10 3 3 0
C A L L  RINITT
Cc)LL  NOThTE(  120,O.  10, IADE )
CRLL  LINEC-4)
CQLL  SYHBL: 3)
CCILL  SIZES&: .? \~ ,
CRLL  tlPTStH,N)
C R L L  NPlS(ZAL>N)
CRLL  DL1PlYiO.n  .BO)
C A L L  DLIt’tX(-90..90.)
CRLL  XUDTH<  3)
CRLL  XNEbT< 0)
C A L L  XT1 C:Si 6 :!
CRLL  CHECk(H ,ZGtL)
CRLL  DS”LAY(H  ,ZAL!

A



E

C
3 3 0

I1
9 9

3 3 5

3 4 0

100
101
2 0 0
2 0 1

C A L L  H D C O P Y
ENDFILE  2
CFILL  NEOPFtG
GO 9RCK  #UP  CIND I N I T I A T E  T H E  N E X T  DAYS DfiTn

CONTIN1!E
CONTIN!JE
CONTIN?)E
G O  T O  (340,335,335.340!, ISWTCH
C O N T I N U E
C A L L  BINITT
CI)LL  LlNEc-J:t
CfiLL  SYNBL; 3 : :
CclLL SIZES< .3)
CclLL BS.jRT\SSA,ALL,  I!
COLL  MPTS(SSA. I ? )
CQLL  NPTS<;tLL.  I?)
CRLL  DLIMY<3., .BO)
CclLL DLIMX;5+.  .90. )
CQLL  CHECK:S?a,QLL)
C A L L  DS’LPY;!i”fi,OLL  ~:
COLL  NDSOPl
C O N T I N U E
C A L L  D O N E P L
STOP
FOR~&T~3~3.1,F4.O,F5.O.F3.~~7X,~lO~lX,4F3.~~
FOR~AT~?F:.?~LF6.3,F4,2.~l~,F4,?.54X,ll~

FORnAT(2(5;~,12,‘:‘,12),7Fl4.4~
FORMAT<  ’ T S T LST R&W R E F . R E D .  R E F . RAN

1INC. R E D .  I N C . fiLBEP0 S O L .  ilLT. H’,/,llS(‘-
2 ’  ))

2 0 2  FORl’IlTi’l’,  IO:~,F410~
E N D

_~..  .




