THE ESTIMATION OF CIRRUS CLOUD OVER OAHU

no.21 \A LIBR ARY SEATTLE : MiCHA_EL 3. -'MOI.{ROW"

—— = PACIFIC REGION.

"\) - naa NATIONAL OCEANIC AND /  National Weather -+ Honolulu, HI
‘ P INJCACA ATMOSPHERIC ADMINISTRATION Service ‘ August 1980



NOAA TECHNICAL MEMORANDA _ :
National Weather Service,. Paclfic Region Subseries

The Technical Mamoranda series prcv1des an.- informal medium for the docu- o <i)
mentation and quick dissemination of- results not appropriate; or not yet

‘ready, for foimal. publication in. the standard journals. The series is

- ‘used to report on work in progress, to. describe technical procedures and

practices, or to report to'a limited audience. These Technical Memoranda

~ will repoxt on. investigations devoted primarily to. regional and loeal

problems: of interest mainly to Pacific Region persommnel and, hence, will

o not be widely distributed

Papers 1 -and 2 are in the former series, ESSA Technical Memocranda, Pacific o

Region Technical Memoranda (PRIM), papers 3-8 are in the former series, ESSA

. Technical Memoranda, W Weather Bureau Technical Memoranda (WBTM), and papers
9=20 are part of ‘the series, NOAA Technical Memoranda NWS. .

-Papers 1-3 are available from the Pacific Regionm’ Headquarters, Attention OPS
P. 0. Box 50027, Honolulu, HI ' 96850, Beginning with &4, the papers are
available from the National Technical Information Service, .U. $S. Department
of Commerce, 5285 Port Royal Road, Springfield, VA - 22151. Prices vary for
paper copy and microfiche.  Otder by accession number, when given, in paren= -
theses at the end of each entry.

ESSA Technical‘ﬁemoranda
No. 1 ‘The Trade Wind Regime of Central and. Western Maui. Carl M. Peterson.u -(:)
' January 1966 :

No., 2 A Meteorological Glossary of Teims Used by Forecasters in Hawaii T
: (Revised) R. ¥, Shaw, -November 1967.

Utilization of Alrcraft Meteorological Reports at WBFC Homolulu,
E. M. Chadsey, P. R. Moore, R. E. Rush, J. E. Smith, J. Vederman.
June 1967,

o NO_.: 3

!

)

No. & Ttopicalsthericai Weather Prediction in Hawaii - A Status Report.
E. M. Carlstead. November 1967. (PB-183-621)

Ne. 5 A Computer Method to Gemerate and Plot Streamlines. Rogef A;fDavis.
Febfuary 1969. (PB-183-622) ' '

No. 6 Verification of an. Objective. Method to Forecast Frontal Passages in
’ the Hawaiian Islands.' E. M. Carlstead. September 1969, '

‘No. 7 JMeteorological Characteristics of the Cold January 1969 in Hawail.
"Richard -I. Sasaki. November 1969. (PB-188-040)

No. 8 Glant Waves Hit Hawaii. Jack D. Bottoms. Septqnber 1970. (COM-71-00021)

. : : . \ -
= Continued on inside back cover = - &;)



U. S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSFHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE

NOAA Technical Memorandum NWSTM PR~21

THE ESTIMATION OF CIRRUS CLOUD OVER OAHU

Michael J. Morrow

NOAA Library E/0C43
7600 Sand Point Way NE

st N e T -
I U BT R-00T0

August 1980



@



s

II.

THE ESTIMATION OF CIRRUS CLQUD OVER OQAHU

/j) I. Purpose

The phenomenal growth of the astronomical community in the Hawaiian Islands
and the glaring absence of climatological data on cirrus cloudiness prompted
the writing of this short paper.

Optical astronomy is vitally affected by meteorological parameters. One very
important parameter to the astronomer observing from the high mountain tops of
Hawaii (Mauna Kea, Mauna Loa, and Haleakala) in infra-red wavelengths, as well
as visible wavelengths, is the amount of water in the atmosphere above him.
This water is mainly in the form of ice crystals in cirrus clouds.

While this study deals with and presents a climatology of cirrus as observed
from Oghu, its results will, with some modification, be ugaeful on the Big
Island and Maui. Satellite pictures indicate more cirrus cloudiness over the
southern islands than over QOzghu.

Procedure

Observations used in this study were taken at the Weather Service Forecast
Office (WSFO) Homolulu. Hourly observations over a period of fifteen years
form the data base. Each day has been given a value or class dependent on the
total number of hours of cirrus of any type and any amount observed at WSFO
Honolulu.

The classes used are as follows:

No. of Hours of

Class Cirrus QObsérved
0 0 to 2
1 3 to 8
2 9 to l4
3 15 to 20
4 21 to 24

After the data had been collected, it was deemed necessary to revert to hours
instead of continuing the use of class intervals to obtain the most useful
information. Therefore, formulae had to be devised to convert intervals to
hours. This was done by means of the use of mid-point of each interval as
showm below.

0 2.5 8.5 14.5 20.5 24,0



Now, using the figures on the bottom of the boxes, the reader will note the values
become

FUN ARy
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and, if x is an average class interval value for a day, then, for

X &.5 the number of hours equal 5x (L
.5¢x £3.5 the number of hours equal 6x - .5 (2)
x »3.5 the number of hours equal 7x - & (3)

As an example, January 1 had an average class interval x of 1.6. Placing this
value in the appropriate equation, number two above yields the number of hours of
cirrus cloudiness that might be observed for any average January 1, in this case,
approximately nine hours.

A further step, giving moremeaning to the value of nine hours, is the standard
deviation which on January 1 is ten hours. Hence, an average of nine hours of
cirrus cloud with a range of no c¢irrus to nineteen hours of cirrus might occur on
any January 1.

Table 1 is the result of extending the January 1 example to each day of the year.

The reader will note, perhaps with horror, the standard deviation (SD) is at times

equal to or larger than the average. This is true of the January 1 example and many
other entries. The explanation is that the day is a "block' consisting of twenty- (:)
four hours, while cirrus cloudiness is not "blocked" but extends from one day to

another without regard to arbitrary time units. Furthermore, the SD is computed

with respect to a normal curve, not the partial gamma function which appears to fit
cirrus variability fairly well, at least on a monthly basis.

Finally, the SD is smaller than the average during periods of high cirrus occurrence
as opposed to large SD during low incidence of cirrus.

Random trials of the data presented in Table 1 have shown the table to be useful.
Amounts of cirrus cloud were needed for planning purposes for aproject encompassing
both Oahu and Molokai islands. Table 1 indicated that cirrus would not be a problem
on day one of the project but would be present on day two and day three. The actual
results followed the table's estimate very well.

Table 2 has been derived by taking the number of days each calendar date with
1) no cirrus, and 2) all day cirrus over the 15-year period of record. Probabilities

of the occurrence or nom-occurrence of cirrus on a given date were then computed.

For instance, we may ask "What is the probability of NO CIRRUS on a particular day,
say, January 17"

P(no cirrus) = 7/15 or .47 (4)

-9-
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or, what is the probability of ALL-DAY CIRRUS on January 17
P(ali-day cirrus) - 4/15 or .27 (5)

Equations (4) and (5) are the basis for Table 2. In Table 2 the probability has
been changed to per cent.

Equation (4) tells us that in the fifteen years of data used seven January 1l's had
no cirrus, while equation (5) says that four January l's had all-day cirrus. There-
fore, on January 1 there is a 47 per cent chance of not observing cirrus and from
equation (5) we find a 27 per cent chance of all-day cirrus. By subtracting from
100 per cent the result obtained in equation (4), the per cent of January 1's with
some cirrus is found, (100-47 = 53).

Returning to Table 2, these values are presented as 47/27 for January 1. The
values are the per cent chance of no cirrus on the day indicated followed by the
per cent chance of all-day cirrus.

Average Monthly Cirrus Occurrence

The question arises, "What may one expect on a monthly basis for the occurrence of
cirrus cloud?" The graph presented gives the answer to the question in a simple

easy manner. The reader must be cautioned that the graph is only an estimate, but it
is the best estimate available at this time.

The graph has been computed by taking the total number of hours with cirrus in
each month over the 15 years and expressing this as a percentage of the total
number of hours in each month.

Taking January as an example, enter the gfaph at January and move up to the plotted
line, then over to the left where the percentage is found to be 26 per cent.
Follow the same procedure for the other months.

Another function of the graph is it allows the user to see the annual wvariation of
cirrus cloud at a glance. The major peaks very nearly coincide with the subtropical
jet stream's movement over the islands. The single major minimum is when the sub-
tropical jet is the greatest distance south of the islands.

The following additional facts can be gleaned by statistical methods.

1. Testing for differences of monthly averages for different months, one
way analysis of variance rejected the hypothesis of constant monthly
means. Hence, it was concluded the monthly means were significantly
different at the one per cent level.

2. Tests for differences in monthly variance for different months were
made. Bartlett's test for homogeniety of variances did not reject the
hypothesis of constant variance. Therefore, monthly variances is not
significantly different.

3. Month-to-month serial correlation were run. There is slight month-to-
month serial correlation, but for estimating purposes it only gives
about five per cent reduction in variance (2.5% reduction in SD), so it
is of little practical importance.

4. Likelihood tests showed that the gamma distribution fits better than the
normal distribution.

~



JANUARY
1 9(1m
2 8(10)
3 10(10)
4 13(9)
5 9(9)
6 7(7)
7 4(7)
8 6(7)
9 (7

10 &4(7)

11 4(7)

12 6(9)

13 7(9)

14 7(9)

15 9(9)

16  8(8)

17 6(7)

18  3(5)

19 4(6)

20 6(8)

21 4(9)

22 7(D)

23 5(6)

26 4(7)

25 5(7)

26 3(4)

27 6(9)

28  4(7)

29  6(9)

30 4(5)

31 6(9)

TABLE 1

Estimated Daily Duratiom of Cirrus in Hours

Left hand entry is average daily duration.
Right hand entry (in parenthesis) is the

standard deviation of the average.

FEBRUARY MARCH
1 4(D 1 8(10)
2 3(6) 2 9(7)
3 4(8) 3 6(8)
& '5(7) 4 6(7)
5  6(9) 5 4(8)
6 8(10) 6 5(7)
7 4(8) 7 4(4)
8 4(m 8 5(6)
9 6(8) 9 6(9)
10 5(8) 10 9(10)
11 4(8) 11 8(9)
12 5(9) 12 9(9)
13 7(10) 13 6(7)
14 7(9) 14 7(9)
15  6(9) 15 9(9)
16 7(9) 16 7(9)
17 5(7) 17 12(9)
18  5(8) 18 13(10)
19 7(7) 19 10(9)
20 4(7) 20 11(9)
21 6(8) 21 10(9)
22 (D 22 10(8)
23 3(5) 23 10(8)
24 6(7) 24 11(9)
25 10(6) 25  12(8)
26 4(7) 26  12(10)
27 6(9) 27 11(10)
28  7(10) 28  10(9)
29 9(9) 29 10(8)
30 7(10)
31 12(9)

(U I " SR e N, LA VI N

APRIL

12(9)
12(10)
11(11)
10(10)
13(10)
11(9)
10(10)
10(11)
7(8)
10(9)
12(9)
12(10)
11(9)
11(8)
13(7)
16(7)
13(9)
15(9)
13(9)
12(9)
10¢9)
12(10)
11(9)
12(10)
12(10)
13(10)
12(9)
13(8)
10(8)
7(10)
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MAY

16(9)
12(9)
12(9)
11(9)
10(9)
12(9)
10(11)
10(8)
11(7)
16(6)
13(9)
13(9)
15(9)
13(9)
12(8)
12(10)
13(9)
12(10)
8(9)
10(9)
11(9)
8(9)
7(8)
9(9)
12(9)
10(8)
12(7)
12(9)
12(9)
12(9)
12(10)

O 00~ O U LD RO
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

JUNE

9(9)
14(8)
12(8)
12(10)

9(9)
11(10)

9(9)

9(9)
10(9)

6(9)

8(9)

9(9)

9(7)

g(9)

7(7)

7(7)
10(8)
10(10)

6(8)

7(9)

9(10)

9(9)

7(7)

6(7)

9(9)
11(9)
11(10)

7(7)

6(8)

9(9)

TABLE 1 (Continued)
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18
19
20
21
22
23
24
25
26
27
28
29
30
31

JULY

6(7)
11(9)
12(7)

7(10)

7(8)
12(9)
12(10)
10(10)

T 6(7)

6(9)
10(8)
10(10)

9(9)
11(10)
13(10)

6(7)

4(7)

7(8)

9(9)

7(7)

7(7)

9(9)
12(9)
14(8)
15(9)
11(10)
13(9)

9(9)

9(9)
10(9)
13(9)

AUGUST

OGO~ P LN

13(10)
10(9)
7(10)
12(9)
12(10)
10(10)
12(10)
9(8)
12(9)
13(9)
10(9)
9(9)
10(10)
9(9)
7(9)
11(8)
12(9)
9(8)
9(9)
9(9)
9(9)
7(8)
7(8)
7(9)
9(8)
7(9)
10(8)
10(7)
7(7)
6(8)
9(9)



SEPTEMBER
1 10(9)
2 9(7)
3 7{7)
4 7{7N)
5 7(9)
6 10(10)
7 11(9)
8 9(9)
9 12(9)
10 11(8)
11 9(8)
12 8(9)
13 7(9)
14 7(8)
15 9(6)
16 11(10)
17 9(7)
18 10(7)
19 9(9)
20 12(9)
21 10(9)
22 12(8)
23 11(8)
24 9(9)
25 11(7)
26  15(6)
27 13(7)
28 10(7)
29 10(12)
30 12(8)

00~ Gy B b b

TABLE 1 {Continued)

OCTOBER

11(7)
9(3)
9(9)

11(9)

11(7)
9(9)

11(9)

10(9)

12(9)

10(9)

10(9)

12(9)

11(9)
8(9)

11(9)

12(9)

12(9)

13(9)

17(9)

15(9)

16(10)

12(8)

12(8)

9(7) -

6(7)

7(8)
10(9)
13(9)
12(9)
13(9)
12(9)

NOVEMBER

W o~ R U W

10(10)
11(9)
10(8)
9(9)
11(9)
13(9)
8(9)
7(9)
8(9)
8(10)
10(9)
13(10)
15(8)
10(8)
10(86)
11(7)
12(7)
12(9)
10(10)
10(10)
7(8)
6(9)
11(10)
11(10)
11(9)
11(9
10(9)
8(8)
6(9)
7(8)

DECEMBER

Do~ e B R

10(8)
14(7)
12(10)
7(8)
9(9)
7(10)
12(7)
9(10)
9(9)
7(9)
9(9)
6(7)
6(8)
7(9)
9(8)
5(8)
7(7)
5(9)
7(9)
4(7)
7(9)
7(9)
8(6)
7(7)
7(7)
6(9)
5(7)
7(10)
6(7)
9(9)
7(9)

@,
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TABLE 2

. In each case the figure on the left of solidus is the

probability of no cirrus; the figure on the right of the
solidus is the probability of all-day cirrus.

little chance of cirrus.

JANUARY
1 47/27
2 53/27
3 40/20
4 20/33
5 27/20
6 40/07
7 67/07
8 &7/07
9 40/07

10 73/00

11 73/07

12 60/13

13 40/20

14  47/13

15 33/13

16  40/13

17 53/13

18 67/00

19  60/00

20 53/07

21  67/07

22 40/07

23 47/00

24 60/07

25  60/07

26  60/00

27 53/20

28  60/07

29  67/13

30 53/00

31 53/13

FEBRUARY
1 60/00
2 67/00
3 73/13
4  73/07
5 53/13
6 47/20
7  67/00
8 67/00
9 53/07

10 60/07

11 73/07

12 67/13

13  60/13

14 53/20

15 53/13

16 60/13

17 53/13

18 67/07

19  33/20

20  73/13

21  60/13

22 40/00

23 67/07

26 47/00

25 13/00

26  60/07

27  67/13

28 60/20

29  50/07

o~ PN e

MARCH

53/20
33/00
53/07
47707
53/00
53/07
40/20
47/00
60/13
40/27
40/07
40/07
40/07
47/13
53/20
40/27
20/33
27/33
27727
27/20
27/20
13/20
27/13
27/13
13/20
33/40
33/27
20/20
20/13
60/20
20/20

00 indicates

APRIL

(Voo REN R R, I - BE WU oL Y

27/33
33/27
40740
40720
27733
20/33
47720
47733
47713
27/20
20/20
33/20
33/20
20/07
07/27
07/27
27/27
27/40
20/33
20/27
27/13
40733
20/20
33/27
33/27
27/33
27/33
13/20
20/27
07/47
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MAY
20/40
20/27
13/27
33/20
33/20
20/13
47740
27/13
13/13
07/27
20/33
20/33
07/33
07/27
20/13
33/53
20/33
47/40
53/13
53/13
20/13
33/13
47/07
33/13
27/13
20/07
13/13
20/20
13/20
33/33
33/27

Lo e BN RN TRV Sy O 0

TABLE 2 (Continued)

JUNE

40/20
20/20
13/20
47/33
33/20
40/33
40/13
40/13
40/13
60/13
40/07
40/07
20/13
40/13
33/07
40/00
33/07
40/20
60/00
47/13
40/13
40/07
40/00
47/07
40/20
27/20
40/20
40/13
53/07
40/07

D QOO L
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JULY

53/00
33/13
33/13
60/20
47/13
27/13
20/40
40/20
40/07
53/07
27/13
40/20
33/07
40/27
27/33
40/00
67/07
40/07
40/13
47/00
40/07
40/13
20/27
13/33
20/33
20/13
27/27
33/07
40/13
27/13
27/27

AUGUST
1 33/33
2 33/20
3 53/27
& 27720
5 27/27
6 33/20
7 27/33
8 27/13
9  33/27

10 27/27

11 27/20

12 40/20

13 40/27

14 33/00

15  53/13

16 27/13

17 20/27

18 27/13

19 27/13

20 33/13

21 40/07

22 40/13

23 40/13

24 60/13

25  40/00

26 47/13

27  33/07

28  33/00

29  33/00

30 47/00

31 40/13



TABLE 2 (Continued)

OCTOBER

SEPTEMBER
1 33/13 1
2 33/13 2
3 40/27 3
4 40/00 4
5 47/13 5
6  33/27 )
7 33/20 7
8 40/13 8
9 20/13 9
10 20/20 10
11 33/07 11
12 40/13 12
13 47/13 13
14 40/07 i4
15 20/00C 15
16 27/33 16
17 27/07 17
18  20/07 18
19 40/13 19
20 27/13 20
21 33/13 21
22 20/13 22
23 20/13 23
24 27/13 24
25 13/07 25
26 00/13% 26
27 13/13 27
28 20/00 28
29 33/07 29
30 20/07 30
31

20/20
27/20
33/13
27/13
13/13
33/13
33/20
33/13
27/20
27720
33/20
33/20
27/20
53/13
27/20
27/33
20/40
20/33
13/53
20/53
27/40
13/20
20/20
33/07
47/07
47/07
33/13
20/27
20/20
20/20
27/20

NOVEMBER
1 33/27
2 27/13
3  33/07
4 33/13
5 27720
6 13/27
7 40/13
8 53/07
9  47/20

10 60/20

11 33/20

12 20/27

13 13/20

14 20/07

15 13/00

16 20/13

17 20/20

18 27/33

19 47/33

20 47/33

21 47/07

22  40/07

23 40/27

24 33/33

25 27/13

26 27/20

27 33/20

28  33/07

29  60/20

30 47/13

DECEMBER
1 27/13
2 13/20
3 33/33
4 40/13
5 40/13
6 33/13
7 20/13
8 47/33
9  40/20

10 60/07

11 47/13

12 50/07

13 40/13

14 47/20

15 33/13

16 60/07

17  47/00

18  67/20

19  53/13

20  60/07

21 40/20

22 47/13

23 27/00

24 40707

25  40/00

26  60/13

27  53/00

28  53/20

29  47/00

30  33/07

31 47/13

* 00 here indicates excellent chance of no cirrus



50

40

Q [0
(48]

pajoadxy 1e1o0l 30 %

10

Month

-10-



The writer wishes to acknowledge the aid of the following personms
without whom this paper would not have been prepared.

Mr. Edward M. Carlstead, Chief, Forecast Div.
National Meteorological Center

Dr. Arthur N. Hull, Meteorologist in Charge,
WSFQ Seattle, Washington

Dr. Richard Joﬁes, formerly with Dept. of Information
Sciences, University of Hawail

-11-






