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U.S. NAVY REGIONAL CLIMATIC STUDY OF THE CENTRAL EAST ASIAN
COAST AND ASSOCIATED WATERS

The U.S. Navy Regional Climatic Study of the Central East Asian Coast and Associated
Waters was prepared by the Officer in Charge, Naval Oceanography Command Detachment,
Asheville, North Carolina, under authority of Commander, Naval Oceanography Command. The
work was performed at the National Climatic Data Center (NCDC). A number of the charts
utilized in this study were obtained from a joint project between NCDC and the State
Meteorological Administration, Peoples Republic of China, through the assistance of two
visiting scientists, Mr. Yan Jan Yue and Mr. Xie Qinghua. Mr. J. 0. Elms of NCDC was
project leader and was supported by many members of the NCDC staff. Specific
acknowledgement is made to Messrs. C. N. Williams, Jr., R. G. Baldwin, and Ms. P. L.
Franks for data processing and digital graphics; Mr. C. W. Thomason for quality control
of data analysis; Messrs. M. G. Burgin, S. J. Miller, and D. A. McKittrick for their
drafting skills; and Mr. M. J. Changery for technical review.

Geographical and Data Coverage

This marine study covers the region off the PacificAast of Asia from the equator to
45'N and from 105 7E to 140°E, encompassing the South China Sea, Philippine Sea, East
China Sea, Yellow Sea, and the southern portion of the Sea of Japan.- The data came
mostly from the observations collected by ships of opportunity of many di#ferent nations.
Figure 1 outlines the summary area and provides some general bathymetry information.

Surface marine observation statistics are presented on monthly charts in the form of
graphs, tables, and isopleth maps. The marine data were summarized and machine plotted
by one-degree quadrangle for the isopleth analyses. The graphs and tables for the marine
areas are also presented by one-degree quadrangle for visibility, wave heights, wind
roses, and ocean currents. The geographical area for the roses and tables are divided
into four regions, as outlined in Figure 1, and covers a smaller total area than the
isopleth charts in order to ensure clarity. These roses and tables represent the
objective compilation of available ship data; the data were not adjusted for suspected
biases (low observation count, heavy weighting of observations during relatively short
time intervals, biases in coding, etc.), and differences may be found when comparing the
graphical data with isopleth analyses. The total number of observations for a given one-
degree quadrangle should always be considered when interpreting the data as there may be
an insufficient number to permit representative statistics.

Approximately six and one-half million surface marine observations were used in computing
the statistics. These data were collected by ships of various registry traveling in the
area. Many of the ship's observations are presently transmitted over the Global
Telecommunication System, captured and archived. However, many are digitized from ship
log forms by various participating members of the World Meteorological Organization, and
exchanged under international agreement among the various maritime nations of the world.
Data for this study date from 1854 to 1987. Most of the observations have been collected
in the past 40 years which is significant because recent observations contain more
elements than pre-1948 reports. The density of observations is greatest along major
shipping routes which, in this area, connect all the major ports of the region through the
shipping corridors of the South China Sea, East China Sea, and Yellow Sea.

The mean sea current charts were derived from available ship's "set and drift"
measurements that had been forwarded to the Naval Oceanographic Office from ships of
various registry. The data were summarized to give the primary and secondary current
directions and mean speeds.

Physical Features

The study area covers the entire coastline of China, the Korean Peninsula, the islands of
Taiwan, Hainan, and the Philippines plus large portions of the coastal regions of
southern Japan, Vietnam, some northern sections of the Greater Sunda Islands, and many
smaller adjacent islands. The topography, large latitudinal extent, and differential
heating between the oceans and the Asian continent are three major factors affecting the
climate within the study area. The predominantly east-west oriented mountain ranges of
Asia affect the regional climate to a significant degree. They act as a barrier to the
cold air from the north even though they do not extend fully across the lowlands to the
sea. It is along the lee side of these ranges that wave disturbances often form on a
quasi-stationary front bringing some rain to the region during the dry season (winter and
fall). Some authors consider the Chinling Hills as the division between the temperate
zone to the north and the subtropical climate to the south. In fact, the mean wintertime
isotherms on the continent parallel the ranges running east to west from the Mekong Delta
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to southern Siberia except in the highlands of Vietnam and the Sikhote Alin Mountain
range along the Sea of Japan. Islands are much more affected by their own individual
topography, latitudinal range, and influence of the Kuroshio Current.

Precipitation patterns are greatly influenced by the monsoon season which results
directly from differential heating and the predominance of the Siberian High (northeast
monsoon - dry season) and the southwest Asian Low (southwest monsoon - wet season).
Reference Figure 2 for the mean sea-level pressure charts for January and July to see the
significant difference in the seasonal patterns. Most all regions within the study area
are affected by tropical cyclones, often with highly destructive results.
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The topography, ocean currents, and locations of islands, straits, seas, and bays all
impact the climate. Surface winds passing through the various straits, such as the
Formosa Strait, are funneled and often strengthened by this effect.

Most of the islands in the study area (Japan, Taiwan, Philippines, and Celebres) fall on a
major fault line of seismic activity and are volcanic in nature resulting in very
mountainous terrain. The highest island peak is found on Taiwan at 13,113 feet (Mt.
Hsinkao). Most rivers found on the islands are short and none are very suitable for
navigation. The coast lines along this volcanic chain of islands are mostly irregular
and provide many bays and excellent harbors. Much of the volcanic soil is rich and
suitable for raising a wide variety of farm products.

On the portion of the Asian continent within the study area, there are five major
peninsulas. The farthest east is the Korean Peninsula, a mountainous ridge with few
large rivers, none of which are suitable for navigation except by small craft. The best
harbors on the west coast are somewhat impaired by the large rise and fall of the tide.
The Gulf of Po Hai, off the Yellow Sea, is formed by two of the peninsulas; the Liaotung
on the north and the Shantung on the south. Farther south, the Luichow Peninsula, the
smallest of the group, stretches toward the island of Hainan, separated by the narrow
Hainan Strait (15 miles wide). The largest peninsula, the Indochina Peninsula, is made up
of Vietnam, Laos, Cambodia, and Thailand.

Vast plains, made up of the Manchurian Plain and North China Plain, extend from
northeastern China just east of Mongolia to the Tapieh Mountains located north of the
Yangtze River. There are also three great commercial rivers in China, all basically
flowing from west to east. The Yellow River in the north is nearly 3,000 miles long,
originating in the Tibetan highlands and emptying into the Gulf of Po Hai. The principal
river of the three is the Yangtze, located in central China, flowing nearly 3,500 miles
from Tibet to the East China Sea near Shanghai. In the south, the major waterway is the
Hsi River which flows some 1,200 miles before reaching the South China Sea near Macao and
Hong Kong. China is rich in mountains, large plateaus, deserts, gulfs, bays, coastal
islands, and fine harbors.

The northern Indochina Peninsula is mostly mountainous while in the south the Mekong
Delta forms a large basin. A large, 87-mile long lake, Tonle Sap, located in central
Cambodia, receives flood waters from the Mekong River, which meanders some 2,600 miles
from its source in Tibet to the South China Sea. The Mekong Delta is mostly jungle but in
the wide delta region, there is a fertile rice producing area. Figure 3 presents a
generalized topographic view of the study area showing the great contrast across the large
latitudinal extent.
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SClimate:

The climate of the study area is affected more by the summer and winter monsoon than any
other factor. This seasonal shift in the wind direction is a direct result of the
differential heating between the land and ocean. As the land begins to cool during
autumn, the Siberian High begins to re-establish itself as the predominant pressure
feature causing northerly winds to prevail over the region. This winter monsoon, lasting
generally from October through March, is the stronger of the two in that it is more stable
and maintains stronger winds. Superimposed upon these major features (the summer or
winter monsoon) are the transitory depressions (including Tropical Cyclones) and
anticyclones which modify the prevailing weather pattern on a near time and local scale.
Transition from the summer monsoon to that of winter is reflected by the shift in the
precipitation pattern that takes place during September and October. By November, most of
the interior of the Asian Continent is receiving less than 2 inches of monthly
precipitation on average. Significantly higher values are found along the east coast of
Vietnam, the eastern Philippines, and west coast of Japan since they are exposed to the
prevailing northerly winds and a good moisture source. By March all of the Indochina
Peninsula is well into the dry season with the monthly averages generally ranging between
I to 2 inches. Amounts increase over southeastern China to 6 to 8 inches and Japan,
except for the northern islands, averages 4 to 8 inches. The Philippines remain dry on
the west coast and wet in the east. During April and May, the establishment of the
precipitation pattern associated with the developing southwest monsoon is apparent.
Higher monthly precipitation values appear for most regions except for the desert interior
of China. By June, monthly precipitation averages are approximately 30 inches on the
southwest coast of the Indochina Peninsula and generally range from 4 to 16 inches for all
other regions, except for those bordering the Gulf of Po Hai and the east coast of
Vietnam, where monthly averages are 2 to 3 inches. However, across the North China Plain
and inner Mongolia, amounts average 1 inch or less and even drier conditions are found
farther west in Mongolia and Sinkiang. This pattern continues until the transition back
to the winter monsoon takes place in September and October.

Tropical cyclones are a major influence within the region greatly affecting the entire
marine area except for the Gulf of Po Hai and those regions near the equator. Figure 4
shows the average number of tropical cyclones per 5 degree square per year. Although a
significant tropical cyclone can occur in any month, the main season runs from April
through December with the greatest chance for a storm crossing the northern Philippines.
Figure 5 illustrates the preferred movement of the storms as it presents the historical 12
hourly movement of tropical cyclone centers with winds estimated at 34 knots or greater.
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CENTERS WITH TROPICAL STORM INTENSITY OR GREATER

The average annual temperature and precipitation cycles for 15 stations across the study
area are shown in Figure 6. While those in the tropics have a relatively small annual
temperature range, those in the higher latitudes show it to be significantly large. In
general, the tropical stations' mean daily range ( 5 to 8°F) is greater than their mean
monthly range for the year (5 to 6°F). For those stations above 30°N, the mean daily
range is on the order of 10 to 15°F while the annual range of mean monthly temperatures is
40° F to 60°F.

Most of the stations selected for Figure 6 receive a greater portion of their
precipitation during the southwest monsoon. However, one station shows a fairly even
monthly distribution with a slight bias towards the winter monsoon, a second shows a
strong northeast monsoon influence and a third receives a significant portion of its
annual precipitation during October and November, a period corresponding closely to the
monsoon transition.

The Kuroshio Current has an important affect on the climate of the region throughout the
year. It is a warm current extending from the north equatorial current and influences the
climate much the same as the Gulf Stream does in the Atlantic Ocean, although the sea
surface temperature discontinuity is not as great for the Kuroshio Current. During the
summer monsoon, most of the flow is from south to north with the Kuroshio flowing east of
Taiwan and Japan and the Tsushima Current flowing through the Formosa Strait and west of
Japan. Sea surface temperatures are relatively warm all along the Asian coast ranging
from 70°F to 80*F. With the strong northerly winds of the winter monsoon, the Tsushima
Current weakens considerably and only appears north of the Korean Strait. South of the
Korean Strait it is replaced by a southbound cold current with sea surface temperatures
dropping rapidly after the shift. By mid-winter sea surface temperatures are near
freezing in the Gulf of Po Hal and in the northern Sea of Japan with some ice forming near
shore in these areas. Sea temperatures, although lower than during summer, still reach
the 60"F and 70*F range south of the Formosa Strait and east of the Ryukyu Islands south
of 30"N.

ix
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Marine Climatological Elements

Precipitation

Of the elements recorded in the marine data base, precipitation is the one most subject to
error in both the way it is observed and the way it is interpreted. For example, it is
often inferred in the literature that ships often try to avoid foul weather and thereby
bias the data towards fair weather with fewer precipitation observations. Elms (1986)
compared the Volunteer Observing Ship (VOS) observations to other sources of data such as
Ocean Station Vessels (OSV) and buoys, finding little evidence that "fair weather bias" is
a serious problem for most applicatiogs of marine climatic data. With the introduction in
1982 of a present weather indicator (1x) to the International Ship Synoptic Code FM13-VII,
users have to be careful not to bias the data, especially that from between January 1982
and March 1985 when the indicator was inadvertently left out of the international data
exchange format.

Assessing oceanic precipitation is always a major problem because transit ships are
unable to take quantitative measurements. A number of studies have been conducted in an
effort to predict precipitation amounts, or rates of fall based on estimates derived from
the use of present weather observations from ships of opportunity (Gorock, et al., 1984)
and readings from satellites (Rao, et al., 1976). For the monthly presentations of
percent frequency of precipitation, the present weather codes 20-27 (precipitation within
the past hour) were included with codes 50 through 99 to compute the percent frequency of
precipitation in an effort to correct an apparent observational bias. This brings the
frequencies more in line with results obtained from ocean weather station observations,
the most reliable bench-mark for the open ocean.

Air Temperature

Air temperature is one of the elements most frequently observed by mariners. It should be
noted that on many ships the heating effect of the ship's structure has a tendency to
produce higher than actual ambient air temperature readings because of instrument exposure
(Folland, et al., 1984; Wright, 1986). This is especially true under calm, sunny
conditions. Therefore, some ship temperature observations have a warm bias; however, the
aggregate is relatively representative after erroneous outliers have been eliminated and
the numerous nighttime observations and unbiased daytime observations are included. Also,
true extremes are rarely captured since continuous observations are not made at most ocean
locations. It is highly unlikely that a ship-of-opportunity would be taking its synoptic
weather observations at the exact time that an extreme was occurring.

Sea-Surface Temperature

Sea-surface temperatures are recorded with fairly high frequency in marine observations.
The principle methods for sampling are with ship water-intake thermometers and by reading
the temperature of sea water retrieved with buckets. Even though the two methods can
produce slightly different results (Barnett, 1984), the data can be used with considerable
confidence when examining the long-term means.

Surface Winds

Surface wind is one of the most commonly observed elements. Many of the observations
from the NCDC data bise are visual observations based on the roughness of the sea. In
recent years, more ships acquired anemometers and reported measured winds. Prior to
1963, many observed wind speeds were recorded in the Beaufort scale; such estimates have
proven to be quite reliable and can be used with a high degree of confidence. Five sets
of wind speed isopleths are presented: the scalar mean speed and the percent frequency of
winds less than 11 knots, from 11 to 21 knots, from 22 to 33 knots, and greater than or
equal to 34 knots. Also given are wind roses for one-degree squares.

Visibility

Visibilities are difficult to measure at sea because of the lack of distance reference
points. Climatically, many low visibility observations are probably missed because the
observer is too busy with other duties (a contrasting form of fair weather bias).
However, the coarseness of visibility (code) intervals helps to minimize the problem,
thereby permitting the summarized data to be relatively consistent.
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Clouds

A survey of the cloud data (total and low cloud amount) from the surface marine
observation data base shows that the number of total cloud reports are significantly
greater than that of low cloud amounts. This is because many of the early marine
observations contain only total cloud amount. For the two presentations (total cloud
amount < 2/8, and low cloud amount k 5/8), only those observations reporting both total
and low cloud amounts were summarized. This helps eliminate problems introduced as a
result of different size data sets (N-count). The use of satellite data helps to bolster
confidence in the total cloud analyses because they show fairly close agreement with those
observed on the surface (U.S. Department of Commerce and United States Air Force, 1971).

Ceilina and Visibility

Aircraft-type ceilings are not available from marine observations. The ceilings are
estimated from the height of the lowest cloud when low clouds cover more than half the
sky. When the sky is totally obscured by rain, fog, dust, or other phenomena, the total
obscuration is considered a ceiling with a height of zero. Mid-range ceiling and
visibility charts (ceiling less than 1000 feet and/or visibility less than 5 nautical
miles; ceiling less than 8000 feet and/or visibility less than 10 nautical miles) and low-
range ceiling and visibility charts (ceiling less than 300 feet and/or visibility less
than I nautical mile; ceiling less than 600 feet and/or visibility less than 2 nautical
miles) are presented.

Wave-Heights

Wave-heights have been recorded in consistent quantitative code since the late 1940's.
The reluctance of many observers to take wave observations in the earlier years and the
difficulty in estimating waves, especially in confused seas, make wave observations one of
the least commonly observed elements. The observations are also subject to biases.
Generally, the heights are too low, the periods too short, and the sea-swell
discrimination poor (Quayle, 1980). The data in this study have not been adjusted for the
suspected biases, but were processed through a quality control procedure wherein an
internal check was made between wind speed and sea height. The data were also matrix-
arrayed and apparent erroneous outlier data values were deleted from both the sea and
swell data. Wave-height presentations include isopleth maps showing percent frequencies
of wave-heights > 3 feet and > 8 feet. In addition, wave-height tables by one-degree
square show frequencies by six wave-height categories. In these presentations, the higher
of the sea or swell was selected for summarization. If heights were equal, the wave with
the longer period was selected.

Ocean Currents

The ocean current charts were compiled from ship drift reports forwarded by the various
merchant marines to the U.S. Naval Oceanographic Office. From those drift observations,
the prevailing and secondary current directions, mean current speed, percent of total
observations used to compute the primary and secondary directions, and the total
observation count are presented by one-degree square. This information is presented on
monthly charts with the study area divided into four sections (pages) to ensure
readability. The density of the observations is greatest along the major shipping routes
and the reliability of the current charts is best in those areas. The data are considered
most useful when used collectively, such as in summaries where a large number of
observations are available.
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January Ceiling-Visibility (Mid Range)
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January Ceiling - Visibility (Low Range)
E 110 0  120 0 130 0 140

CEILING - VISIBILITY
(LOW RANGE)

40 PERCENT FREQUENCY OF: O

- SOLID LINE
CEILING < 300 FEET

A uOR .
VISIBILITY < 1 N. MILE

DASHED LINE-
CEILING < 600 FEET

AND/OR
VISIBILITY < 2 N. MILES

200______ 200

10* - 100

N N

0

0 .,.,...,.,.0

0 E 1100 120 0 130 0 1400

9



January Wind - Visibility -Cloudiness
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January Mean Scalar Wind Speed
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January Wind Speed <11 and - 3:/Knots
E 1100 1260 130, 1400

20

40WIND SPEED 640'

PERCENT FREQUENCY OF: ***.**

WIND SPEED < 11 KNOTS 2

DASHED LINE -
1WIND SPEED > 34 KNOTS

O L- 30

20 220

101

0 1200

E0 110o0 021 130 1400

12



January Wind Speed 11 - 21 and 22 - 33 Knots
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January Surface Wind Roses
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January Air and Sea Temperature
E 1100 1200 1W0 140

40~ AIR AND SEA
TEMPERATURE

SOLID LINE.
MEAN AIR TEMPERATURE (OF)03

DASHED LINE -I 
-

MEAN SEA SURFACE
TEMPERATURE (OF)

303

102

N N3

E 110 120 130e 140

18



January Wave Height
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January Wave Height
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January Wave Height
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January Wave Height
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January Surface Currents
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January Surface Currents00o okf%

- + -I, + I+ : + %

.99 .99 -------+ -- ----9.

-- I . - ? + . . - aia° -

- -+ - + + + -. + o . - + - + ° " -

+- +

-uy

N 64

+ .* > +: + +.+~44

- -'~J ~ :~-00

~ . ~ - .09 1

-:y~/''04

+0: +.+ +U D

+ +,, q

~ :25



January Surface Currents
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February Clouds
E 110 1200 1300 1400

40' CLOUD COVER 4C
PERCENT FREOUENCY OF:

SOLID LINE -- -

TOTAL CLOUD AMOUNT 25 2/B -7

DASHED LINE --
LOW CLOUD AMOUNT >5/8 60

50

30 0~ UPt

300

30 2

N 2200

100

01

E 110p 120 130* 1400 ~

28



February Precipitation
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February Visibility
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February Visibility
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February Ceiling -Visibility (Mid Range)
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February Ceiling -Visibility (Low Range)
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February Wind -Visibility- Cloudiness
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February Mean Scalar Wind Speed
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February Wind Speed <11 and 34 Knots
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February Wind Speed 11 - 21 and 22 - 33 Knots
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February Surface Wind Roses
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February Surface Wind Roses
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February Surface Wind Roses
0 00

+1 0 kiCmO+

± + +r+

+~ ~~ + ++ _

+ 200 + + + +

Il 22Q

ozap,

o lot

'. w

0 0o

424



February Surface Wind Roses
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February Air and Sea Temperature
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February Wave Height
E 110 °  1200 1300 1400

WAVE HEIGHTS
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SOLID LINE -
WAVE HEIGHT > 3 FEET
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THE WAVE HEIGHT USED FOR THIS
MAP IS THE HIGHER OF SEA OR ' _
SWELL FOR OBSERVATIONS CON-
TAINING BOTH WAVE TRAINS. SEA
IS DEFINED AS WAVES GENERATED
BY LOCAL WINDS.

3 3FEET = _ CODE 2
(2 HALF METERS)

> 8 FEET = > CODE 5 0 6
(5 HALF METERS)

300 ' 0

+'o°I200

100

0j E 110 °  120°  130°  1400

so Q



February 00 r0)Wave Height

o 0;

no +qf - low iss -+

1 AN N N N N 1: 0 A 70 22 oil ion IN-

j A71 N S,.7sw y'

+ + + + -+ -

00

rq
VonNN!
N ONN

+

CA wx

co -41

1w3
LU LuI I' l'

il- f N A

I~ 2  
J2

Z -1

S0

Lu

0 0Ycs LUO

460



February Wave Height
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February Wave Height
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February Wave Height
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February Surface Currents
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February Surface Currents
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February Surface Currents
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February Surface Currents
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(March Clouds
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March Visibility
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March Visibility
0 00 a

tt~ 0 t1

......... _ ___ __ __ . 9
ww.W OPOO NPP NOOO .POO PO opoocfl--a.,p 00'

Ad d 5 ~ ~ .j ~ P PIP V 55 ~ 2~d~

NW4~ 6C;6 i -iNP6 icii cii6 s;g

ft~ P ~ ~ U N'p . N ~ fl Z, Wz,i p 5t 
+ 

+ + +; 

1; L 

fo6A
coo 662 dddo go 66c i im q 6 6 6~~~00ff 00PI; ~ 0 0

NQ..

12 SzE
1 

r V O 1 IPpQ9 ;p1 *, L if I 2- i:7TRRi !T e,
- -N vI ~ vt ,s -_ N v It

o ~ t'p ftJ~
2 ~ ,;~'PN~ 'I-N~9 Ip-N~p . It_ .p I'~ -ss

cs; 66,I sIs; xz ...
77 R z ONN W O-tqlO'. OP 7-Ct ei 7TNNOOOONNN7~qq is v t0Itqt7 02; N r-po,' 0 z-

NJ! P ~ 0l-~10.6 
1 1 1

V~ 0p~ 0 O~ ~OI-t P OPt0 C P

+1 +2 + +C2 + ±ei TT2CzlL 2z ' 'R2z es
NjPN ;tnp , ItN - -00t ,~- P0-ft , NlO .C ,P1tP N I~~00t h~ 0 N~~~~ v~ 66j

'ItN~ 11"1 ItN.4 t.~N. -N ,II T-N' '7TNqe
0  

z'N1 7T 2 'I-N 2

+ + + ++ + +
. . ..P. .N. . . .. .. .N.N.b.t PIp I'p 01 NOPR, 0 t0 0 0'I~~ Iy6J.~~6 dS

N~~P6 00N 6, 60,00 n P.000N6 f

0 0P PCOl-N Ip00 0 P

6 6 6 6, . 6I6 fs4 '''

~P- - - - N P- -- -- -

00 -0

z c

sss z - 7 I - f-'~ I t N p

C CC ' r'~r ' 5 ;

L
I.-

2 s .

V- 2
isi A

-J b

~ ~ + .,Pt 11~P, P.P N.110 0P0 1PPN 0001.

58a



March Visilb ility
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March Ceiling- Visibility (Mid Range)
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March Wind - Visibility - Cloudiness
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March Mean Scalar Wind Speed
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March Wind Speed <11 and 34 Knots
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March Wind Speed 11 - 21 and 22 - 33 Knots
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March Surface Wind Roses
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March Surface Wind Roses
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March Surface Wind Roses
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March Surface Wind Roses
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March Air and Sea Temperature
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March Wave Height
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March Wave Height
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March Wave Height
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March Wave Height
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March Wave Height
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March Surface Currents
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March Surface Currents
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March Surface Currents
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March Surface Currents
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April Clouds
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April Visibility
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April 00 Visibility

-4 . . A 
.NN

~~~i p 01m sI - -, N-cl~~52o

'±0

- ~------------ -

MEN 7111 M yIN 121 N IM Ig;syp 1SI:w~y

qg 5d5.45g556A2gw 52m'

-.. 4-

7311 ; op z; l qw;NINNZpa Ty Y QU N.2 1 Q ~ VINg N - M

twyv +oh WA +v +p way :211y

111 ONlpvng S yWI > 1 21 lmt;11 I:NOO uy; p yN,

T";": N-NNIN 001y, W

+-T 11

7 -- ,-0, 11TI Y IT+ 1

83



April Visibility
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April Visibility
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April Ceiling-Visibility (Mid Range)
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April Ceiling -Visibility (Low Range)
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April Wind - Visibility -Cloudiness
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April Mean Scalar Wind Speed
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April Wind Speed 11 -21 and 22 -33 Knots
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April Surface Wind Roses
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April Surface Wind Roses
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April Surface Wind Roses
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April Surface Wind Roses
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April Air and Sea Temperature
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April Wave Height
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April Wave Height
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April Wave Height
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'April Wave Height
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April Wave Height
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April Surface Currents
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April Surface Currents
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April Surface Currents
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April Surface Currents
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May Clouds
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May Precipitation
E 1100 1200 1300 1400

PR ECIPI TATI ON

PERCENT FREQUENCY OF
OBSERVATIONS REPORTING

PRECIPITATION

100

20-0

100

110

N /0N

0 E 1100 120, 1300 14001

107



May Visibility
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May Visibility
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May Visibility
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May Visibility
o 0
O t

-c -L- vz T 5! -- .

7.. ... .0. . . 41 + +

I~~~~~~~ Xr ~t 7 . 2.A . ±~~ . vu.-~ .. ; - - - -.... . .... .g .-- .0

+w +

......................... ".;t-
4

,; 006770000

. . . . . . . .. .- . 7 7 . 7 . 7 .60,p

oo~toooro ;y 6f Co o .o tt6oootnooo ot 6oow3 to o0

--- 7. - .7-; ~.r7 s.-z ~ -

-~ ~~~ ~~~~~ 6 t 0 ~ - ~I~ 0 o o --

± + + + + ttt~t0+



May Ceiling -Visibility (Mid Range)
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May Ceiling- Visibility (Low Range)
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May Wind - Visibil ity - Cloudiness
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May Mean Scalar Wind Speed
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May Wind Speed <11 and 34 Knots
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May Wind Speed 11 -21 and 22 -33 Knots
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May Surface Wind Roses
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May Surface Wind Roses
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May Surface Wind Roses
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May Surface Wind Roses
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May Air and Sea Temperature
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May Wave Height
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May Wave Height
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May Wave Height
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May Wave Height
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May Wave Height
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May Surface Currents
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May Surface Currents
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May Surface Currents
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May Surface Currents
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June Clouds
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June Precipitation
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June Visibility
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June Vlsi bility
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June Visibility
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June Visibility
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June Ceiling -Visibility (Mid Range)
E 1100 120' 1300 1400
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June Ceiling - Visibility (Low Range)
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June Wind - Visibility - Cloudiness
E 110 0 120~ 130e 1400

WIN D-VISIBILITY-
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PERCENT FREQUENCY OF:
10

40o SOLID LINE- 5 41f
OPTIMUM CONDITIONS: -.

ICC 5000 FEET,(OR NO LCC), 0

VSBY. > 5 N. MILE
AND

WIND 11.21 KNOTS /

DASHED LINE - "
POOR CONDITIONS:

ANY ONE OF THE FOLLOWING
CONSTITUTES POOR CONDITIONS:0
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VSBY. < 1 N. MILE, 1

WIND < 6 OR 34 KNOTS
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June Mean Scalar Wind Speed
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June Wind Speed <11 and 2:34 Knots
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June Wind Speed 11 - 21 and 22 -33 Knots
E 1100 1200 1300 1400
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June Surface Wind Roses
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June Surface Wind Roses
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June Surface Wind Roses
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June Surface Wind Roses
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June Air and Sea Temperature
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June Wave Height
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1June Wave Height
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June Wave Height
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June Wave Height
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June Wave Height
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June Surface Currents
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June Surface Currents
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June Surface Currents
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June Surface Currents
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July Clouds
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July Precipitation
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fJuly Visibility
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July 00-Visibility
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July Visibility
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July Visibility
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JJuly Ceiling -Visibility (Mid Range)
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July Ceiling - Visibility (Low Range)
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July Wind - Visibility -Cloudiness
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July Mean Scalar Wind Speed
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July Wind Speed <11 and 2:34 Knots
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July Wind Speed 11 - 21 and 22 - 33 Knots
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July Surface Wind Roses
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July Surface Wind Roses
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July Surface Wind Roses
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July Surface Wind Roses
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July Air and Sea Temperature
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July Wave Height
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July 00z00Wave Height
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July Wave Height
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July Wave Height
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July Wave Height
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July Surface Currents
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July Surface Currents
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July Surface Currents
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July Surface Currents
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August Clouds
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August Precipitation
E 110 0 120 0 130 0 1400

PRECIPITATION

PERCENT FREQUENCY OF
OBSERVATIONS REPORTING

4e- ~ PRECIPITATION C

15

0

200

N N

15 -- - -

00 E 1100 120 130~ 1400

185



August Visibility
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August Visibility
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August Visibility
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August Visilb ility
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August Ceiling -Visibility (Mid Range)
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August Ceiling - Visibility (Low Range)
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August Wind - Visibility -Cloudiness
E 1100 1200 1300 1400

WIND-VISIBILITY-
CLOUDINESS

PERCENT FREQUENCY OF:

40f SOLID LINE -'0400

OPTIMUM CONDITIONS:0
LCC a 5000 FEET,(OR NO LCC), , -0

VSBY. 5 N. MILE
AND

WIND 11-21 KNOTS )
DASHED LINE -

POOR CONDITIONS:
ANY ONE OF THE FOLLOWING

CONSTITUTES POOR CONDITIONS:

0LC o- <F 300, FET

oo , , 'VS. <. . . .,1 N... .MILE,..

3000

200,

10 100

N N

00

E 110 0 120 0 1300 1400

192



August Mean Scalar Wind Speed
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August Wind Speed <11 and 2 34 Knots
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August Wind Speed 11 - 21 and 22 - 33 Knots
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August Surface Wind Roses.
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August Surface Wind Roses
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August Air and Sea Temperature
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August Wave Height
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August Wave Height
O= 01Z1 tO1

Ow-A m

.A Ao 5 g ms4m25050 125540. . . . . . .

-- Too 0 0 map 0; m

0 0 00 I 1.0.0 00~1 II 0. . 0 . 1 10. .0 +1.' I 0 + M I N , II ..0 .~0~~l. .0o r l" 0 0 l' . 0 0 . . .I

200.~0 oil000.0 .

2 01-

-0S glaO

w00 -4-2 .

1 1 1 4(0 3 A s s , 1 1 ? A 6 " 1 4 :

3o K >c-w +

Um : w S 7

'U + ,5 -7

1 + + + ; a + -ik g--1 j

4w4



August Wave Height
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f August Wave Height
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August Wave Height
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August Surface Currents
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August Surface Currents
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August Surface Currents
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August Surface Currents
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September Clouds
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September Visibility
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September Visibility
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September Visibility
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September Visibility
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September Ceiling -Visibility (Low Range)
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September Wind Speed 11 - 21 and 22 - 33 Knots
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September Surface Wind Roses
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September Surface Wind Roses
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September Air and Sea Temperature
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September Wave Height
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September Wave Height
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September Wave Height
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September Wave Height
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September Surface Currents
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September Surface Currents
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September Surface Currents
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iSeptember Surface Currents
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October 0Clouds
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October Precipitation
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October Visibility
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October Visibility
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October Visibility
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October Ceiling -Visibility (Mid Range)
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October Ceiling -Visibility (Low Range)
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October Wind - Visibility- Cloudiness
E 1100 120 °  1300 1400

WIND-VISIBILITY-
CLOUDINESS

PERCENT FREQUENCY OF:

40 SOLID LINE 40
OPTIMUM CONDITIONS: 

4d'

LCC V 5000 FEET,(OR NO LCC), -_
VSBY. 5 N. MILE

AND
WIND 11-21 KNOTS

DASHED LINE- I
POOR COND ITIONS:

ANY ONE OF THE FOLLOWING K 5~
CONSTITUTES POOR CONDITIONS:

LCC < 300 FEET, o "
VSBY. < 1 N. MILE,

WIND < 6 OR >34 KNOTS

200

E 110 °  120°  130°  140 °
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October Mean Scalar Wind Speed
E lie ~ 120e 1300 1400

MEAN SCALAR WIND SPEED 1
(KNOTS)
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200
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[October Wind Speed <11 and 34 Knots
E 1100 1200 1300 1400

'?0

40WIND SPEED 400

PERCENT FREOUENCY OF: 60*

WIND SPEED < 11 KNOTS 1
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WIND SPEED >34 KNOTS
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3e- 300
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October Wind Speed 11 - 21 and 22 - 33 Knots

rE 110 0 120 0 1300 1400

05

40 WIND SPEED40
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SOLID LINE- - £0 0
WIND SPEED 11 -21 KNOTS-
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October Surface Wind Roses
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October Surface Wind Roses
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October Surface Wind Roses
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October Surface Wind Roses
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October Air and Sea Temperature
E 1100 1200 1300 1400

'AA

40AIR AND SEA 41(TEMPERATURE

SOLID LINE -
MEAN AIR TEMPERATURE (OF)

DASHED LINE-
MEAN SEA SURFACE
TEMPERATURE (OF)
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October Wave Height
E 1100 1200 1300 1400

WAVE HEIGHTS

PERCENT FREQUENCY OF:

SOLID LINE - 0
WAVE HEIGHT > 3 FEET

DASHED LINE -4f- WAVE HEIGHT > 8 FEET

THE WAVE HEIGHT USED FOR THIS I
MAP IS THE HIGHER OF SEA OR
SWELL FOR OBSERVATIONS CON-
TAINING BOTH WAVE TRAINS. SEA
IS DEFINED AS WAVES GENERATED
BY LOCAL WINDS. .

3 FEET = > CODE 2 -
(2 HALF METERS) .

>8FEET= > CODES51
(5 HALF METERS)
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October Wave Height
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October Wave Height
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OctoberWave Height
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October Wave Height
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October Surface Currents
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October Surface Currents
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October Surface Currents
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October Surface Currents
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November Clouds
E 110' 120 130P 1400

A10

40- CLOUD COVER I4(f

PERCENT FREQUENCY OF: 9
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TOTAL CLOUD AMOUNT :5 2/8
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November Precipitation
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November Visibility
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November Visibility
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November Visibility
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November Ceiling -Visibility (Mid Range)
E 1100 1200 1300 1400

CEILING - VISIBILITY
(MID RANGE)

200

SOLID LINE-
CEILING < 1000 FEET

AND/OR
VISIBILITY < 5 N. MILES J~

DASHED LINE-
CEILING < 8000 FEET ~-

AND/OR
VISIBILITY < 10 N. MILES - ~~15
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November Ceiling -Visibility (Low Range)
E 1100 1200 1300 1400

CEILING - VISIBILITY
(LOW RANGE)

PERCENT FREQUENCY OF: 400

SOLID LINE
CEILING < 300 FEET

AND0/OR0
VISIBILITY < 1 N. MILE

DASHED LINE-
CEILING < 600 FEET

AND/OR
VISIBILITY < 2 N. MILES
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November Wind -Visibility -Cloudiness
E 1100 1200 1300 1400

WIND-VISIBILITY-
CLOUDINESS

PERCENT FREQUENCY OF:

40- SOLID LINE - 40°

OPTIMUM CONDITIONS:
LCC > 5000 FEET,(OR NO LCC), /

VSSY. > 5 N. MILE
AND 9/

WIND 11-21 KNOTS

DASHED LINE. "'

POOR CONDITIONS:0
ANY ONE OF THE FOLLOWING

CONSTITUTES POOR CONDITIONS:
LCC < 300 FEET, -

VSBY. < I N. MILE, 3
WIND < 6 OR _34 KNOTS
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November Mean Scalar Wind Speed
E Ile ~ 1200 1300 1400

MEAN SCALAR WIND SPEED
(KNOTS)

40f 41f

o-

20

108

7)7



November Wind Speed <11 and :34 Knots
E 110 12(f 1300 146'

10

40- WIND SPEED A 6C
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WIND SPEED < 11 KNOTS

DASHED LINE.
WIND SPEED 34 KNOTS 11 0 0 5

0n4 0

0
0 o

3do -3(f

300

2

100

0 0
E 10 10 1300 14

2720



November Wind Speed 11 - 21 and 22 - 33 Knots
E 110 0 1200 1300 1400

40WIND SPEED so,40

PERCENT FREQUENCY OF:

SOL ID LINE* -%
WIND SPEED 11 -21 KNOTS 0

DASHED LINE
WIND SPEED 22- 33 KNOTS
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November Surface Wind Roses
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November Surface Wind Roses
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November Surface Wind Roses
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November Surface Wind Roses
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November Air and Sea Temperature
E 1100 12(f 130 0 1400

40f AIR AND SEA 7400

TEMPERATURE
SOLID LINE-

MEAN AIR TEMPERATURE (OF)
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November Wave Height
E 1100 1200 1300 1400

WAVE HEIGHTS

PERCENT FREQUENCY OF!

SOLID LINE -
WAVE HEIGHT > 3 FEET

DASHED LINE - 404e- WAVE HEIGHT _ 8 FEET

THE WAVE HEIGHT USED FOR THIS

MAP IS THE HIGHER OF SEA OR
SWELL FOR OBSERVATIONS CON-
TAINING BOTH WAVE TRAINS. SEA
IS DEFINED AS WAVES GENERATED
BY LOCAL WINDS.

3FEET = CODE2 0
(2 HALF METERS) 0

8 FEET = ? CODE 5
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November Wave Height
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November Wave Height
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November Wave Height
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November Wave Height
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November Surface Currents
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November Surface Currents
o 00o O

0 _ _ _ _ _ _ _c
I I -. I -

.aa - -. a S

K - aa ~ rc
1 ~ S Vf

- + ++ -I + + .cs

I0

~ <i-4S
41 - -

-4- + + +

K~t .~ -00

+ -+ + + ±+1285



November Surface Currents
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November Surface Currents
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December Clouds
E 1109 1200 1W0 1400

40f CLOUD COVER .400
PERCENT FREQUENCY OF:

SOLID LINE - "7
TOTAL CLOUD AMOUNT S 2/8

DASHED LINE-
LOW CLOUD AMOUNT > 5/8 70
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December Precipitation
E ii0 1200 130e 1400

PRECIPITATION

PERCENT FREOUENCY OF
OBSERVATIONS REPORTING
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December Visibility
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December Visibility
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December Visibility
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December Visibility
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December Ceiling-Visibility (Mid Range)
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December Ceiling- Visibility (Low Range)
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December Wind- Visibility -Cloudiness
E 1100 1200 1300 1400

WIND-VISIBILITY-
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December Mean Scalar Wind Speed
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December Wind Speed <11 and 2:34 Knots
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December Wind Speed 11 - 21 and 22 - 33 Knots
E 1100 120' 1300 140
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[ December Surface Wind Roses
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December Surface Wind Roses
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December Surface Wind Roses
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December Surface Wind Roses
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December Air and Sea Temperature
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December Wave Height
E 1100 1200 1300 1400

WAVE HEIGHTS

PERCENT FREOUENCY OF:

SOLID LINE -
WAVE HEIGHT > 3 FEET

40DASHED LINE 0C
WAVE HEIGHT > 8 FEET

THE WAVE HEIGHT USED FOR THIS
MAP IS THE HIGHER OF SEA OR
SWELL FOR OBSERVATIONS CON-
TAINING BOTH WAVE TRAINS. SEA
IS DEFINED AS WAVES GENERATED
BY LOCAL WINDS.
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December Wave Height
o00

Co

fl~~E RnC~ td2 - -slR

!2 2! -o n 'ro ~ 00 c~ n 0!M T2 2 ' , : -'P V 2

6W 6N NO6OI~ O 010 IT ,~f ~ . p N t N ~ l. ~ N O

00 W 00 
7  

4tZ T9J, *.W 04, ~ 9A~ c' '9 *

N--- -o -0 0 -- - -222 -- I~ -2 - =0 ....

NO~rNOW ONM NOW NOUN W U flI~rqrI~~1N IIN p
9

.flN~~f 01 W N

NR 0 No.P4 C2rz-i~g 4 W N

0 IC wo T
-I 0 0 O O W O O 0Iw0 0 0 0 0 0 O N. 1 W O W 0 0 0 y

ow, ON AuiO5

Clw E oR2 +

w z T 'P -7' . . . n
W,..

+-

0 0
Cl ~ Z (a:~i~

0 u

0 -L

o- 4

z 0

30M



December Wave Height p
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December Wave Height
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December Wave Height
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December Surface Currents
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December Surface Currents
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' December Surface Currents

0 0 0

4c~ 0 

O 0

0.-

.oI

W + :u:;+

No 'x 0CN -

U.

000 o9

.0 02IL Z'L

Is~
x+

+1.0+.

C 0

OC) + +in+ +

3120



SDecember 
Surface Currents

, 
. + .- ' - +

," + " + -++ ., 
+ +

+ + 2 + . +

+ i : + - -- +

:° + : + ++ + . + : 
5 .

[ ! I I

• 
.±,,+, 

+


