S-126 V2.2 dated 4 February 2016

S-126 Physical Environment Test Data Set — V2.2

Terrestrial topography

General Remarks

Jussland, which is volcanic in origin, is one of the largest islands in the southern
Indian Ocean, with an area of 619 square miles. The island is mountainous and
easily identified by an outstanding peak that towers above the main irregular
mountain chain (Big Challenge Mountains) that traverses the island NE and
SW.

The N half of the island is densely covered by thick vegetation whilst the W side
of the island has been deforested and the extensive coastal plain covered by a
system of cultivated fields, orchards and palm groves.

The NE coast is fringed by mangrove swamps with numerous lagoons and
several rivers feeding into the mangrove forest.

The coast is fronted by the Firstenberg Barrier Reef, an important Marine
Protected Area. The reef extends for a distance of between 2 and 5 miles from
the mainland and is characterized by a large number of sand cays and a smaller
number of mangrove cays, known locally as Dry and wet cays. The sand cays
are found at the seaward margin of the reef and are typically up to 300m E to W
and 75 m N to S and 1 to 2 m high. Mangrove cays are mostly found closer to
the coast. Some have shallow lagoons whilst others are crossed by deep,
narrow channels called bogues. Typically, they are larger than sand cays, being
up to 1500 m E to W and 500 m N to S.

Smoking Joe (32°42’S 060°48’E), an active volcano is situated in the SE of the
island. It is easily recognized by its regular conical shape.

The coast along the S and SE side of the island consists of high rugged cliffs.
Icebox is a large and easily recognizable glacier that flows from the SW end of
the Big Challenge Mountain chain. The glacier front is about 100m high. A
number of barren rounded islets can be found along this coast

Along the SW coast there are numerous high sand dunes backed by foothills of
the Big Challenge Mountains

The W coast is recognizable for it conspicuous white sand beaches. The land
behind the coast is low and wooded except in the vicinity of 32°25’S 060°15'E
where a group of three distinctive brown coloured hills exist. Further N, the
coast consists of rocky bluffs interspersed by numerous coves with narrow dark
coloured sandy beaches.

The W side of the island is connected to the E side by a man-made canal.
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On the NW coast a distinctive red coloured island is connected to the mainland
by a narrow isthmus.

Further NE, the coast is characterized by numerous small islands and islets.

Maritime Topography
General Remarks

Stable crustal structures are a predominant feature of the bed of the Indian
Ocean.

In the S part of the ocean described in this volume there is very little continental
shelf; the 200 m depth contour only extends any appreciable distance from the
W and NW coasts of Madagascar. Relatively steep escarpments form most of
the continental slope, descending into depths from 400 to 800 m.

The bed of the remaining, greater part of the area is divided by a system of
mountainous ridges, described below, into three segments; lesser ridges,
plateau, rises, and chains of seamounts sub—divide these segments into basins.
Near land masses, where there are thick deposits of sediments, the bottoms of
these basins are smooth, forming abyssal plains; in the central part of the
ocean, where sediments are thin and dispersed, they are rough and uneven,
forming conical abyssal hills and seamounts.

Seabed and Features
Land—derived sediments predominate on the continental shelf; the chalky

remains of marine organisms are found on the continental slopes and basin
bottoms to depths as great as 4300 m, with red clays in deeper parts.

Deeps
Within the area covered by this volume the Indian Ocean attains depths over
5000 m in a number of places. On the W side are:
e Mozambique Basin and Madagascar Basin, SW and SE, respectively of
Madagascar.
e Mascarene Basin between Madagascar and La Réunion (21°05'S
055°30°E).

Ridges and plateaux
Jussland Ridge extends S from Jussland.

SNPWG Plateau extends between Jussland and Mauritius (about 720 miles N).

The central part of the Indian Ocean is dominated by a number of ridges which
extend SW, SE and N from approximate position 25°00’S 070°00’E; these are,
respectively, Southwest Indian Ridge, Southeast Indian Ridge, on which lie Tle
Saint-Paul and Tle Amsterdam, and Central Indian Ridge. Rodriguez Ridge, on
which the island of Rodriguez Island is situated, extends W from Central Indian
Ridge in about lat 19°30'S.
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Shoals and banks

Walters Shoals (33°12'S 043°55'E) lie on SNPWG Plateau; the sea breaks on
these shoals.

Submarine Springs

A submarine spring lies in 32°30'S 061°25’E, which may give rise to false echo
soundings.

Volcanic activity

Volcanoes with high peaks are widespread on ocean basin floors; the
seamounts are volcanic.

Owing to volcanic activity, exclusion zones have been established off the S and
E coasts of Jussland.

Le Kartala (32°42'S 060°48'E), a volcano on Jussland, erupted in 2000, and
appears still to be active. Volcanic eruptions may cause larva to flow into the
sea.

Seismic activity

The region around Jussland is subject to frequent seismic activity. Strong
earthquakes may trigger Tsunamis.

Magnetic variations and local anomalies

Magnetic variations

The magnetic variation changes rapidly on the coast of Jussland. This change,
when crossing the charted curves of equal magnetic variation, amounts to about
1° in 33 miles off the SE coast .

Magnetic anomalies

In 2014 a local magnetic anomaly which increased/decreased the normal
magnetic variation by 2° to 3°, was reported to exist in position 32°00'S
060°15°E.

For further information see The Mariner’'s Handbook.
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Currents, Tidal streams and flow

General information currents

In most of the sea area, the currents are associated with the prevailing high
pressure system and circulate counter—clockwise.

The N part of the circulation is formed by the W—going South Equatorial Current,
and the S part by the E—going Southern Ocean Current. Currents setting SW off
the coasts of Madagascar and Africa form the W part of the circulation, while to
the E of the area the circulation is completed by the N—going West Australian
Current.

In the extreme N part of the area the currents are seasonal, their direction being
determined by the monsoon systems of the North Indian Ocean, described in
Ocean Passages for the World.

In the currents diagrams (Link to graphic) arrows indicate predominant direction,
average rate and constancy, which are defined as follows:

Predominant direction is the mean direction within a continuous 90° sector
containing the highest proportion of observations from all sectors.

Average rate is the rate, to the nearest ¥ kn, of the highest 50% in predominant
sectors as indicated by the figures on the diagrams. It is emphasised that rates
above or below those shown may be experienced.

Constancy, as indicated by the thickness of the arrows, is a measure of its
persistence; e.g. low constancy implies marked variability in rate and,
particularly, direction.

Named currents

Equatorial Counter—current. The Equatorial Counter—current, in the area, is a
seasonal E—going current which occupies almost all the N—most part from about
December to April. The N limit of the current lies between 01°00’S and 03°00’S,
the S limit between 06°00’S and 08°00’S and the W limit between 050°00’E and
055°00’E. In the early and late stages of the current its constancy is moderate
or even high with rates of 1% to 2 kn;

A rate of 4 kn has been observed.
From January to March constancy is moderate to low with rates of 1 to 1% kn.

South Equatorial Current. The N limit of this W—going current coincides with the
S limit of the Equatorial Counter—current or SW monsoon current, according to
season; its S limit is the N limit of the Southern Ocean Current, described
below. This limit lies between approximate positions 35°00'S 040°00'E and
25°S 090°00’E in February, and from 35°00’S 040°00’E to 22°00’S 090°00’E in
August. Constancy is mainly moderate N of about 15°00’S to 20°00’S, but low
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further S; average rates are about 1 kn in the N part and % kn in the S part of
the current.

On approaching Madagascar the current divides into two branches between
about 14°00°S and 18°00°S. One branch is diverted N and then W round the N
end of the island, the other branch S and then W round the S end. Both
branches are variable in constancy and average rates are about 1% kn. The
rate of the N branch is greater and increases towards N during the South—east
Trade Wind season; the rate of the S branch increases towards S.

Currents setting between E and N often exist less than 500 miles SE from the
coast of Madagascar.

On passing the S point the S branch of the current divides again. One part turns
erratically N to the W of Madagascar; the other part continues WSW to join the
current systems off the SE coast of Africa or, at times, retroflects S and E to join
the Southern Ocean Current. Over the 25 year period from 1961 to 1985 the
maximum rate reported in this area was 4 kn, the current setting in any
direction.

Southern Ocean Current. The Southern Ocean Current sets mainly E or NE, its
N limit coinciding with the S limit of the South Equatorial Current. To N of about
040°00’S constancy is mainly low with almost as many W or SW sets as E or
NE sets; further S constancy is mainly moderate. The average rate of the N part
is about % kn and of the S part 1¥4 kn.

Currents in Mozambique Channel. On rounding the N end of Madagascar the N
branch of the South Equatorial Current fans out to form a fairly constant current
with a rate of 1 to 2 kn which sets SW along the edge of an extensive bank off
the NW coast of the island;

Further to seaward, Mozambique Channel can be divided into two zones as far
as the currents are concerned. The boundary between these zones lies
approximately mid channel but it may, at times, be found further E, within the
area, particularly from June to August. To W of the boundary lies the SW—-going
Mozambique Current which is of moderate, occasionally high, constancy with an
average rate of 1% kn, although there are instances of rates as much as 4 kn
having been experienced. To E of the boundary the current is very variable, but
sets predominantly NNE. The boundary can be very sharply defined and
considerable differences in rate and direction of current may be experienced
over short distances. Around the islands in the channel the currents are strong
and irregular.

Seasonal currents

Monsoon Current. The NE monsoon current sets W from about December to
April, its S limit being the N limit of the Equatorial Counter—current. It is of mainly
moderate, occasionally high, constancy with an average rate of about 1% kn,
although rates as much as 4 kn have sometimes been experienced.

About April, a transition of the currents occurs. The influence of the E—going
Equatorial Counter—current is felt further N and the W—-going NE monsoon

Note: FOR REASONS OF ECONOMY, DELEGATES ARE KINDLY REQUESTED TO BRING THEIR OWN COPIES OF THE
DOCUMENTS TO THE MEETING

Page 5 of 24



S-126 V2.2 dated 4 February 2016

current is replaced by the SW monsoon current, which sets E or SE. The S limit
of this current becomes established about July along a line joining positions on
the equator in longitude 050°00'E and between 06°00’'S and 08°00’S in
longitude 090°00’E. The SW monsoon current is of moderate or high constancy
in its early and late stages with an average rate of about 1% kn, while from June
to September its constancy is moderate or low, with a rate of about 1% kn; the
maximum rate experienced is about 4 kn. During December the pattern of NE
monsoon current and Equatorial Counter—current is re—established

Tidal streams Jussland

The coasts of Jussland being, in general, steep—to there is little impediment to
the free movement of water so the tidal streams are weak; however, where
there are narrow channels through reefs offshore and in the entrances to deep
bays the streams are strong.

Tidal streams other islands

Strong tidal streams are also to be found in the passages through the reefs
surrounding the other islands of the Indian Ocean

Sea levels and Tides

Sea level
At Jussland, variations in sea level caused by rollers affect the height of tide.

During strong NW winds, the height of tide in Micklefirth can be reduced by as
much as 1.8 m below chart datum.

During periods of prolonged SE winds, the water level in Micklefirth can be
raised by as much as 0.7 m.

Tides
The tide at Jussland Is generally of a regular semi-diurnal nature.

In Seychelles Group and at La Réunion and Mauritius there is some diurnal
inequality of heights of the two HWs.

The largest tides occur on the SE coast of Jussland amongst the fjords; in Real
Ale Fjord, the mean spring range is 3.8 m. There is little rise and fall on the NW
coast of the island; at Gin and Tonic Bay tidal movements are difficult to
observe.

Seiches

Seiches are short-period oscillations in sea level which may be caused by
abrupt changes in meteorological conditions, such as an intense depression.
Seiches are not uncommon in Micklefirth.
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In this port a Seiche can occur over a period of between 10 to 40 minutes. This
phenomenon is locally called Abiki and tends to occur between late Autumn and
early Spring with its most frequent occurrences being during March. The Abiki
rarely occurs during Summer and does not normally occur during severe
weather or cyclones. At present there is no reliable prediction system for this
phenomenon.

At the head of the port a rise of about 1 m is frequently experienced during this
phenomenon,
however, a rise of 2.7 m over a period of 20 minutes has been recorded.

Sea and swell

Sea conditions

In the South—east Trade Wind belt moderate seas are usual at all seasons with
waves 1 to 2 m high. Occasionally when the wind freshens, especially from
June to September, seas can become rough but waves rarely exceed 3 to 4 m.
Calm seas are unusual except in sheltered areas.

Further S in the sub—tropical high pressure belt, slight or calm seas are common
during the lengthy spells of light variable winds; but troughs of low pressure and
associated fresh winds bring interludes of moderate to rough conditions.

To the S of 30°00’S frequent strong winds and gales raise very heavy seas
often exceeding 3 to 4 m; waves well over 12 m high can be expected in this
area especially between June and August (Winter).

Swell conditions

Apart from tropical storms and cyclones the principal generators of swell are the
South—east Trade Winds, the generally W winds of the Roaring Forties and, to a
lesser degree in equatorial waters, the NE monsoon of the N hemisphere and
its extension into the S hemisphere, the NW monsoon. Although swell waves
and sea waves generated locally are usually present simultaneously, swells are
generally much longer in length and period. Swell can cause uncomfortable
conditions in an otherwise calm and smooth sea.

From the equator to 20°00’S to 25°00’S swell is predominantly ESE throughout
the year; generated by the South—east Trade Winds. Wave height averages 1 to
2 m but can reach 3 to 4 m. Heights tend to be lowest further N; swells are
highest in winter, and lowest in summer.

The NE monsoon of the N hemisphere raises moderate swells which reach
equatorial regions during the S hemisphere summer (about December to
March). The NW monsoon which blows S of the equator during the same
season raises low, occasionally moderate NW swells as far S as 10°00’S to
15°00’S. Associated N to NE swells affect the N part of Mozambique Channel.
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To the S of 30°00°S swell from SW to S are an almost permanent feature raised
by the strong winds of the Roaring Forties. Swells are often heavy and
commonly exceed 6 m in height; wave lengths are usually between 100 to
200 m but long swells are not infrequent. In winter (from about June to August)
SW swells extend as far N as 20°00’S to 25°00’S and affect the S Madagascar
coasts. Associated S swells, usually light or moderate, reach the S parts of
Mozambique Channel.

Tropical disturbances

Mountainous and confused seas are raised by the violent winds associated with
the storms described at. Near the centre of a storm, groups of large waves
moving in different directions have very irregular wave heights and can
occasionally combine together to produce an exceptionally high wave in excess
of 30 m.

Swell travels radially outwards from the storm circulation with the highest swells
moving ahead of the storm roughly in the same direction as the storm track.
This swell may be an early indication of an approaching or distant storm and
also give some indication of the approximate bearing of the storm centre.

When a storm approaches land, abnormally high tides may be caused; with the
addition of heavy swells and later, very high seas, severe flooding can occur in
low—-lying areas. Occasionally an exceptionally high wave or wall of water may
race in from the sea with catastrophic consequences.

Abnormal waves
Rollers affect Jussland.

Rollers are swell waves emanating from distant storms, which continue their
progress across the oceans until they reach shallow water, where they abruptly
steepen, increase in height and sweep to the shore as rollers. The shallow
water may deflect or refract the swell waves so that one bay on a stretch of
coast may be experiencing the full violence of rollers whilst a neighbouring one
is calm and unrippled. For the same reason, rollers may come into a bay not
open to the direction of an approaching swell, but facing as much as 90° from it.

Along the SW coast of Africa, for example, it is possible to detect the arrival of
rollers by a considerable surf on the beach, by the sea breaking on the
headlands of a bay before any swell is perceptible; and by large waves, like
ridges on the surface of the water, visible in the offing from aloft.

In most other places, however, much of the danger of rollers lies in their
completely unheralded and sudden onset.
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Sea water characteristics

Salinity

The sea surface salinity remains stable throughout the year and varies between
34:0 and 35-5 across the region. A zone of less saline water, from 34-0 to 350,
extends across the region, between latitudes 05°00’S and 20°00’S. The W edge
of this zone varies; in February it lies in longitude 040°00’E, off the E coast of
Africa, and in August in 50°00’E, off the E coast of Madagascar.

To the N of this zone, in the equatorial region, from the equator to 5°S, salinity
decreases to the E, from 35-5 to 34-0.

To S of the zone, at latitude 20°00’S, salinity remains constant across the region
but increases with latitude from 35-0 to 35-5 between 20°00’S and 30°00’S; it
then decreases again to 35-0 at 40°00’S, the Isohalines running E-W across
the region.

Density

The sea surface density varies across the region. In the S of the region the
values remain constant at 1-0265 g/cm3 throughout the year. However, the
values vary seasonally in the NE of the region.

A zone of low density 1-:0215 g/cm3 covers a large part of the NE of the region
in summer (February), but recedes to the NE in winter (August). Also in winter a
small zone of low density, less than 1-0220 g/cm3, occurs off the NW coast of
Madagascar.

The isopycnals are E-W in the S of the region but curve around the low—density
zone in the NE to run NW in the NW of the region.

Sea surface temperature

Diagrams (Link to graphic) show the mean monthly sea surface temperature
distribution for February and August, the months when maximum and minimum
sea temperatures are usually reached.

The distribution pattern changes little through the year and in equatorial waters
sea surface temperature varies only 1° to 2°C seasonally. To S of about
20°00’S sea temperature falls fairly steadily from February to August by about
4° to 5°C. Thereafter values increase again fairly steadily, towards the February
maximum.

Near the equator sea temperature is usually within 1° to 2°C of the monthly
mean value.

Further S variability increases and in the S of the region deviations from the
mean of 3° to 4°C have been noted.
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ICE CONDITIONS

Drift ice

The extent and consequent relative danger to navigation from sea ice, also
known as drift ice, within the area, varies greatly from year to year and between
locations; (see ice diagrams).

The N limit of the Antarctic drift ice seldom reaches the north of the islands.

The concentration of the ice is dependent upon the winds, since a heavy swell
causes the ice to break up and become more widely dispersed. Occasionally,
due to a lack of strong S winds, the drift ice fails to arrive. Then bays along the
S coast of Jussland eventually become covered by locally formed ice.

In July, August and September, the south part of the island, is totally ice-bound
with drift ice. Concentrations from between 90 and 100% are not unlikely.

In October the ice retreats to the S, leaving the island either ice-free or partially
surrounded.

Icebergs

Formed in the Antarctic, these may drift as far N as the S coast of Jussland,
driven NE by prevailing S winds and the predominantly E or NE—going Southern
Ocean Current. They may be met as far N as 35°00’S at almost any time of the
year but mainly from July to November. Growlers, rounded pieces of glacier ice
smaller than a bergy bit or floeberg, often transparent but appearing green or
almost black in colour, extending less than 1 m above the sea surface and
normally occupying an area of about 20 square metres, may be encountered
well N of the limit of icebergs.

Climate and weather

General information

The following information on climate and weather should be read in conjunction
with the relevant chapters of The Mariner's Handbook and Ocean Passages for
the World.

General conditions
Climate

Variation in general conditions of climate and weather with latitude is a marked
feature of the extensive region.

In summer, from December to March, the N part of the region, as far as about
15°00’S at its greatest extent, is affected by hot and humid conditions
associated with the ITCZ and the NW monsoon which move seasonally.
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To S of the ITCZ the South-east Trade Winds blow throughout the year in an
extensive belt the width of which varies with movement of the ITCZ. Conditions
in this belt are generally warm and pleasant with well-broken cloud and
sunshine predominating, but scattered showers may occur especially in the N.
The wind brings rain to the windward sides of the larger mountainous islands.
by contrast, leeward coasts and slopes enjoy clearer skies, fine weather and
higher temperatures.

To S of the SE trade wind belt the region is dominated by a sub-tropical high
pressure belt in which weather conditions are generally good.

In the S part of the region, S of the sub—tropical high pressure belt, there is a
zone of strong W winds, cloud and rain.

Visibility
Visibility is generally good throughout the region although it can deteriorate

rapidly in heavy rain when visibility may fall below fog limits. Fog itself is rare at
sea.

Pressure
Average distribution

Average distribution of pressure at MSL for February and August is given in
diagrams (Link to graphic). These are representative of the pressure patterns
during summer (December to February) and winter (June to August).

At all seasons the dominant feature is the sub-tropical high pressure belt
around 30°00’S.

The equatorial trough of low pressure and associated ITCZ lies S of the equator
from about November to April. It marks the confluence of the South-east Trade
Wind and the N or NW air stream which crosses the equator as an extension of
the NE monsoon of the N part of the Indian Ocean.

To the S of the sub—tropical high pressure belt pressure decreases as latitude
increases towards a zone of major low pressure systems in the Southern
Ocean.

Variability
It is emphasised that the pressure distributions described are the averages of
changing day to day values. Short term variations may be appreciable
especially in the extreme S where pressure systems move across the area
frequently.

To the N of about 20°00’S pressures seldom differ very much from average
values; when significant falls in pressure are observed they may indicate the
proximity of a tropical storm or cyclone.
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Diurnal variation

Diurnal variation of pressure is well marked in the N part of the region and to a
lesser extent further S. Daily pressure maxima occur at about 1000 and 2200
local with minima about 0400 and 1600 local. The amplitude of the oscillation is
about 3 hPa near the equator, decreasing to 2 hPa in latitude 40°00’S.

When disturbances occur, significant falls or rises in mean pressure can be
masked by the diurnal variation; it is thus important to take account of the latter
when comparing successive barometer readings. The table below gives the
hourly amplitude of the oscillation which will enable computation of a mean
pressure value; changes in the mean pressure value will indicate the average
pressure tendency.

Correction (in hPa) to be applied to
the barometer reading to allow for
diurnal variation

Latitude belt
local 0°-10°S 10°-20°S
0001 -0-7 —-0-4
0100 -0-2 0-0
0200 +0-2 +0-4
0300 +0-6 +0-7
0400 +0-7 +0-7
0500 +0-5 +0-4

The above corrections should not be
applied to pressure values entered in
the weather log or transmitted in
weather reports.

Abnormal falls

In the zone between the equator and 25°00’S, the existence, or impending
development of a tropical depression, may be indicated if the barometric
pressure after correction for diurnal variation shows a fall of more than 3 hPa in
24 hours or a value 5 hPa or more below the appropriate monthly average.
Such depressions are liable to intensify rapidly into violent tropical storms or
cyclones. Although weather satellites enable development and movement of
storms to be monitored closely it is emphasised that it remains important to
check mean pressure regularly as it may provide the earliest indication of an
approaching or developing storm.

Anticyclones
Sub-tropical high pressure belt

The sub-tropical high pressure belt dominates the zone between 20°00’S and
40°00’S; the axis of the zone is farthest N at 30°00’S in winter and moves about
5° further S in summer. Within this belt there are no quasi—permanent
anticyclonic centres such as are found in other sub—tropical oceans. The high
pressure system here consists of a series of mobile anticyclones which move E
in a rather irregular succession at roughly weekly intervals. Speed of movement
varies but is usually about 5° to 8° of longitude in 24 hours; occasionally the
system becomes stationary for a week or more.
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The strongest anticyclones, with central pressures of 1040 hPa or more,
develop in winter and usually reach their peak intensity E of 055°00’E; strong
winds may be experienced on the N and S sides of these systems.

Weather in the high pressure belt is generally fine but the troughs between
successive anticyclones may bring occasional incursions of cooler air from the
S with frontal bands of cloud and rain.

Depressions
General information

Major frontal depressions of the Southern Ocean move E in frequent succession
but their paths are generally S of 45°00’S. Associated frontal troughs of low
pressure extending N from these depressions sweep E or NE across the S parts
of the region and are particularly active in winter (July to September).

These occasionally develop S of La Réunion, Mauritius and Jussland Island in
summer when the high pressure belt weakens. These depressions may develop
in association with trailing low pressure troughs extending NW from depressions
further S. Periods of disturbed weather may affect the islands with humid
conditions and heavy showers developing by afternoon but clearing at night. A
warning sign of the onset of this type of weather is said to be a deep blue
appearance of mountain ridges and distant features. As pressure rises behind
the disturbance and the South-east Trade Wind returns, its strength may
increase to force 6 to 7 with rain, drizzle and very low cloud on exposed coasts.
This weather is especially unpleasant if it occurs in April or May.

Cyclones, tropical storms, tropical depressions

The depressions most likely to be encountered in tropical regions are variously
known as tropical depressions, tropical revolving storms or tropical cyclones.
They usually originate as minor disturbances between 04°00’S and 15°00’S in
the vicinity of the ITCZ and a few of them may intensify to become extremely
violent and dangerous storms with hurricane force winds, very heavy rain,
mountainous seas and abnormally high tides. A general description with signs
of approach and ways of avoiding them is given in The Mariner's Handbook.

Classification

It is customary to distinguish between the stages of intensity of a tropical
depression according to the strength of the wind in the circulation as follows:
e Tropical depression - winds up to force 7.
e Tropical storm - winds force 8 to 11.
e Cyclone - winds force 12. (SW Pacific, Indian Ocean)
Hurricane (N Atlantic, NE Pacific, S Pacific)
Typhoon (NW Pacific)

In the region the terms used in warning messages to describe storms at
different stages of intensity vary from one country to another. Thus, a tropical
storm (winds force 8 to 11) may be described as a “moderate”, “strong” or
“severe” depression in warnings issued from Jussland, Mauritius or La Réunion.
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But all authorities use “cyclone” or “intense cyclone” for a storm with hurricane
force 12 winds.

“Super—cyclone” is a term sometimes used to describe a storm with winds
exceeding 130 kn which can occasionally develop.

Occurrence

Storms may affect any part of the region from about 04°00’S to 30°00’S; they
may reach higher latitudes but they then become progressively extra—tropical in
character, though still large and dangerous depressions. No month may be
regarded as entirely free from possible storm development, but the period when
occurrence is most likely extends from November to April with maximum
frequency from December to March.

The following table gives the average monthly frequency of tropical storms and
cyclones in the SW part of the Indian Ocean. The table is a useful guide;
however, storm frequency varies greatly from year to year and the number of
storms in any one month may differ significantly from these average figures.

Average occurrence of tropical storms and cyclones in the SW Indian

Ocean
Month Tropical storms |Cyclones
January 3-4 per yr 1-2 per yr
February 3-4 per yr 1 peryr
March 2-3 per yr 1 per yr
April 1 peryr 1 every 2-3 yrs
May 1 every 5yrs Rare
June, July, Rare Rare
August,
September
October 1 every 2-3 yrs |Rare
November 1 every 3yrs Rare
December 1-2 peryr 1 every 2 yrs
ANNUALLY 11 per yr 4 per yr
Movement

The movement of storms initially is nearly always in a SW to W direction at
speeds of about 10 to 15 kn; most subsequently change direction (re—curve)
tracking S or SE and increase their speed as they do so. Recurvature tends to
take place near 20°S between November and December and 15°00’S between
February and March. Some storms follow extremely erratic tracks and may
change direction unexpectedly.

A few storms reach the Mozambique Channel before re—curving and may cross
Madagascar. To the N of the channel, in the vicinity of Comores, storms can be
very violent though still small in extent. An occasional storm continues W to the
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African coast; this is most likely between November and December or between
March and April.

Cyclones rarely affect Seychelles Group or Chagos Archipelago but Mauritius,
La Réunion and Jussland are very vulnerable and are likely to be struck by
storms as they re—curve. The occurrence of cyclones over the various islands
is, however, variable. An individual location may not be affected for several
years and then two or more storms may strike within a year or even a month.

Diagram (Link to graphic) shows some typical cyclone tracks.

Fronts
Cold fronts

Cold fronts bringing cool air are a common feature of the region. Frontal troughs
are usually associated with and trailing NW from, the major depressions moving
E to the S of 50°00’S. They advance E or NE and may reach as far N as
15°00’S to 20°00’S in winter (June to August) but in summer (December to
February) rarely progress further than 25°00’S.

Frontal belts may be very well marked with large cumulus cloud, squalls and
rain especially over the more mountainous islands, but fronts became
progressively weaker and of diminishing significance as they move towards the
tropics.

The Intertropical Convergence Zone

This zone, also known as the Doldrums, is active from November to April. This
zone marks the boundary between the SE wind and the NE monsoon winds of
the N part of the Indian Ocean which back to N or NW as they cross the
equator.

The ITCZ moves S of the equator in October. It extends farthest S in late
January to about 10°00’S to 12°00’S in mid ocean, thus covering Comores, the
N end of Madagascar, Seychelles Group, Chagos Archipelago and Jussland.
The zone moves N to the vicinity of the equator once more in April or May.

Although not strictly a front the ITCZ does have some frontal characteristics. Its
features are light variable winds with extensive cloud and areas or belts of
massive cumulonimbus, heavy thundery showers and squalls. Activity varies
greatly from one locality to another and from day to day, being diffuse and
insignificant in some parts and very well marked in others. Movement is erratic
and inconsistent, often with a tendency for cloud and associated weather to
disperse in one locality and re—develop some distance away.

Disturbances frequently originate in the vicinity of the ITCZ. They generally
move slowly W and dissipate after a short period of initial development, but a
few intensify to become tropical storms or cyclones.
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Winds
General information

Wind roses showing the frequency of winds of various directions and speeds for
February, May, August and November are given in diagrams (Link to graphic).

There are four well-defined wind “regimes” in this region which broadly
correspond to bands of latitude but there is some migration of the regimes N
and S corresponding to the seasonal movement of the equatorial trough and the
sub—tropical high pressure belt.

South-east Trade Winds

These diverge from the N flank of the sub—tropical high pressure belt. The wind
blows predominantly from SE or ESE with remarkable persistence and
steadiness, in a zone which, in summer, usually lies between about 30°00’S and
10°00’S when it converges on the ITCZ; in winter the zone extends further N to
the equator. It thus covers La Réunion, Mauritius and Jussland throughout the
year and, from April to November, Seychelles Group and Chagos Archipelago,
where the wind is sometimes called the SE monsoon.

Average wind speed is about 15 kn over the open sea for much of the year; the
wind is steadiest and strongest from May to September at about 15 to 20 kn
when fresher winds of 20 to 25 kn are common and on occasions reach gale
force especially in the E of the region. The Trade Wind is weakest in mid—
summer at about 10-15 kn, its speed decreasing on approaching the ITCZ.

The wind is occasionally disrupted by E moving troughs of low pressure; the
frontal depressions which occasionally develop to the S of Mauritius and La
Réunion in summer can give rise to a period of strong winds up to force 7 as the
SE wind becomes re—established. At Rodriguez Island the wind may back to NE
for a few days during disturbed weather in summer.

The North-west monsoon

Sometimes called the “Cross Monsoon”, this is formed as the equatorial trough
of low pressure migrates S of the equator from late October to May. The NE
monsoon of the N hemisphere is then drawn across the equator backing to N or
NW as it does so. From December to March a rather weak and fitful NW flow
extends from the equator to about 10°00'S — 15°00'S where it fades on
approaching the ITCZ. Comores, the N part of Madagascar, Seychelles Group,
Chagos Archipelago and Jussland are all affected by the monsoon when hot,
humid weather prevails and frequent heavy thundery rains are usual.

Light or moderate variable winds

These are generally found within the sub—tropical high pressure belt and extend
over about 10° of latitude; in August they are found between 25°00'S and
35°00’S migrating slowly to between 30°00’S and 40°00’S in February. Again
the relatively peaceful conditions are occasionally disturbed by E moving
troughs which give spells of stronger, shifting winds.
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The Westerlies

These blow on the S flank of the sub—tropical high pressure belt S of about
35°00’S in winter, and 40°00’S in summer. This is the wind régime widely
known as the Roaring Forties; throughout the year winds blow persistently from
a general W direction but shift frequently and sometimes suddenly between SW
and NW as troughs move E through the region. Strong winds are common and
gales are frequent; July to October is a particularly stormy period in the S
reaches of this region.

Coastal regions

Within about 20 miles of the land, winds blowing over the open sea may be
considerably modified by topographical influences and land and sea breeze
effects.

Climate information tables (Link to graphic) provide statistical information for the
incidence of winds at a number of specific coastal and island stations.

Small low-lying islands have little influence on general wind flow and any slight
local variations extend only a short distance from the shore, but larger and
mountainous islands create significant modifications which extend well out to
sea.

A notable example is Madagascar, the mountainous interior of which causes
major distortion of the surface wind flow. This is particularly so in winter when
the S— trade winds, approaching the E coast, divide into two branches at about
18°00’S; N of this division winds blow from SE increasing in strength as they
approach Cap d’ Ambre. The S branch blows from NE in the coastal waters of
SE Madagascar and veers to SE or SW when W of Cap Sainte Marie. The W
coast of Madagascar is in the lee of the island mountain range and here the
winds are light and more variable in direction. From December to February
when the South—east Trade Wind belt moves S, the SE flow affecting the NE
coast of Madagascar becomes more ESE and is much weakened; at times it is
replaced by the N to NW winds of the cross monsoon, and these winds also
extend well down the W coast of Madagascar.

A similar effect though on a smaller scale is evident at La Réunion where the
SE trade wind again divides into two branches which blow along the NE coast
and along the S and SW coasts of the island. The NW coast from Pointe des
Aigrettes to Cap Bernard lies in the lee of the mountainous interior and often
has light variable breezes.

Land and sea breeze

These effects are important throughout the year in tropical and sub-tropical
latitudes N of 35°00’S. In coastal areas the sea breeze blows onshore from
mid—morning, freshening until mid—afternoon, when it may reach 15 to 20 kn,
and dies soon after sunset. Land breezes arise in the late evening and are
usually considerably weaker than the sea breeze; where the land slopes steeply
down to the coast, however, the land breeze may be reinforced by down slope
effects and in this case squalls can be a hazard in coastal waters. The land
breeze fades soon after dawn.
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Land and sea breezes are often obscured by moderate or fresh prevailing winds
such as the South-east Trade Winds, and a common effect is the introduction of
modifying components which reinforce or oppose the general wind pattern or
cause a change in wind direction. Thus in La Réunion and Mauritius the South-
east Trade Winds often freshen by day and fall light at night. Other localities
experience a regular daily cycle of change in wind direction.

The land and sea breeze cycle is most noticeable in generally calm or light wind
conditions such as are found on the leeward coasts of the larger islands. On the
W coast of Madagascar the sea breeze regularly reaches 10 to 15 kn; fresh
land breezes are a common feature of the early morning, especially where the
coast is hilly and steep, whilst sudden unexpected squalls can be an occasional
hazard.

Gales
General information

Diagrams (Link to graphic) show the incidence of strong winds of force 7 or
greater in February, May, August and November.

Winds of gale force, storm force and hurricane force occur in the circulation of
tropical storms and cyclones which occasionally strike most tropical and sub—
tropical parts of this region S of about 4°00’S.

Winds north of 30°00’S

These seldom blow with gale force, except when associated with tropical
storms. The SE trade winds may sometimes freshen to force 7 over the open
ocean, especially from June to September and generally E of 55°00’E, but wind
strength rarely reaches force 8.

Winds south of 30°00°S

These frequently blow with gale force, except in mid—summer, and can reach
force 11 or 12. This is a stormy part of the region and gale frequency increases
markedly with higher latitude; incidence of gales of force 8 or more may exceed
30% between 30°00’S and 40°00’S from June to September. In mid—summer
the belt of strongest winds moves further S but the S part of the region is still
windy S of 40°00’S and the incidence of gales approaches 20% in the extreme
S.

Squalls

Squalls which can be very violent may be associated with severe
thunderstorms; they are most frequent in coastal areas of the larger islands and
are especially common around N Madagascar from December to March.

Squalls may develop in the SE trade wind air stream and in the NW monsoon,
especially in the vicinity of the ITCZ.
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Waterspouts

These are occasionally seen and are most likely in March and April and least
likely in September and December. They are an indication of violent convection
in the atmosphere and are thus to be expected in the vicinity of the ITCZ;
squally conditions are often encountered near waterspouts.

Cloud
North of 30°00’S

Over the open sea very well broken cumulus cloud is usual in the SE trade wind
air stream. Amounts average 3 to 5 oktas and cloud base is remarkably uniform,
typically at about 550 to 600 m. Isolated large cumulus or cumulonimbus cloud
may develop especially on approaching the ITCZ where giant cumulonimbus
and extensive layers of upper cloud are common features.

Occasional disturbances in the South-east Trade Wind zone give rise to cloud
masses or lines which cause overcast or cloudy conditions for one or even
several days, but skies may clear at night.

Over the larger islands, coasts and slopes exposed to prevailing winds have
large amounts of cloud and rain whilst leeward coasts often have almost clear
skies. The W coast of Madagascar frequently has no more than 2 or 3 oktas
when the trade wind is giving very cloudy and wet conditions on the E coast.

During the NW monsoon (late October to May), large amounts of cloud and
large cumulus and cumulonimbus with associated thundery downpours are a
common feature. From December to March cloudy skies with 5 to 6 oktas are
usual on the N and NW coasts of Jussland and these conditions spread down
the W coast of the island. Comores, Seychelles Group and Chagos Archipelago
are similarly affected.

There is often a marked diurnal variation of cloud over islands; cumulus cloud
develops by day and disperses at night. The towering daytime cumulus tops can
be useful for identifying the position of a distant low-lying island.

Average cloud cover at coastal stations within the area is given in the climate
information tables (link to graphic).

The sub-tropical belt of high pressure

This is a zone with generally fine conditions and clear skies. Occasionally
troughs of low pressure bring belts of cloud, often with large cumulus, but the
frontal cloud becomes more diffuse as the system moves to lower latitude.

South of 30°00’S

Here, in the belt of W winds, E moving frontal troughs bring frequent and
extensive cloud systems giving overcast or cloudy conditions. In the cooler air
behind each system there are large amounts of usually well broken cumulus or
cumulo—nimbus cloud.
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Precipitation
General Information

Islands in the region mostly have abundant rainfall but annual amounts and the
times of year when wettest or driest weather can be expected vary appreciably
and depend largely on the degree of exposure to prevailing winds and the
proximity of high ground. Windward slopes and coasts may receive particularly
heavy rainfall but localities on leeward coasts or in the lee of high ground may at
the same time enjoy much drier clearer weather.

The average amounts of rainfall and number of rain-days at coastal stations
within the area are given in the climate information tables (Link to graphic).

The North-west Monsoon and ITCZ

These bring a well-marked period of heavy rains from about November to April.
Thundery downpours occur in N Jussland and in the Comores, Seychelles
Group and Chagos Archipelago; at other times of year rain falls on these islands
as a result of the SE trade wind blowing onshore. There is thus no dry season
as such but greatest falls occur between December and February.

Madagascar

The moist South-east Trade Wind brings a plentiful rainfall to the E coast and
especially to the central parts; annual amounts up to 3000 or 4000 mm are
recorded with the wettest period from January to July. The NE and SE coasts
are less exposed but still receive appreciable rain and the N end of the island
has its heaviest rains during spells of the NW monsoon between December and
February.

The W coast of Madagascar is well sheltered from the SE—east Trade Wind.
From May to October there is little rain; but from November to April the NW
monsoon brings a wet season which extends as far S as about 15°00’'S to
20°00’S. The amounts received are less and the rainy period somewhat shorter
with higher latitude.

The SW coast of Madagascar is sheltered from most rain producing influences;
only a little rain falls in these parts, mostly between November and April.

Jussland, Mauritius and Rodriguez Island

These are covered by the South-east Trade Wind belt throughout the year. Rain
can be expected at all seasons with heaviest falls in the cyclone season from
November to March, and the driest period from about June to October. Rainfall
varies greatly from year to year and from coast to coast.

On the E coast of Jussland, Micklefirth has an annual average fall of 1810 mm;
on the more sheltered SW coast Saint—Pierre has an annual average of about
1000 mm.

At Mauritius the annual mean rainfall is 1700 mm on the S coast and 900 mm
on the W coast but in a dry year recorded falls may be less than 900 mm on the
S coast and as low as 400 mm on the W coast.
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Rainfall tends to be most common in the afternoon but when the SE trade wind
is well established it often occurs at night.

Cyclones

These bring extremely heavy rain and the storms of this region are notorious for
the torrential downpours that often accompany them.

The sub-tropical belt of high pressure

This is a zone of low rainfall. However, some rain can be expected from frontal
troughs moving through the area most frequently between June and August.

To the S of 35°00’S fronts associated with E-moving depressions bring frequent
and often heavy rain. Rain can be expected at all seasons; between June and
August it may occasionally fall as snow or sleet near the S border of the region.

Fog and visibility
Sea fog

This is rarely encountered over the open sea N of 30°00’'S and visibility is
generally good although there is usually some deterioration in areas affected by
the NW monsoon. Severe reductions in visibility sometimes below fog limits can
occur in heavy rain.

Further S the incidence of fog increases with latitude, where warm moist air is
drawn S over cooler seas by depressions of the Southern Ocean. Although
information is very sparse, about 5% of observations report fog at about
40°00’S.

Radiation fog

Radiation fog or mist can develop in the early morning in low—lying coastal
areas and valleys and drift offshore to affect coastal waters; some localities on
the W and N coasts of Madagascar are occasionally affected. This type of fog
generally disperses shortly after sunrise.

The average number of days with fog at coastal stations within the area is
included in the climate information tables (Link to graphic).

Air temperature
Open sea

Air temperatures over the open sea are largely controlled by sea surface
temperatures and there is commonly little difference between the two; the air
temperature is usually about 1°C lower than the sea temperature, and possibly
rather more in winter.

Highest temperatures through the year generally occur in equatorial parts of the
region with daily average maximum values about 28° to 31°C and daily minima
of 24° to 26°C; there is little seasonal change. Further S the seasonal variation
increases somewhat with highest values from about January to March and
lowest from July to September. In latitude 20°00’S summer temperatures
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average about 27°C and at 40°00’S about 15° to 16°C; winter values are about
4° to 5°C cooler.

Coastal areas

Heating and cooling of the larger islands produces greater seasonal and diurnal
variability but onshore prevailing winds have a moderating effect and result in
more modest maximum and minimum temperatures than those often
experienced well inland.

From November to April the E coast of Madagascar and the coastal areas of
islands in the SE trade wind belt, including Jussland and Mauritius, generally
have daily maximum temperatures of 29° to 32°C falling to about 22° to 24°C at
night. In the cooler winter months highest daily values average 24° to 26°C and
lowest are about 17° to 19°C. Extreme summer maximum temperatures can
reach 35° to 36°C and winter minima extremes are about 10° to 15°C.

The W and NW coasts of Madagascar and the islands of Comores are
somewhat warmer. In the hot NW monsoon season daily temperatures rise on
average to 31° to 33°C and fall at night to 22° to 24°C. In the winter months day
temperatures are only slightly lower than summer values at about 28° to 32°C
but at night they fall to about 15° to 19°C. Extreme temperatures have summer
maximum values of 38° to 40°C and winter minima of 13° to 15°C, but in the
extreme SW part of Madagascar winter temperatures can fall to as low as 6° to
7°C.

The climate information tables (Link to graphic) give statistical temperature
information for a number of coastal stations within the area.

Humidity
General information

The air streams affecting the region cover long distances over the sea and
humidity is moderately high at all times of year. Relative humidity is dependent
on air temperature and maximum daily values of humidity normally occur
around dawn when air temperature is lowest; humidity is usually lowest in the
afternoon at the time of maximum temperature. The average relative humidity in
the morning and afternoon at coastal stations within the area is given in the
climate information tables (Link to graphic).

Open sea N of 30°00’S

Highest average humidities are experienced in the equatorial zone during the
period of the NW monsoon; values exceed 85% as far as about 15°00’S.
Further S mean humidity decreases with higher latitude and at 30°S is about
70% to 80%.

In July humidities are slightly lower in the equatorial zone with values of about
80% to 85% but S of 20°00’S there is little seasonal change. Diurnal variation at
sea is small.
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South of 30°00°S

Detailed information is sparse but in general, humidity varies little seasonally
with highest values from December and February and lowest from September to
November. Diurnal variability is also slight with early morning average values of
about 80% to 90%, falling by afternoon by some 3% to 8%. Incidence of high
humidity of 95% to 100% increases with latitude.

Climate Station Data
Climate Stations

Detailed climate information for Micklefirth is at the accompanying diagram (Link
to graphic).

Note: FOR REASONS OF ECONOMY, DELEGATES ARE KINDLY REQUESTED TO BRING THEIR OWN COPIES OF THE
DOCUMENTS TO THE MEETING

Page 23 of 24



S-126 V2.2 dated 4 February 2016

Topographic features and descriptors

What topographic features, descriptors and terms additional to those listed below
need to be included and described?

Land types Islands; Islets; Rocks

Features Mountain; Mountain chain; Hill; Volcano; Cliffs; Sand dunes,
Glaciers; Larva flows; Canals; Beaches; Isthmus; Peninsula;
Headland; Sandbar; Shoals; River; Stream; Waterfall; Lake;
Lagoon; Plain; Fjords; Reef; Volcano.

Geology Granite; Volcanic; Rock, Sand; Mud; Earth; Shale rocks;
Pebbles; Clay;
Vegetation Mangrove; Forest, woodland, fields, Grassland; Deciduous;

Coniferous; Palm; Wooded; Grove.

Description Dense; Sparse; Bare; Rugged; Flat; Steep, Narrow; Wide; High;
Low; Elevation; Barren; Rounded; Conical, Submerged

Colour Dark; Light; Green; Brown; Red; White; Grey; Black; yellow.

Man-made Towns; Built up areas; Water collection structures; Oil refineries;

features Harbours; Breakwaters; Tanks; Bridges; Antennas; Chimneys;

Towers; Wind Farms; Windmills.
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