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Introduction

This study deals with wind speed and direction not just as natural
phenomena, but also in terms of their influence on the human environ—
ment, i.e., structures and landscape. Therefore, this report is
addressed to those who are interested in exploring the role of the wind
in design and in finding innovative ways to improve the quality of life.

Wind speed and direction are critical features in Kuwait because
they are associated with dust storms and mobile sand phenomena. Summer
winds cause environmental problems such as fine surface sediments and
sand sheets in the desert, as well as severely polluting the air and
reducing visibility, which affects air navigation.

The analysis of wind data would be very useful to determine trends
in wind speed and direction and to predict sand and dust storms in
Kuwait, and to plan environmental protection accordingly.

'As the frequency of dust occurrence is highest in summer (Safar,
1980), wind data analysis at the peak of this season is of critical
importance for the study of dust storms and mobile sand phenomena.

The study of climatic trends requires long records of representa-
tive climatological data. The Kuwait International Airport (KIA) weath-
er station has daily meteorological data from 1957 and, for the purpose
of creating the 1957-1985 averages, these data were entered in KISR s
Computer.

The aim of this study is to describe the trends in wind direction
and speed in Kuwait during the dusty season (June, July and August) in
the 29 year periocd 1957 - 1985,

Wind Measurements

The instrument used at Kuwait International Airport to measure wind

direction and speed is the electrical anemograph. A wind vane is mount-

-1 =
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ed on a tower at a height of 10 m above ground level. The continuous
fluctuations of -wind direction and speed can be visualized, at time
intervals of one hour or less, from the traces recorded on the anemo-
graph”s chart. Fig. 1 shows a typical daily anemograph chart.

To obtain hourly averages of wind directions or speeds a simple
interpolation can be performed on the anemograph chart. The wind direc-
tion fluctuations are recorded on a time scale at the top of the chart.
The wind speeds are recorded on the bottom of the chart.

The wind directions are observed in degrees on a compass scale
which refers to the direction from which the wind is blowing. The wind
speed is measured in different units such as knot, miles per hour (mph),
etc. The wind speed data used in this study were recorded in miles per

hour.

Data Collection

Investigations were made on the availability and reliability of
surface wind data. In Kuwait, only the meteoroclogical station at Kuwait
International Airport (KIA) was set to record daily meteorclogical data,
including surface wind data. The KIA also had the longest continuous
period of records. It was decided that for the purpose of this study
only the surface wind data from KIA would be used.

Two types of surface wind data records were available from KIA.
The first is the average of the last ten minutes of each hour, which was
used for aviation purposes; the second is the hourly average, which was
used for climatological records.

In view of this, a computer test run was made for the records of
four years (1978-1981) to compare the ten-minute averages with the aver-
ages for whole hours. The results are shown in tables I and 2, respec-
tively.

Significant differences were observed between the two sets of aver-—
ages. For example, the total frequency percentage of N winds was 2.5

for the last-ten—minute averages and 9.2 for the hourly averages; for NW

-2 -
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winds the figures were 8.3 and 20.8; and for NWW winds they were 6.0 and
20.6, respectively. These discrepancies are attributed to the fact that
wind speed and direction vary widely within one hour, which means that
the average for the last ten minutes (i.e., only about 17% of the total
time) is not representative. It was therefore decided to use only the
hourly averages for this study.

The data available at KIA for the period 1957-1985 were collected.
The wind direction data are recorded on anemograph charts, and to
obtain hourly averages the wind directions were interpolated to degrees.

Wind direction data were grouped into 16 sectors (Table 3). Three
additional categories were added for "calm" readings (no wind), "vari-
able" readings (wide fluctuations within the hour) and missing data.

Wind speed data were grouped on the basis of Beaufort wind scale
{Table 4). For the purpose of this study the scale was reduced to five
categories (Table 5).

Finally, the data were stored in KISR"s computer on a monthly and

annual basis.




Table 3. Wind Direction and the Coded Degrees

Sector Interpolated Wind Direction
(Degrees)
N 349 - 11
NNE 12 - 33
NE 34 - 56
ENE 57 - 78
E 79 - 101
ESE 102 - 123
SE 124 - 146
SSE 147 - 168
s - 169 ~ 191
SsW 192 - 213
SW 214 - 236
WswW 237 - 258
W 259 - 281
WNW 282 ~ 303
NW 304 - 326
NNW 327 ~ 348
_7_
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Table 4.

The Beaufort Scale for Wind Speed on Land

Beau~ Seaman”s Terms
fort Description Used By Velocity Velocity Estimating Veloeities
Num—- of Wind U.S (mph) (knots) on Land
ber Weather
Bureau
0 Calm Calm Less Less Smoke rises vertically
than 1 than 1
1 Light air Light 1-3 1-3 Smoke drifts; wind vanes
unmoved
2 Light 4-7 4-6 Wind felt on face;
breeze leaves rustle; ordinary
vane moved by wind
3 Gentle Gentle 8-12 7-10 Leaves and small twigs
breeze in constant motion; wind
extends light flag
4 Moderate Moderate 13-18 11-16 Raises dust and loose
breeze Paper; small branches
are moved
5 Fresh Fresh 19-24 17-21 Small trees in leaf
Breeze begin to sway; crested
wavelets form on inland
water
6 Strong Strong  25-31 22~27 Large branches in
Breeze motion; whistling heard
in telegraph wires;
umbrellas used with
difficulty
7 Moderate 32-38 28-33 Whole trees in motion;
gale inconvenience felt in
walking against the wind
8 Fresh Gale 39-46 34-40 Breaks twigs off trees;
gale generally impedes
progress
-8 -
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Table 4 Cont-d.

Beau—- Seaman”s

Terms

——

fort Description Used By Velocity Velocity Estimating Velocities
Num- of Wind U.s (mph) (knots) on Land
ber Weather
Bureau
9 Strong Gale 47-54 41-47 Slight structural
gale damage occurs
10 Whole gale Whole 55-63 48-55 Trees uprooted;
gale congiderable structural
damage occurs
11 Storm 64~75 56-65
12 Hurricane Hurri~  Above 75 ‘Above 65
cane




Table 5. Wind Speed Categories Used in This Study

Category Wind Speed
(mph)
Calm 0
Light 1 -7
Moderate 8 - 18
Strong 19 - 31
Gale > 32

- 10 -




Data Analysis

The frequency percentages of wind direction and wind speed were

calculated for each of the three months (June, July and August) for 29

years.

Wind Direction

The frequency percentages of winds from each of the 16 sectors
defined in Table 3 were calculated for each year. The results are shown
in Tables Al, A2 and A3 in Appendix A, These tables, as well as Table
6, show that four directions, i.e., N, NNW, NW and WNW, were among the
prevailing wind directions in most of the 29 years.

On the basis of these observations, the decision was made to con-
sider these four wind directions as one sector.

Therefore, for the purpose of this study, it was decided to group
the sixteen wind directions into four main sectors clockwise as follows.
l. Northeast sector, consisting of the following: f

* North Northeast (NNE)
* Northeast (NE)
* East Northeast (ENE)
* East (E)
2. Southeast sector, consisting of the following:
% East Southeast (ESE)
*  Southeast (SE)
*  South Southeast (SSE)
*  South (8)
3. Southwest sector, consisting of the following:
* South Southwest (SSW)
*  Southwest (SW)
* West Southwest (WSW)
*  West (W)
4, Northwest sector, consisting of the following:
* North (N)
* North Northwest (NNW)
- 11 -
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* North West (NW)
*  West Northwest (WNW)

Monthly Wind Direction Frequency. Figures 2a, 2b and 2c present the

frequency distribution of the four wind direction sectors in June, July
and August, respectively. The figures show that, with only one excep-
tion the Northwest sector has the highest frequency in each of the
three months for the last 29 years.

A comparison of = the three figures shows that the frequency of the
Northwest wind has some stability during the month of June (Fig. 2a),
and less stability during July and August {(Figs. 2b and 2¢). The August
frequencies were particﬁlarly unstable from 1957 to 1968: both the high-
est and the lowest values in the 29 years were recorded during this
period.

The other three sectors showed some stability during the months of
June and July with some exceptional Years such as 1962, 1976 and 1979 .

The Southeast and Southwest sectors had the highest frequencies
during the month of August 1962 and 1967, respectively (Fig. 2¢). Dur-
ing this month, the frequencies of these sectors were unstable and var—
ied from year to year, especially during the early years (1957 to 1968).

Calms were less frequent in June (Fig. 2a) and more frequent in
August (Fig. 2c). This category was not included in the analyses of the

study because it does not contribute to dust storms and sand mobility.

Overall Wind Directiom Frequency for the Three—Month Period. Fig-

ures 3a to 3d present the frequency of wind from the four sectors during
the whole three-month period. Fig. 3a shows that the frequency of the
Northwest sector was lowest in August 1962 and 1985, and highest in July
1959, 1971 and 1983. It also shows that August had the highest fluctua~
tions and June had the lowest.

Winds from the Southwest sector were more frequent in August,
except in 1962, 1977, and 1981 when higher frequencies were observed in
June and July (Fig. 3b).

Similar results were obtained for the Northeast and Southeast sec-

tors. The frequency of Northeast winds varied from one month to another

- 13 -
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with some extreme years such as 1962, 1972, 1979 and 1985 (Fig. 3c).
The frequency of Southeast winds was higher in August, when it also
showed an apparent peak cycle approximately every three or four years.

In order to test the changes in the monthly frequency means of the
three month for the four wind direction sectors, Table 7 was used to
test whether there were significant differences among the wind means
during the three months. The results of this table showed that the fre-
quency means of Southwest sector during the three months were signifi-
cantly different at 0.05 level, and F-ratio was 5.20 (P 0.05).

The table also shows that the Northwest sector has the highest
monthly hourly mean frequency, and the lowest variation coefficient dur—
ing June, X = 477.7 and C.V = 0.14 respectively. The Northeast sector
has the.lowest monthly hourly mean frequency and higher variation coef-
ficient during July, X = 47.9 and C.V = 0.53. The coefficient varia—
tion was used éo compare varlation between wind sectors and to measure

the relative consistency of average frequency occurrence.

Wind Direction Frequency within Each Sector.

The Northwest Sector. Wind direction frequencies within the North-

west sector during the months of June, July and August are presented in
Figs. 4a to 4c.

In June, the NW wind was the prevailing wind in this sector (Fig.
ha). It had a fairly smooth linear frequency trend during the first
period from 1957 to 1968, increasing gradually to a maximum in 1968.
This trend was rapidly reversed in the following four years (1969 to
1972).

This trend was rapidly reversed in the following four years (1969
to 1972), The correlation coefficlent (r) between the frequency monthly
means and the period between 1957 to 1968 in June was found to be gig-
nificant at 0.05 level, and r = 0.65. When the t-test was used to test
the significance of this correlation between these two observation, it
was found that the t-value was 4.44, and the correlation coefficient was
significant. The t-value is calculated by the formula

N-2

r e

1-r

...21..
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Table 7. Summary of the Wind Direction Sectors of the Three

Months (1957-1985)

Sector Month X SD cv Min. Max. F
(h) Frequency Frequency Ratio
(h) (h)
Ny .
June 477.7 68.2 0.14 338 589 3.29
July 468.3 96.3 0.20 284 624
August 416.9 120.0 0.28 149 604
SW
June 62.4 29,3 0.47 23 156 5.20
July 20.0 53.6 0.60 13 296
August 100.2 51.5 0.51 27 263
SE
June 56.2 26.6 0.47 13 124 2.25
July 65.4 43.9 0.67 5 217
August  8l.4 60.7 0.75 0 237
NE
June 56.4 30.2 0.54 20 162 0.61
July 47.9 25.6 0.53 10 97
Angust 55.8 38.3 0.68 1 153
X = Monthly hourly mean frequency
5D = Standard deviation
cv = Coefficient of variation
F ratio = A statistical test for comparison among average monthly

frequency
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where:

[

r correlation coefficient
N

Figure 4a also shows that during the period of 1957 to 1959, the N

Number of observations

and the NNW winds were prevailing. The frequency percentage of the N
wind ranged between 21.8% in 1957 and 26.1% in 1959 (Table Al, Appendix
a). In 1972, the N wind had the highest percentage of occurrence C =
10.3%.

Figure 4b and 4c present the NW sector of July and August., The
figures show that the NW winds frequency increased from 1957 to 1961,
and again from 1966 to 1969.

The highest frequency of the NW wind occurred in July 1969 when R =
66% and C = 7.2% (Table A2, Appendix A), and the lowest in July 1957 (R
= 5.5Z and C = 0.6%). For the month of August, the highest frequency
was in 1968 (R = 6.14%Z and C = 8.1%) and the lowest in 1962 (R = 6.2%
and C = 0,8%).

When the relationships between the NW wind and the other winds in
NW sectors was studied, it was found that most of the correlation coef-
ficient were negative or very low (Table 8). For example, 1in June the
correlation coefficient was -0.70 between N and NW, -0.35 between N and
W, and 0.48 between N and E. The NW wind had negative correlation coef-
ficients with most wind directions during August. These negative corre-
lation coefficients indicates that an opposite relationship exists
between these wind directions. The purpose of the correlation coeffi-
cient is to express in statistical terms the degree of relationship
between two variables, ‘If the relationship_is perfectly positive, r
will be 1.00. If the relationship is perfectly negative, it will be
=1.00. If there is no relationship, r will be zaro. If the two obser-
vations are related, the coefficient will have a value between zero and
-1.00 for a negative relationship, and between zerc and 1.00 for a posi-
tive relationship (Hays, 1981),

The correlation coefficient between N and NNE were 0.48, 0.65, and
0.69 for June, July, and August respectively, and between the WNW and

WSW, the correlation was 0.81 in July. These positive coefficients
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indicate that the N wind relates highly with NNE during the three
months, and the WNW relates highly with WSW, especially in July.

The Southwest Sector. Figures 5a to 5c present the frequency dis-

tribution of the wind directions of the Southwest sector for the months
of June, July, and August, and the correlation among the wind directions
is shown in Table 9. Tﬁe figures show that the West wind was prevailing
in this sector, and that the SW wind had the highest frequency during
1968 and 1969.

Figure 3a shows that during June the W wind had a lower frequency
than in July (Fig. 5b) and August (Fig. 5c), and that its the highest
frequency was in June 1967 (R = 12.1%, C = 8.6%Z, Table Al, Appendix A),
July 1976 (R = 33.5%Z, C = 14.7, Table A2, Appendix A), and August 1967
(R = 32.7%, C = 13.5%, Table A3, Appendix A).

Table 9 shows that the correlation coefficients between SSW and SW
were 0.40, 0.68, and 0.39 for the wmonth of June, July, and August
respectively, and that the correlation coefficient between SSW and NE
increased during July to 0.60. !

.
The Northeast Sector. Figure 6a shows no dominant wind, because

there are two wind directions, E and NE, that alternate every two to
three years. Fig. 6a also shows that the NNE wind had the highest fre-
quency in Junme 1972 (R = 8.2% and C = 15.4%, Table Al, Appendix A),
whereas E had the highest frequency in July 1962 (Fig. 6b, R = 7,7% and
C = 8.9%, Table A2), and NE had the highest frequency in July 1968 (R =
7.0% and 20.2%, Table A2. Fig. 6c shows that the E wind is the dominant
wind during August.

Table 10 shows that there are some positive correlation between NNE
and NE (0.49), between NNE and E (0.47), and between NNE and ESE (0.60)
during June. The table also showed that the highest positive correla-
tion was 0.91 in August between E and §.

The Southeast Sector. Figs. 7a to 7c present the wind direction

within this sector during the three months. The figures show that the S
wind was prevailing in June (Fig. 7a) and August (Fig. 7c).  The ESE
wind“s frequency was higher in July (Fig. 7b). Table 11 shows the cor-—

relation between the Southeast wind directions. The correlation coeffi-
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Fig. 5a. Frequency distribution of wind directions in the southwest
sector during June (1957 - 1985).
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Fig. 5b. Frequency distribution of wind directions in the southwest
sector during July (1957 - 1985).
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Fig. S5c. Frequency distribution of wind directions in the southwest
sector during August (1957 - 1985).
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Fig. 6a. Frequency distribution of wind dirsctions in the northeast
sector during June (1937 - 1983).
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Fig. 7b. Frequency distribution of wind direction in the southeast
sector during July (1957 - 1983).
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Fig. 7c. Frequency distribution of wind directions in the southeast
sector during August (1957 - 1985).
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F
cient -was 0.61 between ESE and SE and 0.66 between SE and SSE in June.

In July the coefficients between ESE and SE increased to 0.76. These
coefficients indicate that the wind directions in this sector are more
highly related than in other sectors, and the variations between their
monthly frequency means are less pronounced.

Finally, in order to summarize the monthly frequency means for each
wind direction during the three months. Table 12 was used to test
Wheéher there were significant differences among monthly £frequency
means: The table showed that the N, W, and SS5W winds have the highest
fluctuation. The F-values were 4.1%9, 3,78, and 4.09, and were signifi-

cant at 0.05 probability level.
Wind Speed

The monthly frequencies of the five wind speed categories (as
defined in Table 5) are presented in Tables 13a to 13c. Table l13a shows
monthly frequency of wind speed categories for June. 'It shows that the
most frequent category in June was the moderate cafego;§ (8-18 mph), and
the least frequent was moderate gale (2 32 mph). It ai;o shows that the
highest mean wind speed was in 1970 (X = 18.40 mph and SD = 7.43), and
the 1owé;t in 1965 (X = 5.74 mph and SD = 4.6).

On the other hand, the calm category was the highest frequency in
1965 and the lowest in 1970, but this category was not included in the
analysis since calm by definition means no wind speed or direction thus
the dust mobility tends to rigidity. The daily average wind speeds for
these two years are presented in Figs. 8a to 8b, which show that more
variation occurred in 1965 than in 1970. The coefficient of variation
for 1965, ranged between 75% in August and 82% in July, and in 1970 it
ranged between 41% in June and 56%Z in August.

Tables 13b and 13c show the similar results for July and August.
The moderate category had the highest frequency and the gale category
had the lowest.

Figs. 9a to 9c show that the frequency of the moderate wind speed
category (8-18 mph) tended to decrease approximately every four to five
vears (1957, 1961, 1965, 1969, 1974, 1978 and 1981).
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Table 12. . Summary results of wind direction for the three months, 1957 - 1985

June July Angust

Wind X SD Max. X SD Max. X SD Max. F-
Direc— Fre- Fre- Fre- value
tion quency quency quency

N 69.7 56.0 208.0 39.8 36.7 173.0 42.5 34.5 152.0 4,19
NN 119.8 61.7 283.0 99.0 88.8 306.0 92.3 70.6 305.0 1.08
NW 221,7 89.8 407.0 236.5 108.5 491.0 194.4 99.2 457.0 1.34
WNW 73.7 47.7 175.0 101.3 64.1 301.0 9.9 67.4 260.0 1.75
W 35.0 19.6 87.0 58.6 46,99 249.0 62.1 48.9 243.0 3.78
WSW 8.2 6.6 27.0 12.03 7.97 40.0 10.9 8.6 3.0 1.82
SW 0.0 7.7 31.0 10.8 11.0 62.0 12.0 10.4 46.0 1.82
SSW 9,7 7.8 31.0 9.1 7.9 33.0 15.4 11.6 45.0 4.09
S 22.2 13.2 60.0 21.9 14.2 63.0 28.6 21.4 98.0 1.49
SSE 8.5 8.0 39.0 11,73 9.7 33.0 13.6 12.1 40,0 1.81
SE 11.9 7.9 32,0 1l4.0 11.0 44,0 19.0 16.8 67.0 2.46
ESE 11.4 8.0 32,0 16.4 16.7 78,0 14.7 14.0 64.0 1.04
E 18.9 10.6 43.0 22,2 15.8 57.0 27.1 23.3 98.0 1.61
ENE 10.5 7.9 36.0 8.2 6.0 25.0 10.2 8.6 30.0 0.79
NE 13.4 11.2  47.0 8.9 9.3 52.0 9.0 8.6 38.0 2.0
NNE 13.2 12.1 59.0 8.8 8.0 32.0 9.6 8.8 39.0 1,68
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“ Table 13A. Wind Speed Frequency for June

Wind Speed Category

Year Calm 1-7 8-18 19-31 )} 32 Avg. 8D c.V. Max.
1957 59 242 271 72 0 9.57 6.94 0.73 30
1958 89 179 304 123 2 10.98 8.15 0.74 33
1959. 33 240 326 98 5 11.09 7.24 0.61 34
1960 . 71 194 334 112 0 10,38 6.99 0.67 28
1961 = 80 306 258 76 0 8.32 6.59 0.79 28
1962 .18 143 417 109 0 12.17 5.96 0.50 28
1963 L7 154 392 149 0 12.84 6.34 0.49 27
1964 12 171 410 124 3 12.07 6.46 0.54 35
1965 143 319 258 0 0 5.74 4.62 0.80 17
1966 59 182 338 135 0 11.62 7.31 0.63 27
1967 33 162 419 105 0 11.83 6.51 5.50 28
1968 16 162 434 107 0 12.41 6.19 0.50 27
1969 76 190 317 136 0 11.16 7.43 0.67 30
1970 12 91 334 248 8 18.40 7.47 0.41 38
1971 44 142 348 173 1 15.12 7.97 0.52 39
1972 47 192 391 89 0 11.00 6.64 0.60 29
1973 42 67 324 258 27 16.13 8.51 0.52 40
1974 168 149 257 137 9 10.58 9.26 0.88 34
1975 31 111 330 237 11 15.33 8.30 0.54 38
1976 46 137 386 151 0 12.69. 7.09 0.56 31
1977 67 148 357 145 3 12.20 7.83 0.64 34
1978 82 153 341 L44 0 11.60 7.59 0.65 30
1979 22 124 416 152 6 13.77 6.90 0.50 i3
1980 16 153 362 153 26 14.36 7.64 0.53 36
1981 66 217 358 74 0 9.75 6.26 0.64 30
1982 23 150 389 158 0 12.88 6.36 0.49 27
1983 21 118 435 146 0 13.10 6.04 0.46 26
1984 16 128 440 129 0 14.66 5.57 0.38 30
1985 44 161 464 42 0 12.51 5.38 0.43 27
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Table 13B. Wind Speed Frequency for July

Wind Speed Category

Year Calm 1-7 8-18 19-31 3 32 Avg. SD c.V. Max.
1957 45 286 336 57 9 9.74 6.61 0.68 36
1958 127 232 262 109 14 2.90 8.52 0.86 35
1959 12 174 356 181 1 13.43 7.58 0.56 33
1960 * 71 281 336 56 0 8.42 6.33 0.75 27
1961 ° 96 255 321 72 0 8.71 6.56 0.75 25
1962 27 142 412 73 2 11.34 6.07 0.54 32
1963 30 174 409 126 0 11.97 6.97 0.58 28
1964 33 153 432 97 0 11.82 6.28 0.53 30
1965 111 380 252 1 0 5.63 4.59 0.82 20
1966 134 188 373 38 0 8.64 6.28 0.73 26
1967 15 187 440 102 0 11.28 5.92 0.52 26
1968 32 234 389 a8 0 10.72 6.14 0.57 30
1969 54 158 325 207 0 13.65 8.19 0.60 31
1970 13 161 383 187 0 15.78 7.18 0.46 31
1571 33 197 355 159 0 13.60 7.58 0.56 29
1972 40 161 353 183 3 12.98 7.55 0.58 33
1973 51 142 337 203 11 13.70 8.36 C.61 34
1974 120 207 333 84 0 9.12 7,21 0.79 30
1975 46 176 344 169 9 12.74 7.87 0.62 33
1976 47 114 375 208 0 13.70 7.52 0.55 30
1977 64 137 333 208 2 13.36 8.15 0.61 32
1978 53 240 374 76 1 9.87 6.42 0.65 32
1979 43 213 292 190 5 13.07 8.34 0.64 33
1980 49 212 310 171 2 12.56 7.58 0.60 36
1981 82 257 301 104 0 9.62 7.20 0.75 26
1982 38 206 401 99 0 10.90 6.21 0.57 27
1983 20 149 496 79 0 11.90 5.45 0.46 25
1984 41 300 378 21 1 10.18 5.05 0.50 38
1985 46 167 392 138 1 14.66 6.49 0.44 37
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“ Table 13C. Wind Speed Frequency for August

Wind Speed Category

Year Calm 1-7 8-18 19-31 > 32 Avg. SD c.v. Max.
1957 71 382 244 37 3 7.30 5.64 0.77 36
1958 288 289 151 16 0 4.25 5.23 1.23 28
1959 46 165 368 139 4 12.20 7.43 0.61 33
1960 37 358 277 72 0 8.29 6.71 0.81 26
1961. 112 350 239 35 0 6.79 5.72 0.84 22
1962 65 238 356 39 0 9.19 5.70 0.62 25
1963 37 276 342 52 0 9.85 5.80 0.59 30
1964 40 174 469 53 0 11.27 5.46 0.48 25
1965 201 278 265 0 0 5.75 4.33 0.75 18
1966 74 278 347 33 0 8.53 5.69 0.67 25
1967 12 201 467 64 0 10.83 5.28 0.49 24
1968 16 124 395 185 2 13.99 6.95 0.50 32
1969 53 215 369 100 0 10.35 6.93 0.67 31
1970 39 213 348 135 5 13.34 7.53 0.56 38
1971 41 217 321 129 5 12.44 7.57 0.61 38
1972 63 185 451 43 0 9.95 5.82 0.58 24
1973 104 273 315 45 0 7.87 6.01 0.76 26
1974 87 164 366 127 0 11,04 7.59 0.69 31
1975 45 170 347 167 15 12.99 8.17 0.63 36
1976 89 196 365 94 0 10.26 6.97 - 0.68 29
1977 88 254 346 56 0 8.57 6.21  0.72 25
1978 19 193 395 137 0 12.37 6.65 0.54 28
1979 29 246 392 77 0 10.74 6.01 0.56 30
1980 72 147 388 135 0 11.63 7.28 0.63 31
1981 109 258 301 76 0 8.65 6.83 0.79 26
1982 40 106 440 158 0 13.22 6.22 0.47 27
1983 27 ‘193 408 110 0 11.75 6.54 0.56 28
1984 33 172 473 62 0 12.85 5.40 0.42 26

0 7.02 4.20 0.60 23

1985 123 388 231 1
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Fig. 9b. Frequency-distribution of wind speed

during July (1957 - 1985).
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Wind Direction and Wind Speed

It can be concluded from the previous sections on wind direction
and wind speed that there was no clear linear trend in the behavior of
wind. However, the most frequent feature during June, July and August
is NW and NNW winds with moderate wind speeds.

In June, the wind direction changed to N and NNW and the monthly
meap wind speed increased to 15 mph; in July NW became the prevailing
direﬁ;ion and the wind speed ranged between 8 to 15 mph; and in August
the wihd direction usually turned to NW and WNW with a decrease in wind
speed (7 to 13 mph).

It can also be concluded that the NNW and NW winds were prevailing
during the last 29 years, with some variations such as the § wind pre-
vailing during 1962 and 1969, and the E during 1962 and 1965.

Te study the effect of wind speed on wind direction for the last 29
years, wind roses were constructed for every five-year periods, such as
1957-1961, 1962-1966, 1967-1971, 1972-1976, 1977-1981, and for one four-
year period, 1982-1985. The five-year interval was selected because of
the similarity of wind directions and wind speeds. For example, the
interval of 1957 to 1961 has similar yearly wind speed means - and the
prevailing directions were N and WNW. The interval of 1962 to 1966 has
a greater monthly wind speed mean frequency and the prevailing wind
directions were NW and WNW. Similar finding were used to group the
years (Table 14).

A wind rose is a polar plot of the frequency of wind flow as a
function of direction (Graedel, 1977).

For example, Tables 15 to 20 show the frequency percentage of wind
speed and direction for each five year period. Figs. 10a to 1l5¢ show
the wind roses of the data for the same period. The tables show that
during the three months, the highest frequency of wind speed was within
the moderate range (8-18 mph) except for 1965, and the gale category
(wind speed » 32 mph) had the 1lowest frequency. The tables also show
that the light wind speed category (1-7 mph) had the second highest fre-
quency percentage in August except for the first five years (1957-1961),
when it had the highest frequency. During June and July the light and



Tabld 14. Prevailing Wind Directions and Monthly Mean Wind Speed
for the Three Months (1957-1985)
June July Angust

Year _

Direction Mean Speed Direction Mean Speed Direction Mean Speed
R st 2nd X SO lst 2nd X SD 1lst 2nd X SD
1957 N NINW 9.57 6.94 N NNW 9.74 6.61 N NNW 7.30  5.64
1958 N°. NN 10.98 8.15 NNW N 2.90 8.52 NNW N 4,25 5,23
1959 N . NNW @ 11.09 7.24 NNW WNW  13.43 7.58 NNW NW 12.20 7.43
1960 NNW < MW 10.38 6.99 MW WNW 8.42 6.33 NNW NW 8.29 6.71
1961 NW NNW 8.32 6,59 NW W 8.71 6.56 MW NNW 6.79 5.72
1962 W WNW 12,17 5.96 WNW KK 11.34 6.07 § E 9.19 5.70
1963 NW NNW  12.84 6,34 NW WNW 11,97 6.97 NW WNW 9.85 3.80
1964 N MNW 12,07 6.46 WNW NW 11.82 6.28 WNW NW 11.27  5.46
1965 W NNW 5.74 4.62 MNW Wi 5.63 4.59 NW NN 5.75  4.33
1966 NW WNW  11.62 7.31 NW WNW 8.64 6.28 N NW 8.53 5.69
1967 MWW WeW  11.83 6.51 WNW MW 11.28 5.92 W W 10.83 5.28
1968 NW W 12,41 6.19 MWW SW 10.72 6.14 NW WNW  13.99 6.95
1969 MW s 11.16 7.43 NW W 13.65 8.19 MW WNW  10.35 6.93
1970 W NNW 18.40 7.47 NW NNW  15.78 7.18 W4 NNW  13.34  7.53
1971 N NNW  15.12 7.97 NW WNW  13.60 7.58 N4 NW 12,44 7.57
1972 N NW 11,00 6.64 NNW MW 12,98 7.55 N Nw 9.95 5.82
1973 NW° NNW 16,13 8.51 MW NN 13,70 8.36 NW NNW 7.87 6.0}
1974 NW N 10.58 9.26 W WNW 9.12 7.21 MW WNW  11.04 7.59
1975 NW WNW 15,33 8.30 N WNW 12,74 7.87 W WNw  12.99 8.17
1976 NW WNw  12.69 7.09 WNW W 13.70 7.52 VW W 10.26 6.97
1977 NW WNW o 12,20 7.83 MW WNW  13.36 3.15 M WNW B.57 6.21
1978 N WwNW  11.60 7.59 W WNW 9.87 6.42 MW WNW  12.37 6.65
1979 Nw NNW  13.77 6,90 NW NNW  13.07 8.34 N NNW 10.74 6.01
1980 MW W 14,36 7.64 N4 NNW  12.56 7.58 WNW W 11.63 7.28
1981 NNW NW 9.75 6.26 NW WNW 9.62 7.20 NW NNW 8.65 6.83
1982 NW MW 12,88 6.36 NW NNW  10.90 6.21 NW WM 13.22  6.22
1983 NW NNW  13.10 6.04 NW NNW  11.90 5.45 N4 NNW  11.75 6.54
1984 N NNW 14,66 5,57 NNW NW 10,18 5.05 N4 WNW  12.85 5.40
1985 N4 NNW 12,51 5.38 MWW WNW 14,66 6.49 N E 7.02 4.20

lst = First prevalling wind direction
2nd = Second prevailing wind direction

X

sD

= Mean wind speed
= Standard deviation
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Frquency Percentage of Wind Speed and Wind Direction for 1962-1966
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Frequency Percentage of Wind Speed and Wind Direction for 1967-1971
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Frequency Percentage of Wind Speed and Wind Direction for 1972-1976

Table 18.
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Frequency Percentage of Wind Speed and Wind Direction for 1977-1981

Table 19.
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Fig. 10a. Wind rose for June (1957-1961).
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st;ong wind categories had variable frequencies, but for the period
1967;1976 strong wind speeds (19-31 mph) were more frequent than light
wind speeds.

Tables 21-26 present the frequency percentage of wind speed and
wind direction for each month in each five-year period. The tables show
that the Northwest sector (sector 4) is the dominant direction, espe-
clally for moderate wind speeds.

Figs. 165, 16b and l6c present the overall 1957-1985 wind roses for
June, July and August, respectively. These figures show that NW was the

dominant wind ditection for the 29 years.
Summary and Conclusion

In this study we have presented some preliminary data analyses, and
some diagnostic tools for wind direction and speed. These analyses were
used to describe the trends during the dust storm season, i.e., June,
July and August, for 1957-1985.

There was undoubtedly much information available which the study
does not exploit. In particular, the valuable information that con-
tained in the records of wind direction, and adequately into a model was
another major challenge. This is because little work appears to have
been done on time series of angular observations. Therefore, most of
the preliminary analysis of this study were presented on the previous
sections and could be summarized as follows:

The Northwest and North Northwest winds were the prevailing winds,
but there was no linear trend in the behavior of either wind direction
or wind speed from 1957 to 1985. There were, however, some indications
that the NW wind followed smooth trends during June from 1957 to 1968,
when the correlation coefficient between the monthly mean frequency and
years was 0.65. The highest mean frequency of NW winds was in June (i =
477.7), with a relative variation of -0.l14, and the lowest mean fre-
quency was in August with X = 416.9, and CV = 0.28.

The mean frequency of SE winds appeared to have a peak cycle

approximately every three to four years during August, with the highest

- 77 =



_ .Illllllllll_l....llll IIIIIIII nﬂHMHHuHHHNHHHHuHHHHHHHHHHHH"H_HH""HHHHH"HHHH === S=ics == u"nuu“uuu—
g°6L | g°2¢ | H*g - 8°6 | g I IVICL JMYED }
|l Rttt bt e [ e ity o e et |
1°0 I 1°C | £°o 1 0°0 [ 0°C I €<= [ |
[ e |~ B I it Dt fe b !
0°8 | 0°3 | c*e | 10 I 0°0 [ 1g-51 I ]
| s e - - I et Bl e e ]
rAd 1 | L* 82 | %0 | 12 I 1°¢ | f1-% ! 1snony |
| = | —=emmm e e e e e [ =—wemmme e e cmmmmmmm e e | e !
y*lE } c*91 | 1°6 | 9°L B L*S I ¢ -1 ] I
—I|¥|||Il|ll_|||||||i||l|l|"HHHHHHH"HH"HHH—HHH"HHH“""HH""—"Hﬂﬂ“ﬂ“"""ﬂ“ﬂ“ STEs=s=sszzm] ===
0°38 _ 5" 29 i L9 _ 1°01 f §°¢ i IWICE ANYTED S
R e [ e L L N e B ettt B il |

- 78

9°0 [ 9°0 | €0 ! G*0 | 0°0 I 22¢= f I

e Bttt Mttt e (it R el B !
g°z1 ] £°21 i c*o ] 0 i 1°C | z-51 { I
| ————m e | —— | m e -] ——————————- e = -1
E*EH | E*bE i Z*1 | 1% | 9°g [ €T1-3 ] AGr ]
R T T R | mmmm s e Tt e e Y i |
£°62 I £°¢l | g | 9+g | 0°¢ i 1 -1 | ]
_||||||||I||—|II |||||||| il|~"HH"NH"HHH"“HH—HHNHHIH"HH"HHHMH""HHH"""H"H“H mwz soc=—-oso ==z ====x

198 I 5* 09 ] E*Yy I %*01 ] G°§ - l IVIrE auved |

R il Rty B T B it ——————— e e R L b Dt Dbt |
2°0 | Z2° 0 | Cc*C i 0°*0 ] c*0 | €<= | I
R ettt e e e ittt e ————————- e et |
B gl i 6°21 | 1*C | %0 } o*0C ! 1¢-51 | |
el it it Dl e B e b ————m———— I B !
_ ;N.N¢ “ [°€¢g " Z*1 “ 8¢ “ 1°% “ £1-9 “ mz:ﬂ"
»*32 | 2 %1 l 9°¢ I 2°9 l yehy [ A | f |
e et e e e e e T —————- e bt i

| PONCSMNNSMNSMNM) P s pSpipS MSS I (S ISS43SP 3TN (I*INTFIANTINM)] ! !
] wWiol | v 401735 | € ¥JL23S | Z ¥oLo3as 1 T ¥CLJ33S 1EHENIAT =S HINOW |

R N R fammmmm oo R R e DT e e

*(T961-£L561) S30309§
uoT1991T(¢ PUTM Inog =9yl ur paadg purm Jo =23ejusdzag Aocusnbaag 17 °149®EL

Fe " " NN NN NN )



0°98 |  g-gv _ L*s1 | S _ 1401 _ WLCL qures |

.......... _||-|||-||1:|||_-r----;-u---an_||---|---:_-u------n_
0°0Q | 0*0 I 0°0 | co . | 00 | €<= | !
| ——mm e | —————— e e e R ] [ttt IR el e e !
Z°s ] g€ | 20 | L0 | ¢=0 I 12-s51 I |
_-unﬁnuu-;unu-:-a||uc-|-a&n“||||-:-|||-|1|_-u-;|||||1||||_ uuuuuuuuuu e e T oup |
t*a¥ | g° 0 l beg | 0°8 | g I ET-3 | 1snany|
el T et Tl PR U R e B
g°Z¢ | 0°11 | 221 | Z°9 ] 2°¢ [ L -1 ! |
— - ———— — ir'—.l..'l ''''' "Ill~""""““""“""ﬂ"" """"”“"""""""""“”""""H""""”""—_“u.ﬂ"" ""“”"—ﬂ"“"“""uu"
59y I | 4 | Z2°%1 I L=01 f S°6 ] IVICL A4YE) [ %
| mommmm o ;_nunn-un--i||-|~||||11|-||s-||_as-u-nqu---u;w_|-1‘||-|:|--nn_u------n-;~-|---||-u_ ~
1°0 | [*0 ] 00 ] 0°¢C . ] 0°0 | €<¢= | | !
e Y R . 4_-|||::||||-:||“-uunn:-;-nauiu_nuuinalnsnnnun_u---1-|||-a|| aaaaaaa !
0°6 | beg I £°Q | | 3 | £°C I 18-51 | |
_uau--uarnn|_-n;uu;nu:uslun~-nuuu--|||-;|-_:u;n--:#n-uus-_l ||||| ——m———— T I P NS, |
(1 1 | g* €€ [ by | 6°¢ } 6°9 | €1-9 | ATnr]
Rt C T T P, e B T T = e e el [ RpIpRY -}
v*g92Z | 6°6 ] €6 | L. [ £°c I 7 -1 } |
— ll.ll'llull'l-"ll..l'nl ||||||| —""“““"""""""""m""""""H"“""""“m"""""""""““""“—""" == ===s== """””"“""_
_ 5706 “ G 49 I 811 " 1°*8 “ G*9 . “ IVLICL JNyEs |
It B ] [ R Bttt be bt DT T IR Ittt B |
1*0 ! 1*0 | ceec | .o0*c 1 0°0 | ¢=¢= ! i
ittt [P A e B Ittt T . e R it LT E P | === e e et e |
LA | E"HT | (1l ! 20 | 0°0 I 1zZ-a71 [ I
_|;||;e|n-a|~nu:unun-ulqanu_:nunuflnnnanul_- uuuuuu e T i e e e ey
g°0% i 8°LE i 8% | TGty ! 8°¢t | £1-3 ! annr|
f ~—===—- pimhaial Bttt P - i R e UL (PN, c———] —————— ——————— e e T T !

PRS- ¥4 | y* 21 | 0°L | 7€ ] g§%¢ I ¢ -1 | |
] E R B e — T D — Bt It B (——

*nz,zzz.xz.xzx___z.xmx.:m.zmm_u_m.mmm.mm.mmm__Hm.mzm.mz.mzz_“ [ l
V1ol I > 401238 } € ¥3173S | 2 40123s I 1 ¥G123S [ EHd41a73¢S]  4INCH |

e e | e e . | e ———— | e g

R s O T piy

.- L .

*(9961-296T)
§10399g WOTAVBITQ PUTM Inog a2yl ut peads purM jo a8wjusoxrsd Aduanbsig 7z sTqel

SRR BN FTEE N R R EEET R RN




Rl B ~-l=====zc=s=ssas [ ==e==s =====z== |====az=s=c=ses R | s=s=====s _

| £°C6 “ 0°19 “ £°61 “ 0-g | 0°9 | thmmuaﬁmmm ..... i
b e e ety i B e ]
_ 0°1 “ 0°t “ 0 “ 0"0 | 00 I 2¢e<= | |
Sl Sttt e ) B i ] |
. 2°81 | L*LT | 10 | 0*0 ] £°0 [ 1¢-s1 | |

it it KR ai---_utnnuauuai-nuu_-:u-u-uu11--1|_---uaiu----uun_--'-uunu--~-n--aua-um

6°6% | 17013 I 0°9 | 1T 4 E°Y | €1-9 I 1sn9nv|

R B ] [N PN (RN S [ m-mmmomm !
1°%2Z | 69 I FAr A I 9°'t | 1 I ¢ -1 | |
] Illlol.l.lllll.—||||ll.|.|l|l.l.l.l—"H"“""HHHHHH"H—H"H"HH“HH“HHHH—H"HH""HHHHHHHH ====zzzzz=z] s====az==|
6756 | #°89 I Byl ] 9°9 ! L*s I IVICL ghvye ]
e Ly [T uTON S GROUPUI OSsSSOIOUON) SN et DI A

T*%e | g°ee I T°0 [ ‘10 | T°0 ] 1e-51 J |

'
t
|
I
1
I
}
|
!
J
|
!
t
t
|
)
|
I
I
I
i
I
|
I
1
|
|
]
1
)
|
|
t
|
)
1
1
I
!
1
1
|
I
!
)
|
¥
]
1
I
!
{
i
|
I
I
I
|
1
|
i
|
|
|
I
1
|
!
1
|
|
|
I
1
1
!
1
|
i
I
- 80 -

] e B et S EE Y DT !
_afumuww,-nnn||-|m“wm:|-|-|“a:--m“m-ulnnnnn||-aw“mnnuu-|-“|---mwm | ET1-3 _ Anri
P NS S TS M A N
N S N O N A L
QIO OO ORI O 0 A
w4 e e el s
L L S T T A I T
NLALLSN S S L L L R

D B It B B

“ _nz.xzz.xz.:zxu_~1.km3.zm.3mm___m.mmm.wm.wmwu_“w.mzw.mz.mzz-_ ! |
v1i01L | % d0123S | £ ¥3J1323S { < ¥OLI3S [ T ¥CL1335 P(HEHY I35dST HLINOW |

[----- ] R [ i fmmmmmm s e e

"(1L6T-L96T) 510310995 UOTIDIITQ PUIM INOJ Y3 ut pe3adg purM Jo a8ejuaoisg Adusmbaxg gz 9TqEl

F R FFENEENENENEENSNENEEERE



ﬁ |||I||I.|I||||_ .l.llrlni..l-ln!l.'l-l..l.lvn - Sl 3. X} """“"“"""""““"“""“" ==== ”“"“""“ == =S==F """— EmEmEEasE==S==
1*86 | 0°25 - ] £61- [~ %°21 | 6°1L [ TYLC) aNye? J
I it e el e cmmmm | ——— e b LS e P |
%°0 I %0 | cro ] 00 ! c*c [ tz<= | I
e e e R e e e LS e LT e | - i B !
g-z1 | AR | S*G ] 60 [ 1°C | Te-51 | . }
et B e et I B et [ et
Z*6% | 8°*0¢ | vl | 2°9 . | 6% | f1-9 i Lsnsrvi
R e T el R el it e e e kel L PR ]
L°62 | 1°6 ! c*8 ! L*s I 62 I -1 [ -
T aaata LY [T |==z=======z2===zz]|=s====s===zz==z=z|s==z-zzzz======z | ===z ===c=f ==z zz2====x ] mm
6*06 | h*gg | VALD : “ L9 | Ll ! Vi) ﬂzqwu -
e B et el BT T e et EE T e e jm————— e [ e e [ e - e ~

9*0 _ 9°0 | - c*0 _ 00 0°cC [ 7ec= ! _

I Bt T —]————————- et It e e it IR e TS E s |
8 zZ? ! e* 1z I %1 ! 00 i T°C I 1z2-51 [ !
e et B = ———— “]em——— ———————— Rl R et LS P -1
S°9% | LA i L 2¥] { w2 | €€ | f1-8 | ATne
= | et B el Tt Tl Bt R et EL LR P T et |
_ 0*iz " 1°8 “ AN “ £y “ o1 | ¢ -1 | |
_ 2° 06 ] v L9 I 6£°9 | €L ] g*¢ | AYLICT aNY:Z 1
ek el I il Rt S ) PP e i Rl e e T e et |
£°1 } E° 1 | c*o | 0°*0 | 0°C ] Te<= . ! i
| === e it R et om e e R e et e |
2 %2 | y*e2 | £°C I 0°0 ] 9*C [ 1<-87 | !
R et B et -l e - il [ #mm s}
L*9% | 6°%¢ | ¢*2 ! 2°¢ | 0°9 | €1-8 P INPC
e el LT el e e e -] m————————- e S LT el el B e |
"0°81 I gL 1 rAL | 0% | 0*¢ I ¢ -1 [ ]
e el L T e | == [==mm - R el IEL S e

JANSMNN AN S MNM) [ IMEpSpEpSEMSS ] (S93SS4AS43S3I(3*45N3*aIN‘SHNN) | |
Ivioyr 8 401738 | E0123S | ¥31238 | ¥CL93¢ [{HHIAETeS]  HLINCKW
) LSVAHINON ' LSAMHINOS . ILSVHHINOS JSVAHLIYON~ ’

.G\.m.Hlmth $10309§ UGTIVDAT( DPUIM Anoj 3yl uf poadg purm Jo a8ejuaoaeg Adusnbaiug w7 arqel

F PR EFEEFEFREFREFEYFRFIEIEEERENR

—— ——y — aa—




_ ||I.|Ili....|.l.|—lll.lllll.llllll. ~ HH""H""HH"MH"H_ """“H"H"ﬂﬂ“ﬂ.ﬂn_HHH"HH“HHHHH""_ ==z ST == HHH_. Tz ======x¢
1°06 [ €*€9 [ 0°0Y | L1 | 1°6 [ IWLICL aNvRS I
| e e e e e e -] e B it e bttt |
0°0 f 0*0 } c-e | c*0 . | D*e [ 2g¢= | : |
| emmm e e e e e - —mmemmeme | e et B E P e P e et B L Pt |
6°21 i Lzt ] e | 1°0 | 10 I 1e-51 f I
I et R B ] Eata e e el B LR e |
g8y [ 0" 6€ | L°1 | 2°s | 6°2 “ £1-3 “ hm:unqﬂ
e el B T i Kt ——————— R e
£°82 | 11 | £°6 I €79 . ] 1°2 { 1 -1 { ]
— llltl.lll.l.......“ ...l.llllllllllll_ =S E=========== ~.HHHHHHU"H"""“"~ SRE=E=sSZ=S=S==T _ === == H.Hﬂn.ﬂﬂ HHHHHHH.Iuﬂm
¢°o6 “ 2°6% “ rAdsh G “ [0 - G “ €°L “ Ivicy ﬂzqmw “
_ e T e - e S v | ———— - o | o e e i ] P L o A e . i e e e e e | e . o L L L e i et o o e | o o o | e o o — —
£°0 | £*0 | 0°0 f G*o | 0*0 | ¢¢<= ! ]
e e R et e T R e et | :
1°0¢ I 6°* 61 | ¢*0 ] 1°0 f 1°0 1 1¢-51 | [ ®
e el R e T B i Detaiaiatnat b T et R T -~ |
g2+ | B8T6Z | €7 I %*9 | Hoy I £1-9 f Anri
e it L e ——————— e e e L L e L P P T e e B ettt |
0*L2 | %6 ! 6°L | oL o Lz It -1 I |
— lrl'llll!l-lul"_ul' lllllllll “"""""""“""""""~"""“"""""N""""—"""""”"""""“""““"“ """""H."“ H""""“"""q
916 | £°19 | Z el I 6*8 [ C*11 I IVICE aNved 't
| m=m e e - e et EE LT e e e e B et |
0°1 ! 0*1 I 00 | 0°0 ! 0*C [ fg<= f i
| m=mmm e | e e e e e | m—————————- et L BT = —— R EE TR T |
9*81 | € LI | €°c | .90 | £°C | 1¢-61 | |
R andnanted LT L L e e e R T R mme]mm—————— el R T Ty
h 9*0% “ 9-6¢ " 6°¢ “ 9°¢ ." €°8 “ £1-1 “ mznﬁ“
¥*12 | 9= L | oL | 9 4H | ez I ¢ -1 | I
it e B it et = e PP R e T R I it |

! {INCHNNCMNEMNM) J(MORSMAPSESSIT 1S*3SS43S4asT (I =NF*ININMYE | f
I aviol 0 % ¥0Ld3S | € ¥2133S | Z ¥0133S ] 1 ¥CUI3IT  F(HeWIIITes] HINOK |

P T

*\

*(186T~LL61)
103035 UOTIDAATJ PUTM Inoj 3yl ur paddg pury Jo a8ejusaiad Louanbsiaz - 7 oTq®l



R

TUTESTIIM MU TS N aiin o mpi s ma mhempee o pe g ot T e M e ey L L My -

—Il.lllllllll ~||II..II.IIII....t.II “HHHHHH"H""HHMH TS ZOTRTESSS=== — T=r=== HH“HHHHH_ =z=oz=m=z=co= .h_ HH"""H"H"_
1°16 | G*£9 | €21 { S*8 : I - 6&6°% | IVLCL INYED |

| = e e e | ———————ee e e —————— e bl IEE S |
0*0 | c*0 - | 00 ! 0°0 i c°C | Tg<= I |

i B e Luvyuuivun S (NS e e e et R
9°¢l | 9*cl | 0°'C | 60 | ¢c°C | 12-51 ! i

_||||-a|||||_|||||||-||||||_||||||a,a|--:|_nnuln--n:-un--_u-----a|---|,-_------:-1-_--‘ ...... |

: €°ES i. AR | heg ] 02 | C* % | £1-9 [ isnanyi

e el e R it [ e e mmmmm e o]
1°%2 | 59 | g*g { %9 ] vz | 7 -7 ! |

— ll.tlllllll...._ Illllll..!llllll“"HUHNHHHHHHH"H“ ﬂ““"""“""""“""—"HHHHHHHHHHHH" — =RSSR==S==s | =Zz=ss=D==== _
1°€£6 | 2 %L I 6%6 | Ak | g ! IMICT INYEE i

[ e B Ty _—— e et [ B it T Tiry [ ——
1°0 } 1*0C | 0°0 I c*0 { C*C I cs<= | | i

[ —===- u-nu-a_||||||f||||||-_|||-|||||1|||n_||||||:||-|n-|_||-J|---|-----_n---|-----_-|-|-|;-|~ o
I°¢1 | 1°s1 | 1°C | 0°0 i 0*C I 1€-51 ] { @

| ——=——- et R e D LT DT R S [ e e it Jommmm e el B e | '
1°6¢% i hreYy | €°Z | 80 | L*Z | €1-9 | Anr|

e ettt B R et T T [ R e e B il
R 1 L*6 | gL | € | 1*¢ | & -1 H I

— ||||||| ||.I...o_ |||||||||| |||l—"""“""""“"""“" U""“""""""”"""_ "“"""H"“nﬂ"""""—""“"""““"”_ H"“"H"““H—
0°G66 i 8° 9% | 1°§ | g4y | bt q | AVICY armED |

| mm = [ e e | e e R ] ettt SN U ST |
0°0 | 0°0 | 00 | 6*0 | 0*¢ | ¢%<= | |

h;||||:|-|-|~;n-un-unnsallu~|;n:--unnunanu_:unuuuui-|-|-|_u---u-a-u----n“;------w-s_ ....... -1

H g1z | 9°1¢ | 0°C { (] | G*¢C | 1<-51 | [

il [t ————— e T (e P R I Tt P |
L5 | §°0¢ | 22 | 21 | §°¢ [ f1-3 | INCr|

| - i e e it e it B T P, e R B |
L°sY I Ly | 6°¢ | S°¢ I 91 Y B | _

e it Tl B . e R e ittt e et LR |

| _ﬁz.zzz.xz.zzzvuﬁz.zmx.xm.xmw__ﬁm.umm.mm.mmm__.m.mzm.mz.mzz__ | [
{ VLol | % ¥0L335s | € ¥J123S | Z ¥J103S | 1 ¥ClI3s ftHENI 1376 4INOK |

|- el [T [ - e [ [ =mmmmm oo [—omamas el !

o '(9861-2861)
§103995 UWOTIDBAT( PUTM Inog ayjl utr peoadg PUTM J0O 23®3U92194 Aduanbaig *97 9TqEl

B B R E N E E S8 E B E i B s s s e



e NN E NN E N aEEEEE B

- 84 -

LEGEND

eSS

7

SCALE

>32

1-7 @8-18 8-31

WEND SPRED (MOH)

5.0%

KISRX 20795

Wind rose for June (1957-1985).

Fig. 16a.
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Fig. 16b.
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’ s
mean frequency and coefficient of variation in August (X = B8l.4 and

C.V=0.60), and the lowest in June (X=56.2 and C.V=0.26).

Most correlation coefficlents between NW and NNW and other wind
directions were low or negative, especially in June and August.

During June, July and August the N, W, and SSW winds had the high-
est fluctuation with coefficients of variation of 92.2%Z, 80%7 and 87%
respectively.

Wind speed was seen to vary with both daily and monthly, but these
effects are neither strong nor stable. However, in the long term these
effects do have important implications on the dust storms and mobility
of sand.

The monthly frequency means and variation of wind speed were shown
to peak approximately every four to five years. It seems that the vari-
ability is small but there are definite peaks between 1957 and 1961,
between 1962 and 1967, and so on.

Wind speed reached its lowest in August of every year. The daily
mean frequencies were very similar in most years, but 1965 and 1970 were
exceptional years. ‘

The wind roses charts showed that NW and NNW w&nds had the highest
frequency. These wind directions were mainly associated with moderate
wind speeds (8-18 mph), and the frequency of light wind speed (1-7 mph)
increased in August except for the period from 1957 to 1965.

On the basis of the finding and conclusions of this study, the fol-
lowing suggestions are made.

1. A comparison study should be conducted between more than two
weather stations to study the changes of the wind speed and direc-
tion at different areas.

2. A study of the effect of south and west winds on the movement of
dust storms should be undertaken. These two winds have shown to
behave differently behavior than other winds through the period of

this study.

- 87 -




References

Graedel, T. 1977. The wind boxplot. An improved wind rose. Journal of
Applied Meteorology 16:448-450.
Safar, M. I. 1985. Dust and Dust storms in Kuwait. State of Kuwait,

Directorate General of Civil Aviation, Meteorological Department.
p. 59-84.

Melarango, M. 1982. Wind In Architectural and Environmental Design.
New York: Van Nostrand Reinhold.

Hays, W. 1981. Statistics. New York: Holt, Rinchart and Winston.

- 88 =



N ENNFENEREENENERNRREERRERERE

Appendix: A
Frequency of Wind Direction for
June, July and August (1957-1985)
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Table Al.

The Percentage of Frequency of wind direction for June (1957-1985)

IR N

NMNE NE ENE

E

ESE

SE

SSE

]

S5W

SW

WSW W

WNW

NW

KNW

R 21.8

0.8 0.6 0.7 5.0

3I6

2.8

1.2

1.3

0.3

1.0

0.0 2.2

5.1

7.6

12.4

57
C 8.4

1.6

1-0

I.6

6.5

3.3

5.8

4.1

1.6

3.7

0.7

3.3 1.8

1.8

0.9

2.7

R 23.2

3.1

1.2

2.4

3.9

4.4

4-4

3.3

1.9

1.2

c.1

0.6 1.2

5.8

6.2

21.2

58

5.7

2.3

5.6

5.1

9.7

9.2

9.8

2.2

3.3

0.3

1.7 0.9

2.0

0.7

4.4

R 26.1

1.7

1.8

1.0

4.9

2.6

0.7

1.0

5.1

1.5

1.0

0.3 3.3

6.9

7.6

25.6

59
¢ 10.0

3.1

3.3

2.3

6.4

3.9

1.4

2.9

6.0

4.4

2.4

0.8 2.4

2.4

0.9

5.4

1.9

0-7

1.2

0.7

2'4

0.6

0.3

1.9

0.7

0.7

1.0 2.8

11.2

21.2

39.3

60

3.6

1-3

2.9

0.9

2.4

1.2

0.8

2,2

1.8

1.7

2.9 2.0

3.8

2.4

8.1

R 4.6

2.4

1,9

2.9

3.7

2.5

3.9

4.3

3.6

1.3

1.7

0.8 2.2

6.0

27.4

19.7

6l
C 1.6

4.4

3.6

6.9

4.9

5.4

8.1

12.7

4.1

3.3

4.2

2,5 1.6

2.0

3'1

4.1

R 2.5

1.4

1.0

2.2

2.6

3.1

1.5

1.5

3.7

3.9

2.8

3.7 11,2

16.5

26.2

8.2

62
¢ 2,0

2.9

2.1

6.2

3.8

1.2

3.2

4.5

4.3

‘10.3

7.3

11,3 8.0

5.6

2.9

1.7

R 6.9

1.7

0.6

1.2

2.4

1.9

1.0

1.0

3.2

4.3

1.0

1.5 4.9

11.9

28.9

23.1

63
c 3.2

3.1

2.3

2.9

3.1

1.8

2.0

2.9

3.6

11.4

2.4

4.6 3.4

4.0

3.2

4.8

R 9.2

1.7

1.2

1.1

2.4

2-5

2.2

1.7

4.3

3.1

1.8

2,8 3.3

15.4

26.4

19.3

64
Cc 3.3

3.1

7.9

2.6

3.1

5.4

4.6

4.9

4.9

8.1

4,5

8'4 2.4

5.2

3-0

4,0

R 7.9

1.9

4.3

1.4

1.1

2.1

1.4

1-5

1.7

0.3

1-4

0.4 1.8

9.0

26.5

16.5

65
c 3.1

3.6

0.5

3.3

1.5

4.5

2.9

4.5

1.9

0.7

3.5

1.3° 1.3

3.0

3.0

3.4

R 3.5

0.6

0.3

1.1

2.5

1.0

1.1

0.7

3.5

1.5

1.0

1.1 7.1

20.0

'30.0

l4.4

66
¢ 1.8

1.0

2.1

2.6

3.3

0.3

2.3

2.0

3.9

4.0

2.4

3.3 5.0

6.7

3.4

3.0

R 1.0

0.1

1.1

0.7

4.3

0.4

2.2

1.4

3.3

0.3

3.6

1.3 12.1

20,0

38.2

3.1

67
c L.2

0.3

4.9

1.6

3.6

0.9

4.6

3.7

3.8

0.7

2.0

3.8 8.6

6.7

4.3

0'6

0.7

2-6

1.4

0.4

2.1

1.8

1.0

l.1

3.1

4.3

0.4 3.1

12.4

56.5

5.4

68

1.3

9.0

3.3

0.5

4.5

4-9

2.8

1.3

8.0 10.7

1.3 2.2 4.2 6.3

1.1
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Table Al continued

IR N

NNE

NE

ENE

ESE

SE SSE

SSW

SW WSW

W WNW

NW  NNW

2.5

4.9

0.7

3.2

2.9

2.4 0.6

7.5

1.8

3.6 l.4

2.4 3.3

42.6 5.3

4.7

2.6

ll6

4.2

6.3

i.2 1.6

8.5

4.8

9.0

4.2.

1.7 1.l

4.8 1.1

1.1

1-4

0.1

0.7

0.4

0.6 0.0

0.8

0'4

1.2 0.1

5.8 3.2

25.1 28.9

2.1

1.5

0.3

0.9

0.9

1.2 0.0

0.9

1.1

3.1 0.4

4.1 1‘1

3.9 6.0

1.7

0.8

0.6

1.7

2.5

0.7 0.3

1.9

1.0

1.0 0.7

3.3 10.6

39.2 21.8

3.1

1-5

1.3

2.2

5.4

1.4 0.8

2.2

2.6

2.4 2.1

2.4 3.6

4.9 4.5

8.2

3.3

1'4

4.4

3.3

2.1 0.4

3.7

1.7

1.5 0.7

3.3 4.6

13,7 11.9

15.4

6.2

3.3

5.8

7.3

4.3 1.2

4.3

4.4

3.8 2.1

2.4 1.5

1.5 2.5

R 9.3

0.4

0.8

0.7

1.1

0.8

1.7 0.6

2.6

0.6

0.4 0.4

3.3 8.6

36.1 26.0

c 3.4

0.8

ll5

1.6

1.6

1.8

3-5 1.6

3.0

L.5

1.0 L.3

2.4 2.9

4.0 5.4

R 14.6

0.7

5.0

0.7

2,2

0.4

1.2 0.3

1.4

0.0

0.7 1.0

3.5 3.6

31.0 9.9

C 5.4

1.3

9.2

1l6

2.9

0.9

2.6 0.8

1.6

0.0

1.7 2.9

2,5 1.2

3.5 2.1

R 6.8

0.7

2.6

0.4

1.8

0.3

2.6 1.1

2.2

0.4

1.0 0.3

9.3 18.2

43.7 4.2

c 2.4

ll3

4,9

1.0

2.4

0.6

5.5 3.3

2.5

1.1

2.4 0.8

6.6 6.1

4,9 0.9

R 3.3

1.8

1.8

2.6

2.2

1.4

0.4 1.2

8.3

0.8

0.1 1.8

3.9 24.3

27.9 11.0

c l.4

3.1

3.3

6.2

2.9

3.0

0.9 3.7

9.4

2.2

0.3 5.4

2.8 8.2

3.1 2.3

R 1.2

1.1

1.2

5.0

2.8

1.8

1.9 1.9

3.2

1.9

1.8 1.5

5.6 15.8

34.4 9.0

C 0.5

2.1

2.3

11.8

3.6

3.9

4.0 5.7

3.6

3.1

4,5 4.6

3.9 5.3

3.9 1.9

R 3.3

1.7

1'1

2.2

3.9

0.8

0.7 1.0

3.2

0.4

1.2 2.6

6.4 23.7

30.1 6.l

c 1.2

3.1

2.1

5.2

5.1

1.8

1.4 2.9

3.6

1.1

3.1 19.2

4,5 8.0

3.4 1.3

R 12.2

6.2

6.5

3.7

6.0

2-9

3.3 0.4

0.6

1.4

1.1 0.1

3.3 1.8

29,2 16.8

79

C 4.6 11.7 12.1

8.8

7.8

6.3

6.9 1.2

0.6

3.7

2.8 10.0

2.4 0.6

3.3 3.5
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Table Al continued

NNE

NE

ENE

E

ESE

SE SSE

SSW

SH WSW W WNW NW NW

2.1

2.5

0.8

1.2

1.0

1.2 0.4

2.8

2,1

2.4

0.4

6.5

2.8 43.1 15.0

3.9

4.6

2.0

1.6

2.1

2-6 1.2

3'1

5.5

5.9

19.7

4.6

1.0 4.8 3.1

1'2

1.4

1.1

3.2

3.1

3.1 5.4

5.7

1'1

1.7

1.9

7.4

7.5 16.1 18.6

2.3

2.6

2.6

4.2

6.6

6.4 15.9

6.5

2.9

4.2

22.2

5.2

2.6 1.8 3.9

R 11.8

3.1

1.5

1.9

2.4

2'4

0.8 0.8

3.6

1.4

0.6

2'6

3.7

3.3 27.5 27.1

5.3

2.8

4.6

2.9

5.1

1.7 2.4

4.1

3.7

1.4

11-3

2.6

1.1 3.1 5.6

R 8.1

1.1

0.7

L4

3.6

0.7

1.1 0.1

3.3

0.4

1.1

0.3

4.3

3.1 45.6 21.5

c 2.9

2.1

1-3

3.3

4.7

1.5

2.3 0.4

3.8

1.1

2,8

13.0

3.1

1.0 5.1 4.5

R 1.5

0.1

0.6

1.0

l.4-

0.7

0.4 0.4

2.3

0.8

0.6

0.6

8.1 12.5 43.7 21.8

c 0.7

0.3

1.0

2.3

1l8

0.9

0.9 1.2

2.8

2.2

1.4

24.3

5.7 4.2 4.9 4.5

R 3.3

1.8

0.4

0.1

0.4

0.7

0.1 0.1

1.1

0.3

0.4

1.7

5.4 8.7 49.6 18.1

C 1.3

3.4

0.8

0.3

0.5

1.5

0.3 0.4

1.3

0.7

1.0

16.3

3.8 2.9 5.6 3.7

the:

R = The percentage frequency of a wind direction during each year.

C = Percentage duration of wind direction in that year to total
duration in the same direction during 29 years.
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Table A2?. The Percentage of Frequency of Wind Direction for July (1957-1985)

IR N

NNE NE ENE E

ESE

SE

S8E

5

SSW SW WSW W WNW NW

NNW

R 21.9 4.3 2.2 1.1 5.0

1.9

2.4

1.3

2'6

0.3

0.3

0.4 3.2 5.1 5.5

17.9

57
C 15.0

12.5

6.2

3.4

8.0

0-l6

4.4

3.0

3.0

0.8

0.6

1.0 1.4 L3 0.6

4,6

R 14.4

3-8

1.2

1.1

1.3

2'4

4.0

1.9

0.3

l-l

0.1

0.4 0.1 0.4 11.0

39.4

58
¢ 9.3

11.0

3.5

3.4

1.6

3.8

7.4

4.1

0.3

3.0

0.3

1.0 0.1 0.1 1.2

10.2

R 7.0

0-4

0.3

0.0

0.7

0.4

0.4

0.1

2.0

0.4

0.3

1.6 7.1 17.2 15.3

41.0

59
c 5.6

0.8

0.8

0.0

0.9

0.4

0.6

0.3

3.0

L9

1.1

5.8 3.3 4.4 1.7

10.6

R 1.6

1.3

2.0

2.2

1.7

6.3

3.5

4,3

4.6

1.2

0.9'

1.9 4.3 13.3 27.4

13.7

60
¢ 1.0

3.9

5.8

6.8

2.0

9.9

5.5

9.5

5.4

3.4

2.0

4.5 1.9 3.4 3.0

3.6

R 1.3

0.0

0.4

0.3

4.7

4.3

3.1

2.8

1.6

0'4

0.7

1.5 7.1 11.3 39.9

7.7

61
¢ 0.9

0.0

1.2

0.8

5.4

6.7

4.8

6.2

1.9

1.1

1.4

3.5 3.1 2.9 4.3

2.0

R 2.7

1-5

1.2

2.7

7.7

3I8

3.1

3.0

2.8

1.2

1.5

2.3 12.6 16.5 13.7

9.7

62
c 2.4

4.3

3-5

8.4

8.9

1.7

4.8

6.5

3.4

3.4

3.2

5.4 5.5 4.2 1.5

2.5

R 5.8

3.8

0-4

1.6

3.5

1.6

0.4

0.7

3.2

3.4

2.6

2.3 6.9 14.2 29.8

13.2

63
¢ 3.8

11.0

1.2

5.1

4.0

1,5

0.7

1.5

3.8

9.5

5.4

5.4 3.0 3.6 3.2

3.4

0‘7

1.7

1.3

6.9

4.7

2.3

3.2

6.7

3.6

2.3

1.7 8.9 21.9 20.8

3.1

64

2.0

5.0

4.2

7.9

7.4

4.2

7.1

8.0 10.3

4.9

4,2 3.9 5.5 2.2

0.8

R 1.9

0.7

0.7

0.9

2.7

3.0

2.4

1.9

2.0

2.0

1.7

2.2 6.3 14.8 36.4

3.0

65
c 2-9

2.0

1.9

3.0

3.1_

4.6

4.4

4.1

2.4

5.7

3.7

5.1 2.8 3.7 4.0

0.8

R 2.0

1I6

1.2

2.3

4.3

1.7

1.6

1.5

3.9

0.7

1'3

2.0 5.8 16.5 23.9

8.9

66
¢ 2.9

4a7

3.5

7.2

5.0

0'4

3.0

3.3

4.6

1.9

2.9

4,8 2.6 4.2 2.6

2.3

R 2.3

0.1

1.2

0.7

6'0

2.4

2.8

1.5

4.2

1.2

1.9

2.3 19.2 25.4 24.3

1.1

67
c 2.3

0.4

3.5

2.1

7.0

3.8

5.2

3.3

5.0

3.4

4.0

5.4 8.4 6.4 2.6

0.3

0.4

7.0

1.9

3.1

3.9

5.2

1.6

2.2

bod

8.3

1.5 3.8 5.2 43.3

1I6

68

1.2 20.2

5.9

3.6

6.1

9.6

3I6

2.6 12,5 17.8

3.5 1.6 1.3 4.7

0.4
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Table A2 continued

NNE

NE

ENE

ESE

SE

SS5E

S5W

SW

WSW

NW

NNW

0.9

1.5

0.5

0.5

0.5

0.7

0.1

1.2

1.3

3.2

1.3

2.4

8.3

66.0

2.0

2.8

4.3

1.7

0.6

0.8

1.2

0.3

1.4

3.8

6.9

3.2

1.1

2.1

7.2

0.5

0.9

0.3

0.1

0.8

1.3

0.5

0.7

3.5

0-4

2.2

0.0

11,0

8.7

37.0

17.5

2.8

0.8

0.4

0.9

2.3

1.0

1.2

4,2

1.4

4.6

0.0

4.8

2.2

4.0

4-5

R 3.4

0.5

1.2

0.1

0.0

0.4

a.0

0.3

1.2

0.5

1.7

5.5

17.3

3.3

31.0

C 2.4

1-6

3.5

0.4

0.6

0.0

0.7

0.0

0.3

3-4

l.1

4.2

2.4

4.4

3.4

8.1

R 7.8

0.7

0.9

0.4

ll3

1.6

0.9

0.0

1.9

1.1

0.5

0.0

2.2

8.2

29.8

35.9

¢ 5.6

2.0

2.7

1.3

1-6

2.3

1.7

0.0

2.2

3.0

1.1

0.0

0.9

2.1

3.2

9.3

R 0.9

0.8

0.8

l'5

1.3

2.8

2.0

2.4

2.4

0.8

0.4

1.6

5'5

11.3

44.9

13.6

¢ 0.6

2.4

2.3

4.6

1.6

4ol

3.7

5.3

2.9

2.3

0.9.

3.8

2.9

4.9

3.5

R 2.8

0.8

0.8

1.37

3.2

2.2

0.7

1.1

6.5

0.9

0.4

2.4

9.5

11.6

32.5

4.2

C 3.6

2.4

2.3

4.2

3.9

3.4

1.2

2. 4.

7.7

2.7

0.9

3.6

4.2

2.9

3.5

1.0

2.3

0.3

1.1

0.1

3--4

1.5

1.6

0.7

2.6

0.3

2,0

1.3

13.2

21.2

40,7

1.6

75
1.5

0.8

3.1

0.4

3.9

2.3

3.0

1.5

3.0

0.8

4.3

3.2

5.8

5.4

bob

0.4

0.7

0.8

0.4

l.l

0.8

0.4

0.9

0.8

0.7

0.1

0.8

5.4

33.5

40.5

6.30

76
c 0.6

2.4

1.2

3'4

0.9

0.6

1.7

1.8

0.8

0.4

1.7

12.8

14.7

10.2

0'7

R 0.8

0.4

0.4

1.2

1.3

1.6

1.3

2.4

1.7

0-4

0.9

3.1

9.4

30.0

32.8

3.5

77
¢ 0.5

1.2

1.2

3.8

1.6

2.5

2.5

5.3

2.1

1.1

2.0

7.3

4.1

7.6

3.6

0.9

R 1.3

1.1

0.8

3.4

7.5 10.5

5.8

o

8.5

2.3

1.5

1.3

6.0

14.2

17.3

5.2

78

¢ l.6

3.1

2.3 10.5

8.7 16.4 10.8

9.8

10.1

6.5

3.2

3.2

2.6

3.6

1.9

1.4

0.7

1.7

0.3

3.0 1.6 2.6

0.8

3.4

1.2

0.9

0.5

3.2 4.0 47.8 13.6

79

2.0

5.0

0.8

3.4 2.5 4.7

1.8

4.0

3.4

2.0

1.3

1.4 1.0 5.2 3.5

TEEIRNNANERRERRRERERRE
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Table A2 continued

¥R

N

NNE NE

E

ESE

SE

S8E

5

SSW

5W

WSW

W

WNW  NW  NNW

4.0

1.3

1.3

0.7

3.5

2.7

1.3

0.1

4.8

2.0

1.2

0.5

5.1

4,0 48.0 9.3

80

4.8

3.9

3.9

2.1

4.0

4.2

2.5

0.3

5.8

5.7

2.6

1.3

2.2

1.0 5.2 2.4

0.4

0.1

1.3

1-3

4.3

4.3

2.0

4.0

3.6

1.1

1.1

2.2

7.0

11.4 37.2 5.9

81

1.0

2.0

3.9

4.2

5.0

6.7

3.7

8.9

4.3

3.0

2.3

3.l

3.1

2.9 4.0 1.5

1.9

2.2

1.7

l.1

2.4

1.6

1.5

1.5

3.0

0.7

1.6

1.9

5.4

10.1 42.9 12.6

82

2.8

6.3

5.0

3-4

2.8

2.5

2.7

3.3

3.5

1'9

3.4

4.5

2.4

2.6 4.7 3.3

3.9

0.7

0.4

1.5

1.3

0.7

0.5

0.3

1.1

0.1'

1.6

0.9

3.8

2.6 54.6 20.8

83

4,2

2.0

1.2

4.6

1.6

1.1

1.0

0.6

1.3

0.4

3.4

2.2

1.6

0.6 5.9 5.4

5.1

1.7

0.3

0.7

2.8

0.3

0.3

2.0

2.4

1.1

0.4

0.8 12,0

10.3 19.5 30.1

84

6.1

5.1

0.8

2.1

3.3

0.4

0.5

buob

2.9

3.0

0.9

1.9

5.I2

2.6 2.1 7.8

1I6

1.2

0.1

0.5

0.4

0.1

0.0

0.4

1.2

0.1

0.5

0.9

7.8

19.1 41,7 18.0

85

1.0

3.5

0.4

1.7

0.5 0.2 0.0 0.9 1.4

0.4

1.1

2.2

3‘. 4

4,8 4,5 4.7

Note:

o]
]

The percentage frequency of a wind direction during each year.

Percentage duration of wind direction in that year to total

duration in the same direction during 29 years.
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Table A3.

The Percentage of Frequency of Wind Direction for August (1957-1985)

NNE NE

ENE

E ESE

SE SSE

S

SsW

Sw

WSW

W

WNW  NW

R 16.8

5.2 2.7

2.4

5.2 2.0

4.4 3.5

4.2

0.4

0.8

0.9

3.6

3.2 3.6

10.3

57
Cc 12.3

11.5 7.7

6.1

5.0 1.9

6.0 6.6

3.7

0.8

1.7

2.2

1.5

0.9 0.5

2.9

R 11.8

1.9 3.8

0.0

3.8 1.6

4.0 0.7

1.3

1.1

1.5

0.0

1.1

1.3 9.4

18.0

4.1 10.7

0.0

3.6 2.8

5.4 1.3

1.2

1.8

3.2

0.0

0.4

0.4 1.2

5.0

0.4 0.1

0.0

0.7 0.3

0.1 0.1

0.8

0.7

0.4

0.7

7-4

13.0 15.5

40.7

¢ 5.7

0.9 0.4

0.0

0.6 0.5

0.2 0.3

0.7

1-1

0.9

1.6

3.2

3.8 2.1

11.4

R 5.2

0.4 0.4

1.6

3.5 1.3

i.l1 2.0

3.8

1.9

1.5

3.0

9.4

11.2 23.8

25.0

¢ 3.2

0.9 L.l

4.1

3.3 2.4

1.5 3.8

3.4

3.1

3.2

7.3

3.9

3.0 3.1

7.0

R 7.1

0.4 1.6

2.6

7.3 3.4

3.2 5.1

5.9

1.2

0.7

1.2

4.8

5.0 23.8

2.9

C 4.7

0.9 4.6

6.5

6.9 5.9

4.4 9.6

5.3

2.0

1.4

2.9

2.0

1.3 3.1

2.8

R 2.3

2.7 1.5

3.2

13.2 8.9

4.7 5.1

13.2

6.0

2.3

1.6

5.1

7.9 6.2

3.6

c 3.3

5.9 4.2

9.2

12.5 4.7

6.4 9.6

11.8

10.0

4.9

3.8

2.1

2.1 0.8

1.0

R 1.6

2.7 0.8

2-4‘

5.4 5.8

1.5 0.5

3.9

4.3

3.8

4.6

11.3

12.4 18.4

1l.4

¢ 2.8

5.9 2.3

6.5

5.1 3.5

2.0 1.0

3.5

7.2

8.1

10.8

4.7

3.3 2.4

3.2

R 1.3

0-4 0.1

0-9

0.4 0.1

0.0 0.4

0.9

3.9

0.5

2.4

8.6

34.9 22.0

12,8

¢ 0.8

0.9 0.4

2.4

0.4 0.2

0.0 0.8

0.8

6.5

1.2

5.7

3.6

9.2 2.9

3.6

R 3.8

0.4 0.9

3.2

8.3 5.1

3.9

7.4

2.0

1.3

0.7

2.4

7.5 13.6

7.9

¢ 2.3

0.9 2.7

8.2

7.9 9.0

6.0 7.4

6.6

3.4

2,9

1.6

1.0

2.0 1.8

2.2

R 3.9

1.3 0.8

0-4

1.5 2.7

0.8 0.9

4.0

2.8

3.1

3.0

8.7

15,9 28.0

11.0

¢ 3.1

3.0 2.3

1.0

1.4 1.9

1.1 1.8

3.6

4.7

6.6

7.0

3.6

4.2 3.7

3.1

R 1.1

0.0 0.0

0.0

0.7 0.3

1.2 0.3

2.3

0.8

0.7

1.2

32,7

22.0 33.2

1'2

¢ 1.1

0.0 0.0

0.0

0.6 0.5

1.6 0.5

2.1

1.3

1.4

2,9

13.5

5.9 4.4

0.3

R 0.9

1.1 3.4

0.0

0.8 0.4

1.3 0.4

0.9

2.0

3.9

0.4 3.8

11.2 6l.4

3.0

¢ 0.6

2.4 9.6

0.0

0.8 0.7

1.8 3.2

0.8

3.4

8.4

1.0

1.6

3.0 8.1

0.8
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Table A3 continued

IR

N

NNE

NE

ENE

ESE

SE

SSE

55W

SW

WsW

NW NNW

69

R 3.5

1.2

5.1

1.7

4.8

3.0

7.0

1.6

AIB

2.3

6.2

1.7

5.4

8.2

34.0 1.3

c 2.1

2.7 l4.6

4ob

4.6

5.2

9.4

3.0

4.3

3.8

13.3

4.1

2.2

2.2

4.5 0.4

70

R 9.8

0.7

ll6

0.5

2.3

1.1

1-1

0.3

bt

2-6

3.2

0.4

13.2

7.4

26.9 17.3

C 6.8

1.5

4.6

1.4

2.2

1.9

1.5

0.5

4,0

4.3

6.9

1.0

5.4

2.0

3.5 4.8

71

2.4

1.2

0.9

1.6

1.9

2.6

1.9

3.1

2.3

2.0

1.9

5.1

9.8

16.5 27.4

5.3

3.4

2.4

1.5

3.3

3.4

3.6

2.8

3.8

4.3

44

2.1

2.6

2.2 7.6

72

2.8

1.2

0.3

4.7

3.5

9.0

1.9

11.2

3.5

1.9

0.5

7.8

7.0

11.8 8.3

6.2

3.4

0.7

4.5

6.1

12.2

3.6

1.9

5.8

4.0

1.3

3.2

1.8

1.6 2.3

73

2.3

2,4

4.0

3.2

3.4

4.8

1-3

3.8

2.6

2.4

0.8

1.6

7.0

24,6 14.2

C 4.5

5.0

6.9

10,2

3.1

5.9

6.5

2.5

3.4

4.3

5.2

l.9

0.7

1.8

3.2 4.0

74

R 3.2

1.7

1.2

1.6

3.4

1.3

1.6

3.8

3.1

0.4

0.7

2.2

6.5

16.0

32,0 7.8

c 3.1

3.8

3.4

4.1

3.2

2.4

1.2

7.1

2.8

0.7

1.4

3.1

2.7

4.2

4,2 2.2

75

R 0.7

0.3

0.8

0.5

4.3

0.9

3.4

1.7

3.6

0.3

1.3

1.5

18,0

24.2

31.7 0.7

c 0.4

0l6

2-3

L.4

4.1

1,7

4.5

3.3

3.3

0.4

2.9

3.5

7.4

6.4

4.2 0.2

76

R 0.8

l.l

0.5

1.2

2.0

0.0

0-5

0.9

2.3

1.1

1.5

4.6

20.0

34,7

13.6 2.7

c 0.7

2.7

1.5

3.1

1.9

0.0

0.7

1.8

2.1

1.8

3.2

10.8

8'3

9.2

1.8 0.7

77

R 2.3

1.5

0.9

2.6

4.4

4.2

2.8

1.7

4.8

1.6

0.5

1.3

4.8

14,1

28.6 11.2

¢ 1.8

3.3

2.7

6.5

4.2

7.3

3.8

3.3

4'3

2.7

1,2

3.2

2.0

3.7

3.8 3.1

78

R 0.9

0.0

0.0

0.0

0.1

0.1

0.0

0.4

1.6

0.4

1.2

1.5

10.5

26.3

47.0 7.3

Cc 0.6

0.0

0.0

0.0

0.1

0.2

0.0

0.8

1.4

0.7

2.6

3.5

4.3

7.0

6.2 2.0

79

0.1

0.1

3.8

8.6

4.3

3.0

5.8

3.2

0.8

0.5

5.6

6.0

37.6 10.6

0-3

0.4

1.4

3.6 15.1

5.8

5.6

5.2

S.4

1.7

1.3

2.3

l.6

5.0 3.0
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Table A3 continued

IR

N

NNE

NE

ENE

E

ESE

5E

SSE

5

SsW

WSW

W WNW

Nw

NNW

3.8

0.7

0.5

1.1

1.1

2.0

1.6

0.7

2.7

5.0

0.8

1.5

4,7 4.3

28.0

31.2

2.4

1.5

1.5

2.7

1.0

3.5

2.2

1.3

2.4

8.3

1.7

3.5

1.9 1.1

3.7

8.7

2I6

1.3

0.8

2-4

3.5

2.7

2-4

3.6

5.2

1.1

0.3

0.7

4.0 8.3

29.3

15.3

2.6

3.0

2,2

6.1

3.3

4.7

3.3

6.9

4.7

1.8

0.6

1.6

1I7 2.2

3.9

4.3

0.9

0.5

0.9

1.1

0.9

0.1

0.3

0.5

0.5

0.1

0.0

0.7

9.8 23.4

50.3

4.0

0.8

1-2

2.7

2.7

0.9

0.2

0.4

1.0

0.5

0.2

0.0

1.6

4,1 6.2

6.6

1.1

5.6

1.1

0.5

2.0

4.0

1.6

0.7

1.2

4.2

2.2

0.5

1.5

6.3 12.1

35.1

17.5

3.5

2.4

ll5

5.1

3.8

1.4

0.9

2.3

3.7

3.6

1.2

3.5

2.6 3.2

4.6

4,9

0.5

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.1

0.0 15.6 20.3

38.0

18.8

1.1

0.0

0.4

0.0

0.0

0.0

0.0

0.0

0.0

0.2

0.3

0.0

6.4 5.4

3.0

5.2

4.3

2.7

0.8

2.0 10.8

3.6

5.1

5.4 10.6

4.3

2,7

1.3

3.8 1.5

12.9

8.6

4.0

1.8 2.3 5.1 10.2 6.4 6.9 10.2 9.5

7.2

5.8

3.2

1.6 0.4

1.7

2.4

Note:

(9]
]

The percentage frequency of a wind direction during each year.

Percentage duration of wind direction in that year to total

duration in the same direction during 29 years.
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