Abstract

This paper examines the Jnfluence ot the hraordizontal extent
of e cobd water upelling on the <Lncidence o4 fog aif
Lildernitz, MNamib<ia, aurning 1983/84. The spatial extent - of
the wawelling was meadured on days wiihn synoptlc  condliilions
conaucive o fog govmtion Le. when a coastal low was
centred to e sauth of he study area. A signiflcant
zelationsip was Ldentigied, Lndicating Lncreased fog
occunence with an uweléing extent of Less than 200 m-ard
vlce-versa. The molsture necessarry gor  gog fgovmilion was
postubated as originaiing grom the wawn water Lo The teanad
slde of the umelling zZone. With a nrnarvwaw uwpweléing, 2he
cireulation arowd the coastal Law exterwis beyond the cold
water mass, whereas when he extent of the wumweliing exceeds
that of the coastal Law circubation, | evapoeraiion L8 Limited,
wedulting 4n a relatively dry ondwre alr glow.




THE INFLUENCE OF UPWELLING EXTENT UPON FOG INCIDENCE AT

LUDERITZ.

Jana Olivier and Philip Stockton -

Thebﬁest c;ast of southern Afric# is subject to persistent
advection sea fog and low stratus cloud which considerably
reduces visibility as well as incoming solar radiation at
the surface (Figure 1). This fog serves both as a biggging
and as a curse to the region. The precipitable moisture
from the fog forms the lifeblood of the region, maintaining
a rich diversity of desert flora and fauna (Taljaard, 1970;
Schulze, 1974; Nieman et _al, 1978), while fishermen
specifically seek out areas where the fog takes 1longer to
disperse in order to locate colder water for their fishing
activities (Sciocatti, 1984). On the other hand the poor
visibility associated with fog disrupts coastal air and sea
transport and impedes tactical support and rescue services

(Estie, 1984, 1986; Mullan, 1984). For this reason, any

improvements in fog forecasting techniques would benefit

therregion as a whole. ——

Although the meteorology of advection sea fog occurf?ﬂqéﬁggs
been studied extensively in California (Noonkester, 1979)
and in the United Kingdom (Harrison & Phizacklea,1985), it
has been neglected in southern Africa where reseagch "has

concentrated on the contribution of fog to the precipitation




inputlénd its effects on the plants and animals of the area
and the 1local Namib wind regimes (Jackson,1954; Taljaard,
1979; Tyson & Seely, 1980).This paper attempts to redress
this shortcoming to some degree by focussing on those

meteorological and oceanographic conditions favouring sea

fog development.

Sea fog forms when warm air cools to dewpoint over a cold
ocean (Lutgens & Tarbuck, 1979). Since a steep sea surface
temperature gradient exists along the west coast, with the
coldest upwelled water lying adjacent to the coast, air
moving onshore traverses a progressively colder sufface,
causing potential fog conditions (Estie, 1986). However,
research by Lutjeharms and Stockton (1987) has shown that
the extent of the upwelling is extremely variable. 'This
paper aims to investigate the possible effect of the size of
upwelling on the frequency of fog, by comparing linear
upwelling extent (iﬁ kilometres from the coast) with the
occurrence or non-occurrence of fog. The 1investigation
centres on the Llderitz area because it is a centre of

upwelling (Shannon, Walters & Mostert, 1979) as well as
being subject to frequent west coast advection sea fogs

(Figure 1).




Potential fog days

To facilitate comparison, the analysis was confined to days
with similar fog producing atmospheric conditions. For this
reason potential fog days (PFD) were identified. These are
days on which the meso- and synoptic scale conditions seem

conducive to fog formation, whether the fog actually

materializes or not.

In the search for a representative PFD situation it was

assumed that, for advection fog to form ;

i) the original temperature of the air should exceed the

sea surface temperature (SST) of the upwelled water;
ii) a stable temperature lapse rate, with a well defined
inversion layer, should exist ; and
iii) onshore winds are neccesary in order to advect the

moist airstream over the cold water surface. (Estie,

1986).

Lack of upper air and sea surface temperagg;e data for
Lideritz precluded their direct inclusion in the study.

Furthermore, due to paucity of wind data aﬁd the;extreme
variability of the short term wind direction daily synoptic
charts were wused to supplement surface data in the

identification of onshore air trajectories.

¥



An onshore wind component may result from the presence of

the South Atlantic High to the west of Lllderitz,a coastal

low centered to the south thereof, an approachingiébld front;;ﬁ

and afternoon sea bree:zes.

~Estie (1984) noted that coastal lows are characterised by
the presence of low level inversions. It was therefore
assumed that potential fog conditions should exist whenever
a coastal 1low occurs to the south of Llderitz. This

assumption was tested by comparing the presence of coastal
lows with actual fog occurrence (as extracted from "past
weather" Weather Bureau printouts.) In this Vgtudy, the
coastal low was defined as an enclosed low pressure system
located to the south of Liideritz.The lack of upperﬁair data

made it impossible to confirm the true nature of these
cells. Table 1 reflects the frequency of actual fog

occurence with associated synoptic conditions.




Table 1 Synoptic conditions associated with fog

occurrence at Lllderitz(1984).

ui

Number of fog days and the associated, dominant,
synoptic event.
Month Coastal Other Total
low cold fronts| Bergwinds| Unidentified -
January 7 1 8
February |10 10
March 12 2 14
April 5 | 1 7
May 6 1 7
June 1 2 1 4
July 2 4 1 1 8
August 2 3 2 7
September| 6 2 2 10
October 3 3
November |12 1z
December 8 8
Total 74 13 + 2 9=24 98
(75,5%) (24,5%) _
From Table 1 it can be seen that 75,5% of the fog days

appear to

[ ]
be directly linked to the presence of coastal




lows along the west coast, confirming the dominant role
rlayed by this phenomenon in fog formation. Of the remaining
24,5% of tﬁe fog events the approach of a cold f;ont was
observed in 13% of the cases and a temperature jump
associated with/iberg winds (a hot dry wind from the
interior), in 2%. In the other 9% of the episodes no

dominant or obviously clear-cut underlying synoptic event

was apparent. Since the coastal low system often precedes'

the passage of a cold front (Taljaard, 1972 ;Kamstra, 1985)

and antecedes bergwinds, it may be assumed that the coastal
low was present, but unobserved, during these conditions.
This implies that 89% of fog occurrence could well be
directly or indirectly 1linked to the presence of coastal
lows. The synoptic situation existing during a PFD at

Llideritz is shown in Figure 2.

West Coast upwelling

Like the advection fog, the coastal upwelling off the west
coast of southern Africa is a wind induced event (Shannon,
et al, 1985; Lutjeharms et al, 1986). The prevailing winds
resulting from the juxtaposition of the South Atlantic high
pressure system and pressure fields over the adjacent
subcontinent are predominantly southerly, and are favourable
for upwelling. These winds drive the surface coasta} water

away from the coast and draw the cooler, underlying water to
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the surface (Figure 3). This results in the near coastal
waters being 5°C to 7°C colder than those associated with

the the South Atlantic Ocean Basin waters (Shanhon, et al,

1985).

Until recently the measurement of the extent of the
upwelling zone was possible only with ship and airborne
sensors. In 1981 Lutjeharms showed the potential of wusing
infrared satellite imagery to delimit the position of the
upwelling boundary. A gauge of the temperature of the water
is possible from these images because the colder water is
lighter in tone on the Meteosat photograph due to the

reduced infrared radiance from colder bodies.

For this study daily infrared images monitoring the 10,5 -
12,5 micrometer waveband from.the Meteosat II satellite were
used. Using the line of maximum grey scale contrast as the
surface expression of the boundary between the upwelled
water and the warmer South Atlantic oceanic water the daily
horizontal extent of the upwelled zone was measgfgd for 1983
and 1984 (Table 2). No measurements could be made for those

periods where cloud obscured the underlying sea surface.



Upweliing extent and fog frequency

At Liideritz fog occurs most frequently between miqnight and

08h00 (Figure 4). The Meteosat imagery used, however, was

sensed at 14h00 and hence the linear upwelling distance from

the coastline, for the date prior to that identified as-a
potential fog day was measured. These distances, in 75
kilometre class intervals, were tabulated against the

occurrence or non-occurrence of fog days.(Table 2)

Table 2: Upwelling extent and occurrence of fog on PFD at

Llideritz(1983,84)

Number of PFD on which ;
Linear distance (km) of Fog Fog
upwelling front from was was
coastline Present Absent
< 125 4 2
126 - 200 7 3
201 - 275 7 8
276 - 350 5 9
351 - 475 3 1
> 475 2 5

Using the Chi-squared measure of expected values for each

cell an apparent clustering of deviations occurred,

. 5 n " ]
suggesting an inverse relationship between the extent of
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upwelling and the occurrence of fog on a potential fog day.
The regrouping of the distance intervals into two classes,
of less than or greater than 200 kilometres, accentuated

this relationship (Table 3).

Table 3: The relationship between upwelling extents of less

than and more than 200 km and fog occurrence at Llideritz

for 1983,84.
Linear distance of Potential Fog Days on which
upwelling front (km) Fog Fog
from coastline present absent Total
< 200 km Actual 16
Chi? Expected
> 200 Actual 40

Chi? Expected

actual > expected
The null hypothesis, that of the pattern being a chance
occurrence, was rejected at the 95% level of significance

using both the Chi-squared and the Wilcoxon’s-U tests.




Discussion

A possible explanation of the inverse relationship between
fog and upwelling extent 1is postulated schematically in

Figure 5. ) -

The coastal low which causes fog is a relatively small,
local phenomenon. For fog to be produced it is essential
that air movement around the low pressure cell traverses a
warm water body in order to gain moisture which is then
condensed to form fog in the NE quadrant of the circulation
cell.

These conditions are met when the extent of the upwelling is
less than the diameter of the coastal 1low (Figure —5a).
However, if the upwelled extent exceeds the diametef of the
coastal low, the air circulates over a homogeneously cold
surface, remains relatively dry, thus precluding the
formation of fog (figure 5b).

This hypothesis was tested by comparing the dew _point
temperature on days with upwelling extents of less than 200
km with those days when it exceeded this distance. The
Wilcoxon’s-U test indicated that the dew point was
significantly (95% level) higher on days when the cold water

extended less than 200 km from the coastline and vice-versa,

¢
thus lending further credence to the above hypothesis.



Conclusion

The aim of this paper was to determine the relationship
between the extgnt of cold water upwelling at Liilderitz
with the occurrence or non-occurrence of fog. The analysis
was limited to the days on which atmospheric conditions were
similar and conducive to fog formation. Such potential fog
conditions were found to exist when a coastal low was
centred to the south of Lillderitz.Satellite imagery was used

to find the distance from the coast to the outer limits of
the cold water. A significant relationship was identified,
indicating that fog was 1less likely to occur when the
upwelling extended beyond 200 kilometres and, vice versa.
This was postulated as being due to the relative dryness of
the air above an extensive wupwelling region and‘ the
inability of a local scale phenomenon such as a coastal low
to 1import moist air from beyond the upwelling front.
Cdversely, with a narrow upwelling region, the warm water
lying to the seaward side of the <cold, supplies the
overlying air mass with enough moisture to igpyease the
likelihood of fog formation when such air is advected across
the inshore upwelling.

Traditionally fog prediction models have included variables
relating to the presence of inversions, sea surface
temperatures and wind direction.This study has shown that,

for the study area, the horizontal extent of the cold water

11
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mass 'blays a significant role in fog formation.
therefore strongly

It
recommended

is
that the extent of the
upwelling should be included in any fog prediction modéi for

the west coast of southern Africa
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FREQUENCY

MONTH

FIGURE 1 ¢ % Frequency of fog days per month
at Luderitz (1984).




*(e1103814 ‘neaing Iayjeap
‘s3Ieyd I8yjeam ATTEQ :82IN0G) .Nu«umUDJ 3e boy bButo

=npoxd A1qrssod ‘iajem paylamdn pTOd ayj Ian0 ITe 3STOW

§308Npe Z3TI8PNT 40 Yinos a8yl 03 Paljuad mo] [eISROD 3y
*Z3TI8pnT 3je 8dualinodo boy butinp uor3en3Ts 2T3doUAS 2z IYNII A

i

-

pa=7

61-CO-¥8611SVS 00uUvL-1WD 1




GEOSTROPHIC WIND

Q

COLD UPWELLED WATER
UPWELLING FRONT

Temecc) Y \ £ eI fai
| 12 ’ 7 100

10 . — 200
DIRECTION OF THE MASS :

TRANSPORT MEAN OF THE - 300
WATER BODY

i3l
d
[l

400

FIGURE 3 : Schematic representation of the mechanics of the coastal
upwelling as it occurs along the west coast of southern

Africa.
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FIGURE 4 : Mean monthly frequency of fog occurrence at Luderitz
(1983, 84) during different time periods.
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The synoptic and upwelling situations prevailing during
a fog day (13 March 1984) and a non fog day (19 May 13884)

showing -the location of the coastal low and its rela=

tionship to upuwelling extent in the formation of fog.



